
4 

 

   

Cointegration  

Error Correction Model  

 

(GDP) (Time series data) 

2541-2551  

   Model  

 

   ELEt = 0a + 1a GDPt + et     (4.1) 

GDPt = 2a + 3a BUSt + gt   (4.2) 

 

  ELE  natural logarithm   

             GDP  natural logarithm   

             et , g t   

0a , 1a , 2a , 3a    

 

1a   =  

        3a  =  
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4.1   (Unit Root Test) 

   (Stationary)  

 

  tXD  =  t11 ba + 11 -+ tXq + +D -
=
ä it

p

i
i Xc

1
t1e   (4.3) 

  tYD  =  t22 ba + 12 -+ tYq + +D -
=
ä it

p

i
i Yd

1
t2e   (4.4) 

 

  tX , itX -      

        t t-1 

   tY  , itY -      

        t t-1 

 dc,,,,,,, 212121 qqbbaa     

   t1e   , t2e      

   t       

 

   

 (4.3) H0 :  1q   =  0    (Non-Stationary)    

    H1 :  1q   <  0    (Stationary) 

 (4.4) H0 :  2q   =  0  (Non-Stationary)    

    H1 :  2q   <  0  (Stationary) 

 

   H0  

(Non-Stationary)

H0

(Stationary) 
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 4.2 (Cointegration) 

  cointegration  

  1.  non-stationary ADF 

test  

  2.  (ordinary least square: OLS)  

  3.  (residuals) 2 
  (residuals)  

 

   teD  = 1-teg  + tv      (4.5) 

 

 te , 1-te    residual t t-1  

   g      

   tv     

 

 cointegration  

  H0  :  g   =  0  ( ) 
  H1  :  g   <  0  ( ) 
 

  t-statistics 

gg / .E.S ADF Test  t-statistics

MacKinnon (MacKinnon critical values) 

(residuals) ( stationary) I(0) 

( X t) ( Y t) 
 

  (4.5) 

ADF test (4.5)  
 

  teD  = tit

p

i
it vece +D+ -

=
- ä

1
1g    (4.6) 

  tuD  = tit

p

i
it ude xf +D+ -

=
- ä

1
1    (4.7) 
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   (4.6)  H0  :  g   =  0 (Non-Stationary) 

      H1  :  g   <  0 (Stationary) 

   (4.7)  H0  :  f   =  0 (Non-Stationary) 

      H1  :  f   <  0 (Stationary) 

 

  

Non-Stationary 

Stationary   

   (Stationary) I (0)  

( X t) ( Y t) 
 (Non-

Stationary) I (1)  ( X t) 
(Y t)   

 

 4.3  (Error Correction Mechanism) 

  

(ECM) 

(X t) (Y t) 

 

 tXD  = t

p

i
itijt

q

j
jt XYe 1

10
11 efdb ää

=
--

=
- +D+D+   (4.8)   

   tYD  = tnt

k

n
n

r

m
mtmt YXu 2

10
12 ehpb +D+D+ -

==
-- ää  (4.9) 
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  tX     natural logarithm   

      t 

   tY    natural logarithm   

      t 

   21,bb     

   jd , mp    

   if , nh     

   11, -- tt ue   Error Term  

   tt 21 ,ee     

 

   1-te   = 1101 -- -- tt XY aa  

   1-tu   = 1101 -- -- tt YX mm  

   t1e , t2e     

  

 

  1.  0: 10 =bH  ( ) 

    0: 11 ¸bH  ( ) 

  2.  0: 20 =bH  ( ) 

    0: 21 ¸bH  ( ) 
 

  H0  

t (X t) 
t  (Y t) H0  

t (X t) 
t  (Y t)  
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4.4 (Granger Causality Test) 
  2 (X) ( Y)  

 X  

Y  X  Y  X  Y  
2   2   

 

  tY  = int

k

n
n

r

m
mtm uYX +D+D -

==
- ää

11

hp    (4.10) 

  tY  = int

k

n
n uY +D -

=
ä

1

h     (4.11) 

  

   

  H0  :   

  H0  :  1 2 ... 0rp p p= = = =  

  H1  :  

  H1  :  H0  

   

  F (F statistics)     

   H0  (X)

( Y )  

X  Y  Y  

X   

 

  X t  =  ++ -
=

-
=

ää mt

k

n
nmt

r

m
m XY

11

hp  ui   (4.12) 

  X t  =  +-
=
ä nt

k

n
i X

1

h  ui     (4.13) 
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  (4.12)  (4.13)  
F  (F statistics) 

   

   

  H0  :  

  H0  :  1 2 ... 0rp p p= = = =  

  H1  :  

  H1  :  H0  
 

 


