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Abstract: Volatility risk premium contains the important content of investor attitude, and the

research is of great significance in asset pricing, investment decision, and risk management. This

paper uses the data of Shanghai 50 ETF and ETF options. We use SV Model to extract volatility

risk premium from Physical measure and Risk-neutral measure. Research shows that the volatility

risk premium contains an investor's risk attitude, and it has time-varying characteristics. In the

period of market turbulence, the volatility risk premium is negative, and investors are risk aversion.

In the period of non-sharp market turbulence, the volatility risk premium is positive, and investors

are risk preference

1. Introduction

The Shanghai Stock Exchange officially launched the 50ETF option on February 9, 2015. It not

only marks a new era for Chinese financial market to enter into a diversified investment. The

volatility risk is one of the representatives of the high-order moment risk. It is a hot topic in the field

of financial research (Chen et al.[1], Della et al.[2], Johnson et al.[3], Londono et al.[4]). Volatility risk

is an important source of market risk. The volatility risk premium is one of the important reasons

for the bias of the pricing model and actual option market pricing. The main purpose of introducing

options is to avoid risks, maintain the stability of the market, and promote the healthy and stable

development of the national economy. How to extract the volatility risk premium from the options

market has become a hot topic; People do not have a unified conclusion on the estimation method

of volatility risk premium. From the existing research literature, the extraction method of volatility
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risk premium, which can divide into variance swap method and stochastic volatility method.

Variance swap method. Bekaert et al.[5], Chen et al.[1]and Johnson et al.[3]estimated the volatility risk

premium in the US market. The difference between the square of the implied volatility index and

realized volatility is the volatility risk premium, but the Shanghai Stock Exchange has stopped

publishing the implied volatility index now. Stochastic volatility method. This method mainly uses

a stochastic volatility model to extract volatility risk premium (Broadie et al.[6], Neumann et al.[7],

Duan et al.[8]). Considering comprehensively, Following Neumann et al.[7], we implement the

MCMC estimation approach on the Shanghai 50ETF returns to estimate the Physical measure. In

order to estimate the parameters of the Risk-neutral, we use the options data and minimize the

squared distance between the stochastic volatility model and market volatilities. Due to the

volatility risk premium measures under two probability measures. This paper estimates the

parameters of the two measures separately to reduce the interference caused by the joint estimation

of the two measures. At present, this kind of estimation methods of volatility risk premium is also

attracting more and more attention (Broadie et al.[6], Neumann et al.[7]).

Recently, the relevant research on volatility risk premium mostly focuses on mature capital markets

such as the United States. Different from most studies, which focus on mature financial markets

such as the United States, this paper studies the volatility risk premium of Shanghai 50ETF Option

market. In this paper, we use the stochastic volatility (SV) model to estimate the parameters under

the two measures, and extract the volatility risk premium of the Shanghai 50 ETF option market.

Bakshi G et al.[9], Tim Bollerslev et al.[10]shows that the volatility risk premium of the S&P 500

options market is negative and implies a risk-averse investor attitude. Whether the Shanghai 50ETF

Option market exists as a negative volatility risk premium as in the US options market. Are

investors risk preference or risk aversion?

2. Model

2.1 Physical measure

1t tt t tu dt V dBdS S S  (1)
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  2t t t tdV k V dt V dB    (2)

St is the price of the ETF at time t; Vt is the instantaneous variance at time t; σ is volatility of the

volatility; κ is the speed of mean reversion of the variance; dB1t and dB2t denotes a standard

Brownian motion, ρ denotes a correlation between Brownian increments for ETF and volatility.

2.2 Risk-neutral measure

Under the risk-neutral measure, the expected return of the market is equal to the risk-free interest

rate, because investors do not need an additional return to attract them to take risks under the

risk-neutral condition. The risk-neutral hypothesis is also a very important hypothesis in option

pricing, so there will be no risk-free arbitrage opportunities in option pricing.

1tt t t tdS rS dt V S dB  (3)

  2t t t tdV k V dt V dB       (4)

We impose these restrictions in our estimation procedure: ρ=ρQ, σ=σ*.

2.3 Volatility risk premium

Volatility risk premium (VRP) measures the premium level of volatility under-realized probability

measure and risk-neutral probability measure. Having recovered the Physical and Risk-neutral

measure parameters, we then focus on the task of estimating the VRP. The VRP is obtained as

follows:

     P Q t

t t t t tVRP E dV E dV dt V dt              (5)

2.4 Volatility risk premium and relative risk aversion

Volatility risk premium in option market contains important information about investors risk

attitude, which is generally divided into three types: risk aversion, risk neutrality and risk preference;

SV model under the inter-period capital asset pricing model system, the relationship of VRP,

volatility and asset pricing core (Heston, etc.[11]), it follows that
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Eq. 6 mt denotes the core of asset pricing or the marginal utility of wealth. Suppose that the utility

function of investors is:
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Eq. 7, δ is the subjective time discount factor, and γ is the risk aversion factor. t

t tm e W   is the

asset Pricing Check. According to Ito's lemma:
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(8)

From Eq. 6 and Eq. 8:

   = /t tV V   (9)

In Eq. 9, if the constant relative risk aversion coefficient γ is positive, the investor is risk aversion

type; if the investment risk aversion coefficient is zero, the investor is risk neutral type; if the

investment risk aversion coefficient is negative. The investor is risk aversion type.

