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16 _Error Correction Model.
17 - Régis Bourbonnais (2002) Op-cit, p 279.
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Series: GAZT
320 Sample 1/01/2011 12/31/2014
280 _ Observations 1461
240 Mean 11632.46
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200 Maximum 14958.00
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Std. Dev. 2392.773
120 - Skewness -0.937325
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80 -
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Diate: 051715 Time: 14:34
Sample: 1012011 121312014
Included observations: 1461

Autocorrelation Partial Carrelation AC PAC Q-Stat  Prob
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AUl asl )
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n—k

D2
Pk

= 1461(1461 + 2)2 —

= 11792 > Xg.05:30 = 4‘3.373

30
LB =n(n+2) Z .
k=1

i5lax Y1 OV Moy il dgles 31 LLEYY alls @ les JS7 0L BN piall 2,53 b
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=1
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Null Hypothesis: GAZT has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 15 (Automatic - based on Modified AIC, maxlag=23)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -3.891678 0.0126
Test critical values: 1% level -3.964408

5% level -3.412923

10% level -3.128454
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable:
D(GAZT)
Method: Least Squares
Date: 05/17/15 Time:
14:37
Sample (adjusted): 1/17/2011
12/31/2014
Included observations: 1445 after
adjustments
R-squared 0.134964 Mean dependent var 0.012457
Adjusted R-squared 0.124659 S.D. dependent var 1323.260
S.E. of regression 1238.038 Akaike info criterion 17.09282
Sum squared resid 2.19E+09 Schwarz criterion 17.15854
Log likelihood -12331.56 Hannan-Quinn criter. 17.11735
F-statistic 13.09662 Durbin-Watson stat 1.999296
Prob(F-statistic) 0.000000
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Null Hypothesis: DGAZT has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on Modified AIC, maxlag=23)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -41.92410 0.0000
Test critical values: 1% level -3.964347
5% level -3.412893
10% level -3.128436
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DGAZT)
Method: Least Squares
Date: 05/17/15 Time: 14:45
Sample (adjusted): 1/03/2011 12/31/2014
Included observations: 1459 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DGAZT(-1) -1.093830 0.026091 -41.92410 0.0000
C -8.710178 68.81017 -0.126583 0.8993
@TREND("1/01/2011") 0.012032 0.081562 0.147525 0.8827
R-squared 0.546930 Mean dependent var -0.248801
Adjusted R-squared 0.546307 S.D. dependent var 1948.043
S.E. of regression 1312.137 Akaike info criterion 17.19876
Sum squared resid 2.51E+09 Schwarz criterion 17.20962
Log likelihood -12543.49 Hannan-Quinn criter. 17.20281
F-statistic 878.8151 Durbin-Watson stat 2.042285
Prob(F-statistic) 0.000000
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700
Series: DGAZT
600 = Sample 1/01/2011 12/31/2014
] Obsenvations 1460
500 |
Mean 0.317808
400 Median 18.00000
Maximum 11863.00
Minimum -11555.00
300 Std. Dev. 1316.642
Skewness -0.512614
200 Kurtosis 15.06661
100 + - Jarque-Bera  8921.468
Probability 0.000000
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Date: 05/17/15 Time: 19:17
Sample: 2011M01 2014M12
Included observations: 48
Ratio to Moving Average
Original Series: GAZM
Adjusted Series: GAZMSA

Scaling Factors:

0.825389
0.898233
0.927179
1.567095
1.458246
0.928654
0.579102
0.965616
9 0.884479
10 0.878359
11 1.403435
12 1.124340
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P AlIC SC

