
 4 

 (Autoregressive 

model)  (Threshold autoregressive model) 

 3 

1)  1 . . 2520  4 . . 2548

2)  1  1 . . 2520  4 . . 2544 

3)  2  1 . . 2524  4 . . 2548 

4)  3  1 . . 2524  4 . . 2544 

 4 

4.1

(Stationary)  (Non-stationary)  Augmented Dickey-Fuller (ADF) 

 (Mean)  (Variances) 

 (Order of integration)  0  I(0) 

 3  level with trend and intercept, level with intercept  level without 

trend and intercept 

0H :

1H :



33

 ADF  MacKinnon 

 1%  ADF  MacKinnon 

 (Differencing)  1 

ADF  MacKinnon 

 Walter Enders  Lag Length  4  Lag Length 

 4.1 

 I(0) 

Lag 

length

With trend and intercept With intercept Without trend and 

intercept

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

0 -3.051 

(1.560)

-4.040 -1.944 

(1.589)

-3.488 -1.144 

(1.630)

-2.585

1 -3.710 

(1.985)

-4.041 -2.247 

(1.968)

-3.489 -1.332 

(1.957)

-2.585

2 -3.488 

(1.988)

-4.041 -2.146 

(1.976)

-3.489 -1.202 

(1.971)

-2.586

3 -3.950 

(1.995)

-4.042 -2.469 

(1.982)

-3.490 -1.341 

(1.977)

-2.586

4 -3.657 

(1.998)

-4.043 -2.193 

(2.014)

-3.490 -1.259 

(2.033)

-2.586

:  Durbin-Watson statistic, *  1% 

:

 (Order of integration)  0  I(0) 

 Lag length  ADF (ADF statistic)  level with 

trend and intercept, level with intercept  level without trend and intercept 
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 MacKinnon (1% Critical value) 

 1% 

 1  I(1) 

 4.2 

 4.2 

 I(1) 

Lag 

length

With trend and intercept With intercept Without trend and 

intercept

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

0 -8.821* 

(1.954)

-4.041 -8.846* 

(1.955)

-3.489 -8.883* 

(1.955)

-2.585

1 -7.599* 

(1.971)

-4.041 -7.613* 

(1.972)

-3.490 -7.643* 

(1.972)

-2.586

2 -5.496* 

(1.975)

-4.042 -5.512* 

(1.976)

-3.490 -5.532* 

(1.976)

-2.586

3 -5.437* 

(2.039)

-4.043 -5.457* 

(2.038)

-3.490 -5.472* 

(2.038)

-2.586

4 -5.661* 

(2.016)

-4.044 -5.667* 

(2.015)

-3.491 -5.681* 

(2.015)

-2.586

:  Durbin-Watson statistic, *  1% 

:

 (Order of integration)  1  I(1) 

 Lag length  ADF (ADF statistic)  first difference 

with trend and intercept, first difference with intercept  first difference without trend and 

intercept  MacKinnon (1% Critical value) 

 1%  Durbin-Watson 
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 1.650  2.350  Autocorrelation 

 Degree of freedom  Lag length  0 

 4.3 

 I(0)  1:  1 . . 2520  4 

. . 2544 

Lag 

length

With trend and intercept With intercept Without trend and 

intercept

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

0 -2.786 

(1.562)

-4.053 -2.031 

(1.569)

-3.498 -1.079 

(1.634)

-2.589

1 -3.449 

(1.988)

-4.054 -2.622 

(1.974)

-3.498 -1.249 

(1.958)

-2.589

2 -3.212 

(1.991)

-4.055 -2.321 

(1.978)

-3.499 -1.126 

(1.973)

-2.589

3 -3.710 

(2.000)

-4.056 -2.751 

(1.985)

-3.500 -1.252 

(1.978)

-2.589

4 -3.424 

(1.994)

-4.058 -2.444 

(1.999)

-3.500 -1.174 

(2.035)

-2.590

:  Durbin-Watson statistic, *  1% 

:

 1  (Order of integration)  0  I(0) 

 Lag length  ADF (ADF statistic)  level with trend and 

intercept, level with intercept  level without trend and intercept 

MacKinnon (1% Critical value) 

 1% 

 1  I(1)  4.4 



36

 4.4 

 I(1)  1:  1 . . 2520  4 

. . 2544 

Lag 

length

With trend and intercept With intercept Without trend and 

intercept

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

0 -8.217* 

(1.956)

-4.054 -8.213* 

(1.956)

