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Perspective on behavioral finance, we take a new look at the characteristics of investors’ risk preference, building the D-GARCHM model, DR-GARCH-M model, and GARCHC-M model to investigate their changes with states of gain and loss and values of
return together with other time-varying characteristics of investors’ risk preference. Based on a full description of risk preference
characteristic, we develop a GARCHCS-M model to study its effect on the return skewness. The top ten market value stock
composite indexes from Global Stock Exchange in 2012 are adopted to make the empirical analysis. The results show that investors
are risk aversion when they gain and risk seeking when they lose, which effectively explains the inconsistent risk-return relationship.
Moreover, the degree of risk aversion rises with the increasing gain and that of risk seeking improves with the increasing losses.
Meanwhile, we find that investors’ inherent risk preference in most countries displays risk seeking, and their current risk preference
is influenced by last period’s risk preference and disturbances. At last, investors’ risk preferences affect the conditional skewness;
specifically, their risk aversion makes return skewness reduce, while risk seeking makes the skewness increase.

1. Introduction
Risk preference refers to the attitude people hold towards
risks, which is a key factor in studies on investors’ decisionmaking behavior. Standard financial theory assumes that
investors are rational and believes that when making investment decisions they tend to have invariant risk preferencesrisk averse. However, as the research goes, people gradually
find that the investors’ decision-making behavior in real life
does not always comply with the assumption of rationality
and their behaviors are usually limited by their own cognitive
biases and external environment, leading to their risk preferences varying with different situations.
With the development of behavioral finance, a multitude
of research indicated that the result of investment in the
financial market can affect their decisions, making them
exhibit inconsistent risk preference. Prospect Theory proposed by Kahneman and Tversky [1] had described some
prominent psychological traits of investors in their decisionmaking under uncertainty. Their experiments suggested that
individuals tend to be risk averse with gain and risk seeking
with loss, which have been confirmed by a variety of subsequent studies. For example, Laughhunn and Payne [2] found

evidence that 20 managers in the process of their multiple
risk choice performed risk averse for gains and risk seeking
for losses; Fernandes and Luiz [3] discovered that participants
in his experiment were less willing to take risks after getting
gains and were more willing to take risk after obtaining
losses. Similar viewpoints were expressed by other authors
[4, 5]. Some scholars even argued that the value of return
also exerted effect on investors’ risk preference. The ANSTGARCH-M model proposed by Anderson et al. [6] assumed
that investors’ risk preference was related to the value of
return, and the empirical study suggested that the degree of
people’s risk aversion changed with their return. Thaler and
Johnson [7] made an experiment and found that investors’
risk preferences depended on the psychological value of
return, and a similar finding was reached elsewhere [8, 9].
Brunnermeier and Nagel’s [10] research demonstrated that
investors’ risk preferences changed with their wealth. Besides,
Chou et al. [11] argued that investors’ required compensation for risk varied with the compensation of last period,
which meant that investors’ current attitude towards risk is
influenced by their attitudes in the last period. Anderson’s et
al. [6] study implied that people’s current risk compensation
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was influenced by last period’s residual errors. Studies as
discussed in [12, 13] believed that investors’ degree of risk
aversion varied with time. Thus we believe that investors’ risk
preference is time-varying with the influence of the states of
gain and loss, the value of return, and some other factors, such
as last period’s risk preference and last period’s residual errors.
On the other hand, a large number of studies showed
that the return distributions of financial assets always showed
deviation from normal distribution with negative or positive.
The original explanation of skew distribution of the return
is based on the asymmetric impact of volatility. Christie
[14] and French et al. [15] did some early research in this
field, but their explanations had not been widely supported
by empirical study. Ekholm and Pasternack [16] proposed a
negative news threshold hypothesis, ascribing skewed return
distribution to the different disclosure policies of positive and
negative news. Empirical evidence of Bae et al. [17] indicated
that the distribution of return skewness would change with
different corporate governance performances. These studies
about the cause of skewed distribution were made mainly
from macroscopic perspective, while with the development of
behavioral financial theory, an increasing number of scholars
came to consider the impact of investors’ risk preference and
behavioral biases on the skewness of return distribution from
microscopic perspective.
For example, Harvey and Siddique [18] believed that
investors’ inclination to sell losing shares and hold gaining
ones would result in negative return skewness. Bakshi et al.
[19] revealed that investors’ risk aversion contributed a lot to
the negative skewness. Wen et al. [20] confirmed that return
distributions were influenced by people’s behavior biases,
holding the view that overconfidence and regret aversion
were two common psychological biases among investors,
which would result in negative skewed distribution of return.
Post’s et al. [21] study discovered that people’s risk aversion
would decrease the skewness premium coefficient. Wen and
Yang [22] believed that risk preference was an important
reason for the skewed distribution, and the speculative
behaviors in stock market can lead to positive skewness. All
these studies suggested that risk preference did have a role in
skewed return distribution.
Based on the above studies, this paper maintains that
investors’ risk preference is, on the one hand, time-varying
under the influences of the states of gain and loss, the value
of return, and other factors (last period’s risk preference
and disturbance). On the other hand, it is a main cause of
skewed return distribution. Most previous studies about risk
preference based on the Behavioral Finance Theory were
done through psychology experiments and with the help
of individual transaction accounts. However, real market
scenes can hardly be simulated through experiment, and
personal transaction accounts are usually hard to access and
not adequately represented. Therefore, this paper takes the
behavior of the whole stock market as the research object
and uses composite index data in stock market from Global
Stock Exchanges to make the study. It begins with a thorough
analysis and a full description of investors’ risk preference
and then further investigates the effect of risk preference on
the conditional skewness. This paper is organized as follows.
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Section 2 presents the model analysis; Section 3 provides
empirical study; robustness test is presented in Section 4, and
Section 5 concludes the paper.

2. Model Analysis
Risk preference must first be measured effectively when
studying its characteristics. Risk aversion is manifested by a
preference for sure gains rather than equivalent uncertainty
gains. If the expected returns for uncertain gains increase,
investors’ preference may be reversed, which means that
only when sufficient compensation is provided, can investors
be incentivized to accept the uncertain gains. In other
words, investors show more inclination to risk averse if they
demand more risk compensation. Analogically, risk seeking is
manifested in a contrary way. Therefore certainty equivalent,
which refers to the minimum returns that investors request
for uncertain gains, could be used to measure risk preference.
This can be explained by returns from risk investment, from
which subtract the riskless returns, we can get risk premiums.
Risk premiums are people’s compensations for taking risks. A
high risk premium means a high risk compensation required
by investors for taking risk, which reflects risk aversion.
While if investors are willing to take risks at the cost of some
returns, in which case the risk premium is negative, in this
situation people are risk seeking.
In GARCH-M model, the risk premium coefficient in
the mean equation represents the required compensation for
each unit of risk. The larger the risk premium coefficient is,
the greater the compensation required by investors is, the
stronger the tendency is to be risk averse. Therefore, the risk
premium coefficient can be used to measure investors risk
preference. Wen and Yang [22] indicated that the coefficient
𝛾 in GARCH-M model, namely, the risk premium coefficient,
can be used to characterize investors’ risk preference. In this
paper, investors’ risk preference is also measured by the risk
premium coefficient. The GARCH-M model is expressed as
follows:
𝑟𝑡 = 𝑐 + 𝛾√ℎ𝑡 + 𝜀𝑡 ,
𝜀𝑡 = √ℎ𝑡 𝜂𝑡 ,

(1)

