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Many studies focus on the impact of international crude oil price volatility on various economic variables in Chinawith a hypothesis
that international crude oil price affected Chinese crude oil price first and then other economic variables. However, there has been
little research to explore whether or not international and Chinese oil market are integrated. This study aims to investigate the
relationship between Chinese and international crude oil prices by VAR and VEC-TARCHmodels. It was found that the two crude
oil markets have been integrated gradually. But the impact of external shocks on the Chinese crude oil market was stronger and the
Chinese crude oil price was sensitive to changes in international crude oil price, implying that the centrally controlled oil market
in China is less capable of coping with external risk. In addition, the volatility of both Chinese and international crude oil prices
was mainly transmitted by prior fluctuation forecast and the impact of external shocks was limited, demonstrating that in both
cases volatility would disappear rather slowly. Furthermore, Chinese and international crude oil markets have established a stable
relationship. When the direction of external shocks on the two variables’ respective stochastic term was consistent, the impact on
the two variables’ joint volatility was aggravated and vice versa.

1. Introduction

There is an extensive body of literature analyzing the impact
of oil price fluctuations on the Chinese economy [1]. Positive
oil price shocks had negative effects on Chinese macroe-
conomics [2]. The global oil price affected both China’s
economic growth and inflation whereas China’s economic
activity failed to affect the world oil price [3]. Besides, oil
price increase negatively affected output and investment [4].
China’s imports and exports, which are important for the
Chinese economy, are also correlated with the oil price [5, 6].

The impact level of oil price shocks on Chinese industries
may be different. Negative oil price shocks had strong
influences on Chinese grains, metals, petrochemicals, and
oil fats [7]. On the other hand, a positive oil price shock
leads to significant profit increases for the Chinese petroleum
and natural gas extraction industry but negative influence on
petroleum processing industry [8]. Moreover, the oil price
volatility depresses the oil company index and may increase
the speculations in the mining index and petrochemicals

index in China [9]. In contrast to metals and grains, petro-
chemicals and oil fats indices responded to global oil price
shocks [10].

Oil price shocks can affect stock returns in China [11–
13], and the correlations between oil price shocks and
stock returns are systematically time-varying [14]. There is
a cointegration relationship between oil prices and Chinese
stock prices at the disaggregated sector level and there are
some structural breaks in the interaction between them [15].
Higher oil prices may cause lower stock prices whereas pos-
itive shocks to oil market-specific demand resulted in higher
stock price [16]. In addition, the impact of international oil
prices on emerging economies’ stockmarkets is different [17].
China’s stock returns are correlated only with the expected
volatility in world oil prices [18].

Parts of the literature pay attention to the relationship
between oil prices and various price indices. Oil price
shocks lead to a contemporaneous increase in consumer and
producer price indices [19]. However, the impact of the WTI
(West Texas Intermediate) crude oil price shocks on import
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price index, producer price index, and retail price index
weakens gradually [20].

On the other hand, the increasing oil demand in China
may exert an impact on the international crude oil price [21–
24]. The world oil price rise could partly contribute to Chi-
nese oil demand [25]. The demand from emerging markets
such as China has become a significant factor in the world oil
pricing system [26]. The cumulative impact of real G3 (USA,
Eurozone, and Japan) real M2 (broad money) shocks on real
oil prices is small while the impact of China’s real M2 on the
real price of crude oil is large and statistically significant [27].
However, China’s crude oil imports do not significantly affect
Brent price changes and there is no solid evidence to illustrate
that dramatic fluctuations of international oil price have effect
on China’s crude oil imports [28].

Why and how did international oil price influence the
Chinese economy and various macroeconomic variables?
Obviously, the most sensitive economic indicator to inter-
national oil price change should be the domestic crude oil
price. If the Chinese crude oil market was integrated with
the international crude oil market, other macroeconomic
variables in China would be impacted by the international
crude oil price through the domestic crude oil price. In turn,
if it were isolated, it would be impossible to set up a linkage
between international crude oil price and domestic macroe-
conomic indicators. That is, international oil price shocks
usually transmit to the Chinese domestic oil price first and
then impact other macroeconomic indicators subsequently.
Thus, it is important to explore the relationship between
Chinese and international crude oil prices.

