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Abstract

In order to study the international influence and function of domestic crude oil futures prices in depth, based on the
daily data of 2018-2022, this paper uses Granger causality test, cointegration test, ECM model and several forms of
GARCH model to make empirical research on the price correlation, volatility, asymmetry and risk spillover effects of
domestic crude oil, Brent crude oil, WTI crude oil and Oman crude oil futures in the three major foreign crude oil
markets. The study found that there is a Granger causal relationship and a cointegration relationship between domestic
and foreign crude oil futures prices. There are interactions in the crude oil futures markets at home and abroad, and
there are different fluctuation patterns in the short-term fluctuation process. There are asymmetries, leverage effects and
spillover effects in the volatility of the four crude oil futures markets at home and abroad with different intensities. The
bearish news of the three foreign markets is greater than the impact of the bullish news than that of the domestic one.
There are risk spillover effects and volatility effects between domestic and the three foreign crude oil futures markets,
and the domestic spillover effect on foreign crude oil is greater than the spillover effect on domestic crude oil from
abroad. The conclusion is that the international influence of domestic crude oil futures prices is stronger than that of
Omani crude oil, and weaker than Brent and WT]I crude oil. The leverage effect of the three foreign markets is greater
than that of China, and the leverage effect of the Oman crude oil futures market is the strongest. The asymmetry and
spillover effect of fluctuations in the domestic and foreign crude oil futures markets lead to the risk and speculation of
the three foreign markets being greater than that of the domestic one, and the speculative arbitrage through the domestic
and foreign crude oil markets may cause huge market risks, and it is suggested that the internationalization of the
domestic futures market needs more systems and mechanisms to support the construction.

Keywords: volatility, cointegration, leverage effect, spillover effects, GARCH model
1. Introduction

After more than 30 years of development, Chinese futures market has made great achievements, but the pricing power
and international influence of futures prices are still insufficient, and the opening up and international development of
the futures market are relatively slow.

With the launch of international crude oil futures on March 26, 2018, the international energy trading center under the
Shanghai Futures Exchange, the pace of internationalization of the domestic futures market has accelerated, and
Subsequently, the three major domestic commodity futures exchanges have successively launched nine international
commodity futures and options varieties. As the first international futures variety in China, crude oil futures are of great
significance. After more than four years of operation of crude oil futures, the trading rules of the previous period have
been continuously optimized, and the influence of crude oil futures prices has been expanding.

Due to the relatively short launch time of domestic crude oil futures, there are relatively few studies on the influence
and function of domestic crude oil futures prices and the operation law, and only a few studies are involved in the
research on the impact of domestic crude oil futures on the stock market, exchange rates and other aspects of domestic
and foreign price relations, such as Zhang and Ji (2018), Wang (2019), Cao (2019), Gao.H and Gao.T.C. (2022)
research involves the relationship between domestic crude oil futures and the stock market and exchange rate. Wen
(2019), Bu, Li and Zhu (2020) research involves the relationship between domestic and foreign crude oil futures
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prices, and the existing research on the influence and function of domestic crude oil futures prices and the law of market
operation are insufficient. At present, the huge fluctuations in domestic and foreign crude oil prices have brought greater
impacts to the domestic macroeconomic and futures markets, thus bringing certain risks to the operation of the national
economy. It is extremely urgent to further study the international influence of domestic crude oil and the fluctuation law
of domestic and foreign crude oil futures prices, reveal the inherent links between domestic and foreign crude oil,
ensure the steady operation of the domestic macro economy and further promote the internationalization of the futures
market.

Therefore, this paper mainly analyzes and empirically examines the correlation, volatility, asymmetry and risk spillover
effects of domestic and foreign crude oil futures markets. We first analyze the causal relationship between domestic and
foreign crude oil futures prices and the cointegration relation of the yield, determine whether there is a causal
relationship and long-term equilibrium relationship between domestic and foreign crude oil markets futures price yields,
and then use the Error Correct Model (ECM) to test the similarities and differences of short-term fluctuation patterns in
domestic and foreign crude oil markets, and judge the short-term adjustment and response degree of domestic and
foreign crude oil markets to market shocks. Describe the process of convergence of domestic and foreign crude oil
futures markets to equilibrium. Finally, we use several conditional heteroscedasticity models to test the relationship
between the domestic and foreign crude oil futures markets volatility, judge the risk characteristics and risk transfer
process of domestic and foreign crude oil markets, and analyze the clustering and asymmetry of volatility between
domestic and foreign crude oil markets by testing the "Leverage Effect" and "Spillover Effect”. Through analysis, we
can describe the long-term cointegration relationship and short-term dynamic fluctuation effect between domestic and
foreign crude oil futures prices and yields, and can also judge the interaction and conductivity of domestic and foreign
crude oil futures price yields and volatility. It can reveal the degree of constraint or flexibility of investment funds in the
domestic and foreign crude oil markets in terms of liquidity, and in the process of portraying the asymmetric reaction of
domestic and foreign crude oil markets in the formation of market information and the type of information, it can
measure the risk characteristics and risk levels of time varying in domestic and foreign markets..

The second part of this paper gives a literature review, the third part gives the Methodology, mainly including the
theoretical models and methods involved in the study. The fourth part gives empirical analysis, mainly including
variable selection and data description, as well as various tests and ECM model establishment related to cointegration,
and various Garch model establishment and analysis. The fifth part gives conclusion, summarizes the empirical findings
of this paper and makes policy recommendations accordingly.

2. Literature Review

The domestic and foreign academic circles have a long history of research on the operation of the futures market, and
there are many research results on the energy market, specific to the research of crude oil futures, in recent years, from
the qualitative and quantitative point of view of research, a lot of results have been achieved.

Foreign research literature on oil price fluctuations and forecasts can be traced back to Hotelling (1930) proposing a
model of depletable resources. More economic time series methods are currently used, including Granger (1969)
causality method, Engle and Granger (1987) cointegration theory, Engle (1982) model of conditional heteroscedasticity
(ARCH) and so on.

With the development of the ARCH model family since the 1980s, this model family has been widely used in the study
of capital markets and futures derivatives, such as Theodossiou and Lee (1993) using the GARCH-M model to study the
volatility spillover effect between major stock markets around the world. Mukherjee and Mishra (2006) used a
univariate GARCH model to empirically study volatility spillover effects between Asian stock markets.Vasilikli.et.al.
(2006) used the bivariate EGARCH model to study the correlation between the European bond markets. Similarly,
scholars have used the ARCH model family to study the futures market from a dynamic point of view, such as Cecchetti,
Cumby and Figlewski. (1988) and others who used the ARCH model to study the hedging ratio of US Treasury futures
contracts. Baillie and Myers (1991) conducted empirical research on soybean contracts and corn contracts in the US
futures market through the GARCH model. Michael, Mckenzie and Heather Mitchell (2001) used the ARCH model, the
GARCH model, and the AP-GARCH model to simulate the price volatility of all LME futures contracts .Allen and
Cruickshank (2002) uses ARCH to model the volatility of commaodity futures on the Sydney Mercantile Exchange, the
London International Financial Futures and Options Exchange, and the Singapore International Financial Exchange.
Rita Madarassy Akin (2003) used GARCH to perform a Samuelson effect test on 11 financial futures contracts. Xu and
Fung (2005) uses a binary asymmetric GARCH model to study volatility spillover relationships between the Japanese
and U.S. metal futures markets.