2
ℎ𝑡 = 𝛼0 + 𝛼1 𝜀𝑡−1
+ 𝛼2 ℎ𝑡−1 ,

where the daily stock return is 𝑟𝑡 = 100 ∗ ln(𝑝𝑡 /𝑝𝑡−1 ), ℎ𝑡
is the conditional variance, 𝛼0 > 0, 𝛼 ≥ 0, 𝛽 ≥ 0, and
𝛼 + 𝛽 < 1 guarantee the stationarity of return process;
the risk premium coefficient 𝛾 is the parameter measuring
investors’ preference; 𝛾 > 0 means investors require more risk
compensation with increasing risks; thus to make investors
take certain risks, enough compensations should be provided,
which denotes that investors are risk averse. 𝛾 < 0 means that
the risk compensation demanded by investors reduces with
increasing risks and they are willing to lose certain interests
to take some risks, which suggests that investors like pursuing
risk and are risk seeking. 𝛾 = 0 means that investors’ expected
returns are not sensitive to the risk that they are taking and
the risk does not affect the size of their expected return,
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so investors are risk-neutral. Therefore, the different sign of
parameter 𝛾 reflects people’s different risk preference.
In short, the study on investors’ risk preference characteristics is on the basis of the GARCH-M model. It mainly
includes three parts: firstly, a distinction between state of gain
and lose is made to study the change of risk preference caused
by different states of gain and loss; secondly, the effect of the
value of return on risk preference is considered; thirdly, a
comprehensive characterization is made to further examine
the effects of other factors on risk preference.
2.1. Risk Preferences and States of Gain and Loss. In GARCHM model, the risk premium coefficient 𝛾 remains constant,
which means that the compensation required by investors for
each unit of risk is fixed. However, according to behavioral
financial theory, investors make different decisions and have
different risk preference when getting gains and losses, which
means that the coefficient 𝛾 varies with the state of gain and
loss. So this paper holds that investors’ states of gain and loss
can produce great influence on their risk preference.
In addition, the parameter 𝛾 in GARCH-M model is
widely used in most previous studies on the risk-return
relation. A number of studies [23–25] corroborated that risk
in stock markets are significantly positively related to returns.
However, an agreement was not reached among scholars as
to the positive relationship between risk and return. Brandt
and Kang [26], Ang et al. [27], and Bali et al. [28] show
a significantly negative risk-return relation. Yet there were
also some studies [29–31] that even find that no significant
correlation exists between risk and return.
Many scholars attempted to explain the conflicting empirical evidence with different methods. For instance, Lanne and
Saikkonen [32] and Lanne and Luoto [33] in American stock
markets emphasized that only when the constant term in
the mean equation was set to zero, can risk and return be
in positive correlation. Kanas [34] contended that different
distributions of the error term (such as the normal distribution, the Student’s 𝑡-distribution, and the Generalized Error
Distribution (GED)) play an important part in determining
whether the relationship between returns and risks is positive
or negative. Christensen et al. [35] concluded that only in
financial crisis could a significantly positive correlation be
detected between risk and return, while in normal times
there was no clear relation. According to Prospect Theory,
investors are risk averse for gains and risk seeking for losses,
which means that states of gain and loss will affect investors’
attitudes towards risks. So the risk premium coefficient will
be different with gain and loss. As a consequence, investors’
different attitudes toward gains and losses will affect the relationship between risk and return. Investors are risk seeking
when losing, resulting in a negative risk premium coefficient,
and risk averse when gaining, representing a positive risk
premium coefficient. We believe that this is an important
cause for the existence of both positive and negative relation
between risk and return.
Therefore, we take traditional GARCH-M model as basic
model and introduce two indicate variables which are used
to make a distinction between states of gain and loss to reflect
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the change of investors’ risk preference. We call it D-GARCHM model and it is specified as
𝑟𝑡 = 𝑐 + 𝛾√ℎ𝑡 + 𝜀𝑡 ,
𝛾 = 𝛾1 ⋅ 𝐷𝑢𝑡 + 𝛾2 ⋅ 𝐷𝑑𝑡 ,

(2)

𝜀𝑡 = √ℎ𝑡 𝜂𝑡 ,
2
ℎ𝑡 = 𝛼0 + 𝛼1 𝜀𝑡−1
+ 𝛼2 ℎ𝑡−1 .

𝐷𝑢𝑡 and 𝐷𝑑𝑡 are indicator variables for gains and losses,
respectively, and their definitions are as follows:
𝐷𝑢𝑡 = {

1, 𝑝𝑡 − 𝑟𝑝𝑡 > 0,
0, 𝑝𝑡 − 𝑟𝑝𝑡 ≤ 0,

0,
𝐷𝑑𝑡 = {
1,

𝑝𝑡 − 𝑟𝑝𝑡 > 0,
𝑝𝑡 − 𝑟𝑝𝑡 ≤ 0,

(3)

where 𝑝𝑡 is the stock price at time 𝑡 and 𝑟𝑝𝑡 represents
investors’ reference price at time 𝑡. When the stock price
is higher than reference price, it means investors in gain
state, and loss state otherwise. Parameter 𝛾1 is the required
compensation for each unit of risk when gaining and 𝛾2 is
the required risk compensation for each unit of risk when
losing. Their symbols reflect investors’ risk preference in gain
and loss. According to the Prospect Theory, 𝛾1 is supposed
to be greater than 0, and 𝛾2 is supposed to be lesser than 0;
namely, investors are risk averse for gains and are risk seeking
for losses.
It should be pointed out that the reference price is a
critical factor to the judgments of gains and losses. If the
stock price exceeds the reference price, investors get gains
or otherwise obtain losses. Reference price, as a kind of
investors’ psychological price, is subjectively determined,
and there is no final conclusion at present for a reasonable
reference price. Many researches select the average price as
reference prices. For example, studies in [36, 37] pointed
out that compared with specific details, people are more
likely to remember the general information; namely, people
usually focus more on the average and tend to ignore the
details of things. Lev [38] confirmed that the enterprise
normally takes the industry average performance level as a
reference point to adjust their performance level. And Frecka
and Lee [39] use different data to get the same conclusion.
Grinblatt and Han [40] chose the weighed average price over
the past five years as investors’ decision-making reference
price. Considering that a lot of latest information in stock
market can exert great influence on investors’ decisionmaking behavior, the reference price adopted by investors
will be dynamic. Meanwhile, full consideration should also
be given to people’s practical operations during the process of
investment when choosing reference price. And the moving
average, as an important indicator of stock price movement
trend, plays a great role in the technical analysis of securities
and usually it is a decisive factor for investors’ stock trading.
Investors tend to make decisions by analyzing these trend
lines (5-day, 10-day, 20-day, and 30-day average line). Among
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all these trend lines, investors focus more on the average trend
of 5 days. Therefore, the 5-day average trend is chosen as
reference price in this paper to determine investors’ gains and
losses. The reference price is estimated as
𝑟𝑝𝑡 =

(𝑝𝑡 + 𝑝𝑡−1 + 𝑝𝑡−2 + 𝑝𝑡−3 + 𝑝𝑡−4 )
,
5

(4)

where 𝑝𝑡−1 , 𝑝𝑡−2 , 𝑝𝑡−3 , 𝑝𝑡−4 are the stork price at period 𝑡 −
1, 𝑡 − 2, 𝑡 − 3, 𝑡 − 4, respectively.
2.2. Risk Preference and the Value of Return. With the
development of theoretical and empirical research on the
effects of gains and losses on risk preference, some scholars
realized that such effects also have something to do with the
value of return. Prelec and Loewenstein [41] proposed the
“Peanuts Effect,” maintaining that the degree of risk aversion
reduced with the decreasing return. Hopfensitz [42] studied
how the current gains and losses affected people’s future
decision-making, revealing that smaller gains would reduce
future investment and bigger gains would increase future
investment. It implied that smaller gains would result in a
decrease of risk seeking, while bigger returns would increase
the degree of risk seeking. And vice versa for losses, that
is, smaller losses increased investments and bigger losses
decreased investment, which implied that smaller losses
would lead investors to seek risk, while bigger losses would
decrease the degree of risk seeking. All these evidences
indicated that the value of return would affect investors’ risk
preference. O’Connell and Teo [43] concluded that the extent
of risk seeking of institutional investors tend to improve
with increasing return. The research results of Genesove and
Mayer [44] indicated that there were less selling behaviors
when people experience a larger amount of loss, which
meant that investors are inclined to hold stocks and become
risk seeking for losses. Therefore, we further investigate
how the magnitude of current return affects investors’ risk
compensation.
According to behavioral finance, investors determine the
gain and loss by comparing the stock price with the reference
price. When estimating the value of return, reference price
should also be taken into consideration. Therefore we argue
that the part of the stock price that exceeds the reference
price, that is, (𝑝𝑡 − 𝑟𝑝𝑡 ) (𝑝𝑡 and 𝑟𝑝𝑡 are the stock price
and the reference price), is the value of gain. And the part
of the stock price below the reference price is the value of
loss. We define the value of gains and losses by considering
the preference price which is usually involved in people’s
decision-making process, so it is more in line with reality. As
a result, 𝑝𝑡 − 𝑟𝑝𝑡 which presents the value of gains or losses
can be used to measure the value of return that influence
people’s risk preference. 𝑝𝑡 − 𝑟𝑝𝑡 is the absolute size. Based
on the return formula 𝑟𝑡 = 100 ∗ (𝑝𝑡 − 𝑝𝑡−1 )/𝑝𝑡−1 , we estimate
the magnitude of return that affects risk preference also using
the relative size, which is defined as 𝑑𝑟𝑡 = (𝑝𝑡 − 𝑟𝑝𝑡 )/𝑟𝑝𝑡 ,
where 𝑑𝑟𝑡 is called the reference return. When calculating
return, we multiply the data by 100, so the reference return
is also multiplied by 100 to get 𝑑𝑟𝑡 = 100 ∗ (𝑝𝑡 − 𝑟𝑝𝑡 )/𝑟𝑝𝑡 .
In light of the above analysis investors’ risk preference is

different with gain and loss, so the reference return is also
divided into positive and negative reference return, which
are used to indicate the value of gain and loss that affect
investors’ risk preference. And the prior D-GARCH-M model
can be extended into the following form, which is called DRGARCH-M model:

𝑟𝑡 = 𝑐 + 𝛾√ℎ𝑡 + 𝜀𝑡 ,
𝛾 = 𝛾1 ⋅ 𝑑𝑟𝑡 ⋅ 𝐷𝑢𝑡 + 𝛾2 ⋅ (−𝑑𝑟𝑡 ) ⋅ 𝐷𝑑𝑡 ,

(5)

𝜀𝑡 = √ℎ𝑡 𝜂𝑡 ,
2
ℎ𝑡 = 𝛼0 + 𝛼1 𝜀𝑡−1
+ 𝛼2 ℎ𝑡−1 ,

where 𝑑𝑟𝑡 ⋅ 𝐷𝑢𝑡 stands for the positive reference return
and (−𝑑𝑟𝑡 ) ⋅ 𝐷𝑢𝑡 stands for the negative reference return.
Parameter 𝛾1 reflects investors demanding compensation for
each unit of risk when obtaining each unit of gain. 𝛾1 ⋅ 𝑑𝑟𝑡
describes the required compensation varying with the value
of gains. Similarly, 𝛾2 represents the compensation investors
demanded for each unit of risk when obtaining each unit of
loss, and 𝛾2 ⋅ (−𝑑𝑟𝑡 ) illustrates that the required compensation
changes with losses for each unit of risk. What is more, the
sign of 𝛾1 and 𝛾2 can reflect people’s different preferences.
Just as we explained in model (1), the positive 𝛾1 means that
investors are risk averse, while the negative 𝛾2 means that
people are risk seeking.

