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Abstract—The impact of noise on stock market is one of the
main reasons for inefficiency of information, and deviation of
stock price. The measure of noise trading is beneficial for
judgment of stock value. This paper has authenticated the
existence of noise trading in SHSE A-share market through the
variance ratio test method. Then the EGARCH-M model of
stock price and trading volume has been established, to

authenticate the asymmetric effect of the impact of information.

On this basis, this paper utilized the fitting result of the model
to separate noise trading, and then build the measure indexes
of noise risk and noise component. It has broken through the
limitations of previous methods for measure of noise trading.
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L INTRODUCTION

Noise in the stock market is considered as the reason for
reduction of the information’s efficiency, but how to
measure the noise of market reasonably is still in the
exploratory stage. Market trading volume is decided by
information and noise, but it’s difficult to distinguish these
two parts, no matter theoretically or on practice. How to
determine the component of noise and its risk, has an
important significance for market regulation and investment
decision-making.

A. The Concept and Causes of Noise Trading

The noise in stock market refers to the information which
leads to severe deviation between price of asset or portfolio
and their expected prices, the concept was put forward by F.
Black in 1986 [1]. D. J. Bradford et al. have found that
volatility of stock price could not be explained by changes in
fundamentals at most of the time; and asset price responded
to not only the information, but also irrational "noise trading"
[2]. About the definition of noise traders, D. James and G.
Gary pointed out that noise trader referred to investors who
made investment decision based on noise [3]. P. Frederic
regarded noise traders as investment-subjects containing
unpredictable faith [4].

Although F. Black introduced and defined the noise
trading, and asserted that noise trading was important
component in securities market, he did not explain the cause
of noise trading [1]. B. W. Gregory pointed out that the most
basic characteristics of noise traders was irrational, they took
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unified action based on noise [5].The direct impact of noise
trading on the market is challenge to the efficient market
hypothesis (EMH) which was introduced and deepen by M.
G. Burton and F. F. Eugene in 1970 [6]. The generation
mechanism of noise and its long-term existence lead to the
failure of EMH.

B.  Research on Measure of Noise Trading

How to quantify the noise, and examine its influence on
the market, has become an important research-subject of
behavioral finance. The first model to quantify noise trading
was called as noise traders’ model. It was put forward by D.
J. Bradford, namely the DSSW model [7]. The model was set
up on this basis: there were rational traders and noise traders
in the market. Noise traders made trades according to noise
that filled the market, and then posed risk.

At empirical level, much of the research has measured
noise trading. These studies usually measured noise though
behavioral asset pricing model (BAPM) and capital asset
pricing model (CAPM). S. Wang and W. Li calculated the
risk of stock in CAPM and BAPM, and regarded the
difference between them as noise trader risk (NTR) [8].
Other related research are mostly in the same patterns. It’s
necessary to build momentum index (DVI) which can reflect
noise trading in these measure models, such as research of B.
Meng [9] and X. Xiao [10] et al.

However, there are following defects in these measure
methods of noise trading:

First of all, doubt still exists in the feasibility of CAPM
and BAPM, such as X. Chen’s study had shown that CAPM
was invalid in Chinese stock market [11].

Second, it’s difficult to construct DVI index. DVI must
satisfy the continuity requirements for a replacement of the
index in CAPM. While it’s almost impossible to select a
certain percentage of stocks as DVI index by sorting
turnover rates through all stocks every day, or cannot meet
the requirement of timely adjustment according to the
“sample stocks” in different situations, either. There is a
large error in previous studies which adopted constituent
stocks (such as SHSE 50, SHSE 180, etc.) as the DVI index.

Third, the calculation of noise trader risk (NTR) is
meaningless. In previous empirical research, NTR is based
on the long-term performance of market, as a result, it cannot
reflect the market scale and risk of noise trading timely.



In order to solve these problems, this paper fits the
change of price and volume by establishing econometric
model, to separate noise trading from them, and then
establishes measure indexes of noise risk and noise
components.

IL.

We must be clear that the impact of information is
asymmetrical before the study on noise trading. Asymmetric
shock refers to the impact of the good news and bad news on
stock price is different. Y. Zhou and X. Zhao verified the
asymmetric effect of information’s impact on asset prices
[12].