In recent years, the ARCH model family has also been widely used in crude oil market research, such as partial research
on the impact effect and related relationship between international oil prices and the gulf stock market, such as Fayyad
and Daly (2011) studying the impact of oil price shocks on the returns of the Gulf state stock markets. Jouini and
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Harrathi (2014) studied the conduction of shocks and volatility between the crude oil market and the stock markets of
the Gulf States through BEKK-GARCH. Khalifa, Hammoudeh and Otranto. (2014) considering the transmission pattern
between the crude oil market and the Gulf state market under the transfer of the existing mechanism. Balciiar, Demirer
and Ulussever. (2017) study argues that monitoring speculation in the crude oil market is intended to monitor the risk of
volatility in the crude oil market that is transmitted to its stock market. Other studies on the relationship between
international oil prices and China's stock market and stock indexes include Broadstock and Filis (2014) and Zhu. H. et
al. (2016) and Fang and Egan (2018). Some of them also focus on the international crude oil futures price and the
relationship between different international crude oil markets, such as Brunetti, Gilbert and Christopher (2000) to build
the FI-GARCH model to study the relationship between the New York Commodity Futures Exchange and the
international crude oil market. Lin, Tamvakis and Michael (2001) compared and correlated the prices of WTI crude oil
futures contracts and Brent crude oil futures contracts through GARCH and VAR models respectively. Stelios and Cees
(2008) uses the VAR-GARCH-BEKK maodel to study the volatility spillover effects of U.S. WTI crude oil futures and
spot. Kaufmann.et al.(2009) studied the price spillover effects of different international crude oil futures markets and
spot markets through empirical models. Boubaker and Raza (2017) obtained mean and volatile spillover effects between
the crude oil market and the Brics market through multivariate GARCH and wavelet analysis. In the past two years,
some scholars have adopted the Garch model method to conduct research on the relationship between international
crude oil futures and stock markets, exchange rate relations and crude oil price laws, such as Mentawai, Mutawakil and
Chris (2020) used the multivariate GARCH BEKK and TBEKK models to study the shock and volatility spillover
effects of crude oil prices on Ghanaian exchange rates and stock markets .Ivanovski.et al.(2021) used a generalized
autoregressive score (GAS) model to model and predict volatility and correlation between international oil prices and
stock returns, studies have shown that the model is superior to the GCC-Garch model.Chuang and Yang(2022) used the
multivariate GARCH-MIDAS model to study the determinants of volatility in the international crude oil market.

In the domestic study of the law of the crude oil market, a variety of time series and a variety of econometric models are
used for research .For example, some studies of the relationship between domestic and foreign crude oil spot prices and
macro factors, such as Yu (2015), Tian (2016). Some of the studies have studied the relationship between domestic and
foreign crude oil markets and financial markets, such as Zhang and Zhou (2016), Li, Lu and Jiang (2018). Some studies
have used time series models to study the relationship between spot prices of crude oil at home and abroad, such as Jia
(2016) and Cui (2017). Some studies have used a variety of econometrics methods to analyze and predict the
influencing factors of crude oil prices, such as Zhan (2016), Zhang (2016), Zhang (2017), Cheng (2018), MA, Zhang
and Cao (2019).

In recent years, some scholars in China have also used ARCH model family to study the crude oil futures market, such
as Dong and Zhang (2006) through the VAR-MGARCH model to analyze the fluctuation spillover reaction of the spot
price of Daging crude oil and the spot price of Brent crude oil in London. Pan and Zhang (2007) studied the spillover
effects of fluctuations in the WTI crude oil and Daging crude oil markets in New York, USA. Yao and Hu (2011)
studied the volatility spillover effects between the international crude oil futures, exchange rates, and stocks.

Due to the relatively short launch time of domestic crude oil futures, there are relatively few quantitative research
literature on domestic crude oil futures, mainly including: Zhang and Ji (2018) quantitatively analyzed the risk spillover
relationship between China's crude oil futures and international benchmark oil, Shanghai Composite Index and RMB
exchange rate. Wang (2019) used the VAR-GARCH-BEKK model to study the mean spillover effect and variance
spillover effect of China's crude oil in the international market and the Asia-Pacific market. Wen (2019) used the
wavelet coherence model and the GARCH-BEKK model to study the conduction relationship between marginal
fundamentals and crude oil prices. Cao (2019) conducted a quantitative analysis of the changes in the relationship
between crude oil futures, the US dollar exchange rate and the RMB exchange rate in Shanghai and New York in china.
Bu, Li and Zhu. (2020) used long-term weak exogenous tests and price discovery models such as P-T and I-S to
measure the international comparison between Shanghai crude oil futures and Oman crude oil futures and WTI and
Brent crude oil futures, price leading relationships, and price discovery contributions. Gao.H. and Gao.T.C. (2022)
quantitatively studied the overall impact of crude oil futures on the internationalization of the RMB using Granger
causality, cointegration testing and error correction model.

In summary, from the existing literature at home and abroad, the quantitative research on the law of crude oil futures is
basically based on a simple linear regression model and from the perspective of time series modeling, using a variety of
econometric models for research, especially the development of cointegration theory and GARCH model, which
provides a new idea for the study of the law of the crude oil futures market. The existing literature has less research on
the domestic crude oil futures market, mainly because the domestic crude oil futures launch time is relatively short,
from the existing literature, the study of the futures prices of the four major crude oil futures markets at home and
abroad, the relationship between their yield and volatility is almost a blank. Therefore, this paper attempts to use
cointegration theory, Granger causality test based on vector autoregression (VAR) and the method of the GARCH
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model family to empirically study the relationship between futures price influence, yield and volatility in four major
crude oil markets at home and abroad, in order to obtain useful conclusions and enlightenment

3. Methodology
3.1 Cointegration Test and ECM Model of Crude Oil Futures Price Yield

If it can be inferred that the logarithmic sequence of domestic and foreign crude oil futures prices is a 1(1), the possible
cointegration relationship between them can be further analyzed. The binary Error correction model of the stable
sequence of the price yield of domestic and foreign crude oil futures (Brent, WTI, and Oman) can be expressed as:

