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Abstract
<

In modern financial issues empirical analysis shows that the volatility of '}vﬁl
market time series showed more variable, volatility clustering, spike an ail.
Garch model family in the analysis of financial time series squared error a@ elation
on widely recognized. However Garch model only analysis a s%’ e series,

r

correlation analysis for multiple time series on limitatiopSNJ fits paper ces Copula
e les. Us arch model as

function for studying the correlation of multiple 8
marginal distribution for Copula function. At thg e’ tim W correlation of t-
Copula and normality Copula in the financial issus. e\
*
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1. Introduction @ s‘\e\\g

Copula theory first prop @)y Sklar, raised in 1959, expressed as an N-
dimensional joint distribbedi functf an be decomposed into marginal
distribution of N and a Copula ion. This Copula function describes the

correlation between vatidhles. Unﬁ\' 999 given the strict definition of Copula
function. Copula@n is the jpint distribution function F(x,x,,---x,) of random

vector XPXZ’”Q nnect ith each marginal distribution R, (%) F, (%)

which is C(u,

years of de ment j
Copula-Garch

the correlation o

uy) make F (X, X0+ %) = CIF, (%), F, (%)] After several

y practice sequences areas have been widely used[1,3].
together Garch model with Copula function , to analyze
ivariate financial time series. Garch model is used to describe

the condition nal distribution of the financial time series, while the Copula
function Js gused*to connect the various financial time series[4]. Different financial
time serj have different conditions marginal distribution can be described by

a ritical for Copula function study for sequence. So there should be a method
%a uate the goodness of fit of the marginal distribution. Diehoid establish the
mathod of sequence probability integral transformation density distribution model. it
applies Copula model, means do the original sequence probability integral
transformation, The new sequence obtained may be connected by a Copula function.
This Copula function is used to analyze the correlation between the structure of the
respective time series. So on the one hand Copula-Garch model analysis the
conditional heteroskedasticity characteristic of financial time series. On the other
hand reflects the non-linear correlation between sequences from a probability point
of view. Very suitable for analysis of relevant financial markets.

diffeé ARCH model. The situation of marginal distribution model fit the actual
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2. Theoretical Research of Copula-Garch

2.1. Marginal Distribution

Engle put forward Autoregressive Conditional Heteroscedasticity Model (ARCH)
[5], it used to establish the conditional variance model and its prediction. However
ARCH model with defect. Bollerslev proposed Generalized Autoregressive
Conditional Heteroscedasticity Model (GARCH)[6]. Garch model heteroscedasticity
means random error having a time-varying. Conditional forecast shows the future
value depends on historical observations, describing the predicted values from back
there is a link with the past observations[7]. The Garch(p, q) model is defined as.

Yo =H T &

& = oW,

P q <
o’ =ao(t)+2aigf_i +Zﬂjof_j V
i1 =

where y, is mean equation, ¢ means random interference items, §; ession

conditional variance of ¢, {v,} is a random sequence w mdep identically
distributed (i.i.d). a, o; B;,i=12...p, j=12...,qdetermi dicative of

the non-negative function.
Tgarch model [8]: Conditional variance to @efmeo%/ w+ay; 1erufldHJr
Bo’,amongd, ,them means dummy varlabl henu =1 .else d ,
Combine-garch model: The mtroo@ of the %monal varlance Garch
ns

(L1): 0! =m+a(u,-a)+p \@monal methods or long-term

volatility.

2.2. Binary Copula FuncthQ
2.2.1. The Definition of @ry Cop@ctlon

Binary copul c ton ref to a function C(u,v) satisfies the following
properties. Q

1) Cu,v, def 0,1]1x[0,1]

2) C(u, zero- rface and is a two-dimensional increments.

3) For any of the .11, C(u,1) =u,C(Lv) =v meet.

Zero-base s means: at least one u,e[0,1] and one v,e[01] ,

make C(u,,v) =€(U,) =0. Two-dimensional means: for any of the0<u, <u, <1, and

0<y, < vz\#with C(u,,v,)-C(u,,v,)-C(u,,v,) +C(u,,v,) >0.

AsS at F(x)and G(y)are continuous one variable distribution function. So

that (x),V =G(y), U,V are uniformly distributed seen on[0,1]. Then C(u,v) is a
inal distribution are binary [0,1] uniformly distributed on the joint distribution
furiction. For any domain of definition point (u,v) , there is 0<C(u,v) <1.

2.2.2. Sklar Theorem of Binary Distribution

Let H(x,y) binary joint distribution function F(x) and G(x) as having marginal
distribution. There is a copula function C(u,v), meet.

H(x, y) =C[F(x),G(Y)] 1)

If F(x)andG(x) is a continuous function, then C(u,v) is uniquely determined.

