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 1.2 

 4   3  (1)   

integration of order [I(d)]  unit root  ADF test (2)  cointegration rank 

 ( ) 

 VEC (normalized  spot price (St))  (4) 

 (unbiased hypothesis)  )0,1,1(  VEC  

 

 

7.1   
 

  7.1   (mean)  7  

  (spot price, S) 

 1 (F )  2 (F )    

 (left skewness)  (S) 

 1  (F )   

  3, 4, 5  6  (kurtosis)  2.0-2.1 

 (S)  1  (F ) 

 .8 3  1.631   2  (F2) 

 7   2.935 
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 7.     

   

 F  F  F  F  F  F  S 

  (mean)  , .   , .   , . 8   , .   , .   , .   , .88  

  (median)  , 8.   , .   , .   , .   , .   , .   , .  

 (maximum)  , .   , 8.   , .   , .   , .   , .   , .  

  (minimum)  ,88 .   , .8   ,88 .   ,88 .   ,88 .   , .   , .  

 (skewness)  .  - . 1 - .  - .  - .  - . 8  . 8  

  (kurtosis)  .8 3  . 5  . 4  . 8  . 82  .   .  

  8 8 8 8 8 8 8 

: F , F , ..., F   =  1, , , ...,   

                : S =  ( ) 

 

7.2   unit root 
 

 unit root  (random walk with drift) 

 (random walk) (  (  7. ) 

)  unit root  7.2  

 unit root    (non stationary)  (at 

level)  (  I( ))     integrated of 

order (I(d))   ADF test   unit root 

  (at first difference)   unit root 

 1     I( )  

 (at level)  I( )  I( ) 

cointegration  

  cointegration rank (r) 

 (cointegration)   
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 7.1               

: F , F , ...,F   =  1, , , ...,   

                : S =  ( ) 

 
 7.2   unit root  ADF 

 random walk random walk with 

 P-value   P-value  

at level 

St - . 8   .   I( ) - . 8  .   I( ) 

F  - .  .   I( ) - .  . 8   I( ) 

F  - . 8  .   I( ) - . 8  .   I( ) 

F  - .  .   I( ) - .  .   I( ) 

F  - .  .   I( ) - .  .   I( ) 

F  - .  .   I( ) - .  . 8   I( ) 

F  - . 8 . 8   I( ) - .  .   I( ) 

at first differenced 

St - . 8   .   I( ) - . 8   .   I( ) 

F  - . 88   .   I( ) - .   .   I( ) 

F  - .   .   I( ) - .   .   I( ) 

F  - . 8   .   I( ) - .   .   I( ) 

F  - . 88   .   I( ) - . 8   .   I( ) 

F  - . 88   .   I( ) - .   .   I( ) 

F  - .   .   I( ) - .   .   I( ) 

: *MacKinnon ( ) one-sided p-values. 

               :   (H ):  (non-stationary)  (  unit root) 

               : F , F , ..., F   =  1, , , ...,   

           : S =  ( ) 
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.3   cointegration rank ( ) 
 

   cointegration rank 

 7.3  Trace test  Maximal eigen value test  

  1  (cointegrating relations)  2  

 (  (S) 

 1  (F )) 

 (S)   

 ( )  (1 ) 

 (cointegrating relation)  tS   F  

(7.1)  VEC  

(cointegrating relation)    

,111  ,112 021   (7.1)   

  

 

 7.    cointegration rank  

Note: **  (H )  cointegration rank r    

        :  ':H 0  

        :   logarithms 

        : F , F , ..., F   =  1, , , ...,   

    : S =  ( ) 

 

 Trace test ( trace )  Maximal eigen value ( max ) 

 H  H  Test statistic C( %)  H  H  Test statistic C( %) 

St  F  r=  r>   . **  . 8   r=  r=   . 8   .8   

St  F  r=  r>   .   . 8   r=  r=   .  .8  

St  F  r=  r>   .   . 8   r=  r=   8. 8 88   .8  

St  F  r=  r>  8.   . 8   r=  r=   . 88  .8  

St  F  r=  r>   .   . 8   r=  r=   .  .8  

St  F  r=  r>   .  . 8   r=  r=   . 8   .8  



1tP'
21

11 1x  x12  
)1(F

St     ( .1) 

.4   (unbiasedness hypothesis) 
 

  (unbiasedness) 

 ( )  (rank (r) 0 ) 

 ( )  1  

(St  F )  7.4   ( , - ) 

 5    (futures price) 

 (future spot price)   0:H 0  

 (trader)  

 ,1:H 110  ,112   021   

 1   (  rank 

)   

(risk premium)     (transfer cost) 

 (cost of carrying) 

   

  

 

 7.    Johansen’s approach

  (hypothesis) 

1,1:H 12110 * 0:H0 * 1,0:H 0

LR P-value LR P-value LR P-value 

St  F1 .8  .  . 8  .  .  .  

 :  1  

             :*  1,1:H 12110  0  Johansen’s approach 

  ,1  0  t1tt uFS  
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