Ry =7 (LNPOt—l - BLNB +C)+a1ROt—l +o,Ry , R +BR e (D

Where y, is the adjustment parameters for error correction and &, is uncorrelated white noise sequences, where i=1, 2,

3. If the above ECM model is established, it means that the yield of crude oil futures prices at home and abroad is
affected by the same error correction process, but has different adjustment speeds, has a common trend component in
the return to long-term equilibrium, has similar cyclical characteristics, and may lead to different short-term fluctuation
patterns due to different error correction coefficients. In ECM, a long-term modified relationship can be expressed as
follows:

LNP, — BLNP, +C =u, (2)

Where u,, is a stationary time series of zero means, where i=1, 2, 3. The above relationship indicates the cointegration

relationship between domestic crude oil futures prices and foreign (Brent, WTI, Oman) crude oil futures prices, and the
standardized cointegration vectors are: (1, — 3, )'

There are many methods for testing and estimating cointegration relations, the more commonly used ones are the Engle
and Granger (1987) two-step method and Johansen (1988) maximum likelihood method (MLE), For a cointegration test
for multiple variables, Johansen's test is superior to Engle and Granger's method. In this paper, the Johansen test is used.

According to Engle and Granger (1987) expression theorem, cointegration systems have three equivalent forms of
expression: vector autoregressive VAR, moving average MA, and ECM, of which ECM can most directly describe the
synthesis of short-term fluctuations and long-term equilibrium, and is the most commonly used. Engle and Granger
(1987) proved that a cointegration sequence must be represented as an error-corrected representation. Therefore, when
the variable sequence is cointegration, an error correction model should be established.

3.2 Domestic and Foreign Crude Oil Futures Price Yield GARCH-M Model

The Conditional Heteroscedastic Variance Model (ARCH) can effectively characterize the degree of volatility of risk
and return, and makes these volatility and risk measures time-varying, reflecting the dynamic impact of new
information acquisition and the emergence of new shocks. Engle (1982) proposed the GARCH model, which can be
generalized to the effect of permissible conditional variance on yields, so the GARCH-M (p,q) model for the rate of
return on crude oil futures prices is set as follows:

Rt:a+ﬂ“at2+zeiRt—i+z77jgtfj ©))
i1 -1

Where R, is the crude oil futures price yield, O't2 is the conditional variance, ¢ isthe residuals, Aand @, 7 are

the parameters. When the risk (volatility) increases, the level of returns in the crude oil market increases, the coefficient
of the corresponding conditional variance in the equation 4 >0.When the risk increases, the level of return in the crude

oil market decreases, the corresponding conditional variance coefficient A <0.
3.3 Asymmetric Leverage Effect Model of Domestic and Foreign Crude Oil Futures Price Returns

The leverage effect reflects the unidirectional nature of volatility transmission, or a certain degree of difference in risk
attitudes, and the leverage effect can be achieved by introducing a certain asymmetry into the GARCH model, or it can
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be achieved through threshold regression, which is called the TARCH model in this case. The TARCH or Threshold
ARCH model was introduced independently by Zakoian (1994) and Glosten, Jagannathan and Runkle. (1993). The
variance equation for the Crude oil futures price yield is set as follows:

q p
2 2 2 2
Oy = ﬁ+z¢igt—i +Z¢jo-t—j +oD &, (4)
i=1 j=1
Where D, ,is a dumb variable representing the direction of change in the absolute residuals, when g,_, <O then

D, , =1 Otherwise D, ; = 0.In the model, good news (&,_, >0) and bad news (&, <0)have different effects on

the conditional variance: The good news has a Z(ﬁ, shock, The bad news has a Z(ﬁ, +o shock. If @ > 0, there is a

leverage effect, if @ # 0, the information is asymmetrical.

Due to the asymmetry of market fluctuations and reactions, there are many structural forms and representation methods,
and there are some forms of promotion of GARCH models, such as EGARCH model, which are widely used. Based on
the EGARCH model proposed by Nelson (1991), we set the conditional variance equation for the crude oil futures
prices yield as follows:

& &
Ino? =w+ BInc], +a| L +y 2L (5)
O O
If y#0, there is asymmetry in the impact reaction, then
& & &
f (—t) =q| L+ y L (6)
Oy O O

Where f (0) is the information shock curve.

3.4 Spillover Effect Model of Domestic and Foreign Crude Oil Futures Prices Yield

When there is a large fluctuation in the foreign (domestic) crude oil futures market, it will cause investors to change
their investment behavior in the domestic (foreign) crude oil futures market, and transmit this fluctuation to other
futures markets, that is, the "spillover effect" of the crude oil futures market. In order to describe the correlation
between volatility between domestic and foreign crude oil futures markets, we use the volatility spillover effect model
proposed by Harmo and Masulis. (1990) to analyze the short-term dependence and interaction between the volatility of
domestic and foreign crude oil futures markets, so the short-term spillover effect from foreign crude oil futures market
(B) to domestic crude oil futures market (A) can be set as follows:

q p r
2 2 2 2
O at =ﬂ+z¢i8At—i +Z(ij_At—j +zglgBt—l ()
i-1 -1 1

Where gBHZ is the yield shock or disturbance of the previous L period in the B market, which is the absolute

volatility degree that has been realized in reality, and if the coefficient of these disturbance terms is statistically

significantly positive, it indicates that there is a significant spillover effect.

Theoretically, the shorter the sample time interval for studying the relationship between variables, the richer the
corresponding sample size and the richer the information contained in the entire sample. Due to the short launch time of
domestic crude oil futures, the use of daily data can better study the operation law of domestic crude oil futures prices,
and avoid the use of limited samples in other long time intervals to affect the effect of the study. Therefore, the samples
used in this study are all daily data.

4. Empirical Analysis
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4.1 Variables and Data
4.1.1 Selection and Description of Variables

Crude oil futures of China were listed and traded in 2018, after several years of development, the market is becoming
more and more mature, the influence is gradually expanding, and therefore, we choose the crude oil futures price
launched by the International Energy Center in the previous period as the domestic crude oil futures price variable. For
foreign crude oil futures markets, the current international crude oil trading is based on three major crude oils, namely
Brent in the United Kingdom, WTI in New York and Oman crude oil on the Asian Dubai Commodity Exchange, and the
price comparison between them is the main factor that determines the global crude oil flow. Therefore, foreign crude oil
futures prices we choose representative Brent crude oil, WTI crude oil, Oman crude oil futures prices as foreign crude
oil futures price variables.