-3.498 -8.250* 

(1.956)

-2.589

1 -7.090* 

(1.974)

-4.055 -7.064* 

(1.973)

-3.499 -7.093* 

(1.973)

-2.589

2 -5.131* 

(1.977)

-4.056 -5.112* 

(1.977)

-3.500 -5.130* 

(1.977)

-2.589

3 -5.078* 

(2.043)

-4.058 -5.058* 

(2.041)

-3.501 -5.070* 

(2.040)

-2.590

4 -5.295* 

(2.022)

-4.059 -5.244* 

(2.017)

-3.501 -5.255* 

(2.016)

-2.590

:  Durbin-Watson statistic, *  1% 

:

 1  (Order of integration)  1  I(1) 

 Lag length  ADF (ADF statistic)  first difference with 

trend and intercept, first difference with intercept  first difference without trend and intercept 

 MacKinnon (1% Critical value) 

 1%  Durbin-Watson 

 1.650  2.350  Autocorrelation 

Degree of freedom  Lag length  0 
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 4.5 

 I(0)  2:  1 . . 2524  4 

. . 2548 

Lag 

length

With trend and intercept With intercept Without trend and 

intercept

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

0 -2.713 

(1.532)

-4.052 -2.024 

(1.580)

-3.497 -1.545 

(1.620)

-2.588

1 -3.460 

(2.014)

-4.052 -2.518 

(2.000)

-3.497 -1.707 

(1.983)

-2.588

2 -3.231 

(2.015)

-4.052 -2.301 

(2.009)

-3.497 -1.626 

(2.000)

-2.588

3 -3.774 

(2.008)

-4.052 -2.569 

(2.001)

-3.497 -1.681 

(1.993)

-2.588

4 -3.438 

(2.018)

-4.052 -2.267 

(2.052)

-3.497 -1.579 

(2.068)

-2.588

:  Durbin-Watson statistic, *  1% 

:

 2  (Order of integration)  0  I(0) 

 Lag length  ADF (ADF statistic)  level with trend and 

intercept, level with intercept  level without trend and intercept 

MacKinnon (1% Critical value) 

 1% 

 1  I(1)  4.6 
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 4.6 

 I(1)  2:  1 . . 2524  4 

. . 2548 

Lag 

length

With trend and intercept With intercept Without trend and 

intercept

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

0 -8.226* 

(1.975)

-4.052 -8.272* 

(1.974)

-3.497 -8.291* 

(1.974)

-2.588

1 -7.043* 

(1.995)

-4.052 -7.081* 

(1.994)

-3.497 -7.087* 

(1.992)

-2.588

2 -5.188* 

(1.989)

-4.052 -5.216* 

(1.987)

-3.497 -5.215* 

(1.986)

-2.588

3 -5.279* 

(2.070)

-4.052 -5.309* 

(2.069)

-3.497 -5.299* 

(2.066)

-2.588

4 -5.515* 

(2.039)

-4.052 -5.549* 

(2.038)

-3.497 -5.527* 

(2.034)

-2.588

:  Durbin-Watson statistic, *  1% 

:

 2  (Order of integration)  1  I(1) 

 Lag length  ADF (ADF statistic)  first difference with 

trend and intercept, first difference with intercept  first difference without trend and intercept 

 MacKinnon (1% Critical value) 

 1%  Durbin-Watson 

 1.650  2.350  Autocorrelation 

Degree of freedom  Lag length  0 
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 4.7 

 I(0)  3:  1 . . 2524  4 

. . 2544 

Lag 

length

With trend and intercept With intercept Without trend and 

intercept

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

0 -2.501 

(1.534)

-4.071 -1.989 

(1.562)

-3.510 -1.436 

(1.625)

-2.593

1 -3.216 

(2.019)

-4.071 -2.595 

(2.009)

-3.510 -1.581 

(1.985)

-2.593

2 -2.996 

(2.019)

-4.071 -2.359 

(2.014)

-3.510 -1.505 

(2.002)

-2.593

3 -3.538 

(2.014)

-4.071 -2.740 

(2.006)

-3.510 -1.552 

(1.995)

-2.593

4 -3.217 

(2.017)

-4.071 -2.400 

(2.038)

-3.510 -1.458 

(2.070)

-2.593

:  Durbin-Watson statistic, *  1% 

:

 3  (Order of integration)  0  I(0) 

 Lag length  ADF (ADF statistic)  level with trend and 

intercept, level with intercept  level without trend and intercept 

MacKinnon (1% Critical value) 

