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2.1     

 2.1.1  Harrod – Domar 

 

 (Growth model) 

   

  (Harrod-Domar growth model)  

    (Aggregate 

production function)  (Technological coefficients)   

                Y = F(K,L) = min{aK,bL}   (2.1) 

 a  b   

 1  1/a   1/b  

 

 

  (Surplus capital) 

 (Surplus labor)  

 b/a   

 aK < bL   

     Y = aK     (2.2) 

 

            (1/b)Y = (1/b)aK < L of labor   (2.3) 

   (Capital stock) 

 (Neoclassical model)  

             K  = sY - K    (2.4) 
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 (2.2)  (2.4)  

             K  = saK - K    (2.5) 

   

           g = K /K = sa -     (2.6) 

   g 

 (s) 

   

   n  

  g – n  g – n  

  K/L   K  g 

   

K/L  b/a   

 Y = bL  Y  L  

 Y/L  (Philippe Aghion and Peter Howitt, 2009) 

 
2.1.2  (Neoclassical Growth 

Theory)  
 

   

 

  

 

 Solow  

 

   Solow -Type 

Growth Model  Solow  1960s 

 Robert Solow  Solow 

 

Y = f(A,K,L)     (2.7)  
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 Y =   

                     ( )  

A =   

K =   

L =  

  Solow  A  

 

   L  

   K  

  K   

  L  K 

  Solow  

 (Diminishing Return)    

    

     

   

     

     

  

 

   

   

 Solow  

   

Solow   

Y = f(K)      (2.8) 

   

  

 s  Y    
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    I = sY - K     (2.9) 

  ( )  K 

 K   Y  9 

 

   K  = sF(K) - K      (2.10) 

  (2.10) 

  

  

 

   

  

 

 

  

Solow   

  

  

  

  

 

 Solow 

 

     

   

   

   

  

 (Philippe Aghion and Peter Howitt, 2009) 
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2.1.3  (Endogenous Growth Theory) 

 Endogenous Growth Theory  

1990s  Robert E. Lucas (

 1993)  Paul M. Romer (  1996) 

Endogenous Growth  Neoclassic Growth Model 

Solow – Type Growth Model    Neoclassic  Solow 

   

   

   (Human capital) 

Endogenous Growth Theory  

 

 Endogenous Growth Theory  

  

  Endogenous Growth 

Theory   

Y = f( K , H , R )     (2.11)  

 Y =                

                               (  GDP)  

              K      =     

              H      =     

              R       =     

  2.11  Endogenous Growth Theory 

 

     

  Endogenous Growth Theory 

   

  Endogenous Growth  

 Solow Model  
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 (Diminishing Returns)  

  

     

   

    

 (Marginal Product)  

 

 Endogenous Growth   

   (R&D) 

 

   

   

   

 Endogenous Growth Theory  

 

 

  Endogenous Growth  

  Spill – over effects  Learning – 

by – doing effects   

   Spill – over effects  

  

    

 

   

 Learning – by – doing effects   

   

  

   Spill – over effects  Learning – by – doing effects 
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 Endogenous Growth Theory 

   

 Spill – over effects  Learning – by – doing 

effects   

 

  
 

 2.1.4  Unit Root 

  Dickey-Fuller Test (DF)  Augmented Dickey-Fuller Test (ADF) 

 Unit Root  

(Stationary) [I(0) : Integrated of Order 0]  (Non-Stationary) [I(d);d>0 : 

Integrated of Order d]  3  

  X t  (Random Walk)   

X t =  X t - 1 + t    (2.12)  

  X t  (Random Walk with Drift) 

   

              X t          =          + X t - 1 + t   (2.13)  

  X t  (Random Walk with Drift) 

 (Linear Time Trend)    

              X t =            + t + X t - 1 + t    (2.14)  

    X t  X t - 1    t  t-1  

   ,    

    t     

   t  

 (independent and identical distribution)  0 

      t  ~ 2,0iid  
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 X t  (Stationary Process ) (X t~I(0))  

 (2.12) (2.13)  (2.14)  First 

Differencing ( X t)  X t - 1  2  (2.12) (2.13)  (2.14)  

X t  =   X t - 1 + t    (2.15)  

            X t  =    + X t - 1 + t   (2.16)  

           X t   =    + t + X t - 1 + t                (2.17)  

     = -1 

  (Null Hypothesis)   = 0 

 (Alternative Hypothesis)   < 0  t (t-

statistic)  Dickey-Fuller (Dickey-Fuller Tables) 

 MacKinnon (MacKinnon Critical Values) 

 Non-Stationary 

 Stationary  

  Autocorrelation  Augmented Dickey-Fuller Test (ADF) 

Test  lagged change
p

j
jtj X

1
   (2.15) (2.16) 

 (2.17)   Unit Root  

   X t     =  X t - 1 + 
p

j
jtj X

1
+ t   (2.18) 

                 X t     =   + X t - 1 + 
p

j
jtj X

1
+ t   (2.19) 

                 X t     =   + t + X t - 1 + 
p

j
jtj X

1
+ t   (2.20)  

   p =   lag    

Autocorrelation   

 =  

  Dickey and Fuller 
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  Xt  Xt  Differencing 