The contribution of this paper is that we can compare the
commodity price fluctuation risk between market-oriented
and partially regulated economies in the perspective of
crude oil markets. As we know, the oil markets in Western
countries such as the USA or Great Britain are highlymarket-
oriented while the Chinese are chiefly controlled by the
central government, specifically the National Development
and Reform Commission. Since 1998, the Chinese govern-
ment has made attempts to reform its crude oil pricing
mechanism [29, 30], which was demonstrated in the Chinese
crude oil and refined oil price reform plan released by the
National Development and Reform Commission on June 3,
1998. The final goal of the oil price reform was to gradually
integrate its crude oil market with the international market.
However, the crude oil industry, especially the upper-stream
oil industry, is still controlled by a few oligopolies. Besides,
unlike other highly market-oriented commodities, crude oil
pricing rights belong to the central government. The crude
oil market in China is full of bureaucratic control. On the
other hand, whether initiatively or passively, the Chinese
crude oil market has become gradually connected with the
world oilmarket. Notably, crude oil is an important industrial
raw material and the volatility of its price will influence
economic growth. As the Chinese economy develops rapidly,
the demand for crude oil in the country has increased rapidly
as well. A remarkable fact is that China’s domestic crude
oil’s external dependence increases gradually. As the China
Statistical Yearbook showed, the crude oil import in 2014
was roughly 310 million tons, increasing by 9.4% from the

previous year. China’s crude oil’s external dependence rate has
grown gradually in recent years; in 2007, 2008, 2009, 2010,
2011, 2012, 2013, and 2014, the external dependence rates were
47.2%, 49.8%, 52%, 54.8%, 56.5%, 56.8%, 57.3%, and 59.5%,
respectively. Compared to the highly market-oriented oil
market, whether the government-controlled crude oil market
is more capable of resisting the market risk is a meaningful
issue, and the features of the Chinese crude oil market give us
an appropriate chance to explore the problem.

The remainder of this paper is organized as follows.
Section 2 briefly reviews the evolvement of the Chinese
crude oil price. Section 3 introduces the methodology and
the data. Section 4 presents the results for the Chinese and
international crude oil market.

2. Evolution of the Chinese Crude Oil
Price Mechanism

During the era of planned economy in China, namely, before
1978, the government set almost every commodity’s price,
including crude oil price. As a result, China’s crude oil market
was completely isolated from the international crude oil mar-
ket. After 1981, keeping pace with the central government’s
reform of the planned economic system, two pricing systems
appeared concerning the crude oil price, which was known
as the double pricing system (DPS). One kind of prices was
determined by the central government while the other was
spontaneously adjusted by the demand and supply of crude
oil.However, the centrally controlled price still dominated the
market until 1993 when Chinese crude oil was self-sufficient.
As a result, during this period, the Chinese crude oil price was
still isolated from the international crude oil market. After
1993, with the rapid economic development in China, the
demand for crude oil increased greatly and domestic crude oil
supply could not fulfill this demand. From this time, China
has changed from a crude oil exporting country to a net
importer in the international crude oil market. Consequently,
China’s economic development was gradually affected by
the volatility of the international crude oil price. By 1998,
the Chinese government explicitly declared the reform of
the crude oil pricing mechanism aiming to integrate its oil
market with the international market.The domestic crude oil
settlement price in Chinawas then composed of a benchmark
price and premium. The government, based on Singapore
FOB price plus freight, insurance, and tariff, determined the
former and the buyers and sellers negotiated the latter. The
standard retail price in various regions was announced by the
central government and the two oil monopoly giants, known
as Sinopec and PetroChina, could set up a retail price within
a 5% floating range based on the standard retail price in 1998.
This floating range increased to 8% in 2001. However, the
standard retail price has been mastered by government.