1 11.65 11.71
2 11/63 11.71
3 11.62 11.71
4 11.63 11.74
5 11 .61 11.74
6 11.62 11.74
7 11.62 11.78
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Null Hypothesis: GAZMSA has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 7 (Automatic - based on Modified AIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -0.864298 0.9503
Test critical values: 1% level -4.205004
5% level -3.526609
10% level -3.194611
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(GAZMSA)
Method: Least Squares
Date: 05/18/15 Time: 15:13
Sample (adjusted): 2011M09 2014M12
Included observations: 40 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
GAZMSA(-1) -0.277535 0.321111 -0.864298 0.3943
D(GAZMSA(-1)) -0.742017 0.334408 -2.218898 0.0342
D(GAZMSA(-2)) -0.518819 0.306540 -1.692499 0.1009
D(GAZMSA(-3)) -0.322154 0.262392 -1.227760 0.2291
D(GAZMSA(-4)) -0.438667 0.232123 -1.889801 0.0685
D(GAZMSA(-5)) -0.388720 0.218011 -1.783030 0.0847
D(GAZMSA(-6)) -0.222578 0.179760 -1.238193 0.2252
D(GAZMSA(-7)) -0.050278 0.119783 -0.419739 0.6777
C 2208.577 5283.396 0.418022 0.6789
@TREND("2011M01") -43.70837 101.0486 -0.432548 0.6684
R-squared 0.563054 Mean dependent var -233.8978
Adjusted R-squared 0.431970 S.D. dependent var 3513.093
S.E. of regression 2647.739 Akaike info criterion 18.81312
Sum squared resid 2.10E+08 Schwarz criterion 19.23534
Log likelihood -366.2624 Hannan-Quinn criter. 18.96578
F-statistic 4.295374 Durbin-Watson stat 1.962971
Prob(F-statistic) 0.001174
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Null Hypothesis: D(GAZMSA) has a unit root
Exogenous: Constant

Lag Length: 0 (Automatic - based on Modified AIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -11.17370 0.0000
Test critical values: 1% level -3.581152
5% level -2.926622
10% level -2.601424
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(GAZMSA,2)
Method: Least Squares
Date: 05/19/15 Time: 09:32
Sample (adjusted): 2011M03 2014M12
Included observations: 46 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
D(GAZMSA(-1)) -1.361993 0.121893 -11.17370 0.0000
C -237.2332 520.5213 -0.455761 0.6508
R-squared 0.739416 Mean dependent var -258.6594
Adjusted R-squared 0.733494 S.D. dependent var 6838.500
S.E. of regression 3530.323 Akaike info criterion 19.21867
Sum squared resid 5.48E+08 Schwarz criterion 19.29818
Log likelihood -440.0294 Hannan-Quinn criter. 19.24845
F-statistic 124.8516 Durbin-Watson stat 2.422320
Prob(F-statistic) 0.000000
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12
Series: GAZMSA
Sample 2011M01 2014M12

10 1 Observations 48

g Mean 7767.572

Median 6807.241
Maximum 21408.51
Minimum 1628.791
Std. Dev. 4723.418
Skewness 0.749456
Kurtosis 2.754617

Jarque-Bera  4.613894
Probability 0.099565
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Dependent Variable: DGAZT

Method: Least Squares

Date: 05/20/15 Time: 22:25

Sample (adjusted): 1/06/2011 12/31/2014
Included observations: 1456 afteradjustments
Convergence achievedafter 10 iterations

MA Backcast: 1/03/2011 1/05/2011

Variable Coefficient Std. Error t-Statistic Prob.
AR(1) -0.048472 1.792767 -0.027037 0.9784
AR(2) 0.176704 0.945302 0.186929 0.8517
AR(3) 0.164258 0.199750 0.822318 0.4110
AR(4) 0.014320 0.127314 0.112481 0.9105
MA(1) -0.158967 1.792548 -0.088682 0.9293
MA(2) -0.480342 1.306988 -0.367518 0.7133
MA(3) -0.229813 0.451687 -0.508788 0.6110
R-squared 0.128246 Meandependent var -0.143544
Adjusted R-squared 0.124636 S.D. dependent var 1318.386
S.E. of regression 1233.494 Akaike info criterion 17.07788
Sumsquaredresid 2.20E+09 Schwarz criterion 17.10329
Log likelihood -12425.70 Hannan-Quinn criter. 17.08736
Durbin-Watson stat 2.000036
Inverted AR Roots .66 -.10 -.30-.37i -.30+.37i
Inverted MA Roots .94 -.39-.31i -.39+.31i
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300 _ Std. Dev. 1230.946
Skewness -1.416190
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Probability 0.000000
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DGAZ s é\ Y
Heteroskedasticity Test: White
F-statistic 5513.898 Prob. F(1,1454) 0.0000
Obs*R-squared 1152.175 Prob. Chi-Square(1) 0.0000
Scaledexplained SS 15077.60 Prob. Chi-Square(1) 0.0000
Test Equation:
Dependent Variable: RESID"2
Method: Least Squares
Date: 05/20/15 Time: 23:36
Sample: 1/06/2011 12/31/2014
Included observations: 1456
Variable Coefficient Std. Error t-Statistic Prob.
C 1469322. 105328.9 13.94985 0.0000