Conversely, else if F(x)and G(x) is an element distribution function, C(u,v)is a
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Copula function, H(x,y) determined by (1) is a binary edge distribution
F(x) and G(x) joint distribution function.

2.2.3. Binary Copula Function of Nature

1) C(u,v) respect for each variable is monotonically non-drop, that is, if a
variable maintained constant, C(u,v) will increase with the increase of another

variable (or constant).

2) For any u,ve[0,1], C(u,0)=C(0,v)=0 C(,)=u, C(@,v)=v , that is, as long as
there is a variable to 0, the corresponding value will be 0 Copula function, if a
variable is 1, the Copula function value is determined by another variable.

3) For anyu,,u,,v,,v, €[0,1] with|C(u,,v,)—C(u,,v,) [ u, —u, [+|Vv, -V, |.

4) If U,V is independently and uniformly distributed with [0,1], then C(u, v)

5) For any 0<u <u,<1 and 0<y, <y, <
withC(u,,v,)-C(u,,v,) -C(u,,v,) +C(u,,V,) >0.

2.3. Multiple Copula Function \* @

2.3.1. The Definition of Multiple Copula Functlg
h Iowmg

Refers To a function C(u,,u,,---u,) satisfied t rties.

1) Domain is defined as[0,1]".

2) C(u,u,,---u,) with zero-base sur dis N |onal increments.

3) C(u,u,,--u,) distribution f@ e C(u)_ (i=12--N) , and
satisfying C,(y)= C@®---Lu,1,-- hereg‘i

2.3.2. Sklar Theorem of M}Arlate D'

Let F(x, %, Xy) h@g margi istribution F(x), - F,(x,) of N multiple
joint distributlon then% e exists a copula function, C(u,,u,,---u,) meet.

F( )= C(F1(X1)IF2(X2)1"'1 FN(XN)) )

If FE(x F, (x ontinuous function, then C(u,u,,---,u,) IS uniquely
determinec@nverse @e if F(x),F,(X,)F & ) is an element distribution
function, C(u,u,,- a Copula function, F(x,---x,) determined by (2) is a
multiple edge digthbution F(x),F(x,),--- F,(%y)joint distribution function.

2.3.3. Multiple Copula Function of Nature
1) C@z,---,uN) respect for each variable is monotonically non-drop.

@‘Il'uz""’o""’uN)=0’C(1"'"1'ui'1'”"1)=ui
For any of u,v, €[0,13( =12,---,N) ,

N
With|C(ul!UZI""UN)_C(Vlvvzv"'va)|S Zlui _Vil
4) If U, ~U(0,1)(i =1,2,---,N) mutually independent, then C(u,,u,,---uy) =] Ju,
2.4. Common Copula Function

Distribution function and density function of Multiple normality Copula.
C(ul,uz,...,uN;p)=CDP(d)‘l(ul),CD(uz)‘l,...,GD(uN)‘1)
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s AL SR Y

Where pis n order symmetric positive definite matrix of the diagonal are all with
1, | pldenotes the determinant of a matrix, @ denotes the distribution function of
the standard normal distribution of n of correlation matrix with p ,Its marginal
distribution is standard normal distribution. @™ is inverse function of standard

(U, Uy, Uy p) =

Distribution function and density function of Multiple t-Coupla:
C(Uy, Uy, .Uy oK) =t [tk’l(ul),tk’l(uz),...,tk’l(uN)]
k+N

( S LGN
c(uy,Uy,....,uy; oK) =|p 2 . o ¢
F[k+Nj N [1-‘_‘;2]2 V

2 [+

i=1

*
1, | pldenotes the determinant of a matrix, t,, devot distribut@onyfunction of
the standard t- distribution of n with correlatiga,Matfx p ,fre?ﬂyk ,this inverse

function of one variable t iutiO\\/ distribution
(\ .

. o) \

3. Main Title \ Q
In order to examine different e@of C@}s ock market correlation of each

module. Paper chooses Chin 's@ ghai seriesspower module (DL), and building

module (JZ). The date Fr ctober 24 to February 9, 2015. A total of 802

valid set of data for analysiS® Defi d = (closing price - opening price) /

opening. According to heory ibed above Copula, Dual Copula model can
be constructed in,a ce with th& following procedure. First, Determines the

data marginal % ution. .Seelind, Select appropriate copula function for
description relgted ‘structure ﬁ

) ddta. Third, The correlation coefficient analysis
about cop W stion. @

3.1. Marginal Distri

Where pis n order symmetric positive definite matrix Ef the diaag@all with

, DL and JZ affected by the economy there is a clear upgrade in 2014.
d be a strong correlation. Analysis of specific parameters in 3.2 . Table
s the basic characteristics of the data and information.
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i arch model analysis time series must ask is stationary sequence. As
dpparent from Figure 1, the original data is not stationary sequence, so consideration