3. Methodology and Data

3.1. VARModel. This study investigates empirically the inter-
relationship between Chinese and international crude oil
prices in the framework of Vector Autoregressive (VAR)
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and Multivariate General Autoregressive Conditional Het-
eroskedasticity (MGARCH) models, which are both widely
used in the economic literature. The VAR model was firstly
applied tomacroeconomics to explore the interrelationship of
economic variables [31]. A basic 𝑞-lag VAR model including
𝑁 endogenous variables (in this study 𝑁 equals 2) was
defined as follows:
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Before we start to utilize the VARmodel to investigate the
relationship between the crude oil prices in China and in the
world, one of the premises is that they do impact each other;
that is to say, both of them should be treated as endogenous
variables of each other. The Granger causality model [32],
which tests causal relationship between time series variables,
could be employed to explore whether they affected each
other statistically. Essentially, the Granger causality model is
a nonstructured VAR model.

The VAR model is a dynamic and endogenous system, so
the impact of external shocks on all variables in the system
is dynamic as well. As some of the parameters in the VAR
model are usually not statistically significant, the impulse
response function and variance decomposition (together
called “innovation accounting”) are often adopted to further
analyze an external shock’s dynamic impact. A shock to the
𝑖th variable not only directly affects the 𝑖th variable but is
also transmitted to all other endogenous variables through
the dynamic (lag) structure of the VAR model. An impulse
response function traces the effect of a one-time shock to
one of the innovations on current and future values of the
endogenous variables 𝑝 1 and 𝑝 2. It can be written as
𝜕𝐸(𝑦
𝑡+𝑘

| 𝜀
𝑛𝑡
)/𝜕𝜀
𝑛𝑡
, where 𝑘 ≥ 0 and 𝑦 denotes 𝑝 1 or 𝑝 2.

Obviously, an impulse response function reflects the impact
of a shock in the 𝑛th variable on the expected value of 𝑦

𝑡+𝑘

[33].
Variance decomposition can measure the contribution of

various structural shocks. The moving average forms of (1)
read as follows:
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are the variances of the stochastic terms in (1).

Evidently, the right two terms’ respective proportion to the
left term in (3) gives the corresponding variance contribution
(the same applies to (4)).

3.2. VEC-TARCH Model. When setting up a regression
model of time series variables, one of the key assumptions
is homoscedasticity of the stochastic error term. However,
economic time series usually exhibit the feature of volatility
clustering, which means that the variance of the stochastic
term is variable. In such case, a MGARCH model may be
more suitable.There are variousMGARCHmodels including
the VEC [34], CCC [35], BEKK [36], and DCC models
[37] to describe the conditional variance-covariance matrix
in a MGARCH model. The conditional variance-covariance
matrix should satisfy the positive definiteness condition.
In addition, the number of parameters to be estimated
increases rapidly as the dimension of the variables increases.
Fortunately, in the previous study there are only two variables,
so we just adopt the common VECmodel. Actually, the VEC
model is based on the univariate GARCH model [38] and is
its direct generalization:
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We proceed by formulating aVECmodel for the residuals
𝜀
1𝑡

and 𝜀
2𝑡

in (1) for the Chinese and international crude
oil prices. The VEC model, shown in (5), is usually used
to simulate two variables. In (5), the conditional variance-
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corresponding term’s multiplication. Since a GARCH(1, 1)
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model were estimated, the matrix 𝐶
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The second and third term on the right-hand side in (5),
(6), and (7) are referred to as ARCH and GARCH terms,
respectively. As both 𝐴

𝑖
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𝑗
are symmetric matrices,
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oil prices. 𝑎
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and China’s domestic crude oil price’s conditional variance
in the last period on the current price volatility, while 𝑎
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measure that of the international crude oil price.
Equation (8) is the GARCH(1, 1) model of the conditional
covariance for the Chinese and international crude oil prices.
𝑎
12

and 𝑏
12

measure the impact of the joint stochastic
term’s shocks and the conditional covariance of Chinese and
international crude oil prices in last period on the current
joint volatility. The squared errors 𝜀2

𝑡
follow a heteroskedastic

ARMA(1, 1) process. The autoregressive root which governs
the persistence of volatility shocks is the sum of 𝑎 and 𝑏. In
many applications, this root is very close to 1 so that shocks
die out rather slowly.