It’s a reference that the inspection method of market
effectiveness to test of noise’s existence. This article adopts
the variance ratio method which was put forward by L. W.
Andrew and M. A. Craig [13], to test the existence of noise,
and applies EGARCH-M model to verify the asymmetric
impact of information, and to establish the measure indexes
of noise component and noise risk.

ARCH model refers to the autoregressive conditional
heteroscedastic model which was put forward by the E. F.
Robert [14], and extended to be generalized ARCH model by
B. Tim [15], namely GARCH model. N. B. Daniel proposed
the EGARCH model [16] which was based on the more
flexible hypothesis than GARCH model. Conditional
variance equation of EGARCH model is as follows:
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Where In(o,”) is the logarithmic of conditional variances
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In(6) = w+ Bln(c, *)+a

o,”, which is able to describe the size of the asymmetric

t
effect. @ is constant term, « , # and y are coefficients; u, is
residual. It can be proved that there is asymmetric shock as
longas y #0.

In this article, we need to use residual error sequence
which comes from the fitting model to realize the separation
of noise trading, which means to inspect the influence of
condition variance equation to the mean equation, it adds
conditional variances in the mean equation on the basis of
EGARCH model, constitutes the EGARCH-M model. M
item of the mean equation must comply with Akaike
information criterion and Schwarz information criterion,
namely the reduction of AIC and SC. In addition, M item has
many choices, such as condition of variance, standard

deviation, In(c,”) and etc. In the mean equation, the
relationship between two periods of the time series is
uncertain, namely M item is likely to be negative or positive,
there is minus sign only in In(c,*) in the choices of M; In
addition, we found that other M items cannot pass the
examine of validation after repeated experiments, this article
agrees to choose In(o,”) to be item M for these reasons. The
EGARCH-M model is very effective in measure of noise
trading for its applicability and convenience, and it is a
meaningful reference for the quantification of behavioral
finance.
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I1I. MEASURE INDEX OF NOISE RISK

A. Data

In this section, we choose the SHSE A-share index
between January 2008 and June 2013, data from Resset
database. Then calculate the logarithm yield rate of day ¢,

namely 7, . The expression is:

L= In F- In B,
Where B, is SHSE A-share index of day ¢.

First of all, we need to describe intuitively the statistical
features of the data. Upon examination, the data disobeys
normal distribution from the perspective of the skewness and
kurtosis of the data.

The result of variance ratio test supports the existence of
noise trading at statistical level. We can calculate the
variance ratio of 7 by Matlab both in the conditions of

homoscedasticity (Z;) and heteroscedasticity (Z,), where q is
the lag phase. The results are shown in table 1.

2

TABLE 1. RESULTS OF VARIANCE RATIO TEST

q VR 7, Z,

2 0.5021 -17.3773 -10.3508
3 0.3227 -15.8557 -9.8105
4 0.2399 -14.1794 -9.0844
5 0.2007 -12.7327 -8.3834
10 0.0997 -9.3056 -6.5282
15 0.0634 -7.6948 -5.5190
20 0.0516 -6.6596 -4.8566
30 0.0335 -5.4703 -4.0838
45 0.0212 -4.4847 -3.4243
60 0.0166 -3.8858 -3.0051

In table 1, Z statistics are beyond the 95% confidence
interval, [1.96, 1.96] no matter 7 is homoscedastic or

heteroscedastic. Therefore, we refuse the null hypothesis,
namely the index is not in conformity with the random walk.
At the same time, along with the extension of lag phase, the
absolute value of Z statistic gradually reduced, but it is not in
the confidence interval until the q = 60. In these factors
which cause deviation of price, noise is the most important
one, variance ratio test confirmed the existence of noise
trading in SHSE A-share index.

B. Heteroscedasticity Test

It’s necessary to test the stationarity of data before the
regression model is established. To take the natural
logarithm of SHSE A-share index and make ADF unit root
test. Upon examination, the probability that data has unit root
is P=0.0112. As a result, the SHSE A-share index is stable,
the regression model can be established.

