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Abstract 

In recent years, financial risk has become the attention focus of the economic entities 

around the world. How to effectively control financial risks has become a hotspot in 

financial community. Currently, the popular financial risk management method is Value 

at Risk (VaR), which has more practical values and reference values compared with the 

traditional financial risk management models.  

Taking the new composite index of Shanghai Stock Exchange (SSE) as sample, this 

paper calculated the VaR of GARCH, EGARCH and PARCHES models as well as their 

corresponding GARCH-M, EGARCH-M and PARCH-M models, analyzed the 

applicability of the model at different confidence levels under different distributional 

assumptions and evaluated the models by loss function test method. The results show that: 

1) the VaR under t distribution is greatly overestimated, so t distribution does not apply to 

Chinese stock market; 2) the generalized error distribution describes the market risk 

more accurately than the normal distribution and the VaR calculated in PARCH (1,1) 

model under generalized error distribution is the best; 3)the VaR-PARCH (1,1)-GED 

model is more suitable to measure the investment risk of Chinese stock market.  
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1. Introduction 

Changes of the market indexes can reflect the fluctuations of stock market. Currently, 

the essence of the market indexes of the two stock exchanges in Shanghai and Shenzhen 

is an asset portfolio, a proportional function of the market value of the investment 

portfolio. Its amount of increase or decrease is the yield of the portfolio. Portfolio theory 

tells us that investing in portfolio can diversify risk. However, the portfolio can only 

reduce non-systematic risk but not systemic risk, so the risk of the stock market 

composite index (i.e. systemic risk) cannot be eliminated. How to accurately measure the 

market risk and better operate the market are commonly concerned by the investors and 

securities institutions. The economy and finance of China are growing rapidly, so it is 

necessary to research the stock price index of Chinese stock market while making 

considerable progresses in securities market, especially the stock market [1-7].  
 

2. Basic Characteristics of the Daily Yield Rate Series of Chinese Stock 

Market Index 

 
2.1 Selection of the Sample Data 

In this paper, the composite index data is selected from the software of 

“Tonghuashun Caitong Securities”, including 1243 data of SSE fromJanuary 5th, 

2009 to February 21th, 2014. The selected stock market index is the most 

representative of the stock market, strongly investable with good maneuverability. 

 

 



International Journal of u- and e- Service, Science and Technology 

Vol.8, No.4 (2015) 

 

 

332   Copyright ⓒ 2015 SERSC 

2.2 Characteristics Analysis of the Daily Yield Rate Series  

Yield rate is the first difference logarithmic form, where rt is the yield of t day and pt is 

the closing price of t day. Then:  

 

1ln( / )t t tr p p 
                                                       (1) 
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Figure 1. Logarithmic Daily Yield Rate Time Series of SSE New Composite 
Index  

Seen from Figrue 1, it is found that the volatility of the sample series is great during 

some period and small during other period with explosiveness and gregariousness, 

indicating that this series has heteroskedasticity. Before establishing GARCH model, we 

need to do normality test, stability test, autocorrelation test, heteroscedasticity test to 

accurately describe its characteristics.  

Normality test indicates that the sample distribution shows obvious characteristics of 

fat tail, rather than bell shape. Seen from the results of the Jarque-Bera test, the 

concomitant probability p=0, indicating that the series is not normal distribution. Unit root 

test is used to test the stationary of the series and the t statistic is -34.75216, smaller than 

the critical value at the significance level of 1%, which indicates the series is smooth. In 

the autocorrelation analysis, it is found that the series is purely random, i.e., the series is 

white noise series. When the autocorrelation coefficient tends to 0, the series is smooth. In 

the heteroscedasticity inspection, when Q=2, the LM statistic value is 15.27987 and the 

concomitant probability is 0.0005, less than confidence degree of 0.05, so the null 

hypothesis is rejected. Therefore, the residual error has higher-order ARCH effects and 

the GARCH model is used.  

