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Abstract - we build the threshold-based state-dependent
autoregressive jump intensity-GARCH model to study smooth
fluctuations and jump changes of individual stocks listed in China. It
makes the jump intensity not only driven by idiosyncratic factors, but
impacted by external state variables. Comparing with the existing
models, it boasts better goodness of fit and explanatory ability. It not
only can more clearly describe the time variation, clustering and
threshold-based state-dependence of jump changes as well as capture
the asymmetry and clustering in normal volatility, but also can better
illustrate the risk contagion between cross-shareholding companies.
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I. Introduction

Since 1990s, China have been impacted greatly by the external
and internal unexpected events, such as US financial crisis,
Europeans debt crisis, snow disasters and earthquakes, which further
intensify incompleteness and instability of their financial markets.
Because of the increasingly obvious double features of normal
fluctuation and jump change in financial asset return, it becomes
more and more important to research and monitor the jump risk.

Actually, many studies had already paid attention to the
jump changes in return of financial assets in 1970s. However,
the shortcoming of these early jump-diffusion models is they
assume the unchangeable jump intensity and frequency of
jump process. Thus, the researches after them focused on
relaxing the assumption of constant jump intensity, such as
Bekaert and Gray(1998), and Neely(1999). They build
external variables based intensity models, which make the
jump intensity driven by some macro economic variables.
Das(2002) use dummy variables to denote each day of the
week to further analyze their effects on the intensity of jumps.

However, these models still can not explain the
phenomenon of clustering in jump changes. Therefore, the
recent researches have turned to emphasize time-varying and
cross-period dependence of jump intensity. Johannes et al.
(1999) builds a state-dependent model (SDJ), which takes the
previous jump of the asset and the previous volatility of
market index as the explanatory variables to explain the
probability that jump occurs currently. Chan and Maheu(2002)
proposes the ARJI-GARCH model to internalize the change of
intensity, supposing the jump intensity follows a auto-
regression process. But this model also has limitation because
it defines the jump intensity as a process driven wholly and
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only by internal idiosyncratic factors. Maheu and
Mccurdy(2004) further discusses the effects of good, bad,
normal and unusual news on the individual stock. Daal et al.
(2007) takes previous volatility of market index into model as
state-variable to study its effect on the present jump change in
the rate of return of market index.

Overall, the studies above relatively better capture the
jump feature of the stock assets to some extent, however, most
of them only focus on the jump in macro financial market. A
few of them, although paying attention to the micro financial
assets, only analyze the internal mechanism of jump changes in
disregard of the effect of external state variables.

While no one model captures these best, we develop the
threshold based state-dependent, autoregressive jump intensity
model (TSD-ARJI-GARCH) to describe both normal fluctuations
and jump changes in the return of stocks and study the contagious
effects of large fluctuations between cross-shareholding
companies. It extends the existing models and improves their
disadvantages of only considering the effect of external factors on
jumps in individual stocks or only considering internal
mechanisms of these jumps. It makes the jump intensity not only
driven by idiosyncratic factors, but impacted by systematic or
relevant state variables, and uses the threshold to measure the
asymmetric effects of external factors.

II. Theoretical model and parameters estimation

The changes in price of stock are driven by unpredictable
information flow, and the potential information flow includes
“normal” and “abnormal” news, each of which has totally
different effect on the rate of return. The diffusion of normal
news causes the smooth fluctuation, which can be captured by
diffusion process (Merton, 1976). The impact of abnormal
news induces the unexpected large change (called “jump” in
Maheu and Mccurdy (2004)), which can be described by non-
homogeneous Poisson process (Tang and Huang, 2010).

Therefore, suppose the price of stock S, satisfy the

stochastic-differential equation below on (z—1,¢):

% =(u— A, -v)dt +o,dB, +(J, —1)dN, , (1)
t
where 4, a constant, denotes the expected rate of return;
B, is a Brown motion under the real probability measure; o, is



the conditional volatility of normal diffusion fluctuation. We
suppose that o, varies with the time and follows GARCH
model (3), but takes constant value over (¢ —1,¢) .

N, is a non-homogeneous Poisson process with the
parameter 4, . 4, , denoting the conditional jump intensity over
(t-1t), 1s the ex-ante forecast on the number of jumps on
(t-Lr) based on Q,_,(Q, ,is the set of all information at and
before time 1-1), i.e., 4 =E(N,|Q,_). We suppose that 4,
varies with the time and follows the TSD-ARJI model (4), but
takes constant value on (¢ -1,¢).

J,(>0), representing the jump amplitude, follows the log-
normal distribution with mean value 6 and variance 57, i.e.
InJ, ~N(0,5%) . Both @ and §° are constants. Define v as
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vi=E(J; —1)=exp(6’+%)—l.

