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Abstract 
This paper selects the daily data of national oil prices from January 2, 2014 to 
February 28, 2019, establishes an ARMA (2, 0) model, and tests its residuals 
for ARCH effects. Finally, the TARCH (1, 1) model is determined to quanti-
tatively analyze the volatility of the crude oil market. 
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1. Introduction 

In recent years, China’s development speed has been very rapid, especially in 
terms of economy, and it has become the second largest economic entity. And 
oil is more and more important for human beings. Many scholars at home and 
abroad have done a lot of research on oil price, demand and other factors. Cheng 
et al. [1] (2018) studied the fluctuation of oil prices by establishing TVP-VAR 
model. Wu [2] (2018) used STR nonlinear model to explore the asymmetry of oil 
prices. Zhou [3] (2017) used the ARIMA model to predict oil prices. Shen [4] 
(2014) identified the economic factors affecting oil prices. Sun [5] (2016) ana-
lyzed the impact of economic growth on oil demand and prices. This paper uses 
EViews7.2 to establish a TARCH model for quantitative analysis of oil prices to 
determine the impact of different factors on changes in the oil market. 

2. Empirical Analysis 

This article selects the oil price of Zhuochuang Information Oil Network, the 
unit is USD/barrel. The sample period is from January 2, 2014 to February 28, 
2019. Excluding weekends and holidays, and supplementing the missing data 
accordingly, 1346 valid data were obtained. Use EViews7.2 for empirical analysis 
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of the data [6] [7] (2009, 2010). 

2.1. Data Processing 

As can be seen from Figure 1, the price of oil was more than 100 USD/barrel at 
the beginning of 2014, but the price had fallen below 30 USD/barrel at the end of 
2015. The price of oil showed a significant downward trend during this period It 
shows that the oil market has been greatly impacted during this period. From 15 
to 19 years, the price of oil showed a small increase, especially in 18 years the 
price reached the highest in recent years. It can also be observed from the figure 
that there is obvious asymmetry and non-stationarity in oil prices. 

To change the oil price series into a stationary series, a second-order differ-
ence is required to effectively remove the influence of trends and other factors. 

It can be seen from Figure 2 that the sequence has reached a plateau. It can 
also be seen that the sequence has obvious clustering and continuity. A large 
fluctuation is followed by a larger one, and a small fluctuation is followed by a 
smaller one. 

From the results in Table 1, we know that the series passed the ADF test, and 
the test criteria are no intercept term and time trend term. The ADF statistic is  
 

 
Figure 1. Price trend of oil from January 2, 2014 to February 28, 2019. 

 
Table 1. Stationarity test of oil price series. 

  ADF P value 

Unit Root Test  −21.39261 0.0000 

Test key figure 

1% level −2.566695 

 5% level −1.941061 

10% level −1.616540 
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Figure 2. Stationary chart of oil prices. 
 
−21.39261, which is less than −2.666695, −1.941061, −1.616540; the P value is 0, 
indicating that the sequence at this time is stable, and the sequence can be mod-
eled and analyzed. 

2.2. Normality Test 

Calculate each statistic for the sequence. 
As can be seen from Figure 3, the distribution of the sequence is different 

from the normal distribution. Its mean value is −0.028201, which is not 0, which 
does not satisfy the basic assumption of normal distribution. The skewness is 
−0.156229, indicating that the sequence is skewed to the left; the kurtosis is 
4.860388, which is greater than the maximum kurtosis value 3 of the normal dis-
tribution, which shows the characteristics of peaks; the value of the JB statistic is 
199.4339, and its P value is 0, Further shows that the distribution of this se-
quence is different from the normal distribution. 

2.3. ARCH Effect Test 

In order to investigate whether the oil price series has an ARCH effect, it is ne-
cessary to first establish a mean equation for the series. By establishing a time se-
ries model (ARMA model) on the series, it can be determined from the correla-
tion diagram of the series that the series meets the ARMA (2, 0) model. From 
this, the mean equation of the model can be established: 

1 20.70898 0.346 54 64t t t tZ Z Z µ− −= − − +  

Then, perform a first-order and a second-order sequence autocorrelation test 
on the residual sequence tµ , and find that the P value of the sequence is close to 
0, indicating that the residual sequence has an ARCH effect. Assuming that the  
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Figure 3. Statistics of the sequence. 
 
sequence is in the seventh-order autocorrelation test, the LM statistics It is still 
significant, indicating that the sequence may have high-order ARCH effects, as 
shown in Table 2. 

The P value of the 7th order autocorrelation test in Table 2 is still 0, which 
meets the previous assumptions. It shows that the sequence still has ARCH effect 
in the high-order autocorrelation test, then the sequence must have high-order 
ARCH effect, and an ARCH model can be established for the residual sequence. 

