
 

 
4 

 
 

 

 

 

2  

ARMA-GARCH-M 

(Cointegration) 

(Error-Correction Model: ECM) 

 

 

4.1 Unit Root 
       unit root 

Stationary (I(0) ; integration of order 0) nonstationary (I(d); d>0; integration of 

order 0) (mean) (variances) 

Augmented Dickey  Fuller test (ADF) 

Level order of integration 0 I(0) 

ADF MacKinnon ADF MacKinnon 
(Non-stationary) 

(differencing)   (stationary) 

lag length Eview 5.1 lag 

length Autocorrelation Schwarz Criterion 

 (without intercept and trend) 

(with intercept) (with intercept and 

trend) 
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4.1 unit root Augmented Dickey-Fuller 

Variable 

 
lag[P] 

 
 

 
level 

 
 

  
 

 
  

EN 0 0 0 -23.312* -23.304* -23.343* 

TR 0 0 0 -33.406* -33.461* -33.580* 

:  

: 1. *, **, *** 1%, 5%, 10% 

     2. Lag Length (automatic based on SIC, MAXLAG=22) 

 

4.2 Mackinnon Critical Value unit root  

 
Variable 

 
MacKinnon Critical 

value 

 
level 

 

 
 

 

 
EN 

 

1% -2.567 -3.435 -3.965 

5% -1.941 -2.864 -3.414 

10% -1.617 -2.568 -3.129 

 
TR 

 

1% -2.567 -3.435 -3.965 

5% -1.941 -2.864 -3.413 

10% -1.616 -2.568 -3.129 

:   
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4.1 4.2 (unit root) 

 Augmented Dickey-Fuller

 

 1. Augmented 

Dickey-Fuller level ADF test statistic 

 (without intercept and trend) 

(with intercept) (with intercept and trend) 

-23.312, -23.304 -23.344 3 MacKinnon 

Critical -2.567, -3.435 -3.965 1% 

            

Unit root I(0) 3  

  2. Augmented 

Dickey-Fuller level ADF test statistic 

 (without intercept and trend) 

(with intercept) (with intercept and trend) 

-33.406, -33.461 -33.580 3 MacKinnon 

Critical -2.567, -3.435 -3.965 1% 

Unit 

root I(0) 3  

 
4.2 ARMA-GARCH-M 
      1.  

Correlogram ACF PACF 

1 AIC 

AIC 

4.3 AR(6) AR(10) MA(6) MA(10) 

GARCH-M(1,1) 5 . .2547 31 . .2552 

1,286 (4.1) (4.2) 
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4.3  ARMA-GARCH-M  
 
 

 

       
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

:  

: 1. * 1%  
     2. z-Statistic 

 

 

 

 
 

 

 

 
AR(6) AR(10) MA(6) MA(10) 

EtX  Eth  

Etm  (C) 
-0.0003 
(-0.107) - 

1d ( SQR(GARCH)) 
0.051 

(0.303) - 

6l  (AR6) 
-0.567* 
(-6.036) - 

10l  (AR10) 
-0.420* 

(-4.495) - 

6f  (MA6) 
0.540* 

(5.651) 
- 

10f  (MA10) 
0.440* 

(4.555) 
- 

0a  (C) - 
9.00E-05* 

(7.242) 

Eia  (ARCH 1) - 
0.202* 

(5.737) 

Eib  (GARCH 1) - 0.580* 
(10.210) 

 
AIC -5.196 

SC -5.160 
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101066101066
2/1

1 ---- +++++= EtEtEtEtEtEtEt XXhX efeflldm  (4.1) 

0003.0440.0540.0420.0567.0051.0 106106
2/1 -++--= ---- EtEtEtEtEtEt XXhX ee  

 

ä ä
= =

-- ++=
q

i

p

i
iEtEiiEtEiEt hh

1 1

2
0 beaa     (4.2) 

1
2

1
-5 580.0202.0E00.9 -- ++= EtEtEt hh e  

 

 ARMA-GARCH-M 

(4.1) (4.2) 

t 6  10        
 -0.566, -0.420 

t  (Error Term) 6  

10 0.540, 0.440

P-Value )( 2/1
Eth

 squared error  1  0.202 

 ( 1-Eth )   0.580 
 1% 

 ARCH  GARCH

 

 
2.  

Correlogram ACF PACF 

1 AIC 

AIC 

4.3 AR(9) AR(20) MA(9) MA(20) 

GARCH-M(1,1) 5 . . 2547 31 . . 2552 

1,286 (4.3) 

(4.4) 
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4.4  ARMA-GARCH-M 

 

AR(9) AR(20) MA(9) MA(20)  
TtX  

( z-Statistic) 
Tth  

( z-Statistic) 

Ttm (C) 
-0.001 

(-0.638) - 

1d ( SQR(GARCH)) 
0.073 

(0.538) - 

9l  (AR 9) 

-0.313* 

(-6.336) 
- 

20l  (AR 20) 

0.570* 

(10.610) 
- 

9f  (MA 9) 

0.349* 

(7.912) 
- 

20f  (MA 20) 

-0.611* 

(-12.951) 
- 

0g  (C) 
- 

1.24E-05* 

(4.004) 

Tjg  (ARCH 1) 
- 

0.075* 

(6.262) 

Tjw  (GARCH 1) - 
0.877* 

(39.733) 

 
AIC -5.511 

SC -5.475 

:  

: 1. * 1% 
     2. z-Statistic 
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TtTtTtTtTtTtTtTt XXhX eefeflldm ++++++= ---- 202099202099
2/1