A VEC-TARCHmodel is formulated by the combination
of TARCH and VEC models. The TARCH model serves
to explore whether positive and negative news’ impacts on
current volatility are symmetric or not [39] and reads as
follows:
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adds another termbased on (5), which is similar to the second
term on the right-hand side of (9). Here, 𝑑

𝑡−1
is a virtual

variable matrix. When the corresponding stochastic term or
covariance in the last period is negative, 𝑑 equals one; else it
equals zero. The elements of the coefficient matrix 𝜑

1
reflect

the asymmetric impact of positive and negative news on the
current volatility.

3.3. Data. In this study, the crude oil price in China was
represented by the Daqing crude oil spot price, while the
international crude oil price was represented by that of
West Texas Intermediate (WTI), which is influential to the
international crude oil market. The sample period was from
January 1991 to October 2011, which includes 250 monthly
observations. In terms of oil reserves and annual output, the
Daqing oil field is the biggest in China and this is the reason

Table 1: Granger causality test between 𝑝 1 and 𝑝 2. “∗ ∗ ∗,”
“∗∗,” and “∗” denote the significance at the 1%, 5%, and 10% level,
respectively.

Null hypothesis Lag length 𝐹 statistics
Chinese → International 1 5.3098∗∗

International → Chinese 1 42.2504∗∗∗

Chinese → International 2 2.7105∗

International → Chinese 2 21.3865∗∗∗

Chinese → International 3 7.2521∗∗∗

International → Chinese 3 17.5957∗∗∗

Chinese → International 4 6.0005∗∗∗

International → Chinese 4 14.2767∗∗∗

Chinese → International 5 3.9856∗∗∗

International → Chinese 5 10.3246∗∗∗

Chinese → International 6 3.3720∗∗∗

International → Chinese 6 7.9653∗∗∗

why the Daqing crude oil spot price was chosen to denote the
Chinese crude oil price. All data were collected from the US
Energy Information Administration.

4. Empirical Results and Discussion

Many time series are nonstationary, implying that their
means are nonconstant. In this case, the results of modeling
these nonstationary variables may be inaccurate.Therefore, it
is necessary to test whether or not time series are stationary
before setting up an empirical model. We carried out an
augmentedDickey-Fuller (ADF) test with the null hypothesis
that the Chinese or international crude oil price has a unit
root. Both ADF tests for the dependent variables 𝑝 1 and
𝑝 2 include an intercept term and linear trend with zero
lag. Least squares are used to compute the coefficients and
𝑡 statistics of the ADF test equations based on the 248
observations from March 1991 to October 2011. Following
Schwarz’ information criterion, the results showed that the
𝑡 statistics of the ADF test equations of 𝑝 1 and 𝑝 2 were
−13.4866 and −10.1360, respectively, which both are larger
than the test’s critical values of −3.9955 at 1% significance
level. This implies that we can reject the null hypothesis that
the Chinese or international crude oil price has a unit root;
that is, 𝑝 1 and 𝑝 2were stationary at the significance level of
0.01.

