
2 

 

 

2.1  

    
(Time Series Data) 

(Stationary) 

(Non-stationary) (t-statistics)  

(Nonstandard Distributions) 

 (Spurious Regression) 

(Cointegration 

Relationship)  t  F  (
, 2547)  

 (Mean)  (Variances) 

(Spurious Relationship)   t  

R2  Durbin-Watson (DW) Statistic

( Autocorrelation) 

regression 
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1)   (Unit Root Test) 

  Unit Root  (Order of Integration)  

  [ I(0); 

Integrated of Order Zero ]    [ I(d); d > 0, Integrated of Order d ]

Cointegration and Error Correction Mechanism  

(x)  Unit Root

Unit Root Dicky-Fuller (DF Test)  

(Dicky and Fuller, 1981) Augmented Dicky-Fuller (ADF Test) Said and 

Dicky  ADF t-statistic 

MacKinnon  

(Stationary) (Dimitrova, Desislava, 2005) 

 

  

  tY     =    ttX eba ++      (2.10) 

  tX  = 1-tXr + et     (2.11) 

 

   Y t       

    X t , X t-1   t  t-1 

    ba ,     

 r    (Autocorrelation      

                                                      Coefficient) 

    te  , et   (Random Error) 

 

 

    Ho : r = 1 

    H1 : r < 1 ; -1, r < 1 

  (X t) r   

Ho : r = 1 X t X t  

H1 : r < 1 X t X t  
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  t-statistics  Dicky-Fuller  t-

statistics  Dicky-Fuller  

Integrated of Order Zero  Xt ~ I(0) 

 

 

    r   = )1( q+ ; -1 < q  < 1   (2.12) 

 

    q     =    

   tX   = ++ -1)1( tXq  et   (2.13) 

    tX   = 11 -- + tt XX q  + et   (2.14) 

    1-- tt XX  = 1-tXq + et    (2.15) 

    tXD   = 1-tXq + et    (2.16) 

Dicky-Fuller  (DF)   

   H0 : q  = 0  (  Xt  Non-stationary  ) 

   H1 : q  < 0  (  Xt Stationary  ) 

 

  H 0 : q  = 0 r  = 1 (X t)

(Non-Stationary)  t  

t-1 H1 : q  < 0 r  < 1  

(X t) (Stationary) 

  t t-1  
Dicky-Fuller  3  

 

 

Random Walk Process  tXD  =   1-tXq  + te   (2.17) 

Random Walk Drift  tXD  =  +a 1-tXq + te  (2.18) 

Random Walk with Driff  tXD  =  tba + + 1-tXq + te  (2.19) 

and Linear Time Trend 
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  X t , X t-1   t  t-1 

   qba ,,    

   t    

   te     

  Dicky-Fuller

Augmented Dicky-Fuller (ADF Test)  
(Autoregressive Process)  Dicky-
Fuller D.W. (Durbin-Watson Statistic) 

ADF  D.W. 2  
( Lagged Difference Terms,  p)

Lagged Difference Terms, p  

Autocorrelation   

 

  tXD  =  1-tXq  + it

p

i
i X -

=

Dä
1

f te+    (2.20) 

   

  tXD  = 1-+ tXqa  + it

p

i
i X -

=

Dä
1

f te+    (2.21) 

  

  tXD  = tba +  1-+ tXq + +D -
=
ä it

p

i
i X

1

f te   (2.22) 

  

  X t , X t-    t  t-i 

  fqba ,,,    

   t    

   te     

 

  Lagged Difference Terms, p

Lagged Difference Terms, p  

  Autocorrelation ( Lagged Difference Terms,  

p)   
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(Error Terms) (Serially Independent)  DF 

Test  (2.20), (2.21), (2.22)  Augmented Dicky  Fuller (ADF 

Test)  ADF  (Asymptotic Distribution)  

DF  (Critical Value)  

  Dicky-Fuller Test (DF Test)  Augmented Dicky-

Fuller (ADF Test) 

q 0   

 

 

  H0 : q  = 0   (  Xt  Non-stationary  ) 

  H1 : q  < 0 (  Xt Stationary  ) 

 

  t-statistic 

Dicky-Fuller t-statistic  

Dicky-Fuller

Integrated of Order Zero  Xt ~ I(0) 
DXt   

Differencing Xt  

Order of Integration (d) [ Xt ~ I(d) ; d > 0 ] 

 

2)    (Cointegration Test) 

  (Cointegration Test) 

(Error Term)  
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  2.1)  
(d)  

 

  2.2)  
( e t ) 

Cointegration  

 