Assume B,, N, and J, are independent with each other,

so according to the theorem of stochastic-exponential
(Klebaner, 2005), the Eq.(1) has the only closed form solution
as follows:

N

P =4 v)+0,(B,—B,_)+ InJ]
i=1

S 1
% :ln—’:(y—adt

5, 2

where J!(>0) denotes the jump amplitude of the ith jump
on(t—1¢). J/(>0)and J,are i.i.d.. From the solution (2), we
can clearly see that the rate of return of stock asset is affected
by both normal diffusion fluctuation risk o,(B,-B,_;) and
Nt
abnormal jump risk ) In.J; .

i=1

A.  GARCH model for conditional volatility of normal

diffusion fluctuation

Lots of empirical researches find that the conditional
volatility of normal diffusion fluctuation o} has three
important features: 1) big o7 s or small o/ s tend to occur in
clustering manner, which means o7 in the previous period has
effect on the current one; 2) &, denoting the residual that the
rate of return deviates from the conditional mean, in the
previous period also has effect on the current o, which is

called GARCH-effect of conditional volatility; 3) the effect of

g2, on o} is asymmetric based on bad or good news.

Thus, we suppose o follows the GARCH (1,1) below to
capture all three features above.

3

2 2 2
o =y +(w +1(g,_) @) & +w,-0,

where ¢ is an integer and >2, &

-1 = 1

- E(rr—l ‘Qr—z)

denotes the residual that the rate of return deviates from the
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1, if &,<0
0, if ¢,>0
So if the stock asset experienced the good news in previous
period (¢&,_,>0), the effect of ¢ _, on current o7 is @ -&’,,

conditional mean; I(g”)_{ , 1s a dummy variable.

but if stock asset suffered the bad news in previous period

(&,<0), the effect of ¢ on current o’ is (@ +w,) &, .
, &/, measures the additional effect of bad news.

When estimating the parameters in above model, we must
suppose @, >0, >0,m, >0 and @, >0 to ensure o7 >0 .

B . Threshold Based State-Dependent, Autoregressive Jump
Intensity Model

Based on the existing researches, 4, boasts the features of

variation, clustering and cross-periods dependence. Moreover,
we find it is also affected by the systematic or relevant
fluctuation. In order to comprehensively capture these features,
this paper extends the existing model with changeable intensity
and builds the TSD-ARJI model as

=2+ B A+ B +U(EXF, ) By)- EXF,_, 4

where ¢ is an integer and 1>2; A;, a constant, denotes
the unchangeable part in conditional jump intensity.
A =EN,, ‘QI—Z) the

conditional intensity, which is the ex-ante forecast on the jump
at time ¢—1 based on the set of information at -2 .

7],_1:lq_l—/i_l:E(M_I‘Q[_l)—E(NI_I‘Ql_z) is the term of error

3

represents one-period lag

calibration. :E(NI_I‘QH) is the ex-post inference on the jump
over (t-2t-1) based on the set of information at time -1.
According to the definition of mean of random variable,
K =E(N,|Q_)=Y k-P(N,_ =kQ,.), and P(N,,=k|Q,,), denoted
k=0

by the formula below, is the ex-post probability that k jumps
occur in (¢—2,¢—1) based on the set of information Q, ;.

f(’ﬁl ‘NH :k’szz)P(NH :k‘QZ,Z)

P(Nz—l:k‘gt—l): I ‘Q )
t-1[%-2

, k=012 (5)

where f (H\T) denotes the conditional probability density

e’)‘t—l (/qu_l)k
k!

function. P(N_, =k|Q, ,)= represents the ex-ante

probability that k jumps occur on (r-2,:-1) based on the set of
information Q,_, .

In Eq. (4), EXF,_, denotes the state variable at times—1.
It is added into model to capture the change of conditional
intensity 4, when the relevant external state variables vary

with the time.

In addition, in empirical research, we find only when the
change of external state variable (such as market index or
relevant stock) is larger than some particular threshold, they



have obvious effect on the jump behavior of individual stock
asset, that is, only relatively larger change of external state
variable can induce an obvious response in intensity 4, .

Therefore, we use a dummy variable /(EXF,_|) to classify
EXF,_, into “big impact” and “small impact”. If EXF, ,>K
where K(=0) represents the threshold, i.e. a big impact, we
have I(EXF,_))=1. If
have I(EXF,_|)=0.

When estimating the parameters in above model, we also
must suppose 4,20, 820, 4,20 and g >0to ensure that 4, >0.