Data selection: Daily data on the consecutive closing prices of Crude Oil Futures in Shanghai International Energy
Exchange Center, continuous closing prices of ICE Brent Crude Oil Futures, consecutive closing prices of NYMEX
Light Crude Oil (WTI) Futures, and consecutive closing prices of Oman Crude Oil Futures in DME in Dubai. Time
period: 2018.3.26-2022.6.16.

For futures prices, each futures contract will expire at a certain time, in order to overcome the discontinuity of futures
prices, we select the daily closing price series of futures contracts with the largest trading volume as representatives to
form a futures price continuous price contract. Since the domestic crude oil futures price data we selected does not
match the foreign futures price data at certain specific times, we delete the mismatched data and get the continuous time
series data of domestic and foreign futures price data. Finally, we selected a total of 1017 consecutive daily price data of
domestic crude oil, Brent crude oil, WTI crude oil and Oman crude oil futures.

We define the crude oil futures price yield as a first-order difference in the logarithm of the crude oil futures price:
R, = LNRE —LNP,_, (8

Among them p, are crude oil futures prices. When the price fluctuation of crude oil futures is not very violent, it is

approximately equal to the daily rate of change of crude oil futures prices, corresponding to the overall income level of
the crude oil futures market.

Since there is no unified qualitative conclusion on the statistical nature of the crude oil futures price yield series, there
are still different views on whether the crude oil futures price yield is strong effective, weak effective, or invalid, so we

investigate the changes in the daily yield series R, , the absolute daily yield series |Rt|and the daily average square yield

series R? of crude oil futures prices. When the sample size is relatively large, according to the large number theorem

and the market weak type, it can be seen that the average yield of the overall crude oil futures price in the sample range
is:

_ T
Rt=12Rzo (9
L=

Where T is the sample size. Suppose &, represents a deviation from the daily yield of the crude oil futures price from

the sample mean, then:

=R -Ri~R (10)
&) =[R —Re| ~|R| (1)
& =(R-R) ~R? (12)

Therefore, the daily yield g , daily absolute yield‘R(‘, and daily average square yield g of crude oil futures prices

respectively indicate that the two-way change of crude oil futures prices around the mean, absolute changes, average
square fluctuations, and the fluctuations they embody gradually increase. In particular, the mean square yield actually
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represents the current fluctuation variance of the daily yield series of crude oil futures prices, which is a measure of

current risk.
4.1.2 Times Series Plots of Variables and Basic Judgments

Below we make a time series chart of each time series to make a basic judgment on the yield and volatility of crude oil
futures prices at home and abroad.
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As can be seen from the figurel- figure 4, there are a number of abnormal peaks in the series of crude oil futures price
yields at home and abroad, and the fluctuations show obvious volatility clustering phenomena, indicating that the daily
fluctuations of the futures price yield series in the four crude oil futures markets at home and abroad are sudden and
significant, and the volatility has a conditional heteroscedasticity phenomenon. It can be assumed that the disturbances
that occur in the series of yields on the price of the four futures are not white noise processes.
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From the comparison of various yield series charts of futures prices above Figure5- Figure 10, it is found that when
abnormal fluctuation values and volatility cluster ranges occur, the four futures markets have similar fluctuation

patterns, indicating that there may be a certain degree of correl

ation between them and the spillover effect of fluctuation

effects. Below we use the futures price daily yield series to build a time series model to analyze the bidirectional

fluctuations of the yield series and their effects.

4.2 Cointegration Related Tests and ECM Model Empirical Results

4.2.1 Unit Root Tests

There are many unit root test methods, generally DF, ADF test and Philips nonparametric test (PP test). This article uses
the most commonly used Engle and Granger(1987) residual-based ADF test. Under the premise of ensuring that the
residual terms are not correlated in the test, we use the AIC criterion and the SC criterion to determine the hysteresis
order, when both values are the minimum, then the hysteresis order is the optimal. The specific test results are as

follows:
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Table 1. ADF unit root test results of domestic and foreign crude oil futures price variables

Variable Augmented Test type 1% 5% 10% Durbin-Watson  whether or
Dickey-Fuller (c,t,n) level level level stat not stable
test statistic
LNPO -0.974 (c.t,2) -3.967 -3.414 -3.129 1.999 NO
LNP1 -1.114 (c,t,0) -3.967 -3.414 -3.129 2.009 NO
LNP2 -1.604 (ct,21) -3.967 -3.414 -3.129 1.9901 NO
LNP3 -1.947 (ct,17) -3.967 -3.414 -3.129 1.992 NO
ALNP -20.983 (0,0,1) -3.437 -2.864 -2.568 1.999 YES
ALNP1 -31.988 (0,0,0) -3.437 -2.864 -2.568 2.000 YES
ALNP2 -6.087 (0,0,21) -3.437 -2.864 -2.568 2.004 YES
ALNP3 -6.221 (0,0,21) -2.567 -1.941 -1.616 1.9823 YES

Note: PO represents the domestic crude oil futures price, P1 represents Brent crude oil futures price; P2 represents WTI
crude oil futures price and P3 represents Oman crude oil futures price. LN represents the logarithm and /A represents
the first-order difference. C represents the intercept, t represents the time trend, n represents the order of lag, and the
following are similar.

The above Table 1 unit root test results show that the time series data of the four crude oil futures price variables at
home and abroad are non-stationary sequences at the 1%, 5% and 10% significance levels, and the first-order difference
is a stationary series at the 1%, 5% and 10% significance levels, so it can be judged that the price series of crude oil
futures in the four markets at home and abroad are all first-order single integer 1(1) through the test.

4.2.2 Granger Causality Test

We conduct a Granger causality test on domestic and foreign crude oil futures prices, and study the guidance of
domestic crude oil futures prices to foreign crude oil futures price variables. Since the causality test is sensitive to the
lag order, in the actual test, according to the AIC, SC criterion, the optimal lag order is the smallest value of the two.
The specific test results are as follows:

Table 2. Granger causality test results for various variables

Null Hypothesis Sample F-Statistic Prob.
LNP1 does not Granger Cause LNPO 1014 188.712 0.000
LNPO does not Granger Cause LNP1 4.050 0.007
LNP2 does not Granger Cause LNPO 1015 204.979 0.000
LNPO does not Granger Cause LNP2 3.267 0.039
LNP3 does not Granger Cause LNPO 1014 5.942 0.001
LNPO does not Granger Cause LNP3 4.454 0.004
LNP3 does not Granger Cause LNP1 1014 1.078 0.358
LNP1 does not Granger Cause LNP3 178.352 0.000
LNP3 does not Granger Cause LNP2 1014 2.309 0.075
LNP2 does not Granger Cause LNP3 130.072 0.000

From the above Table 2 test results, it can be seen that under the significance level of 1%, Brent crude oil futures price
(LNP1), WTI crude oil futures price (LNP2), Oman crude oil futures price (LNP3) have a strong guiding effect on the
domestic crude oil futures price (LNPQ), and the domestic crude oil futures price only has a strong guiding effect on
Brent crude oil and Oman crude oil futures prices, and does not have a guiding effect on WTI crude oil futures prices.
Only at the 5% significance level, the domestic crude oil futures price and the foreign three market crude oil futures
prices have a bidirectional guiding effect. Oman crude oil futures prices at the 1%, 5% significant level, does not have a
guiding effect on Brent and WTI crude oil futures prices. It shows that the domestic crude oil futures price is greatly
affected by the international crude oil futures price, and the domestic crude oil futures price has a certain pricing power,
and the pricing power and influence are stronger than Oman crude oil, weaker than Brent crude oil and WTI crude oil.

