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Abstract :

The study to predict the fluctuations in returns of the Saudi financial
markets during the period (2009/2019), using weekly data that extends
from the first week 01/04/2009 and ends in the first week 01/12/2019.

- Where we studied the behavior of returns of fluctuations in the
Saudi financial market, and that by relying on the hybrid model
ARIMA-GARCH, where we reached through this study that the hybrid
model ARIMA-GARCH can provide the best prediction of fluctuations
in returns to the Saudi financial market, and thus depending on the
criteria of comparison.

key words :

Returns - Fluctuations - Hybrid Model - Trading - Financial Market.
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7,905.51 | 7,848.98 | 7,003.97 | 7,093.66 | 7,268.02 | 8,957.63 | 8,243.74 | 6,533.14 | 6,104.56 | 6,344.88 | 6154.975 | W48
/ 7,914.29 | 7,026.06 | 7,118.00 | 6,949.00 | 8,393.92 | 8,387.61 | 6,729.19 | 6,251.92 | 6,457.18 | 5954.13 | W49
/ 7,753.36 | 7,075.72 | 7,090.91 | 7,045.68 | 8,320.55 | 8,509.68 | 6,769.96 | 6,238.87 | 6,499.00 | 6,153.85 | W50
/ 7,749.32 | 7,209.71 | 7,087.76 | 6,941.75 | 8,749.34 | 8,481.10 | 6,888.59 | 6,330.01 | 6,609.53 | 6,243.93 | W51
/ 7,830.47 | 7,230.61 | 7,210.43 | 6,911.76 | 8,409.54 | 8,618.12 | 6,866.71 | 6,418.13 | 6,620.75 | 6,121.76 | W52
/ / 7,277.06 / / / / / / / / W53
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Augmentad Dickey-Fuller Unit Root Teston TD

Mull Hypothesis: TD has a unit root
Exogenous: Constant
Lag Length: O (Automatic - based on SIC, maxlag=13)
{-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.061895 0.2605
Test critical values: 1% lavel -3.441613
5% lavel -2.866401
10% level -2.569418
*MackKinnen (1998) cne-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(TD)
Method: Least Squares
Date: 121119 Time: 14:26
Sample (adjusted): 1/11/2009 12/01/2019
Included observations: 565 after adjustments
Variable Coefficient Std. Error -Statistic Prob.
TD(-1) -0.012356 0005893 -2.061895  0.0397
C 0526391 4464088 2134020 00333
R-squared 0.007442 Mean dependent var 4540053
Adjusted R-sguared 0.005692 S.D.dependent var 18022383
S.E. of regression 179.7146  Akaike info criterion 13.22413
Sum squared resid 18312595 Schwarz criterion 13.23%39
Log likelihood -3760.264  Hannan-Cuinn criter. 13.23008
F-siatistic 4.251411  Durbin-Watson stat 1.810230
Prob(F-statistic) 0.038673
Augmented Dickey-Fuller Unit Root Test on RTD
MNull Hypothesis: RTD has a unit root
Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=18)
1-Statistic Prob.*
Augmented Dickey-Fuller test statistic -22.53463 0.0000
Test critical values: 1% level -3.974204
5% level -3.417751
10% level -3.131313
*Mackinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(RTD)
Method: Least Squares
Date: 12/14/19 Time: 20:26
Sample (adjusted): 1/18/2009 12/01/2019
Included observations: 568 after adjustmants
Variable Coefficient  Std. Emor i-Statistic Prob.
RTD(-1) -0.838721 0.041657  -22.53463 0.0000
C 0.002288 0.002160 1.059360 0.2899
@TREND("1/04/2008") -5.26E-06 6.56E-06  -0.801539 0.4232
R-sguared 0473365 Mean depandent var 0.000143
Adjusted R-squared 04715801 8.0 dependent var 0.035247
5.E. of regression 0025624  Akaike info criterion -4 455337
Sum squared resid 0.370962  Schwarz criterion -4.462403
Log likelihood 1276.836  Hannan-Quinn criter. -4.476388
F-statistic 2539251 Durbin-Watsaon stat 2.018869

Prob(F-statistic) 0.000000




Augmented Dickey-Fuller Unit Root Test on RTD

Mull Hypothesis: RTD has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -22.52330 0.0000
Test critical values: 1% level -3.441634

5% level -2.366410

10% level -2.560423

*Mackinnon (1995) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(RTD)

IMethod: Least Sguaraes

Date: 1211419 Time: 20:23

Sample (adjusted): 1/18/2009 12/01/2019
Incluced observations: 568 after adjusiments

Variable Coefficient Std. Ermor t-Statistic Prob.
RTD{-1) -0.937332 0041629 -22.5233%  0.0000
C 0.000787  0.001075 0731793 04645
R-sguared 0472767 Mean dependent var 0.000143
Adjusted R-squared 0.471835 S.D. dependent var 0.035247
S.E. of regression 0.025616  Akaike info criterion -4, 487722
Sum squared resid 0.371384  Schwarz criterion -4 472433
Log likelihood 1276.513  Hannan-Quinn criter. -4 431758
F-statistic 5075283  Durbin-Watson stat 2.018418
Prob(F-statistic) 0.000000

Fhillips-FPerron Unit Root Test on TD

MNull Hypothesis: TD has a unit root
Exogenous: None
Bandwidth: & (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic 0.154158 0.7308
Test critical values: 1% level -2.569032

5% level -1.941381

10% level -1.616325

*Mackinnon (1996) one-sided p-values.