 Cointegration  

  1)  Non-Stationary  ADF 

Test   

  2)  (Ordinary Least Square : OLS) 

  3)  ( Residuals) 2 
 Residuals  

 

    teD  = 1-teg  + tv     (2.23) 

 

 te , 1-te      Residual  t  t-1   

  g     

  tv     

Cointegration   

  H0 : g  = 0 (  ) 

  H1 : g  < 0 (  ) 

 

  t-statistic    
/  S.E.    ADF Test  t-statistic  

MacKinnon (MacKinnon Critical Value)  

(Non-Stationary) 

(Cointegration) 

^               ^ 
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  (2.23)  White Noise 

ADF  (2.23)  vt (2.23)  
(Serial Correlation)   

 

   teD  = t

p

i
tit veae ä

=
-- +D+

1
11g    (2.24) 

 

  -2 <    <  0  (Residuals)  

 X t , Y t  CI (1,1)  (2.23) , (2.24)  
(Intercept Term)  te (Regression Equation) 

 

3)  (Error Correction Model) 

  

(Cointegrated) 

(Long Term Equilibrium Relationship) 

Error Correction Mechanism (ECM)   

  Xt  Yt

  (Cointegrated)  

(Long Term Equilibrium Relationship) 

(Error Term) (Cointegrated)  

(Equilibrium Error)  

( Time Path) 

(Long Run Equilibrium)

Error Correction Mechanism  (ECM)   (Short-Term 

Dynamics)  

( , 2547: 480) 
 



 
 

16

ECM   

 

  tXD  = tjt

q

j
j

p

i
itit YXe 1

01
11 edfb +D+D+ -

==
-- ää   (2.25) 

  tYD  = tnt

k

n
n

r

m
mtmt YXu 2

10
12 ehpb +D+D+ -

==
-- ää  (2.26) 

 

 tt YX ,    Natural Logarithm t 

  21,bb     

  mj pd ,     

  11, -- tt ue     Error Term  

  tt 21 ,ee     

   

  

1-te   (2.25) 1-tu

(2.26)  ECM Model  

(2.25) (2.26)  
  1-te     1-tu

 X t    Y t    

ECM  Y t  X t    

X t    Y t  

 

 

 

 1. 0: 10 =bH    

  0: 11 ¸bH    

 2. 0: 20 =bH    

  0: 21 ¸bH    

  ( H0 )  
X t    Y t  

b 0 -1 X t    Y t   
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4)  (Granger Causality Test) 

  2  X  Y  

X  Y  

X  Y  X  

Y  2   

     X  Y  Y  

X  

(Explanatory Power)   

  Y  X    X  

Y  Y   X  

X  Y  

(H0) X  Y  

2    

 

   Y t = 
1 1

r h

m t m n t n
m n

X Yp h- -
= =

+ +ä ä  ui    (2.27) 

 

   Y t = 
1

h

n t n
n

Yh -
=

+ä ui      (2.28) 

 (2.27)  (Unrestricted Regression)   

 (2.28)   (Restricted Regression)   

 

RSS r    =  (Residual Sum of Squares)   

RSS ur  =  (Residual Sum of Squares)   

   

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

  H1  :  H0   

 

F   
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  Fq, (n-k) = 
)/(

/)(

knRSS

qRSSRSS

ur

urr

-
-

 

 

  H0  X  Y  

Y  

X  

X  Y  Y  X   

   X t = ++ -
=

-
=

ää mt

k

n
nmt

r

m
m XY

11

hp  ui    (2.29) 

   X t = +-
=
ä nt

k

n
i X

1

h  ui      (2.30) 

 

  (2.2 9)  ( 2.30)  
F   

 

 

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

  H1  :  H0   

 

  ( Lagged Difference Terms) p  

p  

2  3  p  

(Z)  

Y  X  

p  Z  

( , 2547) 
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2.2.  

   (2524) . 
2 

Ordinary Least Squares (OLS) 

2513 2522 10  

  

Dynamic Model Linear Double log-linear form 

 

 

  (2537) 

(Ordinary Least Square:OLS) 

(Multiple regression) 

  

0.01 0.03 
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  (2540) 

3 

(TOD)

TOD 

30 

Peak Partial Peak Off Peak Park and Acton 

  TOD Peak 

Partial Peak Off Peak 

TOD

Peak 

Peak  

 

  ( 2540)

Single Equation 

(OLS) 
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1 

1 

. .2538-2542

 

 

  (2541) 

64 

 

  147.3 

96.88 

3.12 

42 64 
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  (2548)

2493-2546 

 

 

 

 


