
4

(GDP) 

. . 2541 . . 2552

Cointegration 

1 0 1 t tM b bGDP e (4.1)

0 1 1t tGDP B BM E (4.2)

1M =

tGDP =

,t te E =

0 1 0 1, , ,b b B B =

2 0 1 t tM b bGDP e (4.3)

0 1 2t tGDP B BM E (4.4)

2M =

tGDP =

,t te E =

0 1 0 1, , ,b b B B =
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4

4.1 (Unit Root)

4.2 (Cointegration)

4.3 (Error Correction Model:ECM)

4.4 (Granger Causality)

( )
Unit Root Augmented Dickey Fuller 

stationary order of integration 0

I(0) levels without trend and intercept, levels with intercept, levels with trend and 

intercept 90, 95 99 non-stationary 

order of integration order of integration 

1 I(1) first difference without trend and intercept, first difference with 

intercept first difference with trend intercept 90, 95

99 stationary 

stationary order of integration 

1
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4.1 Unit Root Level ; I(0) 

variable Lag
ADF Test 

Statistic

Critical Value
Status

1% 5% 10%

M 21 2.403267 -2.617364 -1.948313 -1.612229 Non-Stationary

M 22 0.663770 -2.617364 -1.948313 -1.612229 Non-Stationary

GDP 6 4.277797 -2.622585 -1.949097 -1.611824 Non-Stationary

variable Lag
ADF Test 

Statistic

Critical Value
Status

1% 5% 10%

M 61 0.368220 -3.600987 -2.935001 -2.605836 Non-Stationary

M 22 -1.279938 -3.584743 -2.928142 -2.602225 Non-Stationary

GDP 9 -1.294503 -3.615588 -2.941145 -2.609066 Non-Stationary

variable Lag
ADF Test 

Statistic

Critical Value
Status

1% 5% 10%

M 11 -5.035893 -4.170583 -3.510740 -3.185512 Non-Stationary

M 12 -4.291786 -4.170583 -3.510740 -3.185512 Non-Stationary

GDP 6 -2.367919 -4.198503 -3.523623 -3.192902 Non-Stationary

:

order of integration 0 I(0) 

ADF Statistic 

Mackinnon 0.0 5

I(0) 0.0 5

lag 2 (Without Trend 
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and Intercept) 2.403267

0.05 I(0)

I(0) 

1 (first difference) order of integration 1

4.2

4.2 Unit Root Level ; I(1) 

variable Lag
ADF Test 

Statistic

Critical Value
Status

1% 5% 10%

M 11 -5.531375 -2.617364 -1.948313 -1.612229 Stationary

M 12 -6.830098 -2.617364 -1.948313 -1.612229 Stationary

GDP 8 -0.000935 -2.627238 -1.949856 -1.611469 Stationary

variable Lag
ADF Test 

Statistic

Critical Value
Status

1% 5% 10%

M 51 -5.899895 -3.600987 -2.935001 -2.605836 Stationary

M 12 -6.928134 -3.584743 -2.928142 -2.602225 Stationary

GDP 1 -8.294138 -3.584743 -2.928142 -2.602225 Stationary

variable Lag
ADF Test 

Statistic

Critical Value
Status

1% 5% 10%

M 51 -5.859348 -4.198503 -3.523623 -3.192902 Stationary

M 12 -6.878070 -4.175640 -3.513075 -3.186854 Stationary

GDP 5 -4.927718 -4.198503 -3.523623 -3.192902 Stationary

:
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4.2 Unit Root 1 order of 

integration 1

0.0 5 I(1) 

0.05 3 Without Trend and Intercept , With Intercept With Trend and 

Intercept 1

95

Unit Root 

(Stationary) order of integration 1 I(1) 

I(1) 
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4. ( )
Engle and Granger 

(OLS) 

(Stationary) 

Unit Root Augmented Dickey-Fuller (ADF) order of integration 0 I(0)

Level without trend and intercept 0.05

(Stationary) 

cointegration 

4.2.

Cointegration Unit Root 

t-
(P-

F-
2

GDP

Constant
484327.1

(46032.09)

10.52151

(0.0000)
0.937596

707.1561

(0.0000)
-3.547066*

M
15.63225

1
(0.587846)

26.59241

(0.0000)

M

Constant

1

-24570.63

(3822.383)

-6.428092

(0.0000)
0.937596

707.1561

(0.0000)
-3.673139*

GDP
0.060063

(0.002259)

26.59241

(0.0000)

:

: * 0.05 (5% critical value -1.947975)
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GDPt = 484327.1 + 15.63225M1

(0.0000)          (0.0000)

(4.5)

:

4.3 

Adjusted R2

93.7596 (Adjusted R2

15.63225

1 15.63225

1

15.63225

= 0.937596)

0.05 F-Statistic 

(707.1561) Probability F-Statistic (0.000)

Augmented 

Dickey-Fuller Test (ADF) order of integration 0 I(0) Level without trend 

andintercept 

ADF test -3.547066

-1.947975 0.05
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M1 = -24570.63 + 0.060063GDPt

(0.0000)          (0.0000)

(4.6)

:

4.3 

Adjusted R2

93.7596 (Adjusted R2

0.060063

1 0.060063 

1

0.060063

= 0.937596)

0.05 F-Statistic 

(707.1561) Probability F-Statistic (0.000)

Augmented Dickey-Fuller 

Test(ADF) order of integration 0 I(0) Level without trend and intercept 

ADF test -3.673139

-1.947975 0.05
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4.2.