2.3. Other Characteristics of Risk Preference. After investigating the influence of investor’s current magnitude of return on
risk preference, this paper will further study other factors that
possibly affect investor’s risk preference. Firstly, as a market
participant facing various risks in the market, the investor
must have the capacity to tolerate certain degree of risk;
that is to say, every investor has the intrinsically invariant
potential to speculate. Secondly, human being’s behavior
always exhibits certain continuity and current behavior is
more or less affected by previous behavior, and speculative
behavior may, to some extent, find its root in prior behavior.
Thirdly, the traditional financial theory indicates that people
usually unavoidably weigh the return and risk when making
relevant policy, so it is essential to consider the effect of
risk factors. Lastly, according to the research of Anderson
et al. [6], people’s risk tolerance changes with time as it is
influenced by the last period’s disturbance. Those factors
jointly determine investors’ risk preference. In view of the
above discussion and to further verify those factors that can
influence investors’ risk preference, this paper, on the basis
of DR-GARCH-M model, presents the following GARCHCM model (GARCH-M model with compensation) that can
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fully depict the time-varying characteristics of investor’s risk
preference:
𝑟𝑡 = 𝑐 + 𝛾𝑡 √ℎ𝑡 + 𝜀𝑡 ,
𝛾𝑡 = 𝜆 0 + 𝜆 1 𝛾𝑡−1 + 𝜆 2

𝜀𝑡−1
+ 𝜆 3 ⋅ 𝑑𝑟𝑡 ⋅ 𝐷𝑢𝑡
√ℎ𝑡−1
(6)

+ 𝜆 4 ⋅ (−𝑑𝑟𝑡 ) ⋅ 𝐷𝑑𝑡 ,
𝜀𝑡 = √ℎ𝑡 𝜂𝑡 ,
ℎ𝑡 = 𝛼0 +

2
𝛼1 𝜀𝑡−1

+ 𝛼2 ℎ𝑡−1 .

2.4. The Effect of Risk Preference on Conditional Skewness.
Harvey and Siddique [18], based on a noncentral 𝑡 distribution, characterized the time variation of the variance and
the skewness simultaneously using a simple autoregressive
conditional skewness model-GARCHS (1,1,1) (GARCH with
Skewness):
𝜀𝑡 | Ω𝑡−1 ∼ 𝑁 (V𝑡 , 𝛿𝑡 ) ,

2
+ 𝛼2 ℎ𝑡−1 ,
ℎ𝑡 = 𝛼0 + 𝛼1 𝜀𝑡−1

𝑟𝑡 = 𝑐 + 𝛾𝑡 √ℎ𝑡 + 𝜀𝑡 ,

𝜀𝑡 | Ω𝑡−1 ∼ 𝑁 (V𝑡 , 𝛿𝑡 ) ,

𝛾𝑡 = 𝜆 0 + 𝜆 1 𝛾𝑡−1 + 𝜆 2

𝜀𝑡−1
+ 𝜆 3 ⋅ 𝑑𝑟𝑡 ⋅ 𝐷𝑢𝑡
√ℎ𝑡−1
(8)

+ 𝜆 4 (−𝑑𝑟𝑡 ) ⋅ 𝐷𝑑𝑡 ,

Here, 𝜆 0 is the basic risk premium demanded by investors,
which can be understood as investors’ inherent risk preference for a certain period of time; 𝜆 1 means that the current
risk tolerance can be more or less jointly influenced by the last
period; 𝜀𝑡−1 /√ℎ𝑡−1 is the last period’s perturbing information
after being adjusted by the risk; 𝜆 2 means the impact of the
last period’s adjusted disturbance on the compensation. Just
as 𝛾1 ⋅𝑑𝑟𝑡 and 𝛾2 ⋅(−𝑑𝑟𝑡 ) in DR-GARCH-M model, 𝜆 3 ⋅𝑑𝑟𝑡 is the
risk compensation with gain, which shows that investors’ risk
preference changes with the magnitude of gain; 𝜆 4 ⋅ (−𝑑𝑟𝑡 )
also indicates that investor s’ risk preference varies with the
magnitude of loss. However, there is something different
between 𝛾1 , 𝛾2 and 𝜆 3 , 𝜆 4 . That is, the sign of 𝛾1 and 𝛾2
in DR-GARCH-M model can reflect people’s different risk
preferences, while that of 𝜆 3 and 𝜆 4 in GARCHC-M model
cannot present people’s varying risk preference. The main
reason for this is that the GARCHC-M model has investigated
other factors that can influence investors’ risk preferences, so
𝜆 3 , 𝜆 4 cannot represent the overall risk preference. Therefore,
in order to inspect people’s different risk preference, we
should study the sign of 𝛾𝑡 which can describe different risk
preference.

𝑟𝑡 = 𝜑 𝑧𝑡−1 + 𝜀𝑡 ,

To explore the effect of investor’s risk preference on the
conditional skewness, the time-varying risk premium coefficient 𝛾𝑡 in GARCHC-M model is introduced into the skew
equation in GARCHS-M model, which is called GARCHCSM model (GARCH-M model with compensation and skewness):

(7)

3
𝑠𝑡 = 𝛽0 + 𝛽1 𝜀𝑡−1
+ 𝛽2 𝑠𝑡−1 ,

where 𝑟𝑡 is the dependent variable which usually refers to the
return of stocks; 𝜑 𝑧𝑡−1 stands for the expected price or return;
𝑧𝑡 is the dummy variable of the complete information set Ω𝑡 ;
the residual error 𝜀𝑡 is assumed a noncentral 𝑡-distribution
𝑁(V𝑡 , 𝛿𝑡 ); ℎ𝑡 and 𝑠𝑡 are the conditional variance and skewness;
and both are varying with time. At the same time, we need to
impose the constraints that 0 < 𝛼1 < 1, 0 < 𝛼2 < 1; −1 < 𝛽1 <
1, −1 < 𝛽2 < 1; 𝛼1 + 𝛼2 < 1, −1 < 𝛽1 + 𝛽2 < 1.

2
ln ℎ𝑡 = 𝛼0 + 𝛼1 𝜀𝑡−1
+ 𝛼2 ℎ𝑡−1 ,
3
𝑠𝑡 = 𝛽0 + 𝛽1 𝜀𝑡−1
+ 𝛽2 𝑠𝑡−1 + 𝛽3 𝛾𝑡 ,

where the parameter 𝛽3 denotes the effect of risk preference
on conditional skewness. If 𝛽3 < 0, it means that the
size of return skewness will be reduced in the case where
investors are risk averse (𝛾𝑡 > 0). Instead, if investors are
risk seeking (𝛾𝑡 < 0), the size of return skewness will be
increased. According to the conclusion of Wen et al. [20, 40],
the coefficient of risk compensation was negatively correlated
with the skewness, and 𝛽3 should be under zero.
In GARCHCS-M model, the conditional noncentral 𝑡 is
so complicated that it causes much difficulty in model estimation. León et al. [45] estimated the autoregressive conditional
variance, skewness, and kurtosis model using the GramCharlier series expansion of the normal density function.
Then, Xu [46] estimated the parameters for GARCHS model
using Gram-Charlier series expansion of the normal density
function and truncating at the third moment. With the
available information set Ω𝑡−1 , the approximate expression
of the conditional density function of the standardized error
𝜂𝑡 = 𝜀𝑡 ℎ𝑡−1/2 can be obtained:
𝑔 (𝜂𝑡 | Ω𝑡−1 ) =

𝑠∗
1 −(𝜂𝑡2 /2)
(1 + 𝑡 (𝜂𝑡3 − 3𝜂𝑡 ))
𝑒
√2𝜋
3!

