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3.1  (theoretical concepts) 

 
  

 (input/output ratio)     

   

  

  

  2   (1) 

 (technical  operational efficiency) ( )  

(price efficiency) (   

(economic efficiency)) 

 

  

 

 (Kohl, 969: ; , 5 : 8, 9-45) 

 2   (marketing margin) 



  

  

  (efficient futures market) 

 efficient market hypothesis (EMH))  

  (futures price) 

 (future spot price)  (unbiased)  

  3   ( ) strong 

form ( ) semi-strong form  ( ) weak form 

 3  

 (spatial 

market)  2    (strict 

version)   (weak version) 

 

 

 (vertical market)  (spatial 

market)  (supply 

chain)  (vertical market)   

(spatial differentiation)  (product 

differentiate) (Fackler, 996)  

   (spatial)  (form)  

(time)  

  

  

 

 3. .   (spatial market) 
 

  (spatial market) 

 

 

   

   (spatial market) 



  

 

  

 ( , 2 31)  

(arbitrage)    

( ) 

 

 

 

 ( )  
 
 

(homogenous commodity)  (  X  Y) 

  

 3.  
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 (transfer cost)   (

)   

 2  (Bressler and King, 

9 0) 

 2  ( ) (  X  Y) 

 (law of one price, LOP)   Pxt    Pyt 

  

y  x   ( .1)  2  

 (strong version)  (weak version)  (3.2)  (3.3)  

 (weak form)  

 (transfer cost) 

 (transfer cost)    

 

  tt1t ePyPx            (3.1)    

  

( )  strict version:  

  ttt ePyPx                    (3.2) 

 : ,11    0  

 

( )  weak version:  

  ttt ePyPx                          (3.3) 

 : ,11    0  

 

 

 

 

                                                 
   (transfer cost) 

 (Asche et al., 004: 99)  Goodwin et al., ( 990. 

Quoted in Asche et al., 005: 4)   (transfer cost)  (not constant) 

 (LOP) 
 



  

 (2)  
 
  (homogenous 

goods)   (product differentiate) 

    cross price 

effect   3.2  (  3.1)  

  X  Y   (shock)  X 

 X   (shift)  Sx Sx’ 

 qx qx’  P P’  X 

 Y  X  Y 

 2  shock  X 

 Y  X  

 Y  Dy Dy’  

 2   P’   (  Y shift 

 X  relative price )  2 

  X  Y  2 

  Y (Dy)  Dy Dy”  
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 3.2   
 : Asche et al. ( 004: 98) 

 



  

   ( . )  2 

 (imperfect substitutes)  ( 1 )  

10 1   (relative price not constant) 

   (product differentiate)  

   Asche 

et al. ( 004)  (frozen fillets)  (white fish) 

  (Cod, Haddock, Redfish and Saithe)  

  

(homogenous product)  

 

3. . .   
 
   (form) 

 ( , 2 31)  

    

 

 Pc   =    

 Pp   =    

 Ps   =     

 P     =     

 n     =     

 C      =    

 

)CP(nP 1c1  

)CP(nP 2p2  

)CP(nP 3s3  

  

)CP(n)CP(n)CP(n 3s32p21c1  

 



  

   

  

  

    

  8 

  2 

  

 

  

  

 

  

 (shock)  

  

   

 

 

. .   
 

  ( )  (futures price) 

 (price discovery)   (spot 

market)  (futures market)    

 (efficient market hypothesis, EMH) 

 

 (commodities)  Fama ( 9 0, 99 . Quoted in 

                                                 
8
  (2 37)  (2 )   (

)   (2 )   3 

   (  2 )  (  2 2)  2 3  (

   2 3   3   2 2)  2 2  2   

 3    3   

 



 1 

Sabuhoro and Larue, 99 : )   

 9   (abnormal profit) 

  

  

(rational expectation)   

 

   

 

  

  

 

 (random)  

  

  

  

 

Fama ( 9 0)  3  

) weak form 

   (weak form) 

 

 weak form  random walk 

 random walk   

   weak form 

 

  

                                                 
9    weak form, semi-strong form  

strong form  semi-strong form   

 
 



 2 

   

 ( , 2 : ) 

) semi strong form 

  semi strong form 

 ( ) 

   

   .  . 

  

 semi strong form   . 

 . 