 
2.3 Results and Analysis of VaR of Chinese Stock Market Index  

 

2.3.1 Establish GARCH Model: Seen from the above analysis, the logarithmic daily 

yield rate series of SSE new composite index is stationary with no autocorrelation, so the 

income equation is general average regression equation. After repeated trials, the model is 

established as GARCH (1, 1) model. The GARCH models of the VaR of SSE new 

composite index are as follows: the income equation: 

 

t tr    , where 2(0, )t N   
                               

(2) 

GARCH(1,1) equation： 
2 2 2

0 1 1 1 1

0 1 10, 0, 0

t t t     

  

   

  
                                      (3) 

EGARCH(1,1) equation： 
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PARCH(1,1) equation： 
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Daily stock yield rate is closely related to risks, so the income equation is described in 

the GARCH-M model with the conditional variance ( t ). Then, the income equation is:    

 

t t t tr A    
, where 

2(0, )t N                                    (6)  

 
2.3.2 VaR Results of SSE New Composite Index under Different Distributions 

Calculated by GARCH Model  

 

(1) Results Analysis and Accuracy Test under Normal Distribution  

Table 1. Parameters and Z-test Probability Estimates of SSE Daily Yield 
Rate under Normal Distribution 

Model      A  

GARCH(1,1) 
0.000002 0.027012 0.95863    0.985642 

0.0073 0.0000 0.0000     

EGARCH(1,1) 
-0.0157539 0.071823 0.988096 -0.012967   1.059919 

0.0013 0.0000 0.0000 0.0524    

PARCH(1,1) 
0.0000001 0.015232 0.964761 0.099508 2.608012  0.979993 

0.7991 0.1142 0.0000 0.2737 0.0035   

GARCH(1,1)-M 
0.0000032 0.036700 0.945072   0.376649 0.981772 

0.0066 0.0000 0.0000   0.0235  

EGARCH(1,1)-M 
-0.217178 0.093967 0.983045 -0.010701  0.437313 1.077012 

0.0006 0.0000 0.0000 0.1776  0.0051  

PARCH(1,1)-M 
0.001040 0.045114 0.951485 0.189446 0.610067 0.457791 0.996599 

0.3346 0.0000 0.0000 0.1874 0.0218 0.0007  
 

 

Seen from Z-test probability of the corresponding estimated parameters in Table 1, 

only the parameters of PARCH (1, 1) model and PARCH (1, 1)-M model are not 

significant at the confidence level of 95%. When do ARCH test to the residual effects of 

the model, it is found that there were no significant heteroscedasticity, indicating that the 

above model is able to better characterize the heteroskedasticity of the daily yield rate of 

SSE new composite index.  

The attenuation coefficient ( 1 1  ) reflects the persistence of the impact of a shock 

on the volatility of the variable. Seen from the table, it can be found that the attenuation 

coefficients of GARCH, PARCH, GARCH-M and PARCH-M models under normal 

distribution are less than 1 while the attenuation coefficients of EGARCH and EGARCH-

M models were greater than 1, indicating that the impact of the shock on share price 

fluctuations has an indefinite extending tendency, prolonging the market memory.  

An important feature of EGARCH and PARCH models is that they introduced 

parameter 


in the conditional variance t  to describe the asymmetric impact of a shock 

on price fluctuations. It can be seen form from the table that 


is not equal to 0, indicating 

0

1

1
  1 1 
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that the impact of the shock on the share price is asymmetric and 


 in EGARCH and 

EGARCH-M models are less than 0, indicating that listing has leverage effect. The 

 statistics in the models are significant, indicating that listing has a strong risk premium 

and the fluctuations in income will be reflected in stock prices. In the mean equation, the 

GARCH-M model considers the relationship between risk and return and increases 

standard deviation as a risk factor, having rational parts in describing the income 

equation.  