As mentioned above, in order to overcome the non-
stationary of raw data, we need to get logarithmic index, and
get the following regression the closing price of day ¢ and
day ¢-1:
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Where u, is residual, c is constant term. The result which

Inp,=c+lnp,  +u,

makes use of least squares estimation is obtained:



In(p,) =0.0694+0.9911xIn(p, ,)
t=(3.36) (378.57)
R*=0.992 AIC=-5.179  SC=-5.170

It is clear that the fitting equation is very effective,
however, we have to test the heteroscedasticity of the
residual error of equation,, due to heteroscedasticity will
make an evident impact on variance ratio and the time series
model. Intuitively, fig. 1 is a residual’s figure of regression
equation, the figure shows that the yield 7, is very volatile in
a period and fluctuation in another period is very small, it
shows that heteroscedasticity exists in residual.
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Figure 1. Residual figure

Due to heteroscedasticity exists in residual, the ARCH
LM test must be used to verify necessarity of use conditional
heteroscedastic model to modify the regression model. The
ARCH LM test result is shown in table 2, lag phase p = 1.
The table shows that we should reject the null hypothesis,
namely the ARCH effect exists in the residual.

TABLE 2. TEST RESULT OF ARCH LM

F
TxR?

C. EGARCH-M Model

It’s confirmed that the series of SHSE A-share index has
ARCH effect, in order to make a quantitative description
about the asymmetric effect on the stock market, we need to
set up EGARCH-M model. It is worth noting that the
EGARCH model established by Eviews is different from
Nelson’s: first is the presumption that the conditional

32.032
31.260

P
P

0.0000
0.0000

distribution of error term 1, is different; Second, conditional
variance of Eviews is defined as:

u

-1

O

t-1

In(6,’)=w+ BIn(o, *)+a =l +y

“4)

t-1

Thus, the difference between identified equations of
Eviews and Nelson is located in the constant term, it does not
affect the final conclusion. Where y is on behalf of the size

of the asymmetric effect. If yisn’t close to O significantly,

asymmetry exists in shock. This paper takes SHSE A-share
index between January 2008 and June 2013 as sample,
EGARCH-M model is set up by Eviews6.0. Condition mean
equation of the model established is as follows:

Inp, =u+phnp,  +pho’ +u,

Q)
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The result is:
Mean equation:

In p, =0.0957+0.9896x1n p, , +0.0017In &>

z =(5.72) (586.29) (2.30)
Variance equation:

In(c,*) = —0.1519+0.99191In(c, *)+0.1120

ut—l ‘

t-1

~0.0159 4L
O-t—l

z=  (-4.86) (331.87) (6.90) (-1.98)

R*=0.992 AIC=-5.42 SC=-5.39
Compared with equation (5), AIC and SC become
smaller, so it fits the model more effectively by adding M
item in the mean equation, the effectiveness of equation is
improved. The empirical result of model shows that y is not

close to 0 significantly, indicates that there is asymmetry in
SHSE A-share market, namely, bad news make larger
fluctuation, and there is leverage effect in daily closing price
of SHSE A-share index.

D. The Information Impact Curve

Using EGARCH-M model, we can show the asymmetric
effect of information on stock price intuitively through curve
drawing of asymmetric information’s impact. Information
impact curve was proposed by Z. Ding, G. Clive and E. F.
Robert in 1993 [17]. Fig. 2 is the information impact curve
of SHSE A-share which is based on the model.
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Figure 2. Impact curve of information

The figure shows that when the value of the error term
u, is negative, the curve is relatively steep; otherwise, the

curve is relatively flat. It can be concluded that the impact of
negative information is fiercer than positive information.

E. Measure Index of Noise Risk

First of all, it is necessary to define the different
compositions of volumes. The mixed distribution hypothesis
proposed by P. K. Clark in 1973 regarded the trading
volumes as the embodiment of the information flow [18].0n
the basis, A. G. Torben put forward the information volume
and the non-information volume for the first time [19].
Therefore, this article takes the volatility of daily stock price
as impact of trading behavior on it, the impact includes three
parts: information volume, this is generated by historical
information and instant information; non-information
volume which is caused by other factors, such as the



liquidity needs of traders; noise trading, this is the result of
that investors who regard noise as information.