1  (4.3) 

001.0611.0350.0570.0313.0073.0 209209
2/1 --++-= ---- TtTtTtTtTtTt XXhX ee  

 

ä ä
= =

-- ++=
r

j

s

j
jTtTjjTtTjTt hh

1 1

2
0 wegg     (4.4) 

1
2

1
-5 877.0075.01.24E -- ++= TtTtTt hh e  

 

ARMA-GARCH-M 

(4.3) (4.4) 

t 9 20             
-0.313, 0.570  

t   (Error Term) 9 

20 0.349, -0.611 P-

Value )( 2/1
Tth

 squared error  1  0.075 

 ( 1-Tth )  0.877  
1% 

 ARCH  GARCH

 

 

4.3 Unit Root 
unit root 

Stationary (I(0) ; integration of order 0) nonstationary (I(d); 

d>0; integration of order 0) mean variance 

Augmented Dickey-Fuller lag length 

Eview 5.1 lag length 

Autocorrelation Schwarz Criterion 

 (without intercept and trend) (with 

intercept) (with intercept and trend) 
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4.5 unit root Augmented Dickey-Fuller 

Variable 

 
lag[P] 

 
 

 
level 

 
 

  
 

 
  

H_EN 0 0 0 -3.461* -13.163* -13.651* 

H_TR 0 0 0 -3.985* -5.608* -5.867* 

:  

: 1. * 1 
     2. Lag Length (automatic based on SIC, MAXLAG=22) 

 

4.6 Mackinnon Critical Value unit root  

 
Variable 

 
MacKinnon Critical 

value 

 
level 

 
 

 
 

 

 
H_EN 

 

1% -2.567 -3.435 -3.965 

5% -1.941 -2.864 -3.413 

10% -1.617 -2.568 -3.129 

 
H_TR 

 

1% -2.567 -3.435 -3.965 

5% -1.941 -2.864 -3.413 

10% -1.617 -2.568 -3.129 

:   
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4.5 4.6 (unit root) 

 Augmented 

Dickey-Fuller  

 1.  

Augmented Dickey-Fuller level ADF test statistic 

  (without 

intercept and trend) (with intercept)

(with intercept and trend) -3.461, -13.163 -13.651 3 

MacKinnon Critical -2.567, -3.435 -3.965  
1% 

 Unit root I(0) 3   
  2. 

Augmented Dickey-Fuller level ADF test statistic 

  (without 

intercept and trend) (with intercept)

(with intercept and trend) -3.984, -5.608 -5.867 3 

MacKinnon Critical -2.567, -3.435 -3.965  1% 

Unit root I(0) 3  

 

4.4 OLS 
unit root level 

 order of integration I(0) 

level  Cointegration

(OLS)    
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4.7 (OLS) 

 

 

(Dependent 

Variables) 

(Independent 

Variables) 

Coefficient 

(Std.Error) 

 

t-statistic 

(Prob.) 

Adjusted 

2R  

F-Statistic 

(Prob.) 

H_TR 

C 
-3.68E-06 

(2.02E-06) 

-1.8241*** 

(0.068) 

0.970 
13492.080 

(0.000)* 

H_EN 0.144 (0.004) 
35.360* 

(0.000) 

H_EN(-2) -0.066 (0.004) 
-14.663* 

(0.000) 

H_TR(-1) 0.902 (0.007) 
125.653* 

(0.000) 

:  

: *, **, *** 1% , 5% , 10% 

 

 

 

 
     H_TR = -3.68e-006 + 0.144*H_EN - 0.066*H_EN(-2) + 0.902*H_TR(-1) 

 

97 ( 2R ) F-statistic

99% (
F-statistic  1%)  
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0.144 

t-Statistic 35.360  1%

1

0.144

2 -0.066            

t-Statistic -14.663   1% 

2 1

0.066 

2  

1

0.902 t-Statistic 125.653  1%

1 1

0.902 

1 
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4.8 (OLS) 

 

 

(Dependent 

Variables) 

(Independent 

Variables) 

Coefficient 

(Std.Error) 

 

t-statistic 

(Prob.) 

Adjusted 

2R  

F-Statistic 

(Prob.) 

H_EN 

C 4.37E-05 
(6.32E-06) 

6.920* 
(0.000) 

0.873 2901.672* 
(0.000) 

H_TR 3.186 
(0.063) 

50.177* 
(0.000) 

H_EN(-1) 0.700 
(0.014) 

49.373* 
(0.000) 

H_TR(-1) -2.912408 
(0.065) 

-44.963* 
(0.000) 

:  

: * 1%  

 

 

 

 
                   H_EN = 4.37e-005 + 3.18*H_TR + 0.699*H_EN(-1) - 2.912*H_TR(-1) 
 

      

87 ( 2R ) F-statistic

99% (
F-statistic  1%) 

3.186 t-

Statistic 50.177  1%

1 

3.186  
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1

0.670 t-Statistic 49.373  1% 

1 1

0.670  

1

-2.912 t-Statistic -44.963  1%

1 1

2.912  

 

4.5 (Granger Causality) 
Engle and 

Granger 

 
4.9 Granger Causality 

 
 

H_EN does not Granger Cause H_TR 0.03286    

H_TR does not Granger Cause H_EN 4.3E-08 

:  
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Granger Causality  

 

0H : 

 
1H : 

 

 

  5%

 

 

 

0H : 

 
1H : 

 

  1% 

 

 
 
  


