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Abstract

As a kind of stock treated specially, ST
stock has higher risks as well as high rev-
enues; so, it is of great significance to
study the market volatility of ST stocks in
Chinese stock market. The 745 index re-
turn rates of ST stocks from April 1st,
2010 to April 26th, 2013are studied with
nonlinear method. It is demonstrated: ST
index return rate has peak fat-tail charac-
teristics  and heteroskedasticity;the
EGARCH model established on the se-
quences of ST index return rate shows
that there is obvious leverage effect in
Chinese stock market. Meanwhile, it
could also be known from the study that
GARCH model fits best the return rate
sequence, through which short-term pre-
diction of ST index is conducted, predict-
ing correctly the short-term several-day
movements with stable results.

Keywords: ARCH model; ST stocks;
volatility; leverage effect

1. Introduction

Prices of stock market contain abun-
dant information, involving mainly vari-
ous aspects of the operation of stock mar-
ket; however, the prices of stocks are
fluctuating all the time. Studies have
found that clustering often occurs to some
financial time series and the variance will
varies with the time, such phenomenon is
against the hypothesis that the random
error term of the model complies with the
same variant, meanwhile, it will also lead
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to peak fat-tail of the distribution of the
stock prices in stock market. The influ-
encing factors of the fluctuation of stock
prices are diversified and complex, so the
return rate of stock price is a good index
for studying stocks. Establish ARCH
model, GARCH model and other expand-
ing models for the return rate of stock
prices and make empirical analysis; exca-
vate important economic information
contained in the results of the empirical
analysis so as to offer decision support to
funds managers, investors and govern-
mental regulators. All these models have
gained extensive application in fluctua-
tion of return rate, market risk assessment
and fluctuation in prices with better re-
sults™,

2. Overview of ARCH family model

()  ARCH model

There are various ways to define Con-
ditional Heteroskedasticity (ARCH). At
present what is used often is the defini-
tion put forward in 1982 by Engle. If
there is a random process {1, &° will

comply with the process of AR(q):
&l =0+ ouE s S+,
Among which, {Ur} is independent
identically distributed, and,
E(nt)zo, D(nt)z/lz,t =12,..T,
then it could be said that (&} complies

with the ARCH process of ( stage,
which could be marked as
& ~ ARCH(q) . For convenience of



studying, ARCH (q) model is usually
expressed as

& =MV, , among which {v,} is inde-
pendent identically distributed, and,
E(v)=0,D(v)=1 could be ex-
pressed as

2 2 2

h®=a,+ag " +..+as

(1) GARCH model
If sequence &, could be expressed as:

& = htvt ’

2 2 2
h=a,+ae  +..taé

+Bh_° +...+,[3pht7p2
Among which, v} is independent
identically distributed, and,
v, ~N(0,1),t =1,2,...,T . The process

& =hyv, thus derived from the above

definition is known as generalized ARCH
process, which could be marked

asg, ~GARCH (p,q).

There are generally three hypotheses
about the error distribution of GARCH
model:

1) Error &, is normally distributed:

& ~N(0,1);

2) Distribution of &, : ¢, ~t(4) , among
which t(A1) is the mean value 0 and the
degrees freedom is t distribution of 4 ;
3) Error ¢, is GED distributed: whose
probability density function is

1 x—uf°
f(x)= - exp —‘ ’ul
E 1 pap
20,p F(1+E)

—oo<X<+oo,—oo<,u<+oo,0'p>0,p>0

(lll) EGARCH model
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In ARCH process of g, :\/HV ;

} is independent identically distribut-

{v
ed,and, E(v,)=0,D(v,)=1.Ifitis
supposed that the conditional variance h,
has the following formula
+ Zr:/lk S Zq:ﬂ. Inh,
k=1 \/ht,k j=1 ! .

Then it could be said that {g, } com-
plies with EGARCH process of ( stage.
The conditional variance h, of EGARCH
model is expressed with exponential form.
h, is nonnegative and the leverage effect
is of exponential type. 4 =0 shows that
the informational function is asymmetric.

S

%_E[ h

P
Inh =a,+>
i=1

3. Establishment and analysis of non-
linear model of ST index return
rate

3.1 Data analysis

This essay analyzed the rules of the
stock price index volatility in Shanghai
Stock Market of China. The index of
Shenzhen ST plate (composed of 27 ST
stocks) was selected, ranging from Janu-
ary 4™ 2011 to April 26", 2013, altogeth-
er 745 closing prices as samples. (Data
resources from Great Wisdom) Suppose

S, is the closing price of ST index on t

trading day, P, is daily return rate:

p, =In(s;)—In(s,;) . Time sequence

chart of the return rate and the statistical
characteristic of the sequence see Fig.1.
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Fig. 1 Wave Pattern of ST index return rate

From Fig.1 it could be seen that the
fluctuation of return rate of compositional
index of Shenzhen Stock Market has the
phenomenon of “clustering”, therefore, it
could judged that the sequence might
have ARCH effects. To know better the
nature of the sequence of return rate, we
conducted statistical test and unit root test
to the sequencel?.