(9)

2

= 𝜙 (𝜂𝑡 ) 𝜓 (𝜂𝑡 ) ,
where 𝑠𝑡∗ denotes the conditional skewness of 𝜂𝑡 , 𝜙(𝜂𝑡 ) is
the probability density function of the standardized normal
2
distribution, and (1/√2𝜋)𝑒−(𝜂𝑡 /2) ; 𝜓(𝜂𝑡 ) is the polynomial
part at the third moment. As 𝜂𝑡 = 𝜀𝑡 ℎ𝑡1/2 , there is 𝑠𝑡 =
𝐸𝑡−1 (𝜀𝑡3 ) = 𝑠𝑡∗ ℎ𝑡3/2 . Considering that 𝑔(𝜂𝑡 | Ω𝑡−1 ) may be
negative and the integral of 𝑔(𝜂𝑡 | Ω𝑡−1 ) in the definition
domain may not equal 1, León et al. [45] made some
modification to 𝑔(𝜂𝑡 | Ω𝑡−1 ) with the method put forward by
Gallant and got the following conditional density function:
𝑓 (𝜂𝑡 | Ω𝑡−1 ) =

𝜙 (𝜂𝑡 ) 𝜓2 (𝜂𝑡 )
Γ𝑡
2

2

=

(1/√2𝜋) 𝑒−(𝜂𝑡 /2) (1 + (𝑠𝑡∗ /3!) (𝜂𝑡3 − 3𝜂𝑡 ))
Γ𝑡

,

(10)
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Table 1: Descriptive statistics of returns.

Statistic/index
NYSE
NASDAQ
N225
FTSE
HSI
SSE
TSX
DAX
AORD
BSE

Mean
0.011092
0.020059
−0.005840
0.003464
0.025817
0.014062
0.018383
0.010606
0.009815
0.062190

Std. dev.
1.417882
1.540381
1.574768
1.331208
1.624365
1.702013
1.227107
1.641213
1.069175
1.645750

Skewness
−0.319853
−0.073165
−0.519431
−0.118303
0.055671
−0.181743
−0.627351
0.065995
−0.532882
−0.066960

where Γ𝑡 = 1 + (𝑠𝑡∗ /3!) is the modified term of Gram-Charlier
series expansion. Therefore, the modified logarithm of the
likelihood function is given by
SLF = −

1
1𝑇
(𝑇 − 1) × ln (2𝜋) − ∑ ln ℎ𝑡
2
2 𝑡=2

𝑇
𝑇
1 𝑇
− ∑𝜂𝑡2 + ∑ ln (𝜓2 (𝜂𝑡 )) − ∑ ln (Γ𝑡 ) .
2 𝑡=2
𝑡=2
𝑡=2

(11)

A maximum solution to the sample likelihood function (11)
can offer a consistent estimation of each parameter.

3. Demonstration and Result Analysis
3.1. The Sample and Statistical Characteristic. In this paper,
stock markets whose market values are the top 10 in 2012
Global Stock Exchange are chosen with their composite
indexes as the sample (the ranking of market value is from
the World Federation of Exchanges. Data of NYSE Euronext
Europe, the top 5, can not be accessed and is replaced by
the top 11, BSE), including NYSE (US), NASDAQ (US), N225
(Japan), FTSE 100 (UK), SSE (China), HIS (Hong Kong,
China), TSX (Canada), DAX (Germany), AORD (Australia),
and BSE30 (India). The data are obtained from RESSET
database and the time span is from March 1, 2002, to March
30, 2012. The basic statistics of the daily return of the above
indexes are presented in Table 1.
Table 1 displays summary statistics for the daily returns
and it can be found that the return has a quite small mean
and is negatively skewned and slightly leptokurtic. The J-B
statistics show that all the return series of the above indices
are not normal distribution. Besides, the ADF test suggests
that all the return series are stationary; therefore GARCH
models can be used to make the study.
3.2. Estimation Results
3.2.1. Risk Preference Varies with States of Gain and Loss. We
first make a research on the relationship between risk and
return using GARHC-M model, then go on to investigate the
change of the risk preference under investors’ different states
(gain/loss) with the D-GARCH-M model designed in this

Kurtosis
11.71722
7.778844
10.91186
9.447372
11.81611
6.516299
12.55346
7.537473
8.904713
10.60485

JB statistic
8072.841
2405.885
6553.403
4410.472
7984.151
1263.707
9504.789
2206.568
3831.159
6011.757

ADF test
−54.66
−54.16
−51.26
−24.43
−50.69
−48.98
−51.87
−51.76
−51.75
−46.49

paper, and finally make a comparison with results of the two
models. Since previous empirical results are very sensitive
to the constant term in conditional mean equation and the
conditional distribution of error term. So we also show the
results of GARHC-M model and D-GARCH-M model both
with and without constant term as well as the error term in
different distribution, which are shown in Tables 2 and 3. All
models shown in the paper are estimated by quasi-maximum
likelihood.
Table 2 presents the result of GARCH-M model in different specifications. We find that no matter what the error
term is in normal distribution, 𝑡-distribution, or GED, the
parameter 𝛾 fails to achieve statistical significance across
almost all of the stock indexes when the constant term is
included in the mean equation, while for those without the
constant, the parameter 𝛾 is strongly statistically significant
and positive. It is clear from the table that in GARCHM model, the constant term indeed has great effect on the
relationship between risk and return. And only the constant is
restricted to zero can the two in positive correlation, in which
condition the required compensation of investors increases
with the raise of risk, indicating that investors are risk averse.
Comparing the values of AIC in alternative distribution, it
can be found that the AIC in normal distribution is the
largest, and in 𝑡-distribution and the GED the AIC is close
to each other. Relatively speaking, AIC in GED is smaller,
indicating that error term in GED of GARCH-M model
performs well.
According to behavioral finance theory, investors’ attitude
towards risk in the state of gain is not the same as that in the
state of loss, which means that investors’ risk preference is
sensitive with states of gains and losses. So we estimate the
D-GARCH-M model to examine investors’ risk preference
under the two opposite positions. Meanwhile, the inclusion
or not of the constant term and the error term in different
distribution also has attracted considerable attention and the
results are shown in Table 3.
In Table 3, there exist 𝛾1 > 0 and 𝛾2 < 0 in all alternative
distributions (normal distribution, 𝑡-distribution, and GED).
That is, investors demand increasing compensation for each
unit of risk when obtaining gain, which means that investors
are risk averse in the state of gain, whereas in loss position,
the risk compensation they required is less than zero, which
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Table 2: Estimation of GARCH-M model.

Index

NYSE

NASDAQ

N225

FTSE

HSI

SSE

TSX

DAX

AORD

BSE

𝑐
𝛾
AIC
𝑐
𝛾
AIC
𝑐
𝛾
AIC
𝑐
𝛾
AIC
𝑐
𝛾
AIC
𝑐
𝛾
AIC
𝑐
𝛾
AIC
𝑐
𝛾
AIC
𝑐
𝛾
AIC
𝑐
𝛾
AIC

Normal distribution
Constant
Without constant
0.037285
0.020119
0.058766∗∗∗
2.962919
2.962369
0.016146
0.046555
0.060165∗∗∗
3.319350
3.318580
0.076892
−0.017186
0.043225∗
3.423548
3.423122
−0.014292
0.073075
0.057784∗∗∗
2.906469
2.905726
0.022283
0.036816
0.055336∗∗
3.348514
3.347746
−0.135642
0.106098
0.014673
3.704455
3.7043427
0.057309
0.000389
0.065233∗∗
2.731783
2.731448
0.051921
0.028379
0.071643∗∗∗
3.385518
3.385027
0.054596
0.004603
0.074526∗∗∗
2.515191
2.515343
0.100193
0.015818
0.091436∗∗∗
3.493576
3.493396

𝑡-distribution
Constant
Without constant
0.056926
0.018008
0.077375∗∗∗
2.938076
2.937919
0.072376
0.007275
0.068447∗∗∗
3.306540
3.306225
0.073078
−0.008435
0.048990∗∗
3.414239
3.413779
0.005377
0.057634
0.063381∗∗∗
2.897869
2.897088
0.047106
0.017404
0.056604∗∗∗
3.333033
3.332403
−0.215324∗∗
0.166742∗∗
0.023714
3.649145
3.650241
0.059409
0.017977
0.085432∗∗∗
2.718224
2.717943
0.097155∗
−0.006136
0.075022∗∗∗
3.369126
3.369411
∗
0.062207
0.001614
0.081537∗∗∗
2.503685
2.504171
0.118117
0.016732
0.105678∗∗∗
3.467548
3.467595

Constant
0.053053
0.028549
2.932556
0.084165
0.002899
3.303382
0.064316
−0.003133
3.413865
0.006610
0.054986
2.897558
0.029604
0.031699
3.324469
−0.027019∗∗
0.188891∗∗∗
3.641250
0.041188
0.037378
2.717611
0.102690∗
−0.008491
3.364090
0.064180∗
−0.002353
2.505476
0.121229
0.012551
3.475211

GED
Without constant
0.084370∗∗∗
2.932365
0.073577∗∗∗
3.303241
0.047402∗∗
3.413332
0.062014∗∗∗
2.896780
0.056770∗∗∗
3.323757
0.034810∗∗
3.642729
0.084175∗∗∗
2.717059
0.077571∗∗∗
3.364545
0.080462∗∗∗
2.506050
0.103813∗∗∗
3.475306