Table 2. VaR and Returned Test Values of the Estimate Models 

Models 
Confidence 

coefficient 

Mean 

VaR 

Maximum 

VaR 

Minimum 

VaR 

Standard  

deviation of 

VaR 

Expected 

failure days 

Real 

failure 

days 

Failure 

 rate 

LR  

statistics 

GARCH(1,1) 
95% -0.02203 -0.01614 -0.03868 0.00447 62 59 0.0475 0.1655 

99% -0.03115 -0.02283 -0.05470 0.00632 12 25 0.0201 9.9475 

EGARCH(1,1) 
95% -0.02203 -0.01615 -0.03949 0.00448 62 58 0.0467 0.2911 

99% -0.03116 -0.02284 -0.05585 0.00634 12 26 0.0209 11.4075 

PARCH(1,1) 
95% -0.02199 -0.01663 -0.03887 000448 62 59 0.0475 0.1655 

99% -0.03110 -0.02353 -0.05497 0.00633 12 25 0.0201 9.9475 

GARCH(1,1)-M 
95% -0.02196 -0.01594 -0.04261 0.00437 62 62 0.0499 0.0002 

99% -0.03106 -0.02255 -0.06027 0.00617 12 28 0.0225 14.5605 

EGARCH(1,1)-

M 

95% -0.02193 -0.01573 -0.04267 0.00431 62 61 0.0491 0.0206 

99% -0.03101 -0.02225 -0.06035 0.00610 12 27 0.0217 12.9461 

PARCH(1,1)-M 
95% -0.02187 -0.01577 -0.04208 0.00437 62 67 0.0539 0.3972 

99% -0.03093 -0.02230 -0.05952 0.00619 12 27 0.0217 12.9461 

 
Table 2 shows the general statistical characteristic of VaR as well as the failure 

days and corresponding failure rates of ach model. Seen from the table, it is found 

that the mean VaR of these six models calculated at the confidence level of 95% and 

99%, respectively, are not significantly different and the differences between the 

maximum and minimum values and the differences between the estimated standard 

deviations are not very obvious. Seen from the point view of failure rate, at the 

confidence level of 95%, only the failure rate of PARCH-M model is higher than 

5% while at the confidence level of 99%, the failure rates of all models are higher 

than 1%, so the error test is not passed. Seen from the point of view of test results of 

LR statistic, at the confidence level of 95%, the LR test values of the models are 

less than 3.84, so the null hypothesis cannot be rejected; at the confidence level of 

99%, the LR test values of the models are greater than 6.63, so the model is 

rejected. To sum up, the VaR of SSE new composite index underestimates the risks 

under normal distribution, so it is unreasonable to assume that the time series of 

daily yield rate is normal distribution.  

 
(2) Results Analysis and Accuracy Test under t Distribution 

Seen from Table 3, the parameters of EGARCH (1, 1), PARCH (1, 1), GARCH 

(1, 1)-M, EARCH (1,1)-M and PARCH (1,1)-M models are not significant at the 

significance level of 5%. Then seen from the estimated results in Table 4, at the 

confidence level of 95%, the statistical LR of each model is greater than 3.84 except 

the PARCH model, so the null hypothesis is rejected. At the confidence level of 

javascript:void(0);
javascript:void(0);
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99%, the statistical LR of each model is less than 6.63 except GARCH model, so the 

null hypothesis cannot be rejected and only the PARCH mode passed the accuracy 

test at the confidence levels of 95% and 99%. Combined with the number of failure 

days, it can be concluded that VaR estimates under t distribution are too 

conservative and overestimate the risk value, so it is unreasonable to assume that the 

time series is t distribution.  

Table 3. Parameter Values and Z-test Probability of SSE Daily Yield Rate 
Estimates under t Distribution 

Model        n 

GARCH(1,1) 

0.0000004 -0.005099 1.001789    0.99669 5.584088 

0.0000 0.0037 0.0000      

EGARCH(1,1) 

-0.008185 -0.012135 0.998156 0.004010   0.986021 5.628457 

0.2735 0.2208 0.0000 0.3520     

PARCH(1,1) 