RESID"2"2 5.71E-09 7.69E-11 74.25563 0.0000
R-squared 0.791329 Meandependent var 1799407.
Adjusted R-squared 0.791185 S.D. dependent var 8787399.
S.E. of regression 4015512. Akaike info criterion 33.25060
Sumsquaredresid 2.34E+16 Schwarz criterion 33.25786
Log likelihood -24204.44 Hannan-Quinn criter. 33.25331
F-statistic 5513.898 Durbin-Watson stat 1.886747

Prob(F-statistic) 0.000000

Eviews-8 cila jda: Haadll

IM = 1461 * 0.791329 = 1152.175 > xZ,5(1)
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Dependent Variable: DGAZT

Method: ML - ARCH (Marquardt) - Normal distribution
Date: 05/21/15 Time: 08:44

Sample (adjusted): 1/06/2011 12/31/2014

Included observations: 1456 afteradjustments
Convergence achievedafter 52 iterations

MA Backcast: 1/03/2011 1/05/2011

Variable Coefficient Std. Error z-Statistic  Prob.
AR(1) 1.314243 0.036359 36.14616 0.0000
AR(2) -0.328646 0.054900 -5.986283 0.0000
AR(3) -0.029077 0.046575 -0.624306 0.5324
AR(4) -0.010890 0.030881 -0.352636 0.7244
MA(1) -1.461131 0.002005 -728.6320 0.0000
MA(2) 0.207100 0.001039 199.2987 0.0000
MA(3) 0.264253 0.004073 64.87640 0.0000

Variance Equation

C 1117617. 102330.4 10.92165 0.0000
RESID(-1)"2 0.144472 0.028162 5.130107 0.0000
ARCH(1) 0.134722 0.074757 1.802124 0.0715
R-squared 0.124170 Meandependent var 0.143544
Adjusted R-squared 0.120543 S.D. dependent var 1318.386
S.E. of regression 1236.374 Akaike info criterion 17.01639
Sumsquaredresid 2.21E+09 Schwarz criterion 17.05268
Log likelihood -12377.94 Hannan-Quinn criter. 17.02993
Durbin-Watson stat 2.121294
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Inverted AR Roots .90 .54 -.06-.14i -.06+.14i
Inverted MA Roots .95 .84 -.33
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Null Hypothesis: GAZT has a unit root
Exogenous: Constant
Lag Length: 15 (Automatic - based on Modified AIC, maxlag=23)

:Jg¥! 350!

. ‘;#L"J\ Cé}o..j\

Gt C}}o..‘\

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.796820 0.0030
Test critical values: 1% level -3.434667
5% level -2.863334
10% level -2.567774
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: GAZT has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 15 (Automatic - based on Modified AIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.891678 0.0126
Test critical values: 1% level -3.964408
5% level -3.412923
10% level -3.128454
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: GAZT has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 15 (Automatic - based on Modified AIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.891678 0.0126
Test critical values: 1% level -3.964408
5% level -3.412923
10% level -3.128454
*MacKinnon (1996) one-sided p-values.
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Null Hypothesis: DGAZT has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on Modified AIC, maxlag=23)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -41.93792 0.0000
Test critical values: 1% level -3.434624
5% level -2.863315
10% level -2.567763
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: DGAZT has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on Modified AIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -41.92410 0.0000
Test critical values: 1% level -3.964347
5% level -3.412893
10% level -3.128436
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: DGAZT has a unit root
Exogenous: None
Lag Length: O (Automatic - based on Modified AIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -41.95231 0.0000
Test critical values: 1% level -2.566548
5% level -1.941041
10% level -1.616553