Residual variance (no correction) 32442 32
HAC corrected variance (Bartlett kernel) 40620.61

Phillips-Perron Test Equation

Dependent Variable: D(TD)

Method: Least Sguares

Date: 12/11/19 Time: 14:32

Sample {adjusted): 1/11/2000 12/01/2019
Included observations: 569 after adjustments

Variable Coefficient  Std. Ermor -Statistic Prob.
TD(-1) 0.00024%  0.001015 0245208  0.8064
R-sguared -0.000530 Mean dependent var 4540053
Adjusted R-squared -0.000530 5.D. dependent var 1802283
5.E. of regression 180.2760  Akaike info criterion 13.22861
Sum squared resid 18459679  Schwarz criterion 13.23625
Log likelihood -3762.540 Hannan-Quinn criter. 13.23159

Durbin-Watson stat 1.518674




Phillips-Perron Unit Root Test on TD

Null Hypothesis: TD has a unit root
Exogenous: Constant
Bandwidth: 8 (Newey-West automatic) using Bartlett kernel
Adj. t-Stat Prob.*
Phillips-Perron test statistic -2.242444 01816
Test critical values: 1% level -3.4416813
5% level -2.366401
10% level -2.569418
*Mackinnon (1996) one-sided p-values.
Residual variance (no correction) 32183.32
HAC corrected variance (Bartlett kernel) 41131.65
Phillips-Perron Test Equation
Dependent Variable: D(TD)
Method: Least Squares
Date: 12/11/19 Time: 14:31
Sample (adjusted): 1/11/2009 12/01/2019
Included observations: 566 after adjustments
Wariable Coefficient  Std. Error -Statistic Prob.
TD(-1) -0.012356 0005993 -2.061895  0.0387
C 05.26381 4464058 2134020 00333
R-squared 0.007442 Mean dependent var 4 540053
Adjusted R-squared 0.005682 S.D. dependent var 1802223
S.E of regression 179.7146  Akaike info criterion 13.22413
Sum squared resid 18312595  Schwarz criterion 13.23839
Log likelihood -3760.264 Hannan-Cluinn criter. 13.23008
F-statistic 4251411 Durbin-Watson stat 1.810230
Prob(F-statistic) 0039673
KFSS5 Unit Root Test on TD
Mull Hypothesis: TD is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 18 (Newey-West automatic) using Bartleit kernel
LM-5tat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.311770
Asymptotic cnfical values®: 1% level 0.216000
5% level 0.145000
10% level 0.112000
*Wwiatlkowski-Phillips-Schmidt-Shin (1292, Table 1)
Fesidual variance {no correction) 1188090.
HALC corrected variance (Bartleft kernel)

19951140

KFPSS Test Equation
Dependent Variable: TD
Method: Least Squares

Date: 121119 Time: 14:33
Sample: 1/04/2009 12/01/2019
Included observations: 570

Variable Coefficient Std. Error t-Statistic Prob.

C 6263.139 9135016 68.56189 0.0000
@TREMD("1/04/2008") 3796313 0277950 13.65825 0.0000
R-squared 0247231 Mean dependent var 73431580
Adjusted R-squared 0245506 5D dependentwvar 1257 405
5 E_ of regression 1091913 Akaike info criterion 16.83275
Sum squared resid B.YTE+DE  Schwarz criterion 16.84200
Lag likelihood -47595.334  Hannan-Quinn criter. 16.83870
F-siatistic 186.5478  Durbin-Watson stat 0.027244

Prob(F-statistic) 0.000000




KPS3 Unit Root Test on TD

Mull Hypothesis: TD is stationary
Exogenous: Constant
Bandwidth: 12 (Newey-West automatic) using Bartlett kernel
LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statisfic 0.977540
Agymptotic critical values*: 1% level 0.735000
5% level 0.453000
10% level 0.347000
*Kwiatkowski-Phillips-Schmidi-Shin (1992, Table 1)
Residual variance (no correction) 1578203,
HALC corrected variance (Bartlett kernel) 26027461
KFSS Test Equation
Dependent Variable: TD
Iethod: Least Squares
Date: 121119 Time: 14:32
Sample: 1/04/2009 12/01/2019
Included observations: 570
Variable Coefficient  Std. Error t-Statistic Prob.
C 73431900