EXF, <K, ie. a small impact, we

C. Estimation of Parameters

We use the method of maximum likelihood estimation to
estimate the parameters in TSD-ARJI-GARCH model (2), (3)
and (4). Suppose the conditional PDF of the rate of return, 7; ,

is given by f(1]Q,_,), in which Q,_, is the set of information

known at and before time ¢—1. Thus the log-likelihood
function of the model is given by:

,
M= LogFlps- 17 )=Log( /) | ]/ ©

;
=Lag( )+ Log(/ (/.))(6)
Using the total probability formula, we have

f(n\ﬂ,,1>=§f(n\zvt —k,Q, ) PN, =K, ) (])

where f (r,‘N, =k,Q, ) is the PDF of r, conditional on
and k jumps

et
!

Q occurring at time ¢ , while

-1

P(N,=k|Q, )=

is ex-ante probability that k jumps
occuron ¢ based on Q, .
From (2), we know (y—%o-f —A-v) is a constant

over(t—1t), (B,—B,,)~N(0,1), and InJ; and InJ, are i.i.d.
As we known, the linear combination of normally distributed

variables still follows the normal distribution, so
f(5|N, =k,9Q,_)) is a normal PDF provided by
1
F@N, =k,Q4)=W
mo; +k5”) (8)
1, 5
(=(u=5 07— v+kO)Y
eXp[ > 5
Aoy +ko7)
Combining (7) with (8), we have
w Ay ok
e (4) 1
Eraa)= :
1|9 ; Ko ot vk ©)

273

(=507~ v+ kO

Ao’ +k6%)

Now taking (9) into (6), we can get the expression of log
likelihood function.

When estimating parameters, we neglect the probability
that N, >10 in all calculations linked with the unlimited sum,

because the probability that &V, >10 is small enough to be
ignored. In addition, the initial value is set as 4 =4, , 07 =@,
when we use the iteration procedure to estimate the model.

III. EMPIRICAL RESEARCHES

A. Data

All stocks we choose must meet the following conditions:
(a) the sample company must have already completed the
shareholding system reform and issues stocks only in China’s
A Share Market; (b) the ST company was imposed special
treatment only in 2009 and has at least 6 years daily data
before 2009; (c) the non-ST company must have historical
daily exchange data since 2003 and is not specially treated in
sample period. (d) in order to analyze the effect of share-
holding company on share-held company, the share holding
pattern must be single-directional holding and the ratio of
holding is larger than or equal to 15% in sample period; ()
only collect the obtainable daily closing price and neglect the
short-time trade suspension. But if the suspension time is too
long to induce the abnormal jump, we will delete the daily rate
of return on the very day of resuming trade to eliminate this
effect.

In empirical research, we randomly choose 22 qualified
companies, including 6 ST companies, 6 non-ST companies in
the same sectors and 10 cross-shareholding companies (5
shareholding companies and 5 share-held companies
respectively). Because the dividends paid by the company also
cause the jump in stock price, we use recovered price data to
eliminate this kind of jump.

B . Estimation results and models comparison

By using the sample data, we estimate three models
respectively, including ARJI (Autoregressive Jump Intensity
Model, and here 8,=0 , @ =w, =w,=0 ), ARJI-GARCH
Model (here g,=0) and TSD-ARJI-GARCH Model, and

evaluate their goodness of fit according to LR Test and AIC.
The estimation results are shown in Table 1.

When estimating TSD-ARJI-GARCH Model, we choose
the volatility of stock market (represented by the absolute
value of the return rate of China’s A Share Market Index) as
state variable to capture the systematic effect of the market on
the individual jump, and choose the volatility of cross-holding
companies (represented by the absolute value of their rates of
return) as state variable to capture the contagious effect
between the closely linked companies. The Maximum
Likelihood (ML) estimated values and LR Testing (HO: 8, =0)

results for some companies are listed in Table I.



