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Abstract. Hedging function is one of the most significant functions of stock index 

futures, and it received extensive public attention. This article set VaR and CVaR as 

hedging objective function of the hedging model in China and proposed the hedging 

effect measurement method based on VaR and CVaR. It also used the actual data of 

CSI300 stock index future to calculate its hedging effect. It is found from the result 

that the hedging model of stock index future based on VaR and CVaR can effectively 

reduce the risk of portfolio, and a relatively good accumulated income rate will be 

obtained. By comparison, the hedging model of stock index future based on CVaR 

will do better in controlling the risk of portfolio, while the hedging model of stock 

index future based on VaR will obtain a better accumulated income rate. 
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1 Preface 
The hedging function is a core function of futures market, and also the premises for the 

development of futures market. Hedging refers to the action that a trader purchases or sells the 

futures contract with the same type and quantity of traded goods but with different orientation, 

expecting to compensate for the actual price risk due to price change in the spot market by selling 

or purchasing the futures contract sometime. In April 16, 2010, China formally released CSI300 

stock index future based on CSI300 index. Its release realized short sale in Chinese stock market. 

The investor may hold the spot stock while short selling the stock index future to achieve the 

hedging purpose and effectively avoid the systematic risk in the market. 

      The current researches on the hedging rate of stock index future are mainly divided into two 

types: The first type of model research is based on the minimization of portfolio risk. This model 

gets the best hedging ratio of portfolio by minimizing the certain risk functions. These particular 

risk functions include variance
[3]

, downside risk
[6,11]

, MEG
[2]

, etc.. The second type of model 

research is based on the hedging ratio with greatest utility.This model gets the best hedging ratio
[1,8]

 

by maximizing the utility function
[1,8]

.  
     The standard to measure the assets risk by fluctuation rate, namely the variance, is widely used 

in the risk measurement for assets, but this kind of method to measure the assets risk with 

symmetric profit and loss is contradictory to the feelings of investors for the risk. In the actual 
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investment, the investor only faces the risk related to loss, so a reasonable risk measurement 

method shall be solely related to the investment loss, which is the main idea of method design for 

Value at Risk (hereinafter referred to as VaR). VaR method is currently one of the most widely 

used tools for risk measurement in risk management. It overcomes the defect in the traditional 

variance that has symmetric loss and profit, and focuses more on the trailer distribution that causes 

loss. The CVaR model is a certain extent, can overcomes several defects in VaR. There are some 

scholars at home and aboard who have used VaR and CVaR model to conduct research on the 

heading of futures and obtained helpful conclusion 
[4.5, 9-12]

. 

This article will take VaR and CVaR as the method to measure the portfolio risk, and take the 

minimum of VaR and CVaR risk as the objective function to establish the hedging model. It will 

also take CSI300 stock index future as the research objective to calculate the best hedging ratio of 

CSI300 stock index future and conduct empirical analysis on the efficiency of hedging. Wish that 

it would boost the development of Chinese stock index future market.

2 Principle of hedging based on VaR and CVaR

2.1 Calculation of hedging ratio based on the minimum of VaR 

(1) Definition and estimation method of VaR

VaR refers to the maximum of loss the portfolio may suffer. In the actual calculation process, 

its measurement may be based on the income rate and income value (or other indexes as the 

measurement standards). Its expression is as follows:

                                                
prob( )R VaR �� � � (1)

Where, R refers to the loss ratio of assets in the holding period, and VaR refers to the value at 

risk when the confidence level is within1 �� . VaR is a positive value here. The risk measurement 

VaR may be related to the preference of the broker. The broker that dislikes the risk may choose a 

relatively high confidence level. The higher confidence level will lead to larger VaR, but lower 

probability. 

There are many estimation methods for VaR, and different estimation methods will get varied 

distributions. Currently, there are mainly three calculation methods for VaR: parameter method, 

historical simulation method and Monte Carlo simulation method. This article used parameter 

method for the calculation of VaR. The calculation formula of VaR may be obtained by 

calculation: 

1( )VaR� � � ��� 	� � 
 �� 
 (2)

(2) Calculation of the best hedging ratio 

This article deduced the calculation of the best hedging ratio for portfolio, and the detailed 

parameters and the parameter meanings are as follows: p�  refers to the average of income rate of 

portfolio; s�  refers to the average of income rate of spot index; f�  refers to the continuous 

income rate of stock index future in current month; p� refers to the standard deviation of income 

rate of portfolio; s�  refers to the standard deviation of spot index; f�  refers to the continuous 

standard deviation of stock index future in current month; sf�
 refers to co-variance between
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income rate of future index and of spot index; sf�  refers to the correlation coefficient for the 

income rate of future index and of spot index; �  refers to the confidence level; 
1( )��


 refers to 

the inverse function of standard normal distribution function as the confidence level is � ; h
refers to the best hedging ratio. 