  Xt  Non – Stationary Process   Order 

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

  (Order of 

Integration)  0 [  Xt ~ I(d)]  

 

  X t
d 1 =  + t + (  – 1) d Xt - 1 +  1

1

d

i

Xt - j +  t  (2.21) 

  d (Order of Integration)  Differencing  

(  d+1 )  Box –Jenkin Method 

  Spurious Regression 

  

  

 

 2.1.5  Cointegration  

  

  2    Two-

Step Approach   Engle-Granger  Johansen  

  Engle-Granger 

  Multiple Cointegrating Vector  

 1  

  Johansen   

  Granger 

Causality Test 

 

  Johansen and Juselius 

  Vector Autoregressive (VAR) Model  Co 

integration   
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 1  Order of Integration  lag  

   (Order of Integration) 

 (Order of Integration) 

 Johansen  

 (Lag)    Akaike Information Criterion 

(AIC) Likelihood Ratio Test(LR)  Schwartz Bayesian Criterion(SBC)  

 Lag  AIC LR  SBC     

   NTAIC 2log       (2.22) 

   urcTLR loglog     (2.23) 

TNTSBC loglog      (2.24) 

     T      =    

  c  =    

       = determinant   

r  =  determinant  

  N =    

 

 2   

 5  

 

 1  VAR Model  

 
p

i
titit XAX

1
 

  
1

1
1

p

i
tititt XXX      (2.25) 

 i  

              
p

i
i IA

1
 

 

p

ij
ji A

1
 

             tX   =   n x 1 vectors nttt xxx ,...,, 21  

  iA  =   n x n matrix  
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 I =    n x n  

t   =   n x 1 vectors  white noise   

E( t) =       0  t 

           E( t, 
’
s) = 

ts
ts

0
        

  =  

(Positive Definite)  t  Serially Uncorrelated  

Contemporaneously Correlated   

 

 2 VAR Model   co integrating vector 

  
1

1

*
1

*
p

i
tititt XXX     (2.26) 

     

nnnnn

n

a

a

021

0222221
*

...

...

 

 1,,,, 11211
*

1 ntttt XXXX  

 naaa 00201 ,...,,      =   

 

 3 VAR Model  

 
  

p

i
titit XAAX

1
0  

 
1

1
10

p

i
tititt XXAX      (2.27) 

  0A    =   n x 1 vectors  naaa 00201 ,...,,  

 

 4 VAR Model  Cointegrating vector 

 
1

1

**
1

**
0

p

i
tititt XXAX      (2.28) 
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nnnnn

n

n

t

t
t

021

0222221

0111211

*

 

 TXXXX ntttt ,,,, 11211
**
1  

T      = 1, 2, 3,…, n 

 

 5 VAR Model  

 
1

1
110

p

i
tititt XXTAAX     (2.29) 

 tA  = n x 1 vectors  nttt 00201 ,...,,  

 

 3  Cointegrating Vector  2  Eigen value Trace 

Statistic  Trace Test  Maximal Eigen value Statistic  Max Test 

  (H0 ) 

  Normalized 

Cointegrating Vectors   
 

 2.1   Cointegrating Vectors  
 

Eigen value Trace Statistic 

Hypothesis Testing 

Maximal Eigen value Statistic 

Hypothesis Testing 

H0 H1 H0 H1 

r = 0 r > 0 r = 0 r = 1 

r  1 r > 1 r  1 r = 2 

r  2 r > 2 r  2 r = 3 

r  3 r > 3 r  3 r = 4 

    
 :   (2538)  
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2.1.6  

(Error-Correction Model : ECM) 
 

 Granger Representation  

 Error Correction Model 

 

  ( 1te ) 

  

   te = tY - t - tx       (2.30) 

ttttt yxlaggedex 111 ,     (2.31) 

ttttt yxlaggedey 212 ,     (2.32) 

  1te   Error Correction Term 

t1  t2  White Noise Process 

1 2   

 

2.2   

   (2530) 

  

   

 

  (Simple and Multiple Regression 

Analysis)  (OLS)  4  

  

 

  (Time 

series Data)  2513 – 2528  
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  –  

 

   

 

   (2538)  

 

  4   

  

  

  . .2513 – 2535  

 

   

 

   Y = AK kL1
L1L2

L2L3
L3L4

L4    (2.33) 

 

     Y                  =   (Output) 

     K                  =   (Aggregate Capital Stock) 

         L1 ,L2 ,L3 ,L4         =   

k , L1 , L2 , L3 , L4 =    
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  (Decreasing Return to Scale) 

 

 

 Sinha (1998)  

    . . 1950-1992 

  Johansen   

  Granger Causality  

   

 

 

   (2545) 

  3   

  

 

   . .2517 – 2543 

 2     

  

  

  

  4 , 5  8   
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   (2548) 

   

   

 2493 – 2546 

  

   

  

 

  

  

 

  

 Musibau Adetunji Babatunde  Rasak Adetunji Adefabi (2005) 

  

(Nigeria)  . . 1970 – 2003  Co-integration  Johansen 

 ECM  2    

  2  

   

 (   ) 

 

   

 

   (2550) 
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 Johansen  Juselius  

 2536  2549   

    . . 2548  

17.0    

     

    

 5    

    

   

      

 

   

 
 