 .  .  

  semi strong form  

 

 ( , 2 : ) 

) strong form 

  strong form  

   

 .  strong form    

 . 

 . .   strong form  

 (insider)  

 

 

  (

)  

 3.1 
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 3.1  

 spatial market futures market 

1. 

 

tt1t ePyPx  

 

tPx =  X 

tPy =  Y 

= transfer cost 

te = error term 

t1tt uFS  
 

tS =  

1tF =  

=  risk premium, cost of  carrying, transfer cost 

tu = error term 

2. 

 

-  (LOP) : 

0,11  strong version 

0,11  weak version 

-   (unbiasedness 

hypothesis) : 

1,0  

.cointegration 

 test 

-  cointegration   

 

cointegration  

unbiasedness hypothesis  I(0) 

  

 

3.   
 
  (horizontal market 

integration) (  2)  (vertical market integration) 

(  3)  (  

)  Johansen’s cointegration approach   

DAG  (  impulse response function ) 

 

  (  unit root test  

innovation accounts)   

 
3.2.1  vector autoregression (VAR) 
 
 Sim ( 980)  VAR 

  VAR  Sim ( 980)   

 (true simultaneity) 

 exogenous  endogenous  



  

  (dynamic)   

VAR  (simultaneous equation) (

 VAR  3.2 

  VAR  

 (simultaneous equation)  VAR 

 (lagged values)  

 (Gujarati, 004: 8 ) 

   VAR  (structural VAR)  (  Ender, 004)  

primitive system  (endogenous variable)  n   (3.4) 

 
   

k

1i
titi0t uPP     (3.4) 

 

       tP    1nx  

               )P( t  nxn   

   (diagonal)   

 0  1nx  

i   ( itP )  nxn  

tu   (disturbance term)  1nx  

white noise  

  

  structural VAR  

   OLS 

 (biased)  (inconsistent) 

 (reduced VAR) Ender ( 004)  standard form 

 VAR  1   (3.4) 

 (3.5) 

 

   
k

1i
titi0t ePAAP     (3.5) 



  

  0
1

0A  

 i
1

iA  

 t
1

t ue  

 

 VAR   (endogenous variable) 

 (lagged values)   lag  

 VAR  reduced form  

 (degree of freedom)  

    

lag   Sims ( 980)  likelihood ratio  (LR)  

Ender ( 004)  AIC  SC  ( ) 

 final prediction error (FPE)  Hannan-Quinn information criteria (HQ) 

 5  0   

   

(difference)  VAR 

 (cointegrated)  

(cointegrated)   integrated of order [I(d)]  VAR 

 (misspecification)  

                                                 
0
  (optimum lag)  lag 

   

      AIC 

 1 -2    Ivanov and Kilian ( 005  

, . . .)  Monte Carlo simulations 

   (AIC, SIC, HQC, LR, LM test  small sample correction to LR test (SLR))  

 (monthly data)  AIC  (  -  ) 

 2     SIC, HQC, LR, SLR test  LM test  lag 

 AIC  mean square error (MSE)   2     HQC 

 AIC  (3 -  )   AIC  

 (error)  relative MSE  

 12    AIC HQC  SIC  lag  lag   AIC 

 HQC  SIC  SIC 

  SIC  

(infinity)  AIC  lag  ( )   

 

 



  

  VAR  

(cointegrated)  (cointegration 

relation) (Ender, 004)  I(d)  cointegration 

 VAR  

 VAR  VEC  2 

   unit root 

  VAR   

  integration of order [I(d)]     

 I(d)  cointegration rank  (

 1.2)  

 

 3.2  VAR  

  

. 

 (endogenous) 

 (exogenous) 

1.   (transform) 

 (difference)  

  I(0) 

 I( )  transform  

.  OLS 

 

2.  VAR  lags  

(  IRF  FEVD 

3.  .  lag  

:  Gujarati ( 004: 85 ) 

 

3. .   (cointegration) 
 

cointegration 

 (nonstationary)  2 

 (cointegration)    

(cointegrated)  

  

   two-step approach  Engle and 

Granger ( 98 )  full information maximum likelihood (FIML)  Johansen 
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 Engle and Granger   2  

 cointegration  Johansen and Juselius ( 990) 

 

 

3.2.2.1   cointegration  Johansen and Juselius ( 990)  
 