2.4. Model Recognition 

When the residual sequence tµ  still passes the 7th order autocorrelation test, a 
GARCH model can be fitted to the sequence. The ARCH effect is very significant 
in the order of 1 - 7, the GARCH term can be 1, and the ARCH term is also 1, 
then GARCH (1, 1) can be fitted. However, after judging by the AIC and SC cri-
teria, it is found that the fitting effect of the GARCH (1, 1) model is not very 
good, and from Figure 1 it can be observed that the oil price has fallen dramati-
cally in 14 years, and the sequence as a whole Asymmetric features. Therefore, 
TARCH and EARCH models should be established for the residual series to de-
scribe the fluctuation of the oil market. 

From the results in Table 3, the log-likelihood function value of the TARCH 
model is larger at −2256.888, while the values of AIC and SC are smaller at 
3.372411 and 3.395668, so a TARCH (1, 1) model can be established to describe 
petroleum Price fluctuations. 

It can be known from the results in Table 4 that most of the P values of the 
coefficients in the TARCH (1, 1) model are 0, which is very significant, and it 
can be considered that the TARCH model works well. Then establish its mean 
equation and variance equation: 

Mean equation: 1 20.703686 0.357517 .t t t tZ Z Z ε− −= − − +  
Variance equation:  
2 2 2 2

1 1 1 10.025843 0.102529 0.085770 0.929366 .t t t t tu u dσ σ− − − −= + − +  
In the variance equation, 0.102529α = , 0.085770γ = − . 

When there is good news ( 1 0tu − > ), 1 0td − = , the asymmetric term does not 
exist, there is only a shock of 0.102529 times, and when there is bad news  
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Table 2. LM test for sequence tµ . 

F Statistic 45.82596 P value 0.0000 

R-squared 260.3044 R-squared P-value 0.0000 

 
Table 3. Model recognition. 

 Log-likelihood function AIC SC 

TARCH(1, 1) −2256.888 3.372411 3.395668 

EARCH(1, 1) −2259.977 3.377015 3.400273 

 
Table 4. Parameter estimation of the TARCH model. 

Variable Coefficient Std. Error z-Statistic Prob. 

AR(1) −0.703686 0.027174 −25.89854 0.0000 

AR(2) −0.357517 0.024887 −14.36541 0.0000 

 Variance Equation   

ω  0.025843 0.010061 2.568599 0.0102 

α  0.102529 0.012714 8.064075 0.0000 

γ  −0.085770 0.019019 −4.509709 0.0000 

β  0.929366 0.011951 77.76738 0.0000 

R-squared 0.363932 Mean dependent var 7.45E−05 

Adjusted R-squared 0.363457 S.D. dependent var 1.717852 

S.E. of regression 1.370565 Akaike info criterion 3.372411 

Sum squared resid 2517.119 Schwarz criterion 3.395668 

Log likelihood −2256.888 Hannan-Quinn criter. 3.381123 

Durbin-Watson stat 2.206053   

Inverted AR Roots −0.35 + 0.48i −0.35 - 0.48i   

 
( 1 0tu − < ), 1 1td − = , the asymmetric term exists, there will be a shock of 
0.0116759 times. Because 0γ < , the effect of asymmetric effects reduces fluctu-
ations. 

2.5. Adaptability Test of Residuals 

After analyzing and determining the establishment of the TARCH (1, 1) model, 
it is necessary to perform an ARCH effect test on the residual term tε  of the 
mean equation of the model. ARCH-LM test was performed on the TARCH (1, 
1) model. The results are shown in Table 5. 

From the results in Table 5, it can be seen that the P value of the LM test for 
the residual term tε  of the mean equation is 0.5757, which is larger than the 
value of the significance level of 5%, indicating that the residual series are inde-
pendent and there is no ARCH effect, that is, the oil price series meet The 
TARCH (1, 1) model can effectively explain the fluctuation of the oil market. 
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Table 5. Adaptability test for sequence tε . 

F Statistic 0.312780 P value 0.5761 

R-squared 0.313174 R-squared P-value 0.5757 

3. Conclusions 

After empirical analysis of the selected data interval, it was found that after 14 
years of sharp decline in oil prices, there have been signs of a steady rise in the 
past 4 - 5 years. In addition, after performing the ARCH effect test on the oil 
price residual sequence, it was found that the sequence has a significant “spike 
tail” phenomenon, and the residual sequence has a high-order ARCH effect. Af-
ter further analysis, it is found that the residual sequence also has asymmetry. 
This phenomenon is very significant, so the TARCH (1, 1) model is established 
for the sequence. It can be known from the parameter estimates of the model 
that the negative asymmetry coefficient of the model will gradually reduce the 
fluctuation of oil prices. When the good news appears, the impact on oil prices 
will be greater than that when the bad news appears. Such fluctuations will 
gradually stabilize. 

From the above empirical analysis, it can be more clearly realized that the 
phenomenon that the oil market is affected by different factors is different. 
Through the analysis of specific phenomena, relevant measures can be formu-
lated to regulate oil prices, thereby accelerating China’s modernization. 
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