Note: ∗∗∗ , ∗∗ , and ∗ in all tables denote that the parameter is significant at 1%, 5%, and 10% level, respectively.

indicates that investors are risk seeking in the state of loss. It
also effectively explains the phenomenon that the risk-return
relation between risk and return is inconsistent. Specifically,
investors are risk averse when gaining, reflecting a positive
correlation between risk and return, while risk seeking when
losing, implying a negative risk-return relationship. However,
what is different from GARCH-M model is that no matter
there exists constant term or not, in the D-GARCH-M model,
parameter 𝛾1 is significantly positive, while 𝛾2 is significantly
negative; for GARCH-M model, only the constant term is
excluded can the risk premium coefficient 𝛾 significantly be
positive, and when the constant term is considered, there is no
significant relationship between risk and return. This verifies
that the result of D-GARCH-M model in this paper is not
affected by the constant term.
The AIC in Table 3 suggests the D-GARCH-M model
in 𝑡-distribution perform best for the value of AIC in 𝑡distribution is the smallest, which is different from GARCHM model, in which values of AIC in 𝑡-distribution and GED

are close. In addition, since the constant terms in the mean
equations are almost insignificant, the following study will
remove the constant terms and use 𝑡-distribution to do the
estimation.
3.2.2. Risk Preference Varies with the Value of Return. According to the above analysis, we adopt reference return to
represent investors’ value of return and divide the reference
return into gains (the positive reference return) and losses
(the negative reference return) to measure the magnitude
of the gains and losses to further study their influence on
investors risk preference, which is expressed in the DRGARCH-M model and the results are shown in Table 4.
As expected, risk premium parameters 𝛾1 > 0 and
𝛾2 < 0 in Table 4 also indicate that investors are risk averse
for gains and risk seeking for losses, which is consistent
with the finding in D-GARCH-M model. Moreover, the
more gains (positive reference returns) the investors get, the
stronger their tendency to be risk aversion is (the larger
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Table 3: Results of D-GARCH-M model.

NYSE

NASDAQ

N225

FTSE

HSI

SSE

TSX

DAX

AORD

BSE

𝑐
𝛾1
𝛾2
AIC
𝑐
𝛾1
𝛾2
AIC
𝑐
𝛾1
𝛾2
AIC
𝑐
𝛾1
𝛾2
AIC
𝑐
𝛾1
𝛾2
AIC
𝑐
𝛾1
𝛾2
AIC
𝑐
𝛾1
𝛾2
AIC
𝑐
𝛾1
𝛾2
AIC
𝑐
𝛾1
𝛾2
AIC
𝑐
𝛾1
𝛾2
AIC

Normal distribution
Constant
Without constant
−0.038393
0.689094∗∗∗
0.639234∗∗∗
∗∗∗
−0.667031
−0.714825∗∗∗
2.578955
2.578516
−0.083979
0.761855∗∗∗
0.671971∗∗∗
∗∗∗
−0.656260
−0.743539∗∗∗
2.905940
2.906025
−0.128758∗
0.769024∗∗∗
0.639665∗∗∗
∗∗∗
−0.579077
−0.700770∗∗∗
3.030091
3.030745
−0.036205
0.672258∗∗∗
0.624375∗∗∗
∗∗∗
−0.036205
−0.686354∗∗∗
2.535505
2.535118
0.071615
0.738129∗∗∗
0.663713∗∗∗
−0.611526∗∗∗
−0.683320∗∗∗
2.961839
2.961680
−0.040201
0.632968∗∗∗
0.666238∗∗∗
∗∗∗
−0.715863
−0.681480∗∗∗
3.317214
3.316491
−0.042412
0.718077∗∗∗
0.657454∗∗∗
∗∗∗
−0.646619
−0.704590∗∗∗
2.339769
2.339344
−0.135619∗∗∗
0.7784563∗∗∗
0.641027∗∗∗
∗∗∗
−0.5557847
−0.691029∗∗∗
3.5004474
3.006281
−0.016963
0.675956∗∗∗
0.648148∗∗∗
∗∗∗
−0.678946
−0.705025∗∗∗
2.125961
2.3125307
−0.005080
0.678124∗∗∗
0.673224∗∗∗
∗∗∗
−0.679230
−0.683999∗∗∗
3.098018
3.097218

𝑡-distribution
Constant
Without constant
0.008346
0.629536∗∗∗
0.618599∗∗∗
∗∗∗
−0.669701
−0.680167∗∗∗
2.563960
2.563190
−0.59438
0.713134∗∗∗
0.648370∗∗∗
∗∗∗
−0.672824
−0.734481∗∗∗
2.894664
2.894338
−0.127370∗
0.760342∗∗∗
0.631949∗∗∗
∗∗∗
−0.573025
−0.694062∗∗∗
3.020720
3.021395
−0.025418
0.639992∗∗∗
0.606147∗∗∗
∗∗∗
−0.647363
−0.680199∗∗∗
2.523064
2.522467
−0.057214
0.692509∗∗∗
0.632520∗∗∗
−0.614341∗∗∗
−0.671822∗∗∗
2.951365
2.950980
−0.006969
0.621059∗∗∗
0.615283∗∗∗
∗∗∗
−0.618523
−0.624575∗∗∗
3.3426
3.271030
−0.025820
0.677270∗∗∗
0.640163∗∗∗
∗∗∗
−0.653479
−0.689181∗∗∗
2.323585
2.322920
−0.105503∗∗
0.733031∗∗∗
0.618949∗∗∗
∗∗∗
−0.590245
−0.694475∗∗∗
2.985186
2.986135
−0.005389
0.640774∗∗∗
0.702049∗∗∗
∗∗∗
−0.693763
−0.631873∗∗∗
2.108469
2.107700
0.01190
0.623241∗∗∗
0.643836∗∗∗
∗∗∗
−0.706848
−0.686760∗∗∗
3.2052512
3.051752

Constant
0.021781
0.637152∗∗∗
−0.665477∗∗∗
2.571334
−0.069886
0.719136∗∗∗
−0.667568∗∗∗
2.900909
−0.129314∗
0.764080∗∗∗
−0.575038∗∗∗
3.029477
−0.029088
0.642422∗∗∗
−0.646163∗∗∗
2.6527613
−0.068152
0.705923∗∗∗
−0.160468∗∗∗
2.957949
−0.015246
0.619336∗∗∗
−0.617729∗∗∗
3.3292189
−0.036245
0.693740∗∗∗
−0.638806∗∗∗
2.330002
−0.114966∗∗
0.732600∗∗∗
−0.579738∗∗∗
2.996328
−0.007738
0.646637∗∗∗
−0.690301∗∗∗
2.115704
0.020603
0.622088∗∗∗
−0.724626∗∗∗
3.064760

GED
Without constant
0.608542∗∗∗
−0.692387∗∗∗
2.570661
0.643084∗∗∗
−0.740284∗∗∗
2.900734
0.633820∗∗∗
−0.697642∗∗∗
3.030141
0.603905∗∗∗
−0.684122∗∗∗
2.6780
0.634662∗∗∗
−0.673603∗∗∗
2.957735
0.606918∗∗∗
−0.631036∗∗∗
3.3291379
0.642103∗∗∗
−0.688900∗∗∗
2.329468
0.608853∗∗∗
−0.692351∗∗∗
2.997467
0.633760∗∗∗
−0.702260∗∗∗
2.114948
0.642164∗∗∗
−0.704932∗∗∗
3.063996

Note: ∗∗∗ , ∗∗ , and ∗ in all tables denote that the parameter is significant at 1%, 5%, and 10% level, respectively.

the value of 𝛾1 ⋅ 𝑑𝑟𝑡 is). In the same way, the more losses
(the negative reference returns) investors obtain, the stronger
their tendency to be risk seeking is (the larger the value of
|𝛾2 ⋅(−𝑑𝑟𝑡 )| is). In short, the degree of risk aversion is positively
related to the magnitude of gains and that of risk seeking is
also positively related to the magnitude of losses.

3.2.3. Other Time-Varying Characteristics of Risk Preference.
To fully capture investors risk preference characteristics,
based on the DR-GARCH-M model, this paper further studies other factors that may influence investors’ risk preference.
According to previous analysis, we take into account the
effects of investors’ inherent risk preference, their last period’s
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Table 4: Results of DR-GARCH-M model.