*’ d be analyzed with the yield, DL and JZ yield volatility (SDL, SJZ) is shown
in Figure 2, Figure 3. ADF test for the date in Figure 2 and Figure 3. And value -
27.67442, -26.67344, all significantly less than three given threshold. Therefore
model analysis should be done with the yield.
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Table 1. Characteristics of DL and JZ

DL JZ
Mean 944.7814 1947.741
Median 790.5360 1626.602
Maximum 2478.313 5071.996
Std.Dev 665.8290 1314.698
Skewness 362.2968 720.2982
Kurtosis 6.958045 2.146823

3.1.1. Establish Garch Model for SJZ
*
1) Garch(1,1): \/
Mean equation: SJz, =0.035821SJZ, , + /4 ?“

Garch(1,1) equation: o7 =8.48x107° +0. 107478ﬂfl+086822 ql
2) Tgarch:
Mean equation: SJz, =0.041301SJZ, , + /4

Garch(1,1) equation: o?=8.09x10" +006765,[4® 950t1
3) Combine-Garch:

Mean equation: SJz, =0.0421758JZ, , + iy Q @
: = 41 _
Garch(1,1) equatlon ) 0.000413+02 @ =) 10 (s = 0s)
o) -, =0. 57@ @13(0} - ,)
3.1.2. Establish Garch Model&
1) Garch(1,1):
Mean equation: SDL[ 278928D
Garch (1,1) equ@t =6.16>¢10° ¥0.10858372, + 0.86954757,
h 00 %

2) Tgarch:

Mean equatign:

Garch (@q atio 5 89x10" +0.09486[zi ,+0.02493, d, , +0.8738457,
3) Comb Garch

Mean equation: —0 0341368DLt LA

Garch (1,1)€q Yion: @ =0.000288 +0.983308(c, — @) +0.087531(1%, — 57,)
o, 0.050710(y, ", — ;) +0.625103(c; , — @, 4)
Tgar \bﬂel is to analyze the impact of information curve symmetry. And SJZ
and wud, , items are 0.06501,0.02493 no significant, It is not suitable for the
@ ment Tgarch model. In combination Garch model: « - coefficients were

391, 0.983308 indicating long-term parameters will slowly converge to stable.

omparative analysis of the data obtained Garch (1,1) model better fit. So we

choose Garch (1,1) model as the marginal distribution function for Garch-Copula
Model.

3.2. Copula Function Correlation Coefficient Analysis

Pearson linear correlation parameter p: Means the linear correlation between the
two series of reactions. | p|closer to 1, the stronger the correlation between the two
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series. When p=0, Description two serially uncorrelated, that there is no linear
correlation.

Kendall correlation coefficientz : When r unchanged, description two sequences
strictly monotonic and monotonic same transformation.

Spearman correlation coefficient p,: Also a validation of the sequence monotone.

Table 2. Two Kinds of Copula Function Correlation Parameters

t-copula Normality copula

Pearson linear

correlation p 0.8551 0.8303

Degree of free 3.6960 -

Kendall correlation 0.6236 0.6236

coefficient ¢ ’ ' .
Spearman V
correlation 0.6538 0.8176 ?\

- . =
coefficient p, (
After calculated Kendall=0.6538, Spearman=0.834§t£o Nﬁormality

pu
Copula correlation parameter as shown in Table II Q\ \/

experience Copula distribution

. Q 0
Q\\lgure @ience Copula Distribution

The Ke nd spm coefficient in Table II compared with the Kendall and
spearman coefficie lated. The results of the t-copula more similar to Kendall
correlation coeffici However the Normal Copula in Spearman correlation
coefficients b rformance. To further more accurate analysis of two fit copula
functions. WeNemploy more scientific computing squared Euclidean distance
method. N@Lreate experience Copula distribution graph shown in Figure 4.

C@Qsion

is article discusses the use of Copula technical issues related to financial
markets. Building a bivariate copula-garch model financial time series, and
empirical study in power and building module of shanghai stock series. Because the
volatility of financial market time series showed more variable, volatility clustering,
spike and heavy tail. This paper analyzes the multiple Garch model family for
financial realization sequence fitting situation, determines Garch (1,1) applies to the
establishment of financial series model, And can be used as marginal distribution of
copula function. In the empirical analysis, we introduce two kinds of Copula
function(normality copula and t-Coupla) calculate the correlation coefficient of two

0.2
o
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types of functions. And analyzed to give t-Copula function use Garch(1,1) as
marginal distribution fitting better.
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