0.0000001 0.009839 0.974791 0.137728 2.641855  0.98463 19.36470 

0.8400 0.2805 0.0000 0.3032 0.0195    

GARCH(1,1)-M 

0.0000013 0.024398 0.968457   0.493539 0.992855 5.239921 

0.1482 0.0005 0.0000   0.0018   

EGARCH(1,1)-M 

-0.117784 0.066982 0.992147 -0.004288  0.547124 1.059129 5.2778 

0.0226 0.0002 0.0000 0.6805  0.0005   

PARCH(1,1)-M 

0.000655 0.031112 0.970885 0.192215 0.474659 0.594002 1.001997 5.199733 

0.2504 0.0000 0.0000 0.3518 0.0943 0.0000   

Table 4. VaR Estimates and the Returned Test Values of the Models 

Models 
Confidence 
coefficient 

Mean VaR 
Maximum 

VaR 
Minimum 

VaR 

Standard 
deviation 

of VaR 

Expected 
failure days 

Real failure 
days 

Failure 
rate 

LR 
statistics 

GARCH(1,1) 
95% -0.02634 -0.01982 -0.04193 0.00567 62 41 0.0330 8.5308 

99% -0.04310 -0.03243 -0.06861 0.00928 12 4 0.0032 7.8334 

EGARCH(1,1) 
95% -0.02641 -0.01977 -0.04191 0.00577 62 41 0.0330 8.5308 

99% -0.04315 -0.03230 -0.06849 0.00943 12 6 0.0048 4.1429 

PARCH(1,1) 
95% -0.02253 -0.01694 -0.03774 

0.00473

9 
62 54 0.0435 1.1612 

99% -0.03306 -0.02486 -0.05538 0.00656 12 20 0.0161 3.9438 

GARCH(1,1)-M 
95% -0.02684 -0.01899 -0.04786 0.00539 62 41 0.0330 8.5308 

99% -0.04441 -0.03143 -0.07921 0.00893 12 7 0.0056 2.8363 

EGARCH(1,1)-M 
95% -0.02674 -0.01919 -0.04751 0.00523 62 43 0.0346 6.8986 

99% -0.04420 -0.03171 -0.07853 0.00864 12 6 0.0048 4.1429 

PARCH(1,1)-M 
95% -0.02684 -0.01925 -0.04700 0.00542 62 41 0.0330 8.5308 

99% -0.04448 -0.03191 -0.07789 0.00898 12 7 0.0056 2.8363 

 

(3) Results Analysis and Accuracy Test under GED Distribution 

0 1 1   A
1 1 
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It can be seen from Table 5 that the estimated tail parameters under GED 

distribution are less than 2( 2n  ), indicating that the yield rate is not normal 

distribution and its tail is thicker than normal distribution with higher peaks. Seen 

from the corresponding Z-test probabilities of the estimated parameters, the 

parameters of the models are not significant at the confidence level of 95% except 

the GARCH model. When do ARCH effect test to the residuals of the models, it is 

found that significant heteroskedasticity does not exist, indicating that the above 

models can better characterize the heteroskedasticity phenomenon of the logarithmic 

daily yield rate of SSE new composite index. Seen from the attenuation coefficients, 

the attenuation coefficients of GARCH, EGARCH, PARCH and GARCH-M models 

are less than 1 while those of EGARCH-M and PARCH-M models are greater than 1 

but close to 1, indicating that the impact caused by the shock on price fluctuations 

has an indefinite extending tendency, prolonging the market memory and the impact 

of policies on the stock market will be long-term.  

Table 5. Parameter Values and Z-test Probability of SSE Daily Yield Rate 
under GED Distribution 

Model      A  n 

GARCH(1,1) 
0.0000004 -0.004090 1.000634    0.996544 1.250604 

0.0000 0.0000 0.0000      

EGARCH(1,1) 
-0.007194 -0.009487 0.998493 -0.000786   0.989006 1.262915 

0.0000 0.0000 0.0000 0.7926     

PARCH(1,1) 

0.0000000

8 -0.003562 1.001192 0.217199 2.356875 
 0.99763 1.252136 

0.8922 0.6082 0.0000 0.6644 0.1669    

GARCH(1,1)-M 
0.0000015 0.024491 0.966655   0.530225 0.991146 1.193345 

0.1413 0.0006 0.0000   0.0007   

EGARCH(1,1)-M 
-0.142119 0.091728 0.991630 -0.011125  0.613375 1.083358 1.191308 

0.0000 0.0000 0.0000 0.3084  0.0000   

PARCH(1,1)-M 
0.001116 0.029194 0.971225 0.161770 0.357786 0.625169 1.000419 1.191784 

0.1241 0.0000 0.0000 0.4642 0.1537 0.0000   

 