*MacKinnon (1996) one-sided p-values.
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Null Hypothesis: DGAZT has a unit root
Exogenous: Constant
Bandwidth: 99 (Newey-West automatic) using Bartlett kernel
Adj. t-Stat Prob.*
Phillips-Perron test statistic -87.40091 0.0001
Test critical values: 1% level -3.434624
5% level -2.863315
10% level -2.567763
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 1718190.
HAC corrected variance (Bartlett kernel) 133988.7
. ‘53\:'-“ Cé }‘)Jj\
Null Hypothesis: DGAZT has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 100 (Newey-West automatic) using Bartlett kernel
Adj. t-Stat Prob.*
Phillips-Perron test statistic -87.94030 0.0001
Test critical values: 1% level -3.964347
5% level -3.412893
10% level -3.128436
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 1718164.
HAC corrected variance (Bartlett kernel) 131955.1
gen il Gb }o.’J\

Null Hypothesis: DGAZT has a unit root
Exogenous: None
Bandwidth: 99 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*
Phillips-Perron test statistic -87.45422 0.0001
Test critical values: 1% level -2.566548
5% level -1.941041
10% level -1.616553
*MacKinnon (1996) one-sided p-values.
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Residual variance (no correction)
HAC corrected variance (Bartlett kernel)

1718190.
133982.6

Null Hypothesis: DGAZT is stationary
Exogenous: Constant
Bandwidth: 103 (Newey-West automatic) using Bartlett kernel

KPSS el pil :(4) o3y goelod!

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.055287
Asymptotic critical values*: 1% level 0.739000
5% level 0.463000
10% level 0.347000
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 1732360.
HAC corrected variance (Bartlett kernel) 112426.3
Null Hypothesis: DGAZT is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 103 (Newey-West automatic) using Bartlett kernel
LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.035538
Asymptotic critical values*: 1% level 0.216000
5% level 0.146000
10% level 0.119000
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 1732342.
HAC corrected variance (Bartlett kernel) 111055.7

: djiﬂ\ CJ}A.J\

1 S e

125

—
| —



GAZSAt sl Uudodl St Bl 13 1(5) o3y ekl

Date: 051915 Time: 09:42
Sample: 2011M01 2014M12
Included observations: 48

Autocorrelation Partial Carrelation AC PAC 0Q-5tat  Prob

0.574 0574 16.8308 0.000
0.510 0270 30334 0.000
0.529 0258 45320 0.000
0488 0125 58317 0.000
0482 0125 71.297 0.000
0.386 -0.062 79.806 0.000
0.410 0079 89.643 0.000
0.337 -0.073 96.446 0.000
0217 0172 99331 0.000
0162 -0.151 10098 0.000
0230 0119 104.40 0.000
0.030 -0.287 10446 0.000
0.064 0087 10475 0.000
0.057 0.013 10498 0.000
0.044 0108 10512 0.000
-0.063 -0175 10541 0.000
-0.102 0072 106.23 0.000
-0.066 -0.082 106.58 0.000
-0.165 -0.081 1038.84 0.000
-0.147  0.004 11065 0.000
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Null Hypothesis: GAZMSA has a unit root
Exogenous: Constant

GAZSAt Lkl ADF Ly z3bdl pids 1(6) o3y goekell

Lag Length: 6 (Automatic - based on Modified AIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.215854 0.6585
Test critical values: 1% level -3.600987
5% level -2.935001
10% level -2.605836
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(GAZMSA)
Method: Least Squares
Date: 05/18/15 Time: 15:13
Sample (adjusted): 2011M08 2014M12
Included observations: 41 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
GAZMSA(-1) -0.134352 0.110500 -1.215854 0.2327
D(GAZMSA(-1)) -0.750304 0.162000 -4.631501 0.0001
D(GAZMSA(-2)) -0.486450 0.175879 -2.765822 0.0092
D(GAZMSA(-3)) -0.305454 0.177647 -1.719447 0.0949
D(GAZMSA(-4)) -0.435563 0.172077 -2.531218 0.0163
D(GAZMSA(-5)) -0.330697 0.154208 -2.144487 0.0395
D(GAZMSA(-6)) -0.126862 0.112267 -1.130007 0.2666
C 70.10961 989.1277 0.070880 0.9439
R-squared 0.594466 Mean dependent var -427.6217
Adjusted R-squared 0.508443 S.D. dependent var 3684.015
S.E. of regression 2582.903 Akaike info criterion 18.72439
Sum squared resid 2.20E+08 Schwarz criterion 19.05875
Log likelihood -375.8501 Hannan-Quinn criter. 18.84615
F-statistic 6.910593 Durbin-Watson stat 2.231831
Prob(F-statistic) 0.000044
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Null Hypothesis: GAZMSA has a unit root
Exogenous: Constant, Linear Trend