 1% 

 1  I(1)  4.8 



40

 4.8 

 I(1)  3:  1 . . 2524  4 

. . 2544 

Lag 

length

With trend and intercept With intercept Without trend and 

intercept

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

ADF

statistic 

1% Critical 

value

0 -7.548* 

(1.976)

-4.071 -7.597* 

(1.976)

-3.510 -7.612* 

(1.975)

-2.593

1 -6.466* 

(1.995)

-4.071 -6.507* 

(1.996)

-3.510 -6.504* 

(1.993)

-2.593

2 -4.766* 

(1.989)

-4.071 -4.796* 

(1.990)

-3.510 -4.786* 

(1.987)

-2.593

3 -4.853* 

(2.073)

-4.071 -4.883* 

(2.074)

-3.510 -4.861* 

(2.068)

-2.593

4 -5.073* 

(2.041)

-4.071 -5.100* 

(2.042)

-3.510 -5.065* 

(2.036)

-2.593

:  Durbin-Watson statistic, *  1% 

:

 3  (Order of integration)  1  I(1) 

 Lag length  ADF (ADF statistic)  first difference with 

trend and intercept, first difference with intercept  first difference without trend and intercept 

 MacKinnon (1% Critical value) 

 1%  Durbin-Watson 

 1.650  2.350  Autocorrelation 

Degree of freedom  Lag length  0 
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4.2  (Autoregressive model) 

 first difference 

ptpttt IIII ...22110

 (Autoregressive order)  p 

 AIC  SIC 

 (Autoregressive order)  AIC  SIC 

 4.9  AIC  SIC 

1 2 3

p AIC SIC p AIC SIC p AIC SIC p AIC SIC 

1 4.223* 4.271* 1 4.376* 4.429* 1 4.290* 4.343* 1 4.467* 4.525* 

2 4.234 4.307 2 4.391 4.471 2 4.297 4.375 2 4.477 4.564 

3 4.249 4.346 3 4.411 4.518 3 4.309 4.413 3 4.493 4.609 

4 4.260 4.382 4 4.426 4.560 4 4.307 4.437 4 4.495 4.639 

5 4.258 4.405 5 4.429 4.591 5 4.295 4.452 5 4.486 4.660 

6 4.283 4.455 6 4.458 4.649 6 4.313 4.495 6 4.507 4.710 

7 4.311 4.509 7 4.492 4.711 7 4.333 4.541 7 4.531 4.762 

8 4.309 4.534 8 4.496 4.744 8 4.328 4.563 8 4.530 4.791 

9 4.335 4.586 9 4.527 4.805 9 4.343 4.603 9 4.548 4.837 

10 4.345 4.623 10 4.542 4.850 10 4.337 4.624 10 4.547 4.865 

11 4.360 4.665 11 4.563 4.901 11 4.349 4.662 11 4.562 4.910 

12 4.382 4.715 12 4.591 4.959 12 4.368 4.707 12 4.585 4.961 

: *  AIC  SIC 

:
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 AIC  SIC ,  1, 

 2  3  (Autoregressive order) 

 AIC  SIC  1 

 AR(1) 

 4.10  (Autoregressive model) 

Dependent

variable

Independent

variable

Coefficient F 

(Prob.)

Durbin-Watson

Statistic

tI Constant -0.031 3.599 

(0.060)*

1.955

1tI 0.177*

: *  10% 

:

 AR(1) 

1177.0031.0 tt II

 0.177 

 1% 

0.177%  1% 

 0.177% 

 F 

10%
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 4.11  (Autoregressive model) 

 1:  1 . . 2520  4 . . 2544 

Dependent

variable

Independent

variable

Coefficient F 

(Prob.)

Durbin-Watson

Statistic

tI Constant -0.050 3.023 

(0.085)*

1.956

1tI 0.175*

: *  10% 

:

 1  AR(1) 

1175.0050.0 tt II

 0.175 

 1% 

0.175%  1% 

 0.175% 

 F 

10%
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 4.12  (Autoregressive model) 

 2:  1 . . 2524  4 . . 2548 

Dependent

variable

Independent

variable

Coefficient F 

(Prob.)

Durbin-Watson

Statistic

tI Constant -0.097 3.571 

(0.062)*

1.974

1tI 0.186*

: *  10% 

:

 2  AR(1) 

1186.0097.0 tt II

 0.186 

 1% 

0.186%  1% 

 0.186% 

 F 

10%
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 4.13  (Autoregressive model) 

 3:  1 . . 2524  4 . . 2544 

Dependent

variable

Independent

variable

Coefficient F 

(Prob.)