The analysis results show that the re-
turn rate sequence of ST index is of the
state of peak fat-tail and the sequence has
no unit root and the sequence is steady.

The autocorrelation and partial auto-
correlation tables and Q statistics of ST
stock return rate sequences are obtained
with Eviews to test the correlations of re-
turn rate sequences. The autocorrelation
and partial autocorrelation are shown in
Table 2, from which it could be seen that
return rate sequences not only have se-
quence correlation, but each item is not
independent, so it is considered that het-
eroskedasticity might exist in the return
rate sequences.

We established autoregression moving
average model for return rate sequences
and established ARMA (2, 3) model
based on the autocorrelation and partial
correlation of ST index return rate se-
quencestl. The residual error sequences
of ARMA (2, 3) were conducted het-
eroskedasticity test with ARCH-LM test
method, the result of which sees Tablel.

Table 1 ARCH-LM test

ST index F-statistic ~ 6.277341  Prob (5,731)
0.000

return

rate Obs*R-squared 30.3416 Prob (5) 0

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

= [}
11
o i}
| |
| |
' '
I
|

1 0178 0178 23576 0000
2 0.066 0.035 26786 0.000
3 0.083 0.068 31.947 0.000
4 -0.027 -0.057 32491 0.000
[ 5 -0.033 -0.026 33200 0.000
1 6 -0.035 -0.020 34225 0.000
! 7 0.036 0.058 35203 0.000
ull 8 0011 0001 35297 0000
! 9 0.065 0.064 38450 0.000
4l 10 0.064 0.032 41563 0.000
| L1 11 0012 -0.008 41688" 0.000
| i
! 11

12 0.009 -0.005 41748 0.000

|
'
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|
|
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|
|
|
! 13 0.029 0.030 42381 0.000

Fig. 2 Correlation functions of ST index return
rate sequences
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From Tablel it could be seen that the
corresponding probabilities of F statis-

tics and R? statistics are on the verge of
0 and the rejected residual error sequenc-
es have no ARCH effect null hypothesis,
which shows that all the ST index return
rate sequences have ARCH effect. It is
necessary to establish ARCH family
models to explain the hidden information
in the wave phenomenon of return rate
heteroscedasticity.

3.2 Establishing ARCH model of ST
index return rate

To eliminate the heteroscedasticity of
ST index return rate, we introduced
ARCH model on the base of ARMA
model. Through analysis, ARCH model
at stage 5 could eliminate the ARCH ef-
fect of return rate sequences, where the
ARCH model fits better. Therefore, we
select ARCH (5) model for ST index re-
turn rate sequences. The estimated result
of ARMA (2, 3)-ARCH (5) model is ob-
tained after the above analysis and re-
peated test:

r,=-0.3674r_, +0.5032r,_, + ¢,

+0.5293¢, , —0.3961z, , +0.014¢, ,
5?2 =0.000112 +0.039302, +0.029807,
+0.036457 , +0.010952 , +0.1071c,




Test whether ST index return rate se-
quences still have ARCH effect, the result
of which is shown in Table 4. It could be
seen that the accompanying probability is
large, i.e. the probability of rejecting null
hypothesis errors is large. So, we accept
the null hypothesis and the ST index re-
turn rate sequences has no ARCH effect
after the establishment of ARCH (5)
model; however, the stage of the estab-
lished ARCH model is higher. So, fitting
could be conducted by establishing
GARCH model of low stages.

3.3 Establishment of GARCH models
under different distributions of ST in-
dex

We established ARMA (2, 3)-GARCH
(1, 1) model of ST index return rate se-
guences.

The model equation structure is:

r =—0.5560r; , +0.3136r,_, + ¢,
+0.7266¢, , —0.1796¢, , +0.0283¢, ,
07 =3.3x10"° +0.03943 £2, +0.9374 67,

The sum of the coefficients of ARCH
and GARCH in the model is 0.9768,
which is in accordance with the hypothe-
sis of GARCH model, close to 1, i.e. the
shock effect of the return would last for a
long time before it declines gradually,
which shows that the wave has strong
continuity®.