In the fitting result of EGARCH-M model, residual
u, contains the part that stock price (index) cannot be
changed by history information (including residual,
conditional variance, etc.). In addition, the mean of residual
in K daysi, includes the impact of temporary good or bad
news on stock price, and the part is come from the impact of
the irrational behavior of investors.

We take u, —u, as offset of residual at day ¢ in regression
model, where i, stands for the moving average volume of
residual item in a certain period. Because the moving
average of residual item reflects the impact of historical
information on stock prices, we take A, =u, —u,, , namely,
the residual offset is on behalf of noise trading's impact on
share prices.

Considering the stock market has 20 trading days only a
month, we take K = 20. When ¢ = 20, the result of variance

ratio test VR(20)=0.0508 , Z,(20)=-10.7665 |,
Z,(20)=-7.8017 , the share price does not conform the

random walk hypothesis, either.
The mean equation of EGARCH-M model is as follows:

Inp,—Inp, =u, =u, +A, (6)

Because this article is going to explore the impact of

A, on the stock price, so we take a deformation of above
equation. Transpose and make the logarithm of both sides:

b (Be™)=e" (7

Assume that error ¢ exists in the estimation of price in

is:

the model, namely p, = p,(1-¢) . Because e" does not

change and significantly close to 1 over time, the relationship
between ¢ and e is as follows:

¢ ~1-1/e™ (8)

Accordingly, there is a direct relationship between the

deviation of stock price and fluctuations caused by noise. We
can calculate the deviation rate ¢, by measuring the residual

deviation A, .

So, e is behalf of the impact of noise. It can be named
as Noise Impact (NI) as well, namely noise impact of day is
as follows:

NI, =e" =e" ™™ O]

In order to describe the impact of unit standard deviation
preferably, and conditional variance reflects the risk of noise
impact, so we establish measure index with the help of the
thoughts of a Sharp Rate [20], namely (v, —u,, )/ o, . It might
be named Noise Risk Rate (NRR) as well, its expression is:

NRR, = (u, —u,)/ o, (10)
Their relationship is:
NRR,=In NI, / o, (11)
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Where the risk rate of noise NRR is the ratio between the
logarithm of noise impact, In N/, and standard deviation, o, .

Applying Eviews software, the value of NI and o, can be

obtained easily, so noise risk rate can be figured out to
determine the size of the noise risk in stock market.

1V. MEASURE OF NOISE COMPONENT

In previous sections, EGARCH-M model has verified the
asymmetric impact of information on stock price. On the
other hand, the impact of noise also reflects on the
unexpected change of trading volume. For individual stocks,
the information impact on trading volume is embodied in
fluctuations of turnover rate. The impact on turnover rate
also has asymmetry effect because of the irrational factors,
namely turnover rate can be greatly improved by positive
information, while the impact of bad news is small relatively.

In this section, we select several shares listed in SHSE A-
share whose provides overall is large, time of going public is
long, and then carry on the regression analysis by EGARCH-
M model, then get the measure index of noise components
on the basis. The turnover rate daily is influenced by
previous turnover rate and yield rate, so we choose them as
independent variables.

For limited space, this paper show the fitting results of
600000, 600006, 600015, 600019 and 600015 only, it’s
verified that most of the stocks are appropriate for the model.
In this paper, the selection of data is daily turnover rate of
individual stocks, the data source is Resset database. Because
the turnover rate of new shares is high, and its fluctuation is
large, the choice interval of data is the day after two months
of IPO to June 2013.

Before the establishment of regression model, we need to
take unit root test to turnover rate, Turnover, and yield of

stock, 7, , test results are shown in table 3. It shows that

there is no unit root in daily turnover rate of five stocks, so
the regression model can be established.