The expression of VaR for portfolio that may be obtained according to the average and variance 

of portfolio is as follows:

1 2 2 2( ) 2s sf f s fVaR h h h� � � � � � ��� 	� � 
 � � � �� 

(3)

Solve the formula (3), and two values may be obtained. The best hedging ratio can be 

determined by comparing the VaR corresponding to those two values. The resulting best hedging 

ratio is as follows: 

2 2 2 2

2 22 2 2 1 2 1 2 2

1

( ) ( )

sf t

f f f

f ssf f f ss
VaR t

f f f ff

h
� � � �� � � ���

� � � �� � � � � �� �

� �
� � � �

� 	 � 	� 
 
 �� 
 � 

(4)

2.2 Calculation of hedging ratio based on the minimum of CVaR 

Conditional Value at Risk (hereinafter referred to as CVaR), also called Mean Excess Loss, refers 

to the expected value exceeding the loss of VaR. Please see Rockafellar and Uryasev 
[10]

 for more. 

It refers to the investor’s expected value for 1 ��  section in the income distribution in a certain 

time t and a certain confidence level� . The expression is as follows: 

CVaR ( | )E R R VaR� �� � � � (5)

CVaR refers to the conditional mean with its loss exceeding VaR. It represents the average 

level of excess loss and reflects the average potential loss that may be suffered when the loss 

exceeds VaR. Assuming R complies with normal distribution; the formula (5) is converted as 

follows: 

CVaR |
VaRR RE �

�
�� � � �

� � �
� �� �� 	� � � �� �� 
 (6)

Set

R x�
�
�

�
, and x will comply with standard normal distribution. 

( )x�
 refers to 

probability density function for standard normal distribution, and: 

                                      

1 ( )

( )
CVaR

x x dx
�

�

�
� �

�

�


��� � ��
(7)

To simplify the formula, set: 
1 ( )

( )x x dx
C

�

�

�

�

�


��� � (8)

Further calculate 
C�  in formula (8), we get: 

2
1 ( )

2
1

2
e

C

�

�
�

�

�� 	
� 
�

� � (9)
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The confidence level �  is a constant, so 
1( )��


is a constant, and 
C�  mentioned in 

formula (11) is also a constant. CVaR in the confidence level�  will be obtained as 
C�  is used to 

represent the corresponding variant in formula (6): 

CVaR C� �� �� � � (10)

Then, the best hedging ratio is calculated as follows: 

2 2 2 2

2 2 2 2 2 2 2 2

1
sf

f f f

f ssf f f s sfs
CVaR sf

f f f f f

h
C C� �

� � �� � � � ���
� � � � � � � �

� �
� � � �

� �
(11)

2.3 Inspection of hedging validity 

(1) Measurement of hedging validity based on variance 

Traditionally, the best hedging ratio is calculated in the assumption that the variance is in its 

minimum value. So in the inspection of hedging efficiency, we mainly compare the reduction 

percentage between the variance of income rate of portfolio after hedging and the variance of 

assets that are not hedged, as shown in formula (12).  
2 2

2

s

s

pHE
� �
�
�

� (12)

(2) Measurement of hedging validity based on VaR and CVaR 

This article took the minimum of VaRand CVaR as the objective function to calculate the best 

hedging ratio for portfolio, so in the inspection of hedging efficiency, the reduction percentage of 

VaR of portfolio after and before the hedging is used to measure the effect of hedging: 

* s p

s

VaR VaR
HE

VaR
�

� (13)

In the above formula, sVaR
 refers to VaR of income rate of spot index, and pVaR

 refers to 

VaR of income rate of portfolio after hedging. Similarly, a hedging measurement model based on 

CVaR will be obtained from the above formula. 

(3) Accumulated income rate 

Establish the portfolio by respectively taking the minimum of variance, VaR and CVAR as the 

objective functions, and compare the accumulated income rate of portfolio for different objective 

functions to measure the effect of hedging. 

3 Analysis based on the data of CSI300 stock index future 
In this chapter, an empirical calculation will be conducted according to the actual data of CSI300 

index and CSI300 stock index future, so as to inspect the validity of calculation model of the best 

hedging ratio based on the minimized objective of VaR and CVaR. 