Table 6. Estimated VaR Values and the Returned Test Values of Each Model 

Models 
Confidence 

coefficient 
Mean 

VaR 

Maximum 

VaR 
Minimum 

VaR 

Standard 

deviation 

of VaR 

Expected 

failure 

days 

Real 

failure 

days 

Failure 

rate 
LR 

statistics 

GARCH(1,1) 
95% -0.02163 -0.01622 -0.03497 0.00484 62 63 0.0507 0.0137 

99% -0.03440 -0.02580 -0.05563 0.00770 12 16 0.0129 0.9554 

EGARCH(1,1) 
95% -0.02144 -0.01565 -0.03497 0.00475 62 64 0.0515 0.0606 

99% -0.03402 -0.02484 -0.05548 0.00754 12 18 0.0145 2.2237 

PARCH(1,1) 
95% -0.02217 -0.01644 -0.03507 0.00503 62 59 0.0475 0.1655 

99% -0.03518 -0.02608 -0.05563 0.00798 12 12 0.0097 0.0145 

GARCH(1,1)-M 95% -0.02194 -0.01570 -0.03928 0.00433 62 61 0.0491 0.0206 

0 1 1   1 1 
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99% -0.03531 -0.02527 -0.06322 0.00698 12 18 0.0145 2.2237 

EGARCH(1,1)-M 
95% -0.02188 -0.01476 -0.04445 0.00503 62 67 0.0539 0.3972 

99% -0.03524 -0.02376 -0.07158 0.00810 12 20 0.0161 3.9438 

PARCH(1,1)-M 
95% -0.02191 -0.01544 -0.03767 -0.00429 62 66 0.0531 0.2529 

99% -0.03526 -0.02485 -0.06063 0.00691 12 19 0.0153 3.0302 

 
Table 6 shows the general statistical characteristics of the estimated VaR values, 

the failure days and the corresponding failure rate got by return test methods under 

GED distribution. It can be seen from the table that the mean VaR of these six 

models have no significant difference at the confidence levels of 95% and 99%, but 

the differences between the maximum and minimum VaR and the differences 

between the standard deviations are obvious. Seen from the number of failure days 

and the failure rates, GED distribution can better characterize the volatility of the 

stock market than normal distribution. At the confidence level of 95%, only the 

estimated failure rates of PARCH and GARCH-M models are less than 0.05 and the 

rests are greater than 0.05 but close to 0.05. At the confidence level of 99%, 

completely similar situation has been got that only the failure rate of PARCH model 

is less than 0.01 and the rests are greater than 0.01 but close to 0.01. Seen from the 

test results of the LR statistics, the LR test values of the models are less than 3.84 at 

the confidence level of 95%, so the null hypothesis cannot be rejected. At the 

confidence level of 99%, the LR test values of the models are less than 6.63, so the 

model cannot be rejected. Combing failure rate and the LR test values, it can be 

concluded that PARCH model is more applicable at confidence levels of t 95% and 

99%.  

Comparing the results in the table, it also can be found that the GARCH-M model 

considered the relationship between risk and return in the mean equation, increasing 

the standard deviation as a risk factor, which has a rational part in describing the 

income equation, increasing the significance of the model parameters. However, the 

accuracy of the VaR estimates are not improved, which can be seen from test results 

of the number of the failure days. As a result, the VaR calculation mainly concerns 

the conditional variance equation, so the obtained VaR results are not improved 

with adding risk factors.  

 

3. Conclusions  

According to the results of the VaR and the kupiec failure frequency test of SSE 

new composite index, the following conclusions can be got: 1) seen from the point 

of view of distribution, t distribution does not apply to Chinese stock market; GED 

distribution measures Chinese stock market investment risk more accurately than 

normal distribution; 2) seen from the perspective of models, PARCH (1,1) model is 

more suitable for Chinese stock market risk measurement and in places with obvious 

and greater risk volatility, describing the conditional variance with PARCH model 

can estimate VaR values more reasonably; 3) under GED distribution, the estimated 

VaR results from the PARCH model showed that the estimated VaR of SSE new 

composite index was -2.22% at the confidence level 95% and was -3.52% at the 

confidence level of 99%, which shows that we can guarantee that the average daily 

yield rate of SSE new composite index is no less than -2.22% by a probability of 

95% during this period. Similarly, we can guarantee that the average daily yield rate 

of SSE new composite index is no less than-3.52% by a probability of 99%.  

The analysis of the VaR (loss value form) of the PARCH (1, 1)-GED model 

indicates that under GED distribution, the estimated mean VaR of SSE new 
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composite index is 48.09 at the confidence level of 95% and is 76.30 at the 

confidence level of 99%. This shows that we are able to guarantee that the average 

loss of SSE new composite index is no more than 48.09 Yuan at a probability of 

95% during this period; similarly, we can guarantee that the average loss of SSE 

new composite index is no more than 76.30 Yuan at a probability of 99% during this 

period.  
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