
 

 
2 

 

 
2.1  

  

 

   2.1.1  

   

(spurious regression)

 

   (stationary) 

(statistical equilibrium) 

 
1. Xt , Xt+1 , Xt+2 t+k t, t+1, t+2  

2. Xt+m , Xt+m+1 , Xt+m+2 t+m+k t+m, 

t+m+1, t+m+2  

3. P (Xt , Xt+1 , Xt+2 t+k) Xt 

, Xt+1 , Xt+2 t+k 

4. P (Xt+m , Xt+m+1 , Xt+m+2 t+m+k)  

     Xt+m ,Xt+m+1 , Xt+m+2 t+m+k 

   

4 X  

P (Xt , Xt+1 , Xt+2 t+k) = P(Xt+m, Xt+m+1 , Xt+m+2 t+m+k) 
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P (Xt , Xt+1 , Xt+2 t+k)   P(Xt+m, Xt+m+1 , Xt+m+2 t+m+k)  
(non-stationary) 

(Autocorrelation Coefficient Function: ACF) - (Box-Jenkins 

model) correlation ( r ) 

1 ACF ACF

- (Dickey-Fuller) 

(Unit Root) (
, 2542) 

 
2.1.2 (Unit Root) 

       (stationary)  
 

 (lag)   

(     , 2542) 

 (mean)    : )( tXE  = constant = m                 (2.1) 

 (variance) : )( tXV = constant = 2s      (2.2) 

 (covariance) :  
msmm -=--= ++ kkttktt XXEXX ))((),cov(     (2.3) 

 

        tX   
  

         

 (random process) 

 

(nonstandard distribution) 

    (standard distributions)         

  (spurious regression) 

  2R    t  test  
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2 Dicky-

Fuller (DF) test Augmented Dicky-Fuller (DF) test   
         

 2.1.2.1 Dicky-Fuller (DF) test 
autoregressive model 

 
ttt XX er += -1                (2.4) 

 

1, -tt XX  t t -1 

                 te   (Random Error) 

                r   (Autocorrelation Coefficience) 

 

r  = 1 

 ttt XX er += -1  ; te ~ iid (0, 2s te )  
  

 :0H r  = 1     Xt   Xt 

:0H | r | < 1; -1< r < 1 Xt  Xt  

 :0H r  = 1   Xt   Xt 

:0H | r | < 1    Xt  Xt  

   

3.1 Xt-1  

 

ttttt XXXX er +-=- --- 111  

    ( ) ttt XX er +-=D -11  

    ttt XX eq +=D -1      (2.5) 

 

( )1-= rq   

 
  11:0 =+qH    0:0 =qH  

  11:0 <<- qH  0:0 <qH  
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0:0 =qH  Xt

Xt (non-stationary) 

0:0 <qH tX tX (stationary)  

tX (random walk with 

drift)  

 

ttt XX eqa ++=D -1     (2.6) 

 

tX (random walk 

with drift) (linear time trend) 

 

 
  ttt XTX eqba +++=D -1    (2.7) 

 

t (2.6)  (2.7)              

 
q tX;0=q t (t-statistic)           

Dickey-Fuller (Dickey-Fuller tables) 

MacKinnon critical values 

 

        2.1.2.2 Augmented Dickey-Fuller (ADF) test 
Dickey-Fuller Dickey-Fuller test 

serial correlation error term ( te ) 

(autoregressive moving average processes) lagged change 

2.5, 2.6, 2.7  

 

   tt

p

i
itt XXX edq +D+=D -

=
- ä 1

1
1                 (2.8) 

 

tt

p

i
itt XXX edqa +D++=D -

=
- ä 1

1
1        (2.9) 
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 tt

p

i
itt XXTX edqba +D+++=D -

=
- ä 1

1
1  (2.10) 

 

  tX     t 

1-tX   t-1 

dqba ,,,  

T   

te  

 

lagged difference terms 

(error terms) serially independent 

DF (Dickey-Fuller test) 2.8, 2.9 2.10 ADF 

(Augmented Dickey-Fuller test) ADF (asymptotic 

distribution) DF (critical values)  

 

2.1.3 Auto Regressive (AR(p)) 
        Auto Regressive ty  

1,...,t t py y- - p AR(p) 

Auto Regressive p  

 

AR (p) 1 1 2 2 ...t t t p t p tx x x xm f f f e- - -= + + + + +   (2.11) 

 

  m (Constant Term) 

jf   j 

te   t  

 

AR(1)  

 

1 1t t tx xm f e-= + +       (2.12) 
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AR(2)  

 

1 1 2 2t t t tx x xm f f e- -= + + +      (2.13) 

 

2.1.4 Moving Average (MA(q)) 
        Moving Average (MA) ty

1,...,t t qe e- -

MA(q) Moving Average q MA(q)  

 