Lag Length: 7 (Automatic - based on Modified AIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -0.864298 0.9503
Test critical values: 1% level -4.205004
5% level -3.526609
10% level -3.194611
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(GAZMSA)
Method: Least Squares
Date: 05/18/15 Time: 15:13
Sample (adjusted): 2011M09 2014M12
Included observations: 40 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
GAZMSA(-1) -0.277535 0.321111 -0.864298 0.3943
D(GAZMSA(-1)) -0.742017 0.334408 -2.218898 0.0342
D(GAZMSA(-2)) -0.518819 0.306540 -1.692499 0.1009
D(GAZMSA(-3)) -0.322154 0.262392 -1.227760 0.2291
D(GAZMSA(-4)) -0.438667 0.232123 -1.889801 0.0685
D(GAZMSA(-5)) -0.388720 0.218011 -1.783030 0.0847
D(GAZMSA(-6)) -0.222578 0.179760 -1.238193 0.2252
D(GAZMSA(-7)) -0.050278 0.119783 -0.419739 0.6777
C 2208.577 5283.396 0.418022 0.6789
@TREND("2011M01") -43.70837 101.0486 -0.432548 0.6684
R-squared 0.563054 Mean dependent var -233.8978
Adjusted R-squared 0.431970 S.D. dependent var 3513.093
S.E. of regression 2647.739 Akaike info criterion 18.81312
Sum squared resid 2.10E+08 Schwarz criterion 19.23534
Log likelihood -366.2624 Hannan-Quinn criter. 18.96578
F-statistic 4.295374 Durbin-Watson stat 1.962971
Prob(F-statistic) 0.001174
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Null Hypothesis: GAZMSA has a unit root
Exogenous: None

Lag Length: 2 (Automatic - based on Modified AIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.290160 0.1789
Test critical values: 1% level -2.617364
5% level -1.948313
10% level -1.612229
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(GAZMSA)
Method: Least Squares
Date: 05/18/15 Time: 15:14
Sample (adjusted): 2011M04 2014M12
Included observations: 45 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
GAZMSA(-1) -0.070547 0.054681 -1.290160 0.2041
D(GAZMSA(-1)) -0.546403 0.141545 -3.860284 0.0004
D(GAZMSA(-2)) -0.295273 0.124565 -2.370442 0.0224
R-squared 0.320107 Mean dependent var -218.9891
Adjusted R-squared 0.287731 S.D. dependent var 3864.504
S.E. of regression 3261.487 Akaike info criterion 19.08209
Sum squared resid 4.47E+08 Schwarz criterion 19.20254
Log likelihood -426.3471 Hannan-Quinn criter. 19.12700
Durbin-Watson stat 2.098122
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Resume:

L'application de modele d’Autorégressive Conditionnelle
Heteroscedasticity . Des techniques scientifiques utilisées dans le
processus de prévision pour obtenir de la réalité économique des

résultats scientifiques précises a proximité.

L’objectif de cette étude c'est 'application de modeles non-

linéaires afin de prédire la consommation de gaz naturel.

L'étude arrive a la conclusion que le modeéle inconditionnel pas
d’Autorégressive Conditionnelle
Heteroscedasticity Heteroscedasticity ARCH a une plus grande

capacité a prévoir par rapport modele ARMA.

Mots clé : La prévision, d’Autorégressive Conditionnelle

Heteroscedasticity Heteroscedasticity.