Durbin-Watson

Statistic

tI Constant -0.131 2.912 

(0.092)*

1.976

1tI 0.183*

: *  10% 

:

 3  AR(1) 

1183.0131.0 tt II

 0.183 

 1% 

0.183%  1% 

 0.183% 

 F 

10%
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4.3  (Linearity test) 

 (Linearity test) 

Brock, Dechert, Scheinkman  LeBaron (BDS)  Regression specification error test 

(RESET)  (Autoregressive model) 

4.3.1  (Linearity test)  Regression specification 

error test (RESET) 

 RESET 

(Autoregressive model)  AR(1) 

0H :  (Linear) 

1H :  (Non-linear) 

 RESET  AR(1) 

 4.14  (Linearity test)  RESET 

1 2 3

F-statistic 

 (Prob.) 

F-statistic

(Prob.)

F-statistic

(Prob.)

F-statistic

(Prob.)

7.160

(0.009)***

6.126

(0.015)**

6.681

(0.011)**

5.478

(0.022)**

: *  10% 

**  5% 

***  1% 

:
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 AR(1) 

 F  1% 

 (Non-linear) 

 (Non-linear model)

 1, 2  3 

 F  5% 

 (Non-linear) 

 (Non-linear model) 

4.3.2  (Linearity test) Brock, Dechert, 

Scheinkman  LeBaron (BDS) 

 BDS 

0H :  independently and identically distributed 

 (Linear) 

1H :  independently and identically distributed 

 (Non-linear) 

 BDS 
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 4.15  (Linearity test)  BDS 

Dimension
 1  2  3 

BDS statistic 

(Prob.)

BDS statistic 

(Prob.)

BDS statistic 

(Prob.)

BDS statistic 

(Prob.)

2  0.029 

(0.002)***

 0.021 

(0.023)**

 0.026 

(0.013)**

 0.018 

(0.086)*

3  0.046 

(0.003)***

 0.027 

(0.068)*

 0.039 

(0.020)**

 0.021 

(0.206)

4  0.052 

(0.005)***

 0.027 

(0.129)

 0.040 

(0.045)**

 0.020 

(0.322)

5  0.072 

(0.000)***

 0.041 

(0.028)**

 0.065 

(0.002)***

 0.038 

(0.072)*

6  0.083 

(0.000)***

 0.048 

(0.009)***

 0.080 

(0.000)***

 0.045 

(0.030)**

: *  10% 

**  5% 

***  1% 

:

 BDS 

 BDS  1%  Dimension 

 (Non-linear) 

 1%  (Non-linear model)

 1  Dimension  6 

 BDS  1% 

 (Non-linear)  1% 

 Dimension  2  5  BDS 

 5% 

 (Non-linear)  5%  Dimension  3 
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 BDS  10% 

 (Non-linear) 

 10%  Dimension  4 

BDS  10% 

 (Linear) 

 (Non-linear)  (Linear) 

 (Non-linear model) 

 2  Dimension  5  6 

 BDS  1% 

 (Non-linear)  1% 

 Dimension  2, 3  4  BDS 

 5% 

 (Non-linear)  5% 

 (Non-linear model) 

 3  Dimension  6 

 BDS  1% 

 (Non-linear)  1% 

 Dimension  2  5  BDS 

 10% 

 (Non-linear)  10%  Dimension 

 3  4  BDS  10% 

 (Linear) 

 (Non-linear) 

 (Linear) 

 (Non-linear model) 
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4.4  (Threshold autoregressive 

model)

 first difference 

 (Autoregressive order) 

 (Autoregressive model) 

 1 

 (Threshold autoregressive model)  1 

 ( 1tq ) 1tI

1110

1110

tt

tt

t

IifI

IifI

I

 4.16  (Threshold 

autoregressive model) 