NYSE
NASDAQ
N225
FTSE
HSI
SSE
TSX
DAX
AORD
BSE

𝛼0
0.004863∗∗∗
0.008353∗∗∗
0.007001∗∗∗
0.008434∗∗∗
0.008146∗∗∗
0.069721∗∗∗
0.008868∗∗∗
0.010541∗∗∗
0.004831∗∗∗
0.064522∗∗∗

𝛼1
0.000835∗∗∗
0.001850∗∗∗
0.000195∗∗∗
0.002253∗∗∗
0.000240∗∗∗
0.008750∗∗∗
0.001049∗∗∗
0.011792∗∗∗
0.001204∗∗∗
0.001574∗∗∗

𝛼2
0.995358∗∗∗
0.991113∗∗∗
0.994703∗∗∗
0.989768∗∗∗
0.995920∗∗∗
0.947175∗∗∗
0.988730∗∗∗
0.979174∗∗∗
0.992250∗∗∗
0.961596∗∗∗

𝛾1
0.176024∗∗∗
0.182455∗∗∗
0.197345∗∗∗
0.206437∗∗∗
0.112691∗∗∗
0.124421∗∗∗
0.264073∗∗∗
0.099482∗∗∗
0.295013∗∗∗
0.141245∗∗∗

𝛾2
−0.183713∗∗∗
−0.169589∗∗∗
−0.164486∗∗∗
−0206568∗∗∗
−0.147049∗∗∗
−0.138171∗∗∗
−0.232588∗∗∗
−0.106390∗∗∗
−0.282309∗∗∗
−0.135208∗∗∗

FTSE
0.120755∗∗∗
0.005550∗∗∗
0.455811∗∗∗
−1.849845∗∗∗
−0.547329∗∗∗
0.447240∗∗∗
2.366444∗∗∗
0.543125∗∗∗
AORD
0.086445∗∗∗
0.006877∗∗∗
0.395960∗∗∗
−3.876728∗∗∗
−0.553163∗∗∗
0.425256∗∗∗
2.900512∗∗∗
−2.950840∗∗∗

HSI
0.187113∗∗∗
0.001797∗∗
0.359104∗∗∗
1.416945∗∗∗
−0.559414∗∗∗
0.429331∗∗∗
1.994762∗∗∗
−2.056662∗∗∗
BSE
0.062277
0.001711
0.978317
−1.142603∗∗∗
−0.564773∗∗∗
0.410996∗∗∗
0.627976∗∗∗
−0.643418∗∗∗

Note: ∗∗∗ , ∗∗ , and ∗ in all tables denote that the parameter is significant at 1%, 5%, and 10% level, respectively.

Table 5: Results of GARCHC-M model.
𝛼0
𝛼1
𝛼2
𝜆0
𝜆1
𝜆2
𝜆3
𝜆4
𝛼0
𝛼1
𝛼2
𝜆0
𝜆1
𝜆2
𝜆3
𝜆4

NYSE
0.084414∗∗∗
0.003259∗∗∗
0.664648∗∗∗
0.249544
−0.546778∗∗∗
0.437737∗∗∗
2.205582∗∗∗
−2.261350∗∗∗
SSE
0.221803∗∗∗
0.003672∗∗∗
0.334297∗∗
3.271172∗∗∗
−0.555094∗∗∗
0.434658∗∗∗
1.872646∗∗∗
−1.956778∗∗∗

NASDAQ
0.191481∗∗∗
0.004080∗∗∗
0.274933
−0.960250∗∗∗
−0.550612∗∗∗
0.435880∗∗∗
2.141485∗∗∗
−2.207073∗∗∗
TSX
0.035956∗∗∗
−0.002633∗∗∗
0.977622∗∗∗
−0.946364∗∗∗
−0.552272∗∗∗
0.451861∗∗∗
0.871728∗∗∗
−0.891631∗∗∗

N225
0.164810∗∗∗
0.001314∗∗∗
0.359251∗∗∗
−5.658753∗∗∗
−0.555833∗∗∗
0.431086∗∗∗
2.135520∗∗∗
−2.220519∗∗∗
DAX
0.159329
0.003555
0.553324∗∗
−1.498679∗∗∗
−0.554922∗∗∗
0.426420∗∗∗
1.808479∗∗∗
−1.889709∗∗∗

Note: ∗∗∗ , ∗∗ , and ∗ in all tables denote that the parameter is significant at 1%, 5%, and 10% level, respectively.

risk preference, and the last period’s disturbance as well as
the magnitude of gains and losses obtained by investors
to analyze their effects on investors’ risk preference. In
GARCHC-M model, the effects of these factors on investors’
risk preference are expressed, respectively, by 𝜆 0 , 𝜆 1 , 𝜆 2 , 𝜆 3 ,
and 𝜆 4 . Results of GARCHC-M model are shown in Table 5.
According to Table 5, parameter 𝜆 0 is almost negative
except SSE and HIS (𝜆 0 for NYSE is positive but not
significant). That is because the stock trading itself is a kind
of risk investment and the investors who have entered the
stock markets usually have accepted a certain degree of risk
and hope to get profits through taking risk. Therefore, their
inherent risk preference is risk seeking. Relatively speaking,
it is less likely for those highly risk aversion investors to enter
the stock market. However, the coefficients 𝜆 0 for SSE and
HIS are significantly positive, which indicates that Chinese
investors in stock market are inherently risk averse. And it
may due to some limitations of the Chinese stock market
(such as the government interference, short-sale constraints,

and the imperfect information disclosure system), so Chinese
ordinary investors are always in such a weak position to get
information that they become more cautious when deciding
to enter the stock market. 𝜆 1 is significantly negative in each
index, denoting that investors’ risk aversion may reverse.
Namely, the more risk aversion the investors display in the
last periods, the more likely their degree of risk aversion will
be lowered in the current period.
All 𝜆 2 are significantly positive, which means that if the
previous disturbance is positive (𝜀𝑡−1 > 0), the stock price
will rise in response to previous favorable news and investors
will gain in the current period. At that point, investors may
believe that the previous favorable news has been almost
reflected in the stock price in the current period, so that in
the next period the response of the stock price to the last
period’s information will be weak, and it is less likely for stock
price to rise. At the same time, investors tend to be more
risk averse because of their gain in the current period; on
the contrary, if there was unfavorable news (𝜀𝑡−1 < 0) in

10

Mathematical Problems in Engineering
Table 6: Results of GARCHCS-M model.

𝛼0
𝛼1
𝛼2
𝜆0
𝜆1
𝜆2
𝜆3
𝜆4
𝛽0
𝛽1
𝛽2
𝛽3
𝛼0
𝛼1
𝛼2
𝜆0
𝜆1
𝜆2
𝜆3
𝜆4
𝛽0
𝛽1
𝛽2
𝛽3

NYSE
0.032748∗∗∗
0.003755∗∗∗
0.840223∗∗∗
0.520869
−0.534450∗∗∗
0.389653∗∗∗
2.427590∗∗∗
−2.417871∗∗∗
0.011167∗∗∗
0.025146∗∗∗
−0.417980∗∗∗
−0.002138∗∗∗
SSE
0.078490∗∗∗
0.008338∗∗∗
0.753594∗∗∗
1.358914∗∗∗
−0.549423∗∗∗
0.419093∗∗∗
1.880591∗∗∗
−1.970116∗∗∗
0.021521∗∗∗
0.003092∗∗∗
−0.955899∗∗∗
−0.003252∗∗∗

NASDAQ
0.059882∗∗∗
0.011491∗∗∗
0.761472∗∗∗
−1.818666∗∗∗
−0.554154∗∗∗
0.405554∗∗∗
2.103677∗∗∗
−2.111141∗∗∗
0.034400∗∗∗
−0.003799∗∗∗
−0.765549∗∗∗
−0.011834∗∗∗
TSX
0.095450∗∗∗
0.002842∗∗∗
0.405478∗∗∗
−2.522936∗∗∗
−0.552330∗∗∗
0.451105∗∗∗
2.727661∗∗∗
−2.804131∗∗∗
0.016240∗∗∗
−0.009698∗∗∗
0.043553∗∗∗
−0.001740∗∗∗

N225
0.109288∗∗∗
0.004289∗∗∗
0.571782∗∗∗
−5.558346∗∗∗
−0.549442∗∗∗
0.425541∗∗∗
2.141823∗∗∗
−2.240880∗∗∗
−0.000686
0.017174∗∗∗
0.233469∗∗∗
−0.004405∗∗∗
DAX
0.081691∗∗∗
0.006848∗∗∗
0.666130∗∗∗
−1.236687∗∗∗
−0.542548∗∗
0.429631∗∗∗
2.198568∗∗∗
−2.279814∗∗∗
−7.46𝐸 − 05
−0.004551∗∗∗
0.799342∗∗∗
−0.004559∗∗∗

FTSE
0.065898∗∗∗
0.003981∗∗∗
0.597459∗∗∗
−1.669158∗∗
−0.545990∗∗∗
0.436965∗∗∗
2.717860∗∗∗
−2.804423∗∗∗
−0.001668
−0.006407∗∗∗
0.393021∗∗∗
−0.004398∗∗∗
AORD
0.064674∗∗∗
0.019617∗∗∗
0.395201∗∗∗
−1.845275∗∗∗
−0.545878∗∗∗
0.405188∗∗∗
3.306989∗∗∗
−3.355281∗∗∗
0.002079∗∗∗
0.011885∗∗∗
0.427390∗∗∗
−0.001707∗∗∗

HSI
0.054940∗∗∗
0.004468∗∗∗
0.831583∗∗∗
1.498100∗∗∗
−0.564360∗∗∗
0.382486∗∗∗
1.723770∗∗∗
−1.918894∗∗∗
0.059488∗∗∗
−0.001418∗∗∗
−0.683796∗∗∗
−0.013545∗∗∗
BSE
0.114732∗∗∗
0.004242∗∗∗
0.580042∗∗∗
−1.512498∗∗
−0.567313∗∗∗
0.406237∗∗∗
1.993331∗∗∗
−2.082169∗∗∗
−6.64𝐸 − 05
−0.000992∗∗∗
0.779456∗∗∗
−0.004719∗∗∗

Note: ∗∗∗ , ∗∗ , and ∗ in all tables denote that the parameter is significant at 1%, 5%, and 10% level, respectively.