  Johansen 

 reduced rank regression  maximum 

likelihood  cointegration   VAR  

(3. ) 

 

            tktk2t21t1t PA...PAPAP       (3. ) 

 

 1tP  (3. )  (3.7) 

  tktk2t21t1t PA...PAP)IA(P            (3.7)      

 

 2t1 P)IA(   (3.7)  (3. ) 

 

tktk3t32t121t1t PA...PAP)IAA(P)IA(P       (3. )  

 

 k lag  (3. ) 

  t1titi

1k

1it PPP                   (3. )  

 tP   column vector  n   T   nx    

   (constant term)  nx   

,    (coefficient matrices) 

k    (lag length)  

t   error term    

                [ ),0(N~t ] 

   (impact matrix) 

  rank (r)     r < n  



  

   nxr  '   

 (adjustment parameter)  cointegrating 

vectors  ECM  linear combination  tP'   stationary  tP   stationary 

  rank (r)   (3. )  VAR  

 

 cointegration  Johansen  4   
 1:   lag   lag 

  LR AIC SC FPE  HQC 

  

LR test  likelihood ratio  

chi-squared  lag   ( . ) 

 

  )q(~)ln)(lnkT(LR 2
uR      ( . ) 

 T   (usable observations)  

   lag  

 k   unrestricted model 

        Rlog   logarithm  determinant of unrestricted matrices of cross products of 

  residuals 

 q   parameter restrictions  reduced form VAR model 

 

  lag  LR test  reduced form 

VAR model  lag   reduced form VAR model 

 lag    lag  lag  

 reduced form VAR model  lag  unrestricted form VAR model  

reduced form VAR model   lag  restricted model 

                                                 
 Awokuse ( 00 )  Gujarati ( 004)   cointegration  ECM 

 VAR   lag   VEC 

 (cointegrating vectors)   innovation accounts (forecast error variance 

decomposition (FEVD)  Impulse response functions (IRFs)  

 



  

 lag  

 lag   

  lag  AIC  SC  ( . 1)  ( . 1) 

  

  
n
k2

n
l2AIC       ( . 1) 

  
n

nlogk
n

l2SC       ( . 2) 

 k  n   l  log 

likelihood function  k  

 

 lag  FPE  HQ  (3.13)  (3.1 )  

 )pT()pT(FPE 1
2

pp       ( . 3) 

 )Tln(lnpT2)ln(HQC 1
2

pp   
2T

pt
t

2

p 1)pT(  ( . ) 

t  residual   T   p  lag   

  lag  AIC, SC, FPE, HQC    

 

 2:   cointegrating vectors  

Johansen and Juselius ( 99 )  rank    

 (3. ) (  

cointegration rank  1.2)  trace test )( trace   maximal 

eigenvalue test )( max  (3.1 )  (3.1 )  

 

 trace test )( trace  : 

H0:  (3.1 )  cointegration vector  r 

Ha:  cointegration vector  r 

   )1ln(T
n

1ri
Trace     (3.1 )  

 maximum eigenvalue test )( max  : 

H0:  (3.1 )  cointegration vector  r 

Ha:  cointegration vector  r+  



  

   )1ln(Tmax      (3.1 )  

 T  

    Eigenvalue   

 

 cointegration rank (r)  3   

.  r = n (full rank)   n   r   

(cointegrating relations)  rank  n   tP  

 (stationary)  (at level) 

 VAR  

.  r = 0 (zero rank)     

nonstationary   

(difference)  VAR 

. < r < n  nonstationary 

  r (  cointegrating vectors) 

 

 3:   VEC (  cointegrating vector (s)  

(normalized)   (speed of adjustment)) 

 

 :  innovation accounting  stochastic disturbance term  VEC  

VAR  (impulse response function,   IRFs) 

 (variance decomposition)  

                                                 
     Eviews    unit 

root  cointegration   unit root  (series are 

integrated) ( )  cointegration     full rank ( ) 

  low power  cointegration 

  (specification error) 

  normalized  (endogenous 

variable)  (dependent variable)  1   
tt32t210t1 uXXX

 X t  (  normalized  X t  1)  

normalized cointegrating relation  

 (Juselius, 00 : 5- 6.)  