4.2.3 Long-term Cointegration Test

We conduct Johansen maximum likelihood estimation test for domestic crude oil futures prices and crude oil futures
prices in three foreign crude oil markets, the test takes into account the situation containing constants, according to the
SC standard, AIC standard to determine the equation form of the best hysteresis order, the hysteresis order is selected 0,
the test results are as follows Table 3:
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Table 3. Cointegration test results between domestic crude oil and three foreign crude oil futures prices

Cointegration Eigenvalue Trace 0.05 Prob.  The number of cointegration
relation Statistic Critical relationships

Value
Domestic crude oil futures prices versus 0.060 64.465 20.262 0.000 None *
Brent crude oil futures prices 0.001 1.1647 9.165 0.929 At most 1
Domestic crude oil futures prices and WTI 0.041 43.986 20.262 0.000 None *
crude oil futures prices 0.001 1.290 9.165 0.909 At most 1
Domestic crude oil futures prices versus 0.022 24.027 20.262 0.014 None *
Oman crude oil futures prices 0.001 1.228 9.165 0.919 At most 1

Note: * denotes rejection of the hypothesis at the 0.05 level

The cointegration test results show that there is a unique cointegration relationship, then the cointegration relationship
between the domestic crude oil futures price and Brent crude oil futures prices, WTI crude oil futures prices, and Omani
crude oil futures prices is estimated to be as follows:

1, =LNP, -0.908 LNP,-2.283 (13)
v,=LNP, -0.857LNP, -2.570 (14)
w, =LNP, -0.919 LNP, -2.250 (15)

Then the cointegration equation corresponding to the maximized feature root is as follows (the values in the equation
parentheses are standard deviations, the following are similar):

LNP,, =0.908 LNP, + 2.283 (16)
(0.036) (0.151)
LNP,, =0.857 LNP, +2.570 17)
(0.055) (0.223)
LNP, =0.919 LNP, +2.250 (18)
(0.065) (0.270)

We can see from the cointegration equation that there is a significant long-term co-directional change relationship
between domestic crude oil futures prices and three foreign crude oil futures prices, and the magnitude of change is not
much different (0.908, 0.857, 0.919), and the co-directional change relationship between domestic and WTI crude oil
prices is slightly weaker than that of Brent crude oil and Oman crude oil, and the co-directional change relationship
between domestic and Oman crude oil futures prices is the strongest.

4.2.4 ECM Model Estimate Results

From the above cointegration test, it can be seen that there is a cointegration relationship between domestic and foreign
crude oil futures prices, therefore, we have established an error correction model (ECM) between the domestic crude oil
and Brent crude oil, WTI crude oil, Oman crude oil futures price yield, the results is as follows Table 4:

Table 4. ECM estimates results

ECM RO RL RO R2 RO R3
EC -0.025 -0.008 -0.017 0.004 -0.022 0.001
(0.007) (0.011) (0.005) (0.009) (0.008) (0.011)
RO (-1) -0.217 0.160 -0.133 0.178 -0.050 0.095
(0.032) (0.047) (0.032) (0.055) (0.039) (0.053)
RO (-2) -0.010 0.024 0.001 -0.001 0.018 0.169
(0.026) (0.038) (0.027) (0.047) (0.039) (0.052)
R1(-1) 0.506 -0.044
(0.023) (0.034)
R1(-2) 0.142 -0.126
(0.028) (0.040)
R2(-1) 0.363 0.004
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(0.019) (0.033)
R2(-2) 0.049 -0.080
(0.022) (0.038)
R3(-1) 0.073 -0.047
(0.030) (0.040)
R3(-2) 0.0483 -0.170
(0.030) (0.040)
R-squared 0.363 0.013 0.293 0.011 0.021 0.020
Adjusted R-squared 0.360 0.009 0.290 0.007 0.018 0.016
S.E. of regression 0.384 0.824 0.426 1.270 0.590 1.045
Sum squared resid 0.020 0.029 0.021 0.035 0.024 0.032
Log likelihood 143.717 3.285 104.617 2.896 5.529 5.176
Durbin-Watson stat 2555.809 2168.639 2503.097 1949.460 2338.189 2048.067
Mean dependent var -5.031 -4.268 -4.927 -3.835 -4.602 -4.030
S.D. dependent var -5.007 -4.243 -4.903 -3.811 -4.578 -4.005
Akaike info criterion 0.001 0.001 0.001 0.001 0.001 0.001
Schwarz criterion 0.024 0.029 0.024 0.036 0.024 0.032

Note: Among them, RO, R1, R2 and R3 respectively represent the price yield of domestic crude oil, Brent crude oil,
WTI crude oil and Oman crude oil futures, the positive numbers in parentheses represent the standard deviation and the
negative numbers represent the lag order. EC represents an error correction term, the following is similar.

According to the above error correction equation calculation, to solve the unconditional mathematical expectation of the
yield series, it is possible to obtain the long-term equilibrium crude oil futures price yield levels of domestic crude oil,
Brent crude oil, WTI, Oman crude oil market, respectively:

R, =0.056%, R =0.013%, R, =-0.002%, R,=0.001%

From the above results, it can be seen that there is almost no significant difference in the long-term futures price yield
between the domestic crude oil futures market and the Brent crude oil futures market, and there is a significant
difference in the long-term futures price yield between the domestic crude oil futures market and the WTI crude oil and
Oman crude oil futures markets, and the long-term price yield of the domestic crude oil futures market is stronger than
that of the three foreign crude oil futures markets. The price yields of crude oil futures in all four markets are affected
by the long-term equilibrium relationship, but the marginal contribution of the correction item to the domestic crude oil
futures price yield and Brent crude oil futures price yield is negative, while the correction item is a positive marginal
contribution to the WTI crude oil futures and Oman crude oil futures price yields. In the ECM model, there is an
interaction between domestic crude oil futures and three foreign crude oil futures prices yields, because the lag
coefficient appears to be somewhat significant and not significant, reflecting the interaction between short-term
fluctuations. Therefore, the ECM model shows that there is a long-term cointegration trend between the yields of crude
oil futures prices at home and abroad, but there are different fluctuation patterns in their short-term fluctuation
processes.