4.1. Granger Causality Test. Before setting up an empirical
model of Chinese and international crude oil prices, we
should identify the interrelationship between the two vari-
ables, that is, whether one’s impact on the other is endoge-
nous or exogenous. The Granger causality test can help to
statistically infer a causal relationship between Chinese and
international crude oil prices. The result of the Granger
causality test is sensitive to the model orders (maximum
lags); so we tested the relationship of the two variables when
lagged from one to six. As is shown by the 𝐹 statistics in
Table 1, the null hypothesis that “the Chinese crude oil price
did not Granger-cause the international crude oil price” was
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Table 2: VAR lag order selection criteria. “∗” indicates the model order selected by the corresponding criterion. LR, FPE, AIC, SC, and HQ
are the sequential modified LR test statistic (each test at 5% level), final prediction error, Akaike information criterion, Schwarz information
criterion, and Hannan-Quinn information criterion, respectively.

Lag log 𝐿 LR FPE AIC SC HQ
0 −1367.404 NA 269.0939 11.2708 11.2996 11.2824

1 −1324.168 85.4046 194.8317 10.9479 11.0341 10.9826

2 −1313.248 21.3914 184.0463 10.8909 11.0347 10.9488

3 −1292.276 40.7359
∗

160.0553 10.7512 10.9525
∗

10.8323
∗

4 −1287.843 8.5366 159.4924
∗

10.7477
∗

11.0064 10.8519

5 −1284.629 6.1377 160.5360 10.7542 11.0704 10.8815

6 −1280.429 7.9516 160.2842 10.7525 11.1262 10.9030

always rejected. At the same time, the null hypothesis that
“the international crude oil price was not Granger-cause of
the Chinese crude oil price” was rejected as well when lagged
from one to six time steps. Taken together, Chinese and
international crude oil prices were mutual Granger-causes
of each other, illustrating that they did affect each other
empirically, which is inconsistent with previous results that
China had little impact on the volatility of the international
crude oil markets [40].

High external oil dependence in China implies its strong
demand for crude oil from the international markets. China
has been the second largest oil consuming country since 2003
and in 2008 it became the second largest oil importing coun-
try. Roughly 60% of the total oil consumption in China was
imported in 2014.With further development ofmarketization
in China, the domestic crude oil price could reflect its supply
and demand situation to some extent, which would transmit
to the international crude oil market, thereby affecting the
international oil price. Moreover, the benchmark price in
the Chinese crude oil market was determined based on the
international crude oil price (specifically, the Singapore crude
oil price from 1998 to 2001 and the average price of the New
York, Rotterdam, and Singapore crude oil futures markets
after 2001).

4.2. VAR Model. On the basis of the above analysis, we
know that the Chinese and international crude oil prices
had constituted a mutual influencing endogenous system.
Therefore, an unstructuredVARmodel is employed to further
investigate their dynamic relationship.

The first step to set up the VARmodel is to determine the
lag order. As is shown in Table 2, the optimal lag was three
according to the LR, SC, and HQ criteria while it was four
following the FPE and AIC information criteria. The lag four
statistics for FPE and AIC only slightly differed from the lag
three statistics. As a result, the order of the VAR model was
chosen as three.

4.2.1. Impulse Response Function. The economic meaning of
the coefficients in the VAR model is not evident and some of
them are usually not statistically significant. Furthermore, the
VARmodel is a dynamic system and an external shock to any
endogenous variable will affect all the variables in the model.
Therefore, impulse response function and variance decom-
position are commonly utilized to investigate the variables’

relationship in a VAR model. The impulse response function
reflects all the endogenous variables’ time-varying response
to any variable’s external shocks. The dashed line in Figure 1
shows the ±2 standard deviation error band, representing the
5% level of significance. In order to transform the impulse, we
choose the Cholesky decomposition method, which utilizes
the inverse of the Cholesky factor of the residual covariance
matrix to orthogonalize the impulses, imposes an ordering of
the variables in the VARmodel, and attributes all of the effect
of any common component to the variable that comes first in
the VAR system.

