
 3 

 “

”  4 

3.1  (Unit Root Test) 

Augmented Dickey – Fuller Test (ADF)

 (Time series data) 

 Non-stationary  Stochastic Process  (Mean) 

 (Variances) 

 (Trend)  (Cyclical swing) 

 (Shock)  Ordinary Least Squares (OLS) 

 (Spurious regression) 

 (Stationary)

 Dickey-Fuller 

1 1 1 1 1 1
1

p

t t i t t
i

lne t lne c lne (3.1)

   2 2 2 1 1 2
1

p

t t i t t
i

lnm t lnm d lnm  (3.2) 

1,t te e  t  t-1 

              1,t tm m  t  t-1 

1 2 1 2 1 2, , , , , , ,c d

1 2,t t    

t    
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   0:0H

   0:0H

     0H  t-statistic 

 Mackinnon critical Value tX tX

0H  t-statistic 

Mackinnon Critical Value tX tX

3.2  Autoregressive Moving 

Average (ARMA(p,q)) GARCH

 Autoregressive Moving Average (ARMA) 

 Autoregressive  Moving Average 

ARMA(p,q)  Autoregressive  p  Moving Average 

 q

 p  q 

 GARCH

1
2

1 ttt hh                       (3.3) 

 (Conditional volatility) 

2
1 1

i i

i i i i

lne lne
t lne lne lne t lne th h   (3.4) 

ilne
th    =  (Conditional volatility) 

it
lne

ilne    =

 (Conditional volatility) 

it
lne  (ARCH effects)
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ilne =

 (Conditional volatility) 

it
lne  (GARCH effects 

ilne +
ilne    ) 

ilne     = 
iE

t         =  1,…,n.

 (Conditional volatility) 

2
1 1

i i

i i i i

lnm lnm
t lnm lnm lnm t lnm th h   (3.5) 

ilnm
th  =  (Conditional volatility) 

tlnm

ilnm    =

 (Conditional volatility) 

tlnm  (ARCH 

effects)

ilnm =

 (Conditional volatility) 

tlnm

(GARCH effects 
ilnm +

ilnm )

ilnm    = 

tlnm

t         =  1,…,n.

 t-statistic  Stationary

Residual
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3.3  (Model selection)  Schwarz  Information 

Criteria (SIC) 

 Akaike Information Criterion (AIC) 

Schwartz Information Criterion (SIC)  AIC  SIC 

 Akaike Information Criterion (AIC)  Schwartz Information 

Criterion (SIC) 

       Akaike Information Criterion (AIC)    = /2/2 kt      

       Schwartz Information Criterion (SIC) =  /log/2 kt       

      k

 Log likelihood function  k 

3.4  Bivariate GARCH

       GARCH 

Bivariate GARCH 

0 1 1
1 1

i i t

j j

t e ee t em t e
i i

e e e     (3.6) 

0 1 1
1 1

i i t

j j

t m mm t em t m
i i

m e e     (3.7) 

1,t te e  t  t-1 

1,t tm m t

t-1

2
1 1et et et et et eth c a b h             

2
1 1mt mt mt mt mt mth c a b h      

emt et mth h h
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, ,ij ij ija b c

0 ,: 0ij ijH a b

1 ,: 0ij ijH a b

 H0

 H0