4.3 GARCH Model Family Empirical Results

We use the GARCH model to test the conditional heteroscedasticity of the crude oil futures price yield series, first use
the partial autocorrelation function (PACF) and the autocorrelation function (ACF) to determine the order of the AR
process and the MA process in the mean equation, and then determine the order of the ARCH term and the GARCH
term in the variance equation according to the characteristics of the absolute residuals sequence, and after analysis and
comparison, finally determine the mean equation of the domestic crude oil futures price return series as
ARMA(22,22),The equation of variance is GARCH(1,1).The mean equation for Brent crude oil, WTI crude oil, Oman
crude oil futures price yield series are all ARMA(17,17) and the variance equation are all GARCH(1,1). The following
GARCH-M model, leverage effect model and spillover effect model for estimating the price returns of crude oil futures
at home and abroad are as follows:

4.4 Domestic and Foreign Crude Oil Futures Price Yield GARCH-M Model Estimates

Our empirical estimates of the GARCH-M model of the price yield of domestic crude oil , Brent crude oil, WTI crude
oil, Oman crude oil futures are as follows In Table 5 (estimates of non-main parameters are omitted, the values in
parentheses are standard deviations, the following are similar):
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Table 5. GARCH-M estimates of crude oil futures price yields in four crude oil futures markets

Variable RO R1 R2 R3
O't2 0.054 0.096 0.095 0.109

(0.033) (0.031) (0.032) (0.032)
AR(17) 0.890 0.899 0.870

(0.021) (0.019) (0.028)
MA(17) -0.899 -0.905 -0.886
(0.020) (0.018) (0.025)

AR(22) -0.476

(0.136)
MA(22) 0.546

(0.129)
R-squared 0.004 0.001 0.003 0.001
Adjusted R-squared 0.002 -0.001 0.001 -0.002
S.E. of regression 0.025 0.029 0.036 0.033
Sum squared resid 0.595 0.831 1.276 1.060
Log likelihood 2381.638 2358.342 2295.048 2272.038
Durbin-Watson stat 1.964 1.973 1.923 1.969
Mean dependent var 0.001 0.001 0.001 0.001
S.D. dependent var 0.025 0.029 0.036 0.033
Akaike info criterion -4.780 -4.709 -4.583 -4.537
Schwarz criterion -4.750 -4.680 -4.553 -4.507
Hannan-Quinn criter. -4.769 -4.698 -4.571 -4.525

Note: Among them, R0, R1, R2 and R3 respectively represent the price yield of domestic crude oil, Brent crude oil,
WTI crude oil and Oman crude oil futures, &2 represents crude oil futures price yield condition variance, t=0,1,2,3.
The following is similar.

From the above Table 5 estimates, it can be seen that the coefficients of domestic crude oil, Brent crude oil, WTI crude
oil, Oman crude oil futures condition variance item GARCH are estimated to be 0.054, 0.096, 0.095, 0.109, respectively,
and the domestic crude oil futures price yield conditional variance coefficient is not significant, while the foreign Brent
crude oil, WTI crude oil, Oman crude oil futures price yield conditional variance coefficient is significant, which
reflects the positive correlation between the return and risk of the four crude oil futures markets at home and abroad.
There is a positive risk premium for the return, there is a certain risk reward in all four markets, and volatility increases
the current yield, of which the domestic crude oil futures risk premium is the smallest, indicating that investors in the
three foreign crude oil markets have a stronger risk appetite than domestic investors. After the launch of domestic crude
oil futures, after continuous optimization of market operation, the market risk return shows the same positive correlation
relationship with the international market, the market gradually matures, due to the difference in the risk premium of the
income between the domestic and foreign three crude oil futures markets, so there are theoretical arbitrage opportunities
for crude oil futures at home and abroad, and at the same time, investment through the three foreign crude oil markets
faces greater investment risks than in China.

4.5 Domestic and Foreign Crude Oil Futures Price Yield TARCH Model Estimate

Below, we use the above TARCH model to make a model empirical estimate of the leverage effect of domestic crude
oil, Brent crude oil, WTI crude oil, Oman crude oil futures market, and the variance equation estimate results are shown
in Table 6:
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Table 6. TARCH model estimates of crude oil futures price yields in four crude oil futures markets

Variable o2 o 2 L2
C 2.21E-05 3.76E-05 4.99E-05 6.55E-05
(5.59E-06) (6.18E-06) (8.05E-06) (7.94E-06)
£2(-1) 0.117 0.106 0.123 0.140
(0.023) (0.021) (0.021) (0.028)
£2 (—1)*(& (-1 < 0) 0.050 0.187 0.200 0.483
(0.028) (0.028) (0.029) (0.047
o2 (-1) 0.826 0.759 0.726 0.621
(0.024) (0.022) (0.023) (0.020)
R-squared 0.005 0.005 0.007 0.007
Adjusted R-squared 0.003 0.003 0.005 0.005
S.E. of regression 0.025 0.029 0.036 0.033
Sum squared resid 0.595 0.828 1.271 1.053
Log likelihood 2382.735 2366.645 2303.314 2294.776
Durbin-Watson stat 1.963 1.971 1.925 1.970
Mean dependent var 0.001 0.001 0.001 0.001
S.D. dependent var 0.025 0.029 0.036 0.033
Akaike info criterion -4.780 -4.724 -4.597 -4.580
Schwarz criterion -4.746 -4.690 -4.563 -4.546
Hannan-Quinn criter. -4.767 -4.711 -4.584 -4.567

Note: &2+ o2+ o2~ o represents the variance of the futures yield of domestic crude oil, Brent crude oil, WTI crude
oil and Oman crude oil Respectively. g2 (—1) represents the residual squared lag of one order; &2 (-1)*(& (-1)<0)
represents dummy variable; 2 (-1) represents the variance of one period of lag. t=0,1,2,3.

From the above Table 6 estimate results, it can be seen that the coefficient before the dummy variable is positive, which
is 0.050, 0.187, 0.200, 0.483, of which the dummy variable coefficient of the leverage effect model of the domestic
crude oil futures market is not significant enough, while the dummy variable coefficient of Brent crude oil, WTI crude
oil, Oman crude oil futures market leverage effect model is significant, indicating that the "leverage effect” existing in
the domestic crude oil futures market is not significant, and the impact of market bearish news cannot be significantly
stronger than the impact of bullish news. The "leverage effect” in the foreign Brent crude oil, WTI crude oil, Oman
crude oil futures market is significant, and the impact of market bearish news can be significantly stronger than the
impact of bullish news, of which the leverage effect of the Omani market is the most significant.