When the crude oil price in China was affected by an
external shock of one unit standard deviation, it would
be positively influenced itself for about seven months
(Figure 1(a)). The impact on its price from the first to fifth
month was positive. In the first month, the price increased
drastically by 4.77 dollars while from the second to the fifth
month its price rose by 0.79, 0.75, 0.19, and 0.37 dollars,
respectively. In the sixth and seventh period, Chinese crude
oil prices decreased but themagnitudewas small. An external
shock to the crude oil price in China positively affected the
international crude oil price for roughly eight months. The
international crude oil price in the second period increased
by 1.96 dollars and fluctuated in the following seven periods,
but themagnitudes were small as well (Figure 1(b)). Similarly,
when the international crude oil price was affected by an
external shock of one unit standard deviation, it grew by
about 2.55 dollars in the first month and then fluctuated
slowly from the second to the seventh month (Figure 1(c)).
From the eighth period on, it was restored to the level before
the shocks. An external shock to the international crude
oil price positively affected the Chinese crude oil price for
approximately four months, increasing by about 2.89, 1.43,
1.08, and 0.99 dollars from the first to the fourth period,
respectively (Figure 1(d)). The Chinese crude oil price was
sensitive to the international crude oil price shocks and
experienced a relatively long increase in response to the rise
of the international crude oil price.

In brief, regardless of whether an external shock acted on
the Chinese or international crude oil price, the magnitude
of the Chinese crude oil price volatility in the first period
overweighed that of the international crude oil price, sug-
gesting that the crude oil price in China was more sensitive
to external shocks than the international one. A possible
explanation is that China’s domestic oil market mechanism



6 Mathematical Problems in Engineering

−1

0

1

2

3

4

5

6

2 4 6 8 10 12 14

D
ol

la
rs

 p
er

 b
ar

re
l

Month
(a)

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

2 4 6 8 10 12 14

D
ol

la
rs

 p
er

 b
ar

re
l

Month
(b)

−1

0

1

2

3

4

2 4 6 8 10 12 14

D
ol

la
rs

 p
er

 b
ar

re
l

Month
(c)

−1.0

−0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

2 4 6 8 10 12 14

D
ol

la
rs

 p
er

 b
ar

re
l

Month
(d)

Figure 1: Response of (a, c) 𝑝 1 and (b, d) 𝑝 2 to shocks of the (a, b) Chinese and (c, d) international crude oil price. Solid (dotted) lines
denote the mean innovation (±2 standard deviations).

needed to be improved further to enhance its buffering capac-
ity to external shocks. Consequently, the partially planned
economies’ mechanisms in crude oil markets seemed to
be more vulnerable to external risk than market-oriented
mechanisms. In addition, the reason why the crude oil price
in China would experience a relatively long increase after
an external shock to the international oil price is that it was
determined by the average price of the New York, Rotterdam,
and Singapore futuresmarkets of the lastmonth starting from
October 2001, which were all closely related to theWest Texas
Intermediate crude oil price.

4.2.2. Variance Decomposition. Based on the results of the
Granger causality test and the impulse response function,
we know that the relationship between the Chinese and
international crude oil prices was mutual and dynamic.
Through the VAR model, current Chinese crude oil price
volatility would affect the Chinese and international crude oil
prices in the next period, then influencing the third period’s
prices, and so forth. Variance decomposition can measure

the contribution of structural shocks of all the endogenous
variables to any analyzed variable in the VAR model. In
other words, it is possible to assess the relative significance
of different structural shocks.

The results of variance decomposition were estimated by
the Cholesky decomposition method and shown in Figure 2.
In terms of the international crude oil price, the relative
contributions of the Chinese and international crude oil
prices were 56.19% and 43.81%, respectively, in the first period
(Figure 2(a)). Then the contribution of the Chinese crude
oil price gradually increased to 65.08% in the fourth period.
Since the fifth period, the two variables’ respective contri-
bution to structural shocks from the international crude oil
price tended to stabilize. In short, the contribution of the
Chinese crude oil price to the international crude oil price
was stronger. A possible interpretation of this finding is that
the internal stabilization mechanism of the Chinese crude
oil price was less stable than that of the international crude
oil price. No matter the origin of the initial external shock,
the results of the impulse response function showed that the
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Figure 2: Variance decomposition of (a) 𝑝 2 and (b) 𝑝 1.