 1 

3. .   (causality test)  
(directed acyclic graph,  DAG) 
 

 Spirtes et al. ( 000)  Pearl ( 000)  directed 

acyclic graphs (DAGs)  (non-time sequence asymmetry in 

causal)  

  DAG  

(algorithms) 4 

  DAG 

  

  DAG 

 

    (vertices) 

 (edge)  ( ) 

 ( )  DAG  (directed graph)  

(acyclic graph)   (directed acyclic graph, DAG) 

 G = (V,A) 

  V      (vertices)  (nodes)  X, Y,  Z     

                      V 

            A          (directed edge)    

        (arcs)  (arrows) 
                                                 

4 Algorithm  

 Input ( )   Output ( ) 

  algorithm    (iterate)  (recursive) 

 (logic)      

algorithm     

 ( )  algorithm  

     , ,  

    ‘Algorithm’ 

 9       (Abu Abdillah Muhammad bin Musa al-Khawarizmi)  al-Khawarizmi 

 Algoritmi   Algorithm 

   algorithm  

 



 2 

 3.3  

     X, Y, Z =     (vertices) 

 a, b, c =     (edges)  (lines) 

          a   =    undirected edge ( ) 

                    b   =    directed edge ( )  

                    c   =    bi-directed edge ( ) 

 (edge) e = (X, Y)  X  Y  

     Y  ‘ ’ (head)  

  X  ‘ ’ (tail)  

 

X Y

Z

b

a c

X Y

Z

XX Y

Z

YY

ZZZ

b

a c

b

a c

 
 3.3  

 

DAG  (conditional independence) 

   recursive product 

decomposition  (3.17) (Awokuse et al., 009) 

 

  ii
n

1i
n321 paPr,...,,,Pr     (3.17) 

 

 Pr   (vertices)  n321 ,...,,,  

       ipa   n321 ,...,,,   

 

 DAG  (stepwise testing)  PC 

algorithm  

Fisher-Z (  3.1 ) (Bessler, 004: 06) 



 3 

  ,
)kj,i(r1
)kj,i(r1

ln3kn
2
1n),kj,i(rz    (3.1 )  

 

n         =   (correlation)  

)kj,i(r   =        i  j  k   

k       =        k   k,j,i   

                             

 DAG   

 4  A B C D  

  (line)  (edge)   

 Fisher-Z 

 Fisher-Z   edge 

  (edge) 

 D  (D ) 

 edge  (A B  C)  d-

connection  d-separation  4 

 (Stockton et al., 004)  

 

 ) causal fork )CBA(     d-separation  

 ) inverted causal fork )CBA(     d-connection 

 ) causal chain right )CBA(    d-separation 

 4)  causal chain left CBA    d-separation 

 

 DAG  3  MIM, Tetrad  WinMine 

 free software  3   3  algorithms  

 (Haughton et al., 006)  TETRAD 

software (TETRAD IV)  PC algorithm (causal search algorithm)  Spirtes et al. 
( 000)  

 

 



  

3. .4  
 

 (unbiased)   ( ) 

  (efficient market)  ( ) 

 (futures price)  (future spot price) 

 (unbiasedness)  

(Wang and Ke, 00 )  (risk 

neutrality)  (rational expectation) 

 (spot price)  (futures price) 

  (3.1 ) 

 

     t1tt1t uF)S(E     (3.1 ) 

 

 tS  (  t)  1tF   

 t-     t  E(.)  expectation operator (

 t- )  ut  error term  (3.1 ) 

 (3.2 ) (  

logarithms  natural logarithms)  

 

t1tt uFS     (3.2 ) 

 

 

 0  1   (3.2 )  0   1  

  

 (investor)  (abnormal profit)  (Sabuhoro and Larue, 99 ) 

 3  (Mckenzie and Holt, 998)  

)  

)  (constant risk premium) 

 



  

)  (time varying risk premium) 

 futures price  future spot price  

 

 (simple 

linear regression)  (3.2 )  spot  futures price  

 I( )  (unbiasedness) 

 (differencing)  

spot  futures price  (cointegrated)  

 (misspecification)  cointegration  spot 

 futures price   spot 

 futures price  unit root (non stationary)  I(0)  I( ) (Lai and Lai, 99 ) 

 

 (spot markets)  (futures market) 

  (cointegrated)  

  

 

  

 

  cointegration 

 