TABLE 3. RESULTS OF ADF UNIT ROOT TEST

Variable stock ADF value P
600000 -5.20 | 0.0000
600006 -4.56 | 0.0002
Turnover, | 600015 -5.46 | 0.0000
600019 -6.89 | 0.0000
600029 -8.97 | 0.0000
600000 -55.95 | 0.0001
600006 -42.75 | 0.0000
7, 600015 -48.64 | 0.0001
600019 -52.72 | 0.0001
600029 -43.29 | 0.0000

Note: ADF test options are intercept term and excluding trend.

First of all, we can assume that there is linear relationship

between turnover rate of day ¢ and the day before ¢. Linear
model is as follows:

Turnover, = ¢ + 6 Turnover, | +6,r, +u,

(12)
Where Turnover, stands for turnover rate at day ¢, u, is
residual. The results are listed in table 4.



TABLE 4. THE RESULTS OF REGRESSION MODEL FOR TURNOVER RATE

STOCK * 0* 0, * R F* DIV, AIC sc
0.072 0.824 2.119

600000 | 1 oo (83.555) 13621) 0.698 3587.878 2.483 0.016 0.022

600006 (:?ﬁt;) (;3i22) (;zzﬂz) 0.732 4377312 2,249 1115 1121
0236 0.759 5.728

600015 | (e (57559) (16.38) 0.628 1827.125 2.409 1420 1.428

600019 (1(;'4%56 97) (70261114) (112'.269954 ) 0.680 3035.230 2387 0652 | -0.646

600029 (106.169823) (408.770331) (134?86329) 0.541 1299.854 2253 0.531 0.539

The we should take ARCH LM test for residual. Test
results are shown in table 5. It shows that ARCH effect exists
in the residuals of regression. We need deal with conditional
heteroscedasticity.

TABLE 5. THE TEST RESULTS OF ARCH EFFECT

Stock code F* TxR**
600000 67.983 130.380
600006 237.493 413.983
600015 92.244 88.563
600019 155.147 147.275
600029 39.676 76.766

Note: * means statistics are significant at 1% level.

A. EGARCH-M Model and Information Impact Curve

The test above shows that daily yield rate of individual
stocks has ARCH effect obviously. Considering the
asymmetry of information impact, this paper takes
asymmetric EGARCH-M model as regression for individual
stock.

Mean equation of model:

Turnover, = u+ p,Turnover, |+ p,r, + plno’ +u,

(13)

Conditional variance equation:

+y U,
o,

t-1

In(6,))=w+ BIn(o, *)+a Yo

» (14)

The estimate results of EGARCH-M model for turnover
rate of individual stocks are shown in table 6. The premise of
joining M item to the mean equation is that AIC and SC
become smaller. Compared with table 4, the two values are
smaller, so the mean equation is effective, namely we can
join M item.

The regression results show that yis not 0 remarkably,
so the impact of information on the turnover rate has
asymmetry obviously. In the estimation results of EGARCH-
M model for five stocks, y > 0 at all the time, it implies the

impact of good news on turnover rate is significantly greater
than bad news.
It will display the asymmetry of information

visually through drawing impact curve of information to
turnover rate. In 600000, for example, the information

Note: values in bracket are t statistics, * means the coefficient is significant at at 1% level.
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impact curve is shown in fig. 3. The figure shows that the
impact of good news on turnover rate is significantly
greater than bad news.
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Figure 3. The impact curve of information (turnover rate)

B.  Measure of Noise Component

Because the most direct embodiment of noise component
[21] is the deviation of volume in stock market, and then
causes the deviation of share price. In this paper, we can
establish the measure index of noise component for imitating
the method of measure of noise risk. The difference between
residual item and mean of 20 days, A, =u, —u,, can be

described as Noise Component Index (NCI), it shows the
percentage of noise trading in turnover rate. Now the
measure index of noise component can be established, its
expression is as follows:

20

NCI =M "M

, 100
Turnover,

(15)

Where NCI, can be expressed as the percentage of

deviation of turnover rate which is caused by noise. We need
to pay attention to the following points for applying of NCI
indicators:

First of all, the absolute value of NCI may be larger than
100, and even become very large. The deviation between
residual error and mean u, —u,, may be greater than turnover

rate in the day. This kind of situation happens when turnover
rate is close to zero, usually in daily limit of individual
stocks. On the circumstance, we can't use this model to
measure noise component, but the study of stock price in this
model is not affected by the limitation;