3. Methodology

3.1 Realization of Measure MCMC estimation

The SV model is based on the Euler discretization:

t

Y

t tY u V    (10)

 1 1 1

V

t t t t tV V k V V  
  

     (11)

Where    +1=ln -lnt t tY S S is the ETF return. Δ is the time interval.
t

Y , and V
t are standard N(0,1).

MCMC estimation method has been widely accepted by academia in parameter estimation of

stochastic volatility model, such as Eraker et al .[12], Neumann et al.[7]; Detailed descriptions of the

method are given in Broadie et al. [6]. In this stochastic volatility model, the following parameters

we are interested in estimating:
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  , , , , , ,V        (12)

The daily instantaneous volatility Vt estimated by the realized probability measure will be used as a

variable to estimate the parameters under the risk-neutral measure (Neumann et al.[7]) combined

with the option trading data.

3.2 Risk Neutral Measure Parameter Estimation Method

The option pricing formula of the SV model is from Lewis AL.[13]. Then, the least function method

used by Neumann et al.[7] is used to minimize the sum of squares of the difference between the

implied volatility in the SV model and the real market, so as to estimate the parameters under the

risk-neutral condition, and its expression is as follows:

   
2

1 1

= arg min , , , , / , , , , ,
tQT

Q Q P

t n n t t t t n n t t t
t n

IV K S r V IV K S r V 
 

      (13)

In Eq. 13, IVt(Kn, τn, St, rt, Vt)is the implied volatility of 50 ETF options in Shanghai Stock

Exchange. IVt(ΘP/ΘQ, Kn, τn, St, rt, Vt)is calculated by the model. We choose one-year Shanghai

Interbank Offered Rate (SHIBOR) daily frequency data as a risk-free interest rate.

4. Empirical results

4.1 Data

The daily frequency data of 50 ETF options trading in the Shanghai Stock Exchange comes from

the Shanghai Stock Exchange.

4.2 Parameter estimation results

The parameters of the realized probability measure and risk-neutral probability measure are

estimated by using the trading data of Shanghai 50ETF as shown in Table 1.
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Table 1. Parameter estimation

Mean Std.dev. Mean Std.dev.

κ 12.0204 (0.0126) κ* 0.2211 (0.0011)

θ 0.0664 (0.0222) θ* 0.2165 (0.0119)

σ 0.0038 (0.0006) σ* σ=σ*

ρ -0.1465 (0.0711) ρ* ρ=ρ*

Table 1 ρ<0, which shows that the return and volatility in the Shanghai 50ETF market are

"leveraged".

 = 0,1t
t

t

Y u N
V


  (14)

It is an important basis to test whether the residual ε follows the standard normal distribution or not.

It is also a method to test whether the SV model is suitable (Larsson K, et al.[14]); the residual ε in

Eq. 14 obeys the standard normal distribution and passes the test, which shows that the SV model

adopted in this paper has good goodness of fit.
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4.3 Volatility risk premium

Figure 1. Return of 50 ETF and Volatility Risk Premium

Shortly after the launch of the Shanghai 50 options on the Shanghai Stock Exchange, the market

experienced a stock market crash of “thousands of stocks, thousand stocks suspended, thousands of

shares resumption, and thousands of daily limit”. Therefore. The paper divides the total sample

period into two periods: the period of sharp market turbulence and the period of non-sharp market

turbulence. Tim Bollerslev et al.[10] show that the volatility risk premium was negative for the

S&P500 options market, and investors were risk averse. Is the volatility risk premium of the

Shanghai 50 options market negative?

In a period of sharp market turbulence, from the Fig.1 and Table 2, we know that the ρ is negative,

and the VRP is negative, so the constant relative risk aversion coefficient γ is positive, investors are

risk aversion at this period.

In a period of non-sharp market turbulence, we know that the ρ is negative, and the VRP is positive,

so the γ is negative, investors are risk preference at this period.

Table 2. Descriptive statistics of volatility risk premium

In a period of sharp market turbulence In a period of non-sharp market turbulence

Mean Max Min Mean Max Min

Data -0.0033 0.0013 -0.0123 0.0015 0.0025 -0.0017
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In a word, the volatility risk premium and the investor attitudes in the 50 ETF options market of

Shanghai Stock Exchange are not constant, which have obvious time-varying characteristics.

5. Conclusion

This paper uses the Shanghai 50 options data, combined with the SV model, MCMC and minimum

extremum method to extract the volatility risk premium from the Physical measure and Risk-neutral

measure.

The volatility risk premium of the Shanghai 50 options market and the investor attitudes have

time-varying characteristics. In the period of market turbulence, the market fluctuates greatly. The

volatility risk premium is negative. Investors are risk aversion. In the period of non-sharp market

turbulence. The Volatility risk premium is positive and investors are risk preference.

This paper also provides a reference for investors to construct investment decisions and risk

management of relevant departments.
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