Chinese crude oil price was affectedmore deeply. In addition,
the impact of the Chinese crude oil price volatility on itself
was stronger than that of the international crude oil price. As
a result, the international crude oil price’s relative influence
on itself was smaller. When it came to the Chinese crude
oil price, as is shown in Figure 2(b), in the second period,
the contributions of the Chinese and international crude
oil prices were 85.87% and 14.13%, respectively, and in the
third period 86.04% and 13.96%. From the fourth period on,
Chinese crude oil price’s impact on itself stabilized at about
85%, whereas that of the international crude oil price was
approximately 15%. In summary, the Chinese crude oil price’s
impact on itself was stronger and that of the international
crude oil price was limited, suggesting that China’s crude oil
market needs to be more open and fully competitive to attain
the goal of integrating the domestic crude oil market with the
internationalmarket.When theChinese crude oilmarketwas
affected by an external shock, it should ask for a solution from
the international crude oil market.

4.3. VEC-TARCH Model. Table 3 shows the estimated coef-
ficients of the VEC-TARCH model. The values of 𝑎

11
and

𝑏
11

were 0.0746 and 1.0074 and deviate from zero at the
significance level of 0.01, suggesting that the conditional
variance of the Chinese crude oil price was affected by both
the stochastic term in the last period and the prior conditional
variance. In other words, the Chinese crude oil price volatility
was influenced by both the last period’s external shock and
the last period’s forecast variance based on past information.
Moreover, 𝑎

11
was much smaller than 𝑏

11
, implying that the

Chinese crude oil price volatility was mainly affected by its
previous volatility transmission. The sum of 𝑎

11
and 𝑏
11

was
1.082, just outnumbering one, which indicated that the shocks
to the volatility of the Chinese crude oil price would die
out slowly. Similarly, the values of 𝑎

22
and 𝑏
22

were 0.0989
and 0.9927 and significant, indicating that the international

Table 3: Estimated coefficients of the VEC-TARCHmodel between
𝑝 1 and 𝑝 2. “∗ ∗ ∗”, “∗∗” and “∗” denote the significance by 𝑧
statistic at the 1%, 5% and 10% level, respectively.

Coefficient Value
𝑐
0

0.0100∗

𝑎
11

0.0746∗∗∗

𝑎
12

0.0464∗∗∗

𝑎
22

0.0989∗∗∗

𝑑
11

−0.1002∗∗∗

𝑑
12

−0.0865∗∗∗

𝑑
22

−0.1335∗∗∗

𝑏
11

1.0074∗∗∗

𝑏
12

1.0277∗∗∗

𝑏
22

0.9927∗∗∗

crude oil price’s conditional variance was affected by both the
stochastic term in the last period and the prior conditional
variance. The sum of 𝑎

22
and 𝑏

22
was very close to one,

illustrating that the shocks to international crude oil price
volatility would die out slowly as well. The values of 𝑎

12

and 𝑏
12

were 0.0464 and 1.0277, respectively, implying that
the two variables’ joint volatility was affected by both the
stochastic term’s volatility in the last period and the prior
conditional covariance. In addition, 𝑎

12
was far lower than

𝑏
12
, demonstrating that the two variables’ joint volatility was

primarily affected by the prior joint volatility. The sum of 𝑎
12

and 𝑏
12

was also close to one, which demonstrated that the
shocks to the two variables’ joint volatility would disappear
as well.

The volatility of both of the Chinese and international
crude oil prices was primarily affected by the previous
conditional variance forecast. In other words, their current
volatility was mainly originated from previous volatility
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transmission, implying that both oil prices’ volatility had
the feature of endogeneity. That is to say, both China’s and
international crude oil markets had a respective endogenous
volatility transmission mechanism. The last period’s external
shock did also affect their current volatility. In addition, the
shocks to the volatility of both Chinese and international
crude oil prices would disappear rather slowly, suggesting
that the risk was increasing and the uncertainty of the crude
oil market was growing both in China and in the world.
Similarly, the current joint volatility of the Chinese and
international crude oil prices was mainly affected by prior
conditional covariance, implying that a stable relationship
had been established between Chinese and international
crude oil markets.