GARCH (1, 1) model of ST index re-
turn rate. Since the larger the Log likeli-
hood is, the better the fitting effect of the
model is; the smaller the AIC and the
BIC value is, the proper the lagging stage
selection of the explaining variables of
the model is, which shows the GARCH
(1.1) model has better fitting effects.

Different error distribution is of great
significance for the fitting effect of the
models. In the following, ST index return
rate is analyzed in terms of ARMA (2, 3)-
GARCH (1, 1) model established on dif-
ferent distributions of the errors of
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GARCH models. The model is as the fol-
lows:

1) &t s normally distributed:
r, =-0.743r,_, —0.1256r,_, + ¢,

+0.9177¢, , +0.0439, , +0.0565¢, ,
o2 =2.60x107 +0.03275 &7, +0.9484 52,

2) & is t distributed:

r, =—0.5812r_, +0.3032r_, +&,
+0.7458¢, , —0.1648¢, , +0.0302¢, ,
02 =3.35x10° +0.0417 &2, +0.9352 o2,

3) is GED distributed:

r, =—0.05563r,_, +0.3142r,_, +¢,

+0.7260¢, , —0.1804¢, , +0.0282¢, ,

o2 =3.30x107° +0.03%4 &2, +0.9374 2,
Through establishing GARCH model

of ST index under different error distribu-

tions, it could be concluded that in differ-

ent error distributions of ARMA-GARCH,

the model whose error is based on GED

distribution fits the best after analyzing

comprehensively the evaluation indexes.

Next to it is t distribution and normal dis-

tribution.

3.4 Establishing EGARCH model of ST
index

Though GARCH model could explain
well the clustering of the wave of return
rate sequences, it could not explain the
“leverage effect” existing in time return
rate sequences, i.e. whether the bad news
of the stock market (drop of the return
rate) would produce bigger shock than
the good news with the equal degrees
(rise of the return rate). Therefore,
EGARCH model of the ARCH model
family is used to test the “leverage effect”
of the return rate sequences and to ex-
plain the fluctuation of the impact of the
information on ST stocks. Establish
EARCH model for ST index return rate.

&

The model equation is as the follow:



R =-0.3645R_, +0.5073R_, +,
+0.5304¢, , —0.4031z, , +0.0059, ,

gl -1

In(c?) = —0.6136 +0.0809

Ota

—0.0702%+0.9380|n(o@)
t-1

The logarithm likelihood value of the
fitting results of the EGARCH (1.1) of
ST index increases compared with that of
the ARCH model fitting while both AIC
value and BIC values drop, which shows
that EGARCH (1.1) model has better fit-
ting results than ARCH model. It is con-
cluded through analysis that the leverage
effect coefficient of EGARCH model of
ST index return rate ¢ = ¢(8) =—0.0702.
So, it could be known that there is lever-

age effect in ST stock market®™. The in-
formation impact on ST index return rate

could be expressed that when £.,>0 (i.e.

ST plate market is shocked by good
news), the information has a 0.0107 times

(|0.0809—0.0702)) impact on ST index
return rate and when . <o (i.e. ST plate

market is shocked by bad news), this in-
formation will have a 0.1511 times

(\O_O809+0_0702)‘) impact on ST index

return rate. Thus, bad new of equal
amount has larger shocks on ST index
stock market return rate than good news.

4. Short-term prediction and evalua-
tion of ST index

Since GARCH (1,1) model could bet-
ter imitate the volatility of ST index re-
turn rate, we choose it to make short-term
prediction and error of mean square is
used to evaluate the model prediction.

741 samples were selected in this study
to establish GARCH model, reserving 4
observed value and predicted value for
comparison to observe the predictive abil-
ity of the model. GARCH (1.1) model is
used to predict the ST index on April 23,

624

2013, the result of which is shown in Ta-
ble 2.
Table 2 Comparison of the actual value and
the predicted value

Date Pre- Actual Error of mean
dicted value square
value

April 23, 2013 1035.58 1045.02 0.009468
April 24, 2013 1034.88 1035.24 0.007491
April 25, 2013 1035.48 1048.97 0.000015
April 26, 2013 1034.93 1036.74 0.00000716
From Table 4 it could be known that

there are differences between the predict-
ed value and the actual value. However
considering from the aspect of error of
mean square, the prediction is steady,
which shows that GARCH (1.1) model
have better fitting effects, which could
predict the tendencies of four days and
the prediction has certain stability. With
Chinese supervision system becomes
stringent and the force of striking viola-
tions of laws, it is justified to believe that
GARCH model would be more correct in
predicting ST index.
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