MA(q) 1 1 2 2 ...t t t t q t qx m e q e q e q e- - -= + - - - -                 (2.14)   
 

          m   (Constant Term ) 

jq   j 

te t  

 

MA(1)  

  
1 1t t tx m e q e -= + -       (2.15) 

 

MA(2)  

 

1 1 2 2t t t tx m e q e q e- -= + - -      (2.16) 

 

2.1.5 Auto Regressive Moving Average (ARMA(p.q))   
          Auto Regressive Moving Average (ARMA) 

Auto Regressive Moving Average  
ARMA(p,q)  Auto Regressive p Moving Average

q  
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ARMA(p,q)  

 

 1 2 1 1... ...t t t t p t t q t qy y y yd f f f e q e q e- - - - -= + + + + + - - -  (2.17) 

 

  ty  t 

P   Auto Regressive 

q  Moving Average 

d  (Constant Term) 

 t    

f   Auto Regressive  

q   Moving Average  
te    white noise 

t 

 

2.1.6 (Model selection) 
        (Model selection) 

Akaike Information Criterion (AIC) Schwartz 

Information Criterion (SIC) AIC SIC 

Akaike Information Criterion (AIC) Schwartz Information Criterion (SIC) 
 

 

Akaike Information Criterion (AIC)    = hh /2/2 kt +-        (2.18) 

 

Schwartz Information Criterion (SIC) =  hhh /log/2 kt +-       (2.19) 

 

     k   

  h  

    t  Log likelihood function k   
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 Schwarz Information Criterion (SIC) 

 

 
2.1.7  Autoregressive Conditional Heteroscedasticity (ARCH) 
          Stochastic Variable 

 (homoscadastic)  

 

 

  (volatility)  

           

  

 Autoregressive Moving Average (ARMA)  

 

ttt XaaX e++= -110      (2.20) 

 

 1-tX   

 

ttt XaaXE 101 +=-                (2.21) 

 

       1+tX  
 

 
2

1
2

101 ])[ se ==-- -+ ttttt EXaaXE               (2.22) 

 

       

 { tX  }  
)1( 1

0

a

a

-
 

 (2.20)  
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{ } [ ]2
2

3
11

2
111

2

0

0
1 ...)()

)1(
( ++++=

-
- ---+ ttttt aaaE

a

a
XE eeee  

              
)1( 2

1

2

a-
=

s     (2.23) 

 

1
)1(

1
2
1

>
- a

 

  

  { }te   

 ARMA Model   t

^

e   (residuals) 

 (2.20)  1-tX   

(2.24) 

 

[ ]2
1011 )()( tttt XaaXEXXVar --= +-      

             2
1+= ttE e      (2.24) 

 

       2
1+ttE e   2

1+ts  
  (3.24) 

 

tqtqt neaeaae ++++= --

2^2

1

^

10

^
2
1 ...    (2.25) 

 

 tn  = White Noise Process 

 

       qaaa ,...,, 21   

 0a    tX   
Autoregression  (2.25)  (2.25) 

 t+1  (2.26) 

 
2

1

^2

1

^

2

2^

10

^
2

11 ... qtqtttE -+-+ ++++= eaeaeaae     (2.26) 
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            (2.25)  Autoregressive Conditional 

Heteroscadasticity (ARCH) Model  (2.26)  ARCH (q)  (2.26)  2
11 -tE e  

 2
1+ts   2    

 (ARCH term)  

),....,,( 10 qaaa   Maximum Likelihood 

 

2.1.8  Generalized Autoregressive Conditional Heteroscedasticity 
(GARCH) 

       Bollerslev (1986)  ARCH model  

 (2.27) 

 

ttt hv=e                  (2.27) 

 

 12 == vtv s   

 

it

p

i
i

q

i
itit hh -

==
- ää ++=

11

2
0 beaa    (2.28) 

 
        }{ tv   White Noise Process  it-e   

(conditional and unconditional means)  it-e    (expected 

value)  te   

  

0== ttt hEvEe      (2.29) 

 

         (conditional variance)  te  
 

 

ttit hE =-
2e       (2.30) 
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        te   th   (2.30) 
 Generalized Autoregressive Conditional Heterosecedasticity 

 GARCH (p,q)  Autoregressive Moving Average 

 Heteroscedastic Variance   p = 0  q = 1 

 GARCH (0,1)  ARCH (1)  ARCH (q = 1)   tb  

 GARCH  ARCH (q)  

 (finite)  (characteristic roots)  (2.30) 
 (unit circle) 

         GARCH  ARMA process ACF (autocorrelation 

function)  PACF (partial autocorrelation function)  
 White-Noise Process  ACF 

 (squared residuals)  order  GARCH process   

ttt hE =- e1   (2.30)  

 

1
1

2
1

1
0

2
1 -

=
-

=
- ää ++= t

p

i
it

q

i
itt hE beaae     (2.31) 