Therefore, Brent crude oil, WTI crude oil, Oman crude oil futures market futures price fluctuations have a "leverage
effect”, bearish news can produce greater fluctuations than the same amount of good news, when there is good news,
respectively, in the domestic crude oil, Brent crude oil, WTI crude oil, Oman crude oil futures prices bring 0.050, 0.187,
0.200, 0.483 times the impact; When there is a bearish message, it brings 0.167 (0.117+0.050), 0.293 (0.106+0.187),
0.323 (0.123+0.200), and 0.623 (0.140+0.483) times, respectively. The leverage effect of crude oil futures price
fluctuations in the domestic crude oil market is weak, and the impact of bearish news and bullish news on the market is
weaker than that of the three foreign crude oil markets.

4.6 Domestic and Foreign Crude QOil Futures Price Yield EGARCH Model Estimates

The following is an estimate of the EGARCH model of domestic crude oil, Brent crude oil, WTI crude oil, Oman crude
oil futures market crude oil futures price yield, estimated models are EGARCH (1,1), EGARCH(1,1), EGARCH(2,1),
EGARCH (2,2) , respectively, the specific estimation of the variance equation results are as follows Table 7:

Table 7. EGARCH model estimates of crude oil futures price yields in four crude oil futures markets

Variable Inc? In &7 Ino?2 Ino2
C -0.637 -0.650 -0.557 -0.694
(0.108) (0.079) (0.072) (0.102)

l& (1) /o, (—2)| 0.280 0.292 0.448 0.624
(0.034) (0.023) (0.032) (0.039)

l& (=2)/ e (—2) -0.172 -0.257
(0.039) (0.070)

& (-1)/o, (1) -0.039 -0.110 -0.101 -0.154
(0.017) (0.013) (0.013) (0.023)

Ino?(-1) 0.944 0.943 0.952 0.657
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(0.012) (0.009) (0.008) (0.093)
Inc? (—2) 0.286
(0.091)
R-squared 0.012 0.004 0.005 0.002
Adjusted R-squared 0.010 0.002 0.003 0.0002
S.E. of regression 0.024 0.029 0.036 0.033
Sum squared resid 0.591 0.829 1.274 1.058
Log likelihood 2378.563 2368.086 2290.949 2302.931
Durbin-Watson stat 1.964 1.969 1.928 1.938
Mean dependent var 0.001 0.005 0.001 0.0001
S.D. dependent var 0.025 0.029 0.036 0.033
Akaike info criterion -4.772 -4.727 -4.570 -4.592
Schwarz criterion -4.737 -4.693 -4.531 -4.548
Hannan-Quinn criter. -4.759 -4.714 -4.556 -4.576

Note: &2+ o2~ o2~ o2 represents the variance of the futures yield of domestic crude oil, Brent crude oil, WTI crude
oil and Oman crude oil Respectively. . represents the residual; o, represents the S.D. Negative numbers in
parentheses are hysteresis orders .t=0,1,2,3.

From the above Table 7 estimates, it can be seen that the estimates of the asymmetric term coefficients are less than zero,
which are -0.039, -0.110, -0.101, -0.154 and are significant, indicating that there is asymmetry and leverage in the
domestic and foreign crude oil futures markets, of which the leverage effect of the domestic crude oil futures market is
the weakest, the leverage effect of the Oman crude oil futures market is the strongest, and the model estimation results
are basically consistent with the TARCH model estimates. The following respectively make the domestic and foreign
crude oil futures market information impact response curve as shown in Figure 13-16:
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Figure 13. Domestic crude oil market information Figure 14. Brent crude oil market information
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Figure 15. WTI crude oil market information shock curve Figure 16. Oman crude oil market information shock curve

From the above Figurel3- Figure 16, we can see the asymmetric impact of market news on volatility. Obviously, the
impact of bearish news in domestic and foreign crude oil futures markets is greater than the impact of bullish news,
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however, the three major foreign crude oil futures markets have a greater impact than the domestic crude oil futures
market, and the impact of bullish news in the domestic market is basically close to the impact of bearish news. The
enlightenment from the gap in the degree of impact of news in the domestic and foreign crude oil markets is that the
risk of foreign crude oil futures markets is greater than the risk of domestic crude oil futures markets, so there is a
greater risk of cross-market arbitrage.

4.7 Domestic and Foreign Crude Oil Futures Price Yield Spillover Effect Model Estimation

We first do a Granger causality test on the conditional variance of the Garch-M model of crude oil futures prices yields
at home and abroad, and the lag order is selected 4, and the test results are as follows in Table 8:

Table 8. Granger causality test of the conditional variance of crude oil futures prices yield

Null Hypothesis Sample F-Statistic Prob.
GARCHO02 does not Granger Cause GARCHO01 992 108.489 3.E-43
GARCHO01 does not Granger Cause GARCHO02 4.140 0.016
GARCHO03 does not Granger Cause GARCHO01 992 56.857 4.E-24
GARCHO01 does not Granger Cause GARCHO03 3.758 0.024
GARCHO04 does not Granger Cause GARCHO1 992 27.985 2.E-12
GARCHO01 does not Granger Cause GARCHO04 11.789 9.E-06

Note: Among them, GARCHO01, GARCH02, GARCHO03, and GARCHO04 are the conditional variance of the Garch-M
model of domestic crude oil, Brent crude oil, WTI crude oil, and Oman crude oil futures prices yield, respectively.

From the above Table 8 Granger causality test results, it can be seen that at the significance level of 5%, the volatility of
domestic crude oil futures price yields and Brent crude oil, WTI crude oil, Oman crude oil futures price yields volatility
are mutually causal relationship, and Brent crude oil and WTI crude oil futures price yields volatility on the domestic
crude oil price yield volatility guidance effect is stronger than the domestic crude oil futures price yield fluctuation on
Brent crude oil and WTI crude oil futures price yield fluctuation guide. It shows that the risks of domestic and foreign
crude oil futures markets have a strong mutual influence, and the domestic crude oil futures market risks have a stronger
impact on the Oman crude oil futures market than Brent crude oil and WTI crude oil futures markets. Therefore, the risk
transmission of crude oil futures at home and abroad is asymmetrical.