Threshold variable = 1tI

03.1

Regime 1: 03.11tI  Regime 2: 03.11tI

Dependent

variable

Independent

variables
Coefficient

Dependent

variable

Independent

variables
Coefficient

tI Constant -0.093 tI Constant 0.380

1tI 0.382
1tI -0.169

Observations 26 Observations 88

SSE 175.082 SSE 229.014

2R 0.050 2R 0.022

Sum squared errors (SSE) = 404.097 

Joint 2R = 0.110 

:
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 ( )  SSE  -1.03 

 1 03.11tI  2 03.11tI

03.1169.0380.0

03.1382.0093.0

11

11

tt

tt

t

IifI

IifI

I

 1 

 0.382 

 1% 

 0.382% 

 1% 

 0.382%  2 

 -0.169 

1%  0.169% 

 1% 

 0.169% 
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 4.17  (Threshold

  autoregressive model)  1:  1 . . 2520 

 4 . . 2544 

Threshold variable = 1tI

03.1

Regime 1: 03.11tI  Regime 2: 03.11tI

Dependent

variable

Independent

variables
Coefficient

Dependent

variable

Independent

variables
Coefficient

tI Constant -0.093 tI Constant 0.468 

1tI 0.382
1tI -0.196

Observations 26 Observations 72

SSE 175.082 SSE 225.1789

2R 0.0499 2R 0.028

Sum squared errors (SSE) =   400.261 

Joint 2R =   0.114 

:

 ( )  SSE  -1.03 

 1 03.11tI  2 03.11tI

03.1169.0380.0

03.1382.0093.0

11

11

tt

tt

t

IifI

IifI

I

 1 

 0.382 

 1% 

 0.382% 
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 1% 

 0.382%  2 

 -0.169 

1%  0.169% 

 1% 

 0.169% 

 4.18  (Threshold

  autoregressive model)  2:  1 . . 2524 

 4 . . 2548 

Threshold variable = 1tI

04.1

Regime 1: 04.11tI  Regime 2: 04.11tI

Dependent

variable

Independent

variables
Coefficient

Dependent

variable

Independent

variables
Coefficient

tI Constant -0.234 tI Constant 0.335 

1tI 0.391
1tI -0.204

Observations 23 Observations 75

SSE 149.543 SSE 216.644

2R 0.056 2R 0.032

Sum squared errors (SSE) = 366.187 

Joint 2R = 0.130 

:

 ( )  SSE  -1.04 

 1 04.11tI  2 04.11tI
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04.1204.0335.0

04.1391.0234.2

11

11

tt

tt

t

IifI

IifI

I

 1 

 0.391 

 1% 

 0.391% 

 1% 

 0.391%  2 

 -0.204 

1%  0.204% 

 1% 

 0.204% 
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 4.19  (Threshold

  autoregressive model)  3:  1 . . 2524 

 4 . . 2544 

Threshold variable = 1tI

04.1

Regime 1: 04.11tI  Regime 2: 04.11tI

Dependent

variable

Independent

variables
Coefficient

Dependent

variable

Independent

variables
Coefficient

tI Constant -0.234 tI Constant 0.421 

1tI 0.391
1tI -0.229

Observations 23 Observations 59

SSE 149.543 SSE 213.192

2R 0.056 2R 0.039

Sum squared errors (SSE) = 362.734 

Joint 2R = 0.133 

:

 ( )  SSE  -1.04 

 1 04.11tI  2 04.11tI

04.1229.0421.0

04.1391.0234.2

11

11

tt

tt

t

IifI

IifI

I

 1 

 0.391 

 1% 

 0.391% 
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 1% 

 0.391%  2 

 -0.229 

1%  0.229% 

 1% 

 0.229% 
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4.5  2 

 Root mean squared error 

(RMSE)  (Autoregressive model) 

 (Threshold autoregressive model) 

 RMSE 

 RMSE 

 3, 6, 9  12 

 4.20  2 

 ( )

3 6 9 12 

:  1 . . 2520  4 . . 2548

TAR 0.210 0.603 0.654 0.602 

AR 0.362 0.414 0.364 0.315 

 1:  1 . . 2520  4 . . 2544 

TAR 0.668 0.614 0.647 0.584 

AR 0.151 0.139 0.205 0.234 

 2:  1 . . 2524  4 . . 2548 

TAR 0.265 0.589 0.638 0.582 

AR 0.444 0.425 0.368 0.323 

 3:  1 . . 2524  4 . . 2544 

TAR 0.629 0.572 0.605 0.545 

AR 0.151 0.158 0.205 0.265 

:

 3 

 RMSE  TAR  AR  TAR 

 3  6, 9  12 

 RMSE  TAR  AR 

AR  6, 9  12 



58

 1 

 RMSE  TAR  AR  AR 

 2  3 

 RMSE  TAR  AR  TAR 

 3  6, 9  12 

 RMSE  TAR  AR 

AR  6, 9  12 

 3 

 RMSE  TAR  AR  AR 

 AR 

 TAR 


