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1)  (Saving) 
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Y = C+S                                                          (2.1)

 Y  

C

S

 : 

 APS (average propensity to 

save: ) 1

MPS (marginal propensity to save: )

 1

APS MPS

APS = S/Y      (2.2)
MPS = dS/dY      (2.3)

APS

MPS

S

Y

d coefficient  (slope)

 (2.1)
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C + S = Y 
   (C/Y) + (S/Y) = (Y/Y) 

APC + APS = 1     (2.4)
 (DC/DY) + (DS/DY) = (DY/DY) 

MPC + MPS = 1     (2.5)

  APC  (average   propensity to
consume) 

   MPC  (marginal propensity
to consume) 

2)  (Absolute Income Hypothesis of 

consumption)

 John Maynard Keynes 

(Absolute Income) 

 ( Disposable Income ) 

C = f ( Yd )     (2.6)
   C   = 

              Yd = 

C = Ca + bYd ; 0 < b< 1       (2.7)
   Ca  = 

 (Autonomous consumption )

               b  =  ( Marginal propensity

to consume )  MPC 

Yd = C + S      (2.8)
    C = 

     S  = 

     S = Yd – C     (2.9)
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(2.2) (2.4)
S = Yd – ( Ca + bYd ) 
S = -Ca + Yd – bYd 

  S = -Ca + ( 1-b ) Yd      (2.10)
  -Ca  = 

1-b  =  ( Marginal propensity 

to save MPS)

 APC 

 APS 

APC

3)  (Relative income hypothesis of 

consumption)  James S. Duesenberry 

(previous peak income) APC
APC = c - dY/YP

C/Y = c - dY/ YP    (2.11)
 C 

c APC Y/ YP  0
d coefficient  (slope)

APC Y/ YP

Y



14

YP

James S. Duesenberry 

C/Y + S/Y = 1
C/Y = 1 - S/Y      (2.12)

 (2.12)  (2.11)
1 - S/Y = c - dY/ YP
S/Y = (1-c) + dY/ YP

S/Y = e + dY/ YP     (2.13)

e APS Y/ YP 0 1-c

(2.13)

S = eY + dY2/ YP     (2.14)

 2.1.2  Cointegration

(Non –Stationary) 

t-statistic

R2 Durbin-Watson (DW) Statistic 

Autocorrelation

Non-Stationary

Cointegration Error Correction Mechanism 

Cointegration Error Correction Mechanism 
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1. Unit Root Test 

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

2. Unit Root 

(Cointegration) Johansen

  (1) (Lag Length) Likelihood Ratio Test 
(LR)

(2)
(3) Cointergrating Vectors Maximal 

Eigenvalue Statistic ( Max) Eigenvalue Trace Statistic Trace

 3.
 Error Correction Mechanism (ECM) 

Cointegration  Error Correction Mechanism 
1) Unit Root Dickey-Fuller test (DF) Augmented 

Dickey-Fuller test (ADF)
Unit Root (Orders of 

integration)  2 Dickey and Fuller

Phillips and Perron Dickey and Fuller 

Unit Root 

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

[I(d);d>0 : Integrated of Order d] Unit Root Dickey

and Fuller

Autoregressive Model  3 
X t  (Random Walk) 

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

with Drift)    

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

with Drift) (Linear Time Trend)
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X t =   + t + X t - 1 + t (2.17)
 X t  X t - 1 t t-1

,
     t 

t

 (independent and identical distribution)  0 
t ~ 2,0du

 X t  Integrated of Order 0 (X t~I(0))

 (2.15) (2.16)  (2.17) First

Differencing ( X t) X t - 1  2  (2.15) (2.16)  (2.17) 
X t  =   X t - 1 + t    (2.18)
X t  =    + X t - 1 + t  (2.19)
X t   =    + t + X t - 1 + t (2.20)

 = -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
jtX

1

 (4),(5)  (6) Unit Root 

X t     =  X t - 1 + 
p

j
tX

1
1 + t   

X t     =   + X t - 1 + 
p

j
tX

1
1 + t

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

j
tX

1
1 + t
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   P =  lag

                                     Autocorrelation

Dickey and Fuller

Xt Xt

Differencing Xt Non – Stationary Process 

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

Non – Stationary Process

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

X t
d 1 =  + t + (  – 1) d Xt - 1 +

1

1

d
p

j

Xt - j + t

d (Order of Integration) Differencing

( d+1 ) Box –Jenkin Method 

Regression Spurious Regression 

( ,2538)