The elements of the dummy matrix 𝑑
𝑡−1

reflect whether
the volatility of the Chinese and international crude oil prices
was symmetrical or not. The value of 𝑑

11
was −0.1002 and

deviated from zero statistically significantly, manifesting that
the volatility of the Chinese crude oil price was asymmetric
and that positive news would exacerbate volatility more
greatly than negative news. In China’s crude oil market,
pricing was under the central government’s dominance.
When there were rising signals in the international crude
oil market, the current crude oil price in China tended to
rise as well; when there were declining signals, the crude
oil price in China tended to remain at the current level
because the monopolistic petroleum enterprises in China
may exert an influence on the government’s decision. The
value of 𝑑

22
was negative and showed that prior positive news

impacted the international crude oil pricemore than negative
news. In addition, the value of 𝑑

12
was negative and highly

significant, which illustrates that when the product of the
prior stochastic terms of the Chinese and international crude
oil prices was positive, it affected the current joint volatility
more than when it was negative. Because China’s crude oil
marketwas integratedwith the international oilmarket, when
the direction of the two variables’ respective stochastic terms’
external shock was consistent—that is, the product of the
prior stochastic terms of Chinese and international crude
oil prices was positive—the impact on the two variables’
joint volatility was aggravated. On the other hand, when the
direction of both was inconsistent, the impact on the two
variables’ current joint volatility counteracted.

5. Conclusions

This study first utilized the Granger causality model to test
for a statistical causal relationship between the Chinese and
international crude oil prices. Then, the impulse response
function and variance decomposition were adopted to trace
the effect of a one-time shock to one of the innovations
on current and future values of the endogenous variables
and the contribution of endogenous variables’ structural
shocks, respectively. Finally, a VEC-TARCH model was
used to explore the two variables’ volatility relationship and
asymmetry. The main conclusions are as follows.

The Chinese and international crude oil prices were
of reciprocal causation. The two crude oil markets have
gradually linked with each other. However, because of the

special crude oil pricing mechanism in China, an external
shock’s impact on the Chinese crude oil price was stronger
and the Chinese crude oil price was sensitive to the change
of the international crude oil price. Though the two crude
oil markets affected each other, the buffering capacity of the
international crude oil price to external shocks was stronger
than that of China. As a result, the impact of shocks of
the Chinese crude oil price on the international crude oil
price was limited, whereas that of shocks of the international
crude oil price on the Chinese crude oil price was larger.
In addition, both the variance decomposition of Chinese
and international crude oil price indicated that the former
structural shocks’ contribution was greater than the latter,
further suggesting that the Chinese crude oil price was more
sensitive to external shocks than the international crude oil
price.

The volatility of the crude oil price both in China and
in the world was affected by external shocks and their
fluctuation transmission in the last period. But the corre-
sponding coefficient of the previous conditional variance was
far greater than that of the prior external shock, implying
that the volatility of both Chinese and international crude
oil prices was mainly transmitted by prior fluctuation and
the external shocks’ impact was limited. Furthermore, the
joint volatility of the two variables was primarily influenced
by their previous conditional covariance, reflecting that the
Chinese crude oil market and international crude oil market
were gradually integrated and that a stable relationship
between them had been established. Finally, the volatility of
the crude oil price both in China and in the world showed the
feature of asymmetry and positive news’ shocks on current
volatility were larger than those of negative news. When
the directions of the two variables’ respective stochastic
terms’ external shocks were consistent, the impact on the
two variables’ joint volatility was aggravated, whereas when
inconsistent, the impact on the two variables’ current joint
volatility was counteracted.
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