3.1 Data selection and statistic description 

SHS Web of Conferences
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In the empirical calculation, the income rate of spot portfolio will be replaced by the income rate 

of CSI300 index, and the data of weekly income rate of CSI300 index and the data of continuous 

weekly income rate of CSI300 stock index future will be selected as the research data. As it is not 

a short-term action to use the hedging, using the data of weekly income rate in the empirical 

research will be more compliant with the actual situation; In this chapter, the parameter method 

will be used to calculate the VaR and CVaR of portfolio, and the income rate will affect the 

significance of calculation result, for example, the comparability of result generated by calculating 

the daily income rate will be worse. As for the data n the research period from April 19, 2010 to 

April 19, 2013, 3 years, 153 weeks in total, the descriptive statistic feature of the data is as shown 

in Table 1: 

Table 1. Descriptive statistics of weekly income rate of future and spot index 

Amount of 

samples
Average Maximum Minimum

Standard 

deviation
Skewness Kurtosis

Stock index

future

153 -0.0014 0.0840 -0.0813 0.0312 0.1225 2.9140

CSI300 index 153 -0.0013 0.0931 -0.0752 0.0302 0.2600 3.1246 

The amount of samples in the research period is 153; The average of income rate of CSI300 

index s� =-0.0013; The standard deviation s� =0.0312; The maximum weekly income rate within 

the research period is 0.0840; The maximum weekly loss rate is -0.0813; The average of income 

rate of CSI300 stock index future f� =-0.0014; The standard deviation s� =0.0302; The 

maximum weekly income rate within the research period is 0.0931; The maximum weekly loss 

rate is -0.0931; The correlation coefficient for the income rate of future index and of spot index 

will be obtained by calculation, namely sf� =0.9755, indicating that the correlation degree of the 

weekly income rate of future index and spot index is very high. 

3.2 Best hedging ratio based on VaR and CVaR 

The value of quantile 
1( )��


 in different confidence levels will be obtained by reference to the 

form, and the value of 
C�  in different confidence levels will be obtained by calculation according 

to formula (9), as shown in Table 2: 

Table . Quantiles in different confidence levels 

Confidence level 99.0% 97.5% 95.0%

1( )��
 2.3263 1.95996 1.6449

C�
2.6652 2.3378241 2.0627

As shown in Form 2, with the reduction of confidence level, the value of quantile 
1( )��


under the standard normal distribution will be gradually reduced, so do the value of C� , but with 

less reduction compared to 
1( )��
 . 

ICMETM 2015
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Table 3 shows the calculation result of the best hedging ratio that takes VaR and CVaR as the 

objective functions in different confidence levels: 

Table 3. Best static hedging ratio in different confidence levels 

Confidence level Minimum of VaR Minimum of CVaR Minimum of variance

99% 0.9474 0.9469

0.943295% 0.9492 0.9480

90% 0.9509 0.9488

According to the calculation result of the best hedging ratio in different confidence levels shown in 

Table 3, it is found that the best hedging ratio that takes VaR as the objective function will be 

increased with the reduction of confidence level, and the calculation result of the best hedging 

ratio that takes CVaR as the objective function has the same phenomenon, but with less increasing 

rate compared to that which takes VaR as the objective function. As in the research period, the 

average of weekly income rate of future index is negative, and the values of quantiles, namely 
1( )��
  and C� , are both in the denominator, its value will be gradually decreased with the 

reduction of confidence level, so that the calculated best hedging ratio will be gradually increased. 

The VaR and CVaR of portfolio after hedging in different confidence levels will be calculated 

according to the calculation result of the best hedging ratio in different confidence levels shown in 

Table 3 and according to formula (2) and formula (10). It is as shown in Table 4: 

Table 4. VaR and CVaR of portfolio after hedging in different confidence levels 

VaR as the objective function

Confidence level Average Standard deviation VaR CVaR

99% 6.63E-05 0.006644 -0.015522 -0.017774

95% 6.89E-05 0.006645 -0.010999 -0.013776

90% 7.13E-05 0.006647 -0.00859 -0.011737

CVaR as the objective function

Confidence level Average Standard deviation VaR CVaR

99% 6.56E-05 0.006644 -0.015522 -0.017773

95% 6.71E-05 0.006645 -0.010997 -0.013774

90% 6.83E-05 0.006645 -0.008585 -0.011730

Table 4 shows the value of average, standard deviation, VaR and CVaR of portfolio after 

hedging that takes VaR and CVaR as the objective function in different confidence levels. It is 

found from Table 4 that either VaR or CVaR is taken as the objective function, the portfolio after 

hedging will nevertheless obtain a positive average income, much better than the average income 

rate of CSI300 index, namely -0.0013. By comparison, the average income of portfolio after 

hedging that takes VaR as the objective function will be higher than that takes CVaR as the 

objective function. As the VaR is taken as the objective function, with the reduction of confidence 

SHS Web of Conferences
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level, the average income of portfolio after hedging will be gradually increased and the standard 

deviation will be gradually decreased, because the value of VaR and CVaR is related to the 

confidence level. As the confidence level is reduced, the value of VaR and CVaR will be reduced 

accordingly. When CVaR is taken as the objective function, the value of VaR and CVaR of 

portfolio after hedging will be lower than that when VaR is taken as the objective function. 