TABLE 6. ESTIMATE RESULTS OF EGARCH-M MODEL

600000 600006 600015 600019 600029
N 0.247 0.263 1224 0.458 0.774
" (27.996) (17.414) (14.621) (19.355) (11.237)
. 0.661 0.7005 0377 0.475 0.461
A (50.175) (67.918) (14.751) (19.279) (16.162)
0.866 2.007 3.547 0.667 1916
= (27.032) (17.857) (20.519) (15.305) (16.552)
N 0.037 0.045 0334 0.076 0.169
? (27.061) (13.443) (10.988) (18.676) (8.530)
o 0252 20213 10.988 20.250 -0.259
(-16.158) (-15.417) (-7.584) (-12.094) (-11.94732)
o 0218 0.187 0.029 -0.054 0.100
(-15.004) (-13.965) (3.113) (-5.305) (10.232)
N 0.561 0.574 0.158 0334 0214
4 (33.721) (33.851) (16.434) (43.545) (22.820)
R 0.898 0.875 0.970 0.931 0.928
p (208.959) (147.694) (188.173) (160.517) (131.186)
R 0.699 0.712 0.658 0.690 0.549
F* 1028456 1130.526 595.573 910.202 382.809
AIC -0.805 0.272 0.966 1,199 0.288
SC -0.790 0.287 0.986 1182 0.309

Note: values in bracket are z statistics, * means the coefficient is significant at 1% level.

Second, when NCI is negative, the residual is lower than
the average residual error of the day. It suggests that the
noise of market is eliminated, efficiency of information
increases, turnover rate of stock decreased to normal
gradually, stock price will recover to its own expected value.

Fig. 4 reflects the statistical properties of noise
component index that is time series after getting rid of
outliers. The figure shows that noise component of 600019
share is very low, its average is 7.4%. On the other hand, the
trading days whose noise component index distributes on
both sides of 0 are in the majority. It is close to the actual
market, so the measure index of component is reasonable.

m Series: NCI

240 Sample 12707
Observations 2707

2001 Mean -7.394323
Median -3.278303

1604 Maximum ~ 128.0216
Mnimum  -128.8063

120 Std. Dev. 44.60450
Skewness -0.282728

80| Kurtosis 3.065881

40 Jarque-Bera  36.55370
Probabilty ~ 0.000000

T PR e e T
-120 -80 -40 40 80 120

Figure 4. The statistical properties of noise component index(600019)

V. CONCLUSION

The traditional measure methods of noise trading were
established on the basis of CAPM model which was unable
to prove its practicality or BAPM model which was hard to
quantify. So they all have complex calculation but low
efficiency, and their feasibility is poor, they can’t give
reasonable measure of noise trading at econometrics level.

There are the following conclusions through above
research:
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Firstly, noise trading is ubiquitous in Chinese stock
market, variance ratio test result has proven that the universal
existence of noise trading, this is the main cause of low
efficiency of market information in Chinese stock, and
actually, many investors act as noise traders.

Secondly, the impact of good news and bad news on
price and volume has asymmetry, EGARCH-M model is one
of asymmetrical generalized ARCH models, and very
effective in the reflex of the asymmetric impact of
information. In this paper, the information impact curve has
shown the different kinds of the noise impact on investor
behavior and performance of stock market. Among them, the
impact of bad news on the price of the stock market is bigger;
and the impact of positive information on stock trading
volume is more outstanding. It has deepen the previous
research.

Thirdly, stock price and turnover rate have ARCH effect,
EGARCH-M model will fit them effectively. We can
establish measure indexes of noise risk and noise component
through the model which can describe the noise of the
market trading properly. About the application of the fitting
results of this model, this article applies the method of
Sharpe Ratio, to show the unit impact of noise risk on price
and volume objectively, to enhance the practicability of this
method.

The measure indexes of noise risk and noise component
are able provide a new angle of view to the research of noise
trading, the future research is diversified, such as how to
apply these two measure indexes to research noise trading in
stock market at the same time, and to explore the essence of
their relationship, namely the price-volume relationship.
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