The following detailed estimates of the spillover effect models of the domestic crude oil and Brent crude oil, WTI crude
oil and Oman crude oil futures markets respectively are shown in table 9 below:

Table 9. spillover effect model estimate of domestic crude oil and three foreign crude oil futures markets

Variable ot of ot
of (D 0.852 0.852 0.852
(0.001) (0.001) (0.001>
& (D 0.138 0.138 0.138
(0.0004) (0.0003) (0.0003>
£2(-D -1.21E-04
(0.0001)
(D -8.38E-05
(4.88E-05)
£2(—1) -1.41 E-04
(6.54E-05)
R-squared 0.999 0.999 0.999
Adjusted R-squared 0.999 0.999 0.999
S.E. of regression 1.34E-05 1.34E-05 1.34E-05
Sum squared resid 1.78E-07 1.78E-07 1.78E-07
Log likelihood 9732.520 9733.383 9734.216
Durbin-Watson stat 0.046 0.049 0.052
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Mean dependent var 0.001 0.001 0.001

S.D. dependent var 0.001 0.001 0.001
Akaike info criterion -19.596 -19.598 -19.600
Schwarz criterion -19.581 -19.583 -19.585
Hannan-Quinn criter. -19.591 -19.592 -19.594

Note: o7 represents the conditional variance of the domestic crude oil futures prices yield, £2(t=1,2,3,4)
represents domestic crude oil, Brent crude oil, WTI crude oil, Oman crude oil futures price yield disturbance,
respectively, the positive data in parentheses is the standard deviation, and the negative value is the lag order .

The following detailed estimates of the spillover effect model of Brent crude oil, WTI crude oil, Oman crude oil futures
market and domestic crude oil futures market are shown in Table 10 below:;

Table 10. spillover effect model estimate of three foreign crude oil futures markets and domestic crude oil markets

Variable o’ o2 o2
o1 0.776 0.710 0.652
(0.001> (0.0004) (0.0004)
£ (=D 0.005 0.012 0.012
(0.000813> (0.001) (0.001)
&2 (=D 0.197
(0.0002)
(=D 0.245
(0.0002)
£2(-D 0.378
(0.0002)
R-squared 0.999 0.999 0.999
Adjusted R-squared 0.999 0.999 0.999
S.E. of regression 3.04E-05 4.75E-05 4.91E-05
Sum squared resid 9.21E-07 2.24E-06 2.40E-06
Log likelihood 8964.617 8520.858 8486.242
Durbin-Watson stat 0.105 0.195 0.190
Mean dependent var 0.001 0.001 0.001
S.D. dependent var 0.002 0.004 0.004
Akaike info criterion -17.959 -17.070 -17.001
Schwarz criterion -17.944 -17.055 -16.986
Hannan-Quinn criter. -17.954 -17.064 -16.995

Note: &2. 2. o represents Brent crude oil, WTI crude oil, Oman crude oil futures yield
conditional variance, respectively, t=2,3,4.

The above conditional variance model shows that the earlier stage absolute disturbance of Brent crude oil, WTI crude
oil and Oman crude oil futures price yield has a negative impact on the current yield fluctuation of domestic crude oil
futures prices, compared with the fluctuation of Brent crude oil and Oman crude oil futures price yield fluctuations on
domestic crude oil futures price yield fluctuations stronger than WTI crude oil. The earlier stage absolute disturbance of
the domestic crude oil futures price yield has a positive impact on the current price yield fluctuations of Brent crude oil,
WTI crude oil and Oman crude oil, and in comparison, the fluctuation of domestic crude oil futures price yield on WTI
crude oil and Oman crude oil futures price yield fluctuations is greater than that of Brent crude oil. This shows that
there are spillover effects between domestic and foreign crude oil futures markets, and the spillover effect of the
domestic crude oil futures market on the foreign crude oil futures market is stronger than that of the foreign crude oil
futures market on the domestic crude oil futures market. The asymmetry of spillover effects between domestic and
foreign crude oil markets shows that there is a mutual impact on the volatility transmission of domestic and foreign
crude oil futures markets. The above shows that although the crude oil futures trading of China Shanghai International
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Energy Trading Center is still relatively short, However, its yield level and volatility have already played a certain
exemplary role in the global market, and the international pricing power and influence of domestic crude oil futures
have been further improved..

5. Conclusion

Through empirical analysis and the establishment of different models, we have obtained many important conclusions
about the relationship between domestic and foreign crude oil markets and the law of market operation. The study
shows that there is a two-way Granger causal relationship and cointegration relationship between domestic crude oil
futures prices and Brent crude oil, WTI crude oil and Oman crude oil futures prices.Domestic crude oil futures and the
three foreign crude oil markets futures price yield there is an interaction, but their short-term fluctuation process there is
a different fluctuation pattern, domestic crude oil futures prices are greatly affected by international crude oil futures
prices, pricing power exceeds the influence of Omani crude oil, but weaker than Brent crude oil and WTI crude oil.
There are obvious nonlinearities and asymmetries in the futures price yields and volatility of the four crude oil futures
markets at home and abroad, and the leverage effect of the three foreign crude oil futures markets is stronger than that
of the domestic crude oil futures markets. The spillover effect of domestic and foreign crude oil markets is
asymmetrical, and the spillover effect of the domestic crude oil futures market on the foreign crude oil futures market is
stronger than that of the foreign crude oil futures market on the domestic crude oil futures market.

In short, although the launch time of domestic crude oil futures trading is still relatively short, its yield level and
volatility transmission have a strong influence in the global market, and the international pricing ability and influence of
domestic crude oil have been further improved. Due to the interaction between the futures price yield and market
volatility in the domestic and foreign crude oil futures markets and the long-term cointegration relationship, leverage
effect, fluctuation spillover effect and asymmetry of risk transmission between domestic and foreign crude oil futures
prices, therefore, there are theoretical speculative arbitrage opportunities in the domestic and foreign crude oil markets,
due to the asymmetry of the volatility transmission of the crude oil markets at home and abroad, foreign crude oil
market investors have a stronger risk appetite than domestic crude oil market investors. Speculative arbitrage through
domestic and foreign crude oil markets can create significant market risks.In order to promote the healthy development
of Chinese futures market and promote the internationalization of the Chinese futures market, today, when the Futures
Law is launched, we should give full play to the "five-in-one" market supervision under the legal framework to reduce
market risks as much as possible. Futures exchanges should further enrich the varieties of international futures
investment, continuously improve the market operation rules of existing international futures varieties, and continuously
enhance the international pricing influence of international futures varieties. In the process of opening up the futures
market to the outside world, we will actively promote "going out™ and "bringing in", continuously optimize the investor
structure, attract more international investors to enter the domestic market, and promote the healthy and orderly
development of China's futures market.

The research in this paper has certain limitations, due to the relatively short listing time of domestic crude oil futures,
the study is based on daily data, and in the future, with the domestic crude oil futures running for a period of time, the
research time period can be expanded to a longer range, and the conclusions of the study may be different. In addition,
from the perspective of research methods, more quantitative model research methods can be explored in the future, the
operation rules of domestic crude oil futures can be studied more accurately, and the construction of the domestic
futures market can be better served.
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