To compare the validity of hedging, we conduct calculation to obtain the VaR and CVaR of 

CSI300 index in different confidence levels, as shown in Table 5: 

Table 5. VaR and CVaR of CSI300 index in different confidence levels

Confidence level 99% 95% 90%

VaR -0.068904 -0.04834 -0.037376

CVaR -0.079132 -0.060949 -0.051663

3.3 Inspection of hedging validity 

Inspect the validity of hedging that takes VaR and CVaR as the object function according to the 

reduction amplitude of variance and reduction degree of VaR and CVaR, as shown in Table 6 and 

Table 7: 

Table 6. Hedging validity-reduction of variance 

Confidence level
VaR as the objective 

function

CVaR as the 

objective function
Minimum of variance

99% 0.9515326 0.9515326

0.951547 95% 0.951518 0.951518

90% 0.9514888 0.951518

According to the measurement index of hedging validity proposed by Ederitong
[3]

, namely the 

formula (12) of reduction percentage about the comparison of variance of portfolio after and

before hedging, the calculation result is as shown in Table 6.The hedging that takes VaR and 

CVaR as the objective function can also do well in reduction of portfolio variance, and adjust the 

reduction amplitude of variance according to the change in the confidence level, namely it can 

adjust the risk level to a certain extent. While the risk level will be a fixed value if the hedging 

takes the minimum of variance as the objective function. It indicates that the hedging that takes 

VaR and CVaR as the objective function will be valid if the reduction percentage of variance is 

taken as the measurement index of hedging validity. 

This article takes VaR and CVaR as the objective function of hedging, so it has a theoretical 

and practical meaning to take the reduction percentage of VaR and CVaR of portfolio after and 

before hedging as the measurement index of hedging validity. Respectively calculate the value of 

VaR and CVaR of portfolio after and before hedging when VaR and CVaR are taken as the 

objective function of hedging, and get the value of
*HE according to the formula (13). The result 

is shown in Table 7. 

It is found from Table 7 that, either VaR or CVaR is taken as the objective function of hedging; 

the establishment of portfolio according to the calculated best hedging ratio will nevertheless 

reduce the value of VaR and CVaR in an efficient way, and adjust the reduction amplitude of 

variance according to the change in the confidence level. By comparison, the reduction percentage 

ICMETM 2015
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of VaR and CVaR for hedging of stock index future that takes CVaR as the objective function will 

be better than that which takes VaR as the objective function, indicating that according to the 

reduction percentage of VaR and CVaR, the portfolio that takes CVaR as the objective function 

will do better in risk reduction. 

Table 7. Hedging validity of stock index future- Reduction percentage of VaR and CVaR 

VaR as the objective function CVaR as the objective function

Confidence level VaR CVaR VaR CVaR

99% 0.7747 0.7754 0.7747 0.7754

95% 0.7725 0.7740 0.7725 0.7740

90% 0.7702 0.7728 0.7703 0.7729

3.4 Accumulated income rate 

Then, this article will make an analysis on the accumulated income rate of portfolio after and 

before hedging to inspect the accumulated income rate of portfolio after and before hedging as it 

takes VaR and CVaR as the objective function.  

Table 8. Accumulated income rate in different objective functions (%) 

Confidence 

level

VaR as the 

objective function

CVaR as the 

objective function

Minimum 

of variance

Stock index 

future
CSI300 index

99% 0.68% 0.67%

0.59%95% 0.72% 0.69% -25.55% -23.53%

90% 0.76% 0.71%

Table 8 shows the accumulated income rate of portfolio after hedging in different objective 

functions. Either VaR, CVaR or the minimum of variance is taken as the objective function; the 

positive accumulated income rated will nevertheless be obtained. While in the same period, the 

accumulated income rate of CSI300 index is -23.53%, and -25.55% for CSI300 stock index future. 

By comparing the accumulated income rate of portfolio after hedging in different objective 

functions, the accumulated income rate of portfolio that takes VaR and CVaR as the objective 

function will be better than that which takes the minimum of variance as the objective function, 

and can adjust the accumulated income rate according to the change in confidence level. 

Furthermore, the portfolio after hedging that takes VaR as the objective function has the largest 

accumulated income rate. 

4 Conclusion 
This article researched the objective function that takes VaR and CVaR as the hedging model and 

proposed a method to measure the hedging efficiency based on VaR and CVaR. It also used the 

actual data of CSI300 stock index future in China to make an empirical calculation of the hedging 

effect of CSI300 stock index future. 

SHS Web of Conferences
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There are three conclusions from the empirical result: (1) The hedging model of stock index 

future based on VaR and CVaR can efficiently reduce the risk of portfolio; (2) All the established 

portfolios have a relatively desirable accumulated income rate compared to the stock market in the 

same period; (3) By comparing those two models, the hedging model of stock index future based 

on CVaR will do better in controlling the risk of portfolio, while the hedging model of stock index 

future based on VaR will have a better accumulated income rate. 
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