 

         (2.31)  ARMA (q,p)  }{ 2
te  sequence  

Heteroscedasticity   (correlogram) 

  

 

2.1.9  GARCH-in-mean (GARCH-M) 
      GARCH (p,q) 

 (Bollerslev, 1986) 

 

   ä ä
= =

-- ++=
q

i

p

i
itiitit hh

1 1

2
0 beaa  

 

       

 (Engle; Lilien and Robins, 1987)  
 



                                                                  23

 

 GARCH-M  GARCH-in-

mean  (2.32)  (2.34) 

 

tttt hX edm ++= 2/1
1      (2.32) 

),0(~/ 1 ttt hN-ye      (2.33) 

ää
=

-
=

- ++=
q

i
iti

p

i
itit hh

1

2

1

eabw    (2.34) 

 

  tX       

tm       tX   )( 1-ty  

 0.,0 >> iaw 0²ib

 )( ih   
2/1

th   (2.31)   Trade Off 

  

 

       

  )( 1
2/1 dth  

  )( 1d  
 

 

2.1.10 cointegration system  

 

2 

2 

(integration of the same order)  
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(cointegration regresstion) 

 

Engle-Granger 

residuals 2 

(residuals) (regression 

equation) 

 

te  

 

ttt wgee +=D -1     (2.35) 

 
te  , 1-te  residual t t-1 

  g   

  tw  

 

ADF test unit Roots 

g 0:0 =gH reduals nonstationary  

   
0:0 =gH  ( ) 
0:0 <gH  ( ) 

 

 

 

^

^

.. g

g

ES
t =     (2.36) 
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t-test Dickey-Fuller 

0H  1H

 

 

2.1.11 
(error-correction model : ECM) 
        

(ECM)

ty tx

(time path) 

(short-term dynamics) 

( , 2542)

(ECM)  

 

tjt

q

j
jht

p

h
htt YaXaeaaY gm+D+D++=D -

=
-

=
- ää

1
5

0
4121   (2.37) 

txnt

s

n
nmt

r

m
mtt YbXbubbX gm+D+D++=D -

=
-

=
- ää

0
5

1
4121   (2.38) 

 

  tY , tX  t 

            11, -- tt ue (residuals)  
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 2a  

(Actual) tY (long run) 

tm  

t 

 

1-te  (residuals) 

(cointegration regression equation) 2a  2a  
ty

( , 2542) 

2a  y

 

 

2.1.12 (Granger causality model)  
 

 
(causality) 

(cause) (effect) 

Granger (1969) 

(predictability) 

 

tX tY Cointegration 

Augmented Dickey-Fuller test (ADF) 

(error correction model : ECM)  

 

tjt

j

k

j
t

k

i
itt YXeX edb +D+DF+=D -

=
-

=
- ää

0
1

1
11    (2.39) 
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tjt

j

k

j
it

i

k

i
tt YXeY egpb +D+D+=D -

=
-

=
- ää

10
12    (2.40) 

 

(Rahman and Mustafa, 1997) tX tY

Cointegration 1 0 

 

01 ¸b 02 =b tY tX

02 ¸b 01 =b  tX tY  

0¸id tY tX  

0¸ip       tY tX

 
  

1. X Y (independent) (non 

causality between X and Y) 

2. X Y (unidirectional causality from X to Y ) 

3. X Y (bidirectional causality feedback X and 

Y) 

 

2.2   
  
         (2548) 

 
   2545   2548 

 ( )  BAY  

 ( )  PICNI   ( )  SHIN 

  ( )  JAS    ( ) 
 CPF   
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(2548) 
 

4 . . 2547

( ) THAI ( ) TTA                 
( ) PSL ( ) 

BECL . . 2543 . . 2547 

260 ARMA 

THAI 

ARCH

ARMA

° 1.0 std. 

(Relative Strength Index: RSI) 

( ) TTA, PSL, 

BECL THAI 

( ) 

 

 

(2548) 
 

. ( ) (PTT)  
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. ( ) ( PTTEP)

( ) (RATCH) ( ) (BANPU) 

( ) (BCP)  
(Error Correction Model : 

ECM) 

PTT, RATCH BANPU 1 

PTTEP BCP  

Granger causality test

PTT, RATCH BANPU 

(Bidirectional Causality) PTTEP 

BCP (Unidirectional Causality) 

 

 

(2548)  
                  

5  
( ) ( )  ( ) 

 ( )  ( )  
 Error-Correction Model 

(ECM)  
 

t-1  

 

( )  ( )  ( )  
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( ) ( ) 

 
 

 
 (2549) 

, 

Order of Integration I(0) 

 
(2549) 

 

order of integration 

1 I(1)

(cointegration) 
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(2550) 

5

(SET Index)  

  
 

 

 
 

 

  