TABLEI ML Estimated Value, AIC and LR Testing Results
Co. | ARI | Shvyi | TSD-ARILARCH LR Testing
Jinjian | 2926.9 | 2936.1 2042.1 12.0
miye | (-4.15) | (4.15) (4.167) =0.000
ST | 24256 | 2429.1 2430.7 32
GanHua | (3.41) | (-3.41) (-3.415) p=0.074
HuXin | 30505 | 3052.5 3063.5 22,0
ShuiNi | (-4.35) | (-4.34) (-4.368) =0.000
| 25727 | 25811 2584.2 6.2
STJinDing | 3 65) | (3.66) (-3.668) p=0.013
HengRuiYi | 3346.4 | 33443 33495 104
Yao | (4.71) | (-4.70) (4.709) p=0.001
ST | 3064.1 | 3067.7 3071.8 8.2
TianFang | (-4.38) | (-4.39) (-4.395) p=0.004
ZongYi | 2780.5 | 2780.6 2785.6 10.0
GuFen | (-3.89) | (-3.89) (-3.897) p=0.002
ST | 21419 | 21473 2148.5 24
Parzhun | (-3.15) | (-3.15) (-3.153) p=0.121
DongFang | 30853 | 3091.2 3094.1 5.8
ReDian | (-4.39) | (-4.39) (-4.40) p=0.016
ST | 27542 | 27644 2770.5 12.2
NengShan | (-3.92) | (-3.93) (-3.95) p=0.000
LangChao | 3001.9 | 3007.1 3016.1 18.0
XinXi | (4.21) | (4.21) (-4.23) p=0.000
3042.9 | 3044.2 3046.4 44
STBoDzao | 430y | (-4.30) (431) p=0.036
Co ARJI ARJI- | Systematic LR Contagiou | LR
’ GARCH Effect Testing | sEffect | Testing
BaoXin | 30204 | 30375 | 30461 172 | 30475 | 200
Ruanfian | (439) | (44l) | (442) | p=000 | (4423) |p=000
BaoGangG | 35090 | 35162 | 35221 18 | 35171 | 18
WFen | (510) | (5.10) | (5.13) | p000 | (5.107) |p=0.18
NingBo | 32459 | 32602 | 32611 18 | 32645 | 86
LianHe | (468) | (469) | (470) | p018 | «702) | p=0.00
WuKuang | 27926 | 27968 | 27981 26 | 27944 | 48
FaZhan | (402) | (402) | (403) | p=0.10 | (4022) |p=100
Tonglun | 26099 | 26179 | 26218 78 | 2628 | 98
Ge | (383) | 384 | (385 | p000 | (3849 |p=000
Talli | 24649 | 24778 | 24821 96 | 24826 | 82
Tuan | (361) | (363) | (364) | p000 | (3642 |p=0.00
XinJiang | 27718 | 27784 | 27821 74 | 27823 | 78
ZhongH | (421) | 422) | 423) | p000 | (4226) |p=000
TeBian | 28031 | 28135 | 28137 04 | 28124 | 22
DianGong | (426) | (427) | «27) | p=052 | (4270) |p=1.00
TaiHao | 2889.1 | 28914 | 28935 42 | 28938 | 48
Kei | 422 | @22) | @23) | poo4 | @227) |p002
TongFang | 28745 | 28841 | 28885 88 | 28862 | 42
GuFen | (420) | @21) | @22 | p000 | «4216) |p=004

Note: Value of AIC is shown in parenthesis; p is the probability of committing a
type I error if rejecting the hypothesis £, =0

According to Table I, we get following results:

(1) Between ARJI and ARJI-GARCH, most of the sample
data reject ARJI significantly at the level of 10%. This proves
that the combination of GARCH and diffusion-jump model
with changeable intensity helps to improve the model’s
goodness of fit;
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(2) in all models, the Log-Likelihood value of TSD-
ARJI-GARCH is the largest, and its AIC value is the smallest.
After using LR testing method to choose among the TSD-
ARIJI-GARCH, ARJI-GARCH and ARIJI, we also find almost
all the sample stocks data reject ARJI-GARCH and ARIJI
significantly at the level of 5-10%. In this sense, individual
jump intensity is not only affected by the internal idiosyncratic
factors, but also adjusts with the change of external state
variables;

(3) When we estimate TSD-ARJI-GARCH model by the
data from cross-holding companies, we choose the fluctuation
of market index (capturing the systematic effect) and the
fluctuation of share-holding company (capturing the
contagious effect) as external state variable respectively. From
the estimation results, we find, for “share-held company”, the
model with the contagious effect boasts larger log-likelihood
value and smaller AIC wvalue; but for “share-holding
company”’, the model with the systematic effect boasts larger
log-likelihood value and smaller AIC value. This suggests that
the contagious effect between cross-holding companies may be
single-directional contagion, i.e. the larger fluctuation of
share-holding company induce an obvious response from
share-held company, but the opposite directional contagious
effect is insignificant.

IV. Conclusions

We develop TSD-ARJI-GARCH model to capture the
jump behavior of the return of individual stock and pay special
attention to the contagious effects of large fluctuations
between cross-shareholding companies. From our research, we
find the jump intensity of individual stock is driven by
idiosyncratic factors and thus show the features of time
variation, clustering and cross-period dependence on one hand,
and it also adjusts its own change process constantly under the
impact of external state variables on the other hand. In
addition, the effect of external state variable on the jump
intensity of individual stock is dependent on the particular
threshold value, so it is also called the threshold-based effect
in this paper. Comparing with the existing models, TSD-ARJI-
GARCH model boasts better goodness of fit and explanatory
ability. It comprehensively considers the timely effect of
external and internal factors on individual jumps. Our research
can help investors and managers to more comprehensively
study the jump features in the return of individual assets in
China’s stock market.
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