Table 7: Results of D-GARCH-M model for both subsamples.
Subsample one
NYSE
NASDAQ
N225
FTSE
HSI
SSE
TSX
DAX
AORD
BSE

𝛾1
0.640981∗∗∗
0.685455∗∗∗
0.629153∗∗∗
0.644795∗∗∗
0.614571∗∗∗
0.622441∗∗∗
0.675752∗∗∗
0.655910∗∗∗
0.648971∗∗∗
0.667433∗∗∗

Subsample two
𝛾2
−0.679950∗∗∗
−0.729813∗∗∗
−0.692404∗∗∗
−0.707139∗∗∗
−0.661842∗∗∗
−0.623209∗∗∗
−0.704449∗∗∗
−0.732814∗∗∗
−0.697216∗∗∗
−0.692247∗∗∗

𝛾1
0.595190∗∗∗
0.618578∗∗∗
0.635881∗∗∗
0.561256∗∗∗
0.649233∗∗∗
0.617179∗∗∗
0.604806∗∗∗
0.576186∗∗∗
0.624139∗∗∗
0.642601∗∗∗

𝛾2
−0.683966∗∗∗
−0.766874∗∗∗
−0.697001∗∗∗
−0.660976∗∗∗
−0.676273∗∗∗
−0.648040∗∗∗
−0.679584∗∗∗
−0.660571∗∗∗
−0.716930∗∗∗
−0.696585∗∗∗

Note: ∗∗∗ , ∗∗ , and ∗ in all tables denote that the parameter is significant at 1%, 5%, and 10% level, respectively.

the last period, the stock price will fall in response to previous
unfavorable news and investors will lose in the current
period. However, investors may think that the current fallen
stock price has almost absorbed the last period’s unfavorable
news, so it is less likely that the next period’s stock price
will fall. With the current loss, investors tend to be risk
seeking, and their risk aversion will be relatively lower. 𝜆 3
are significantly positive, indicating that investors demand
more risk compensation with increasing gains; that is,

the more gains the investors get in the current period, the
more risk averse the investors will be. 𝜆 4 are significantly
negative, indicating the risk compensations that investors
demanded reduce with increasing losses; that is, the more the
investors lose in the current period, the less risk averse the
investors will be.
3.2.4. Risk Preference Has Effect on Conditional Skewness.
Combined with above research, it can be found that
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Table 8: Results of DR-GARCH-M model for both subsamples.
Subsample one
NYSE
NASDAQ
N225
FTSE
HSI
SSE
TSX
DAX
AORD
BSE

Subsample two
𝛾2
−1.029353∗∗∗
−0.725153∗∗∗
−0.800961∗∗∗
−0.913827∗∗∗
−1.0314767∗∗∗
−0.759942∗∗∗
−1.224402∗∗∗
−0.569934∗∗∗
−1.597704∗∗∗
−0.805845∗∗∗

𝛾1
1.001558∗∗∗
0.710845∗∗∗
0.736881∗∗∗
0.867442∗∗∗
0.859986∗∗∗
0.647975∗∗∗
1.204687∗∗∗
0.539064∗∗∗
1.447118∗∗∗
0.678387∗∗∗

𝛾1
0.522485∗∗∗
0.551125∗∗∗
0.504701∗∗∗
0.579689∗∗∗
0.411237∗∗∗
0.433204∗∗∗
0.580805∗∗∗
0.516428∗∗∗
0.675407∗∗∗
0.460132∗∗∗

𝛾2
−0.570659∗∗∗
−0.538697∗∗∗
−0.643300∗∗∗
−0.670907∗∗∗
−0.529651∗∗∗
−0.529604∗∗∗
−0.678481∗∗∗
−0.579919∗∗∗
−0.746404∗∗∗
−0.510001∗∗∗

Note: ∗∗∗ , ∗∗ , and ∗ in all tables denote that the parameter is significant at 1%, 5%, and 10% level, respectively.

Table 9: Results of GARCH-M model for both subsamples.

Subsample one
NYSE
NASDAQ
N225
FTSE
HSI
SSE
TSX
DAX
AORD
BSE
Subsample two
NYSE
NASDAQ
N225
FTSE
HSI
SSE
TSX
DAX
AORD
BSE

𝜆0

𝜆1

𝜆2

𝜆3

𝜆4

0.019299
−0.190861∗∗∗
−4.303337∗∗∗
−2.097614∗∗∗
0.813972∗∗∗
3.055975∗∗∗
−4.095659∗∗∗
−1.568814∗∗∗
−1.600360∗∗∗
−3.000078∗∗∗

−0.560471∗
0.552694∗∗∗
−0.555784∗∗∗
−0.549676∗∗∗
−0.556632∗∗∗
−0.558609∗∗∗
−0.558458∗∗∗
−0.553748∗∗∗
−0.544216∗∗∗
−0.563749∗∗∗

0.140618∗∗∗
0.457170∗∗∗
0.454203∗∗∗
0.459551∗∗∗
0.453012∗∗∗
0.452607∗∗∗
0.447830∗∗∗
0.429908∗∗∗
0.464784∗∗∗
0.425857∗∗∗

1.537443∗∗∗
2.509508∗∗∗
2.608714∗∗∗
2.857326∗∗∗
1.150249∗∗∗
2.324789∗∗∗
4.101495∗∗∗
1.708075∗∗∗
0.994613∗∗∗
2.307102∗∗∗

−1.485586∗∗∗
−2.553913∗∗∗
−2.661776∗∗∗
−2.881908∗∗∗
−1.175460∗∗∗
−2.405169∗∗∗
−4.193618∗∗∗
−1.767928∗∗∗
−1.008317∗∗∗
−2.363432∗∗∗

−1.087094∗∗∗
−2.047090∗∗∗
3.699622∗∗∗
−1.889732∗∗∗
−0.651936∗∗∗
−0.605922
−0.570423∗
−2.300593∗∗∗
−3.133897∗∗∗
−2.605670∗∗∗

−0.542527∗∗∗
−0.548294∗∗∗
−0.560864∗∗∗
−0.547451∗∗∗
−0.564576∗∗∗
−0.556074∗∗∗
−0.567550∗∗∗
−0.555535∗∗∗
−0.557795∗∗∗
−0.575761∗∗∗

0.444638∗∗∗
0.442114∗∗∗
0.447874∗∗∗
0.463148∗∗∗
0.446703∗∗∗
0.433163∗∗∗
0.457572∗∗∗
0.432920∗∗∗
0.416543∗∗∗
0.386893∗∗∗

1.793444∗∗∗
1.889977∗∗∗
1.809345∗∗∗
2.148643∗∗∗
0.705003∗∗∗
1.593244∗∗∗
2.467647∗∗∗
1.843302∗∗∗
2.354740∗∗∗
0.876803∗∗∗

−1.848726∗∗∗
−1.958825∗∗∗
−1.955307∗∗∗
−2.201765∗∗∗
−0.733996∗∗∗
−1.688626∗∗∗
−2.489784∗∗∗
−1.914344∗∗∗
−2.412256∗∗∗
−0.944603∗∗∗

Note: ∗∗∗ , ∗∗ , and ∗ in all tables denote that the parameter is significant at 1%, 5%, and 10% level, respectively.

the GARCHC-M model has effectively captured the characteristics of investors’ risk preference which is influenced
by the state of gain and loss, the value of return, and also
some other time-varying characteristics. In order to examine
the effect of investors’ risk preference on the conditional
skewness, this paper introduces the risk preference 𝛾𝑡 in
GARCHC-M model into the conditional skewness equation
to build the GARCHCS-M model. Results of GARCHCS-M
model are shown in Table 6.
Table 6 presents the empirical evidence of the effect
of investors’ risk preference on conditional skewness in
GARCHCS-M model. For 𝜆 0 , 𝜆 1 , 𝜆 2 , 𝜆 3 , and 𝜆 4 in the risk

compensation equation, the results are similar to those in
GARCHC-M model. 𝜆 0 in most indexes are significantly
negative (SSE and HIS are exceptions, and NYSE’s 𝜆 0 is
positive but not significant), which suggests that the inherent
risk attitude of investors in most stock markets performs
risk seeking. 𝜆 1 in all indexes are significantly negative,
which demonstrates that if investors were risk aversion in the
last period, their current risk tolerance will increase; and if
investors were risk seeking in the last period, their current
risk tolerance will decrease. Likewise, due to the time-lag
action of news, the last period’s favorable news (𝜀𝑡−1 > 0)
will cause the current gain, so 𝜆 2 > 0 indicates the increase
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Table 10: Results of GARCHS-M model for both subsamples.