Cointegration Unit Root 

t-
(P-

F-

.)
2

GDP

Constant
482247.5

(89138.93)

5.410066 

(0.0000)
0.797628

186.2456 

(0.0000)
-2.743209*

M
2.959981

2
(0.216893)

13.64718 

(0.0000)

M2

Constant
-53108.14

(33596.15)

-1.580781 

(0.1208)
0.797628

186.2456

(0.0000)
-3.323170*

GDP
0.270925

(0.019852)

13.64718 

(0.0000)

:

: * 0.05 (5% critical value -1.947975)

GDPt = 482247.5 + 2.959981 M2

(0.0000)          (0.0000)

(4.7)

:

4.4 

Adjusted R2

79.7628 (Adjusted R2 = 0.797628)

0.05 F-Statistic 

(186.2456) Probability F-Statistic (0.000)
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2.959981

1

2.959981 1

2.959981

Augmented Dickey-

Fuller Test (ADF) order of integration 0 I(0) Level without trend 

andintercept 

ADF test -2.743209

-1.947975 0.05

M2 = -53108.14 + 0.270925GDPt

(0.1208)          (0.0000)

(4.8)

:

4.4 

Adjusted R2

79.7628 (Adjusted R2 = 0.797628)

0.05 F-Statistic 

(186.2456) Probability F-Statistic (0.000)
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0.270925

1

0.270925

1 0.270925

Augmented Dickey-Fuller 

Test(ADF) order of integration 0 I(0) Level without trend and intercept 

ADF test -3.323170

-1.947975 0.05
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(

-short term dynamics) 

4. Error Correction Mechanism GDP 

t- F-2

d(GDP)

Constant
18765.11

(8256.547)

2.272756

(0.0280)

0.193157
6.506165

(0.003347)
e

-0.237303
(t-1)

(0.079608)

-2.980903

(0.0047)

d(M1

3.944869
)

(1.413246)

2.791354

(0.0077)

:

: e(t-1) (lag) 1 

4.5 M1 GDP 

d(GDP)t = C + bt d(M1)t + b2et-1 + Ut (4.9)

d(GDP)t = 18765.11 + 3.944869d(M1)t -0.237303et-1 (4.10)



44

0.05 F-Statistic 

(6.506165) Probability F-Statistic (0.003347)

-0.237303

-0.237303

(Speed of Adjustment) 

-0.237303

0.0047 0.05
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4. Error Correction Mechanism M1

(S
t- F-2

d(M1

Constant

)

1070.584

(2.02E-13)

5.30E+15

(0.0000)

1.000000
4.90E+32

(0.000000)
e

1.000000
(t-1)

(3.32E-17)

3.01E+16

(0.0000)

d(GDP(-1))
0.026285

(3.38E-18)

7.78E+15

(0.0000)

:

: e(t-1) (lag) 1 

4.6 GDP M1

d(M1)t = C + bt d(GDP(-1))t + b2et-1 + Ut (4.11)

d(M1)t = 1070.584 + 0.026285d(GDP)t + 1.000000et-1 (4.12)

0.05 F-Statistic 

(4.90E+32) Probability F-Statistic (0.000000)
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1.000000

0.0000 0.05

4.7 Error Correction Mechanism GDP 

t- F-2

d(GDP)

Constant
24822.92

(5.71E-13)

4.35E+16

(0.0000)

1.000000
4.80E+33

(0.0000)
e

1.000000
(t-1)

(1.02E-17)

9.77E+16

(0.0000)

d(M2

0.133909
)

(1.14E-17)

1.17E+16

(0.0000)

:

: e(t-1) (lag) 1 

4. 7 M2 GDP 

d(GDP)t = C + bt d(M2)t + b2et-1 + Ut (4.13)
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d(GDP)t = 24822.92 + 0.133909d(M2)t + 1.000000et-1 (4.14)

0.05

F-Statistic (4.80E+33) Probability F-Statistic (0.0000)

1.000000

0.0000 0.05
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4.8 Error Correction Mechanism M2

t- F-2

d(M2

Constant

)

3202.091

(7291.216)

0.439171

(0.6627)

0.153872
5.182664

(0.009525)
e

-0.380244
(t-1)

(0.122122)

-3.113633

(0.0032)

d(GDP)
0.139228

(0.113501)

1.226670

(0.2265)

:

: e(t-1) (lag) 1 

4. 8 GDP M2

d(M2)t = C + bt d(GDP)t + b2et-1 + Ut (4.15)

d(M2)t = 3202.091 + 0.139228d(GDP)t -0.380244et-1 (4.16)

0.05

F-Statistic (5.182664) Probability F-Statistic (0.009525)
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-0.380244

-0.042466

(Speed of Adjustment) 

-0.042466

0.0032

0.05
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4. ( )

Granger Causality

Granger Causality Test Akike

Information Criterion (AIC) Schwarz Criterion (SC)

4.9
SC

0 48.94755 49.02865

1 44.77260 45.01589

2 44.70903 45.11453

3 44.32412 44.89182

4 44.04096* 44.77086*

:

: *

Akike Information Criterion (AIC) Schwarz Criterion (SC) 

4.9 Akike Information Criterion 

4 44.04096 Schwarz 

Criterion 4 44.77086

4 (lag 4)



51

4.10
SC

0 53.44967 53.53077

1 49.28698 49.53028

2 49.21392 49.61942

3 48.46138 49.02907

4 47.80232* 48.53222*

:

: *

Akike Information Criterion (AIC) Schwarz Criterion (SC) 

4.10 Akike Information Criterion 

4 47.80232 Schwarz 

Criterion 4 48.53222

4 (lag 4)

4. 11 (Granger Causality) 

F-

5.32936 0.0018

4.79876 0.0034

:
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4. 11

0.05 

0.05 

4.12 (Granger Causality) 

F-

3.06520 0.0289

13.4609 1.E-06

:

4. 12

0.05 
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0.05 