 Johansen’s cointegration 

 

 
. .4.1 Johansen’s cointegration  

 
  (nonstationary)  I(0) 

 order of integration  [I(d)]  unit root  cointegration 

 Johansen and Juselius ( 990)  [I(d)]  

 (cointegrating vector)  rank (r)  stationary 

linear combination  cointegrating vector  trace test  



  

( )trace  maximum eigen value ( )max (  3.2.2.1)  ECM 

 Johansen and Juselius ( 990)  (3.21)  

 

tktiti
1k

1i
t PPP     (3.21) 

 

 Johansen’s approach 

 (3.2 )  Pt  (3.21)  )1,F,S(P 1ttt

 '  tP'   ),,1('  normalized  VEC  spot price 

(St)  )0,1,1(   

 '  H : 1,0   )0,1,1(  

   (risk premium)  

 

 3.3  

   

 2  3   

1.  (structural change test)    
     -   recursive residual   - 
     -   Chow test   - 

.  (unit root test)    
      - seasonal unit root test     - 

      - Augmented Dickey Fuller test (ADF) - -  
. Johansen’s cointegration test    

  .  rank test    
  .2 VEC estimation    
  .3  (LOP)  (weak exogeneity)  - - 

  .   - -  

4. causality test  directed acyclic graph (DAG)   - 
5.  (FEVD)   - 
6.  (IRF)   - 

: ( )   ( - )   
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3.3  

 
 VEC  

VEC (  (3.1 ))  

t1jtijti

1k

1ijt PPP  

 

  Pj   j  

(  2, 3  )     t   error term  

  ( )  2  

  logarithms  ‘ln’  

 logarithms  

 2 3       7  

 (Pj)  
         :  

 2:   

                                                                                                                             ( ) 

       pnak 

                                                                                pchi 

                                                                                pkon 

                                                                                pcha 

                                                                                pcho 

                                                                                pray 

                                                                                pkan 

 
 
 
 
 
 
 



  

:  

 :         

                                                                                                                            ( ) 

            pff 

                                                         pfc 

                                                         pwc 

                                                         pws 

                                                         pxs 

                                                          pxp 

 
:  

 4:   

                                                                                                                          ( ) 

                (spot market)    

     St  St 

                (futures market) 

    

  (  month  contract)   4tF   1F  

  (  months contract)   8tF   
2F  

  (  months contract)   12tF   3F  
4  (4 months contract)   16tF   4F  

5  (5 months contract)   20tF   5F  

6  (6 months contract)   24tF   6F  

 

 

 ( ) ( tS )   

 m  m = , , ,..., 6 

 5 (  3. )  

                                                 
5   basis  basis   

  (2 1: 7-7 ) 



  

   

 1   

 ( )   

   m  

 (3.22)–( .27) 

 

     

 month  contract 4t11t FS   111t FS  (3.22) 

2 month  contract 8t22t FS   222t FS  (3.23) 

3 month  contract 12t33t FS   333t FS  (3.2 ) 

 month  contract 16t41t FS   444t FS  (3.2 ) 

 month  contract 20t51t FS   555t FS  (3.2 ) 

 month  contract 24t66t FS   661t FS  (3.27) 

   

   (futures price) 

 (futures spot price)   

  

0,1:H0  (unbiasedness assumption) 

 (too strong)  

  (risk premium) 

 (  ( ))  

 1:H0  0:H0  

 (joint test) 0,1:H0   (Wang and Ke, 00 : ) 

 3  

 (non-stationary)  cointegration  spot  futures price 

  spot  futures price  

unit root (non stationary)  I(0)  I( ) 

 Johansen’s cointegration  2  (bivariate) 

 

 



 7  

(1)  integration of order [I(d)]  unit root (  ADF test) 

(2)   cointegration rank ( ) 

( )  VEC (normalized  spot price (St))  

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

   (St) 

 ( ) (

)   

 3   1:H i0  

  ( ) 

  0,1:H 0   

  (

)   

 
w   w   w  w4    w   w   w  w4   w   w   w  w4   w   w   w  w4    w   w   w  w4   w   w   w  w4    w   w   w  w4 

       

         S 

     F   

    F    

   F     

  F4     

 F5      

F6       

       

: F ,..., F  =    1,...6 

                : S =  (spot price)  ( )  

 3.    1   