Subsample one
NYSE
NASDAQ
N225
FTSE
HSI
SSE
TSX
DAX
AORD
BSE
Subsample two
NYSE
NASDAQ
N225
FTSE
HSI
SSE
TSX
DAX
AORD
BSE

𝜆0

𝜆1

𝜆2

𝜆3

𝜆4

𝛽3

0.149401
−0.513311∗∗∗
−3.777040∗∗∗
−0.921792∗
2.475027∗∗
1.391548∗∗∗
−4.761000∗∗∗
−1.425049∗∗∗
−5.386529∗∗∗
−1.423630∗∗

−0.548242∗∗∗
−0.548874∗∗∗
−0.556352∗∗∗
−0.553122∗∗∗
−0.561807∗∗∗
−0.601986∗∗∗
−0.552547∗∗∗
−0.545360∗∗∗
−0.543488∗∗∗
−0.578691∗∗∗

0.431393∗∗∗
0.459606∗∗∗
0.453421∗∗∗
0.373123∗∗∗
0.424600∗∗∗
0.404642∗∗∗
0.458116∗∗∗
0.403189∗∗∗
0.411663∗∗∗
0.375985∗∗∗

3.672784∗∗∗
2.710596∗∗∗
2.644557∗∗∗
2.788999∗∗∗
3.151613∗∗∗
1.884679∗∗∗
4.451923∗∗∗
2.241518∗∗∗
5.148688∗∗∗
2.328986∗∗∗

−3.866663∗∗∗
−2.755633∗∗∗
−2.681098∗∗∗
−2.825051∗∗∗
−3.205647∗∗∗
−1.997258∗∗∗
−4.543090∗∗∗
−2.359356∗∗∗
−5.155793∗∗∗
−2.373751∗∗∗

−0.000130∗∗∗
−0.001513∗∗∗
−0.000891∗∗∗
−0.002944∗∗∗
−0.004062∗∗∗
−0.002907∗∗∗
−0.000454∗∗∗
−0.007290∗∗∗
−0.000302∗∗∗
−0.004478∗∗∗

−1.520766∗∗
−2.059548∗∗∗
2.280618∗∗∗
−2.211826∗∗∗
−0.877987∗
−2.552083∗∗∗
−0.655421
−2.351308∗∗∗
−0.481914∗∗
−1.743111∗∗∗

−0.526001∗∗∗
−0.560921∗∗∗
−0.558477∗∗∗
−0.592518∗∗∗
−0.546284∗∗∗
−0.549725∗∗∗
−0.570514∗∗∗
−0.555709∗∗∗
−0.605378∗∗∗
−0.548526∗∗∗

0.460741∗∗∗
0.438179∗∗∗
0.398786∗∗∗
0.335528∗∗∗
0.445602∗∗∗
0.432000∗∗∗
0.447033∗∗∗
0.350298∗∗∗
0.323437∗∗∗
0.397695∗∗∗

2.079199∗∗∗
2.082888∗∗∗
1.755023∗∗∗
1.900084∗∗∗
1.604401∗∗∗
1.761072∗∗∗
2.531141∗∗∗
1.851416∗∗∗
2.042283∗∗∗
1.649966∗∗∗

−2.156131∗∗∗
−2.124802∗∗∗
−1.855310∗∗∗
−1.966627∗∗∗
−1.671164∗∗∗
−1.844075∗∗∗
−2.560608∗∗∗
−1.815590∗∗∗
−2.045983∗∗∗
−1.739665∗∗∗

−0.002908∗∗∗
−0.007101∗∗∗
−0.016086∗∗∗
−0.015200∗∗∗
−0.00813∗∗∗
−0.007611∗∗∗
−0.002375∗∗∗
−0.022803∗∗∗
−0.029672∗∗∗
−0.003711∗∗∗

Note: ∗∗∗ , ∗∗ , and ∗ in all tables denote that the parameter is significant at 1%, 5%, and 10% level, respectively.

in investors risk aversion, while the last period’s unfavorable
news (𝜀𝑡−1 < 0) will give rise to the current loss which makes
investor less risk averse when there exist 𝜆 2 > 0. In all indees,
there are 𝜆 3 > 0 and 𝜆 4 < 0, which are the same with previous
study. In other words, the degree of investors risk aversion
rises with the increasing current gain while reduce with the
increasing current loss.
The effect of investors’ risk preference on skewness,
denoted by coefficient 𝛽3 , is significant and mostly negative
in most indexes (except BSE), which proves that investors’
risk preference influences the return skewness. The higher
the degree of investors’ risk aversion is, the smaller the
conditional skewness is. This is due to the fact that when most
investors on the market show risk aversion (𝛾𝑡 < 0), they will
be more cautious about their investment decisions, thereby
depressing their demand for stocks, which increases the
falling possibility of stock price and lowers the skewness of the
return distribution. On the other hand, if investors’ aggregate
risk attitude tends to be risk seeking (𝛾𝑡 > 0), the conditional
skewness will increase; this is because risk seeking investors
tend to be adventurous, which usually accelerates the need for
stock on markets leading more possibly to increases of stock
price, thus increasing the skewness.

4. Robustness Test
We divide the whole sample into two subsamples with the
same length to test the robustness of our findings. The time
span of subsample one is from March 1, 2002, to March 30,

2007, while that of sub-sample two is from March 2007 to
March 30, 2012. The D-GARCH-M model, the DR-GARCHM model, the GACRCHC-M model, and the GARCHCS-M
model are estimated again by using those two sub-samples.
And the results are shown in Tables 7, 8, 9, and 10, respectively.
From the parameter estimated by models in all tables,
we find that the results are generally consistent with those
reported in previous part of this paper. Table 7 presents the
result of D-GARCH-M model, it can be seen that for both
sub-samples there exist 𝛾1 > 0 and 𝛾2 < 0. This indicates
that investors are risk averse with gains and risk seeking with
losses, which is consistent with the above finding.
Table 8 displays the result of DR-GARCH-M model and
also presents 𝛾1 > 0 and 𝛾2 < 0 in both samples. It also
proves that investors are risk averse for gains and risk seeking
for losses. Moreover, we can also conclude that the degree of
investors’ risk aversion for risk rises with the increasing gains
and that of risk seeking also enhances with the increasing
losses. Namely, the degree of investors’ risk aversion and risk
seeking is positively related to the size of obtained gains and
losses, respectively.
Table 9 presents the results of the GARCHC-M model
investigating other time-varying characteristics of investors’
risk preference. Most 𝜆 0 in both sub-samples are significantly
negative, which suggests that investors’ inherent risk preference is risk seeking; 𝜆 1 are significantly negative, which
denotes that investors’ current period’s risk preference is
affected by their last period’s attitude to risk. If investors were
risk averse in the last period, their current risk tolerance
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will increase; and when investors were risk seeking in the
last period, their current risk tolerance will decrease. And
𝜆 2 are significantly positive, which also manifest the effect
of last period’s disturbance on risk preference. Parameters
𝜆 3 are significantly greater than zero and 𝜆 4 are significantly
less than zero, which mean that the extent of investors’ risk
aversion will improve with the increasing gains and will be
lowered with the increasing losses.
The result of the GARCHCS-M model in Table 10 proves
that investors’ risk preference has significantly negative effect
on the conditional skewness. That is to say, the return skewness will reduce if the investors generally are risk aversion;
and if investors generally are risk seeking, the skewness will
increase.
From the above analysis, we can conclude that the choice
of sample will not produce great effect on the effectiveness of
our models and our findings in this paper are consistent.

5. Conclusion
This paper firstly makes a full depiction on the time-varying
characteristics of investors’ risk preference at market level
based on extended GARCH-M models (the D-GARCHM model, DR-GARCH-M model, GARCHC-M model, and
GARCHCS-M model). Then, it further studies how investors’
risk preference influences the return skewness. Firstly, we find
that investor’s risk preference changes with states of gain and
loss, manifesting risk aversion with gains and risk seeking
with losses, which effectively explains the inconsistency riskreturn relationship. Secondly, investors’ risk preference is
also influenced by the magnitude of return; the degree of
investor’s risk aversion positively related to the value of
gains; and that of risk seeking positively related to the
value of losses. Thirdly, when considering other factors that
influence investors’ risk preference, we find that people’s
inherent risk preference overall is risk seeking, and the
current risk preference is influenced by last period’s risk
preference and other disturbance. What is more, the extent
of investors’ risk aversion improves with increasing gains and
reduces with increasing losses. With further study, we also
find that investors’ risk preference influences the conditional
skewness. Specifically, when investors in the market show
risk averse on the whole, the skewness of return distribution
will reduce; when investors overall show risk seeking, the
skewness of return distribution will increase, which also
further proves the conclusion of negative correlation between
the risk compensate coefficient and skewness in the study of
Wen and Yang [22].
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