 1987 Robert F. Engle Clive W.J Granger 

Cointergration and Error Correction: Representation, Estimation and 

Testing   Cointegration and Error Correction 

Differencing

Non-Stationary

2) Cointegration 

 2 
Two-Step Approach  Engle-Granger (1987) Johansen Methodology 

(Johansen and Juselius,1990)

Engle-Granger

Johansen-Juselius Engle-Granger

Error Term Stationary
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Johansen Rank Engle-Granger

 2 
Engle-Granger

Multiple Cointegrating Vector 

 1 
Johansen

Granger Causality Test 

Johansen and Juselius (1990)

Vector Autoregressive (VAR) Model 

Cointegration

 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)

NTAIC 2log      (2.21)
urcTLR loglog     (2.22)

TNTSBC loglog     (2.23) 
T  =   

 c  =   

   =  determinant 

r  =  determinant 

 N =   
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Lagged Term r

u Lagged Term Chi-

Square Lagged Term r

(Coefficient Restrictions) Chi-Square

Null Hypothesis F-test

Chi-Square

Lagged Term

 Lagged Term

c=np+1+dummy variables 

Parameters Lagged Term (p)

(n)

 2
 5  (M.Hasherm 

Pesaran and Bahram Pesaran,1997) 
 1 VAR Model 

p

i
titit XAX

1
1

1
1

p

i
tititt XXX     (2.24) 

i

p

i
i IA

1

p

ij
ji A

1

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

iA  =   n x n matrix 

I =   n x n

t =   n x 1 vectors  white noise

E( t) =       0 t
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E( t,
’
s) = ts

ts
0         

=

(Positive Definite) t Serially Uncorrelated 

Contemporaneously Correlated  (Johnston and Dinardo , 1997 : 287)

 2 VAR Model cointegrating vector 
1

1

*
1

*
p

i
tititt XXX     (2.25)

nnnnn

n

a

a

021

0222221
*

...

...

1,,,, 11211
*

1 ntttt XXXX

a      =

 3 VAR Model 
p

i
titit XAAX

1
0

1

1
10

p

i
tititt XXAX      (2.26)

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

 4 VAR Model cointegrating vector 
1

1

**
1

**
0

p

i
tititt XXAX      (2.27)

nnnnn

n

n

t

t

t

021

0222221

0111211

*

TXXXX ntttt ,,,, 11211
**
1

T      = 1, 2, 3,…, n
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 5 VAR Model 
1

1
110

p

i
tititt XXTAAX     (2.28) 

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

 3 Cointegrating Vector  2 Eigenvalue

Trace Statistic Trace Test Maximal Eigenvalue Statistic Max Test 

(H0 )
Normalized Cointegrating Vectors 

  2.1 Cointegrating Vectors

Eigenvalue Trace Statistic 
Hypothesis Testing 

Maximal Eigenvalue 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

: Enders, Walter (1995)
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3)
(Error-Correction Model:ECM) 

Granger representation 

Error Correction 

Model

( 1te )

te = tY - t - tx

ttttt yxlaggedex 111 ,

ttttt yxlaggedey 212 ,

1te Error Correction Term 

t1 t2 white noise process 

1 2

tx ty

Distributed Lags of First Difference xt yt  Error 

Correction Term

ECM

tt xy

EC Model 

“General-to-Specific

Approach”

 (Long-Run

Economic Equilibrium) 

 (Short-Run Adjustment) 
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F-test

 (Test Down)

EC Model ( General-to-Specific

Modelling Approach)  (dynamic)

Partial Adjustment Model 

2.2

 (2531)
 ( )

 ( )
. . 2513 -2529 

 regression analysis 

 (2537) 
 4 

autocorrelation
structural change 

 1988-1990 
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 2 

 3  Grangers causality test 

 4  vector autoregressive (VAR) 

 lmpulse response  vector autoregressive 
(VAR)

 2  output 
effect  interest effect  output effect 

 interest effect 

 (2538)
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 (2540)

. . 2539-2544 
 3 

. . 2520-2538

 0.845 
 0.112 

. .2539-2544
 265,450 . .2539

309,573 . .2544  3.12 
 538,122 . .2539  672,397 

. .2544  4.52 
 170,207 . .2539  209,817 . .

2544  4.24 
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 (2540)

. . 2518-2539 multiple regression 
analysis

. . 2540-2542

 (2544)

. .2513 -2542  1 . . 2536-  2 

. .2543 cointegration and error correction mechanism 
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Simulation 

 (2544)

 2520-2542  23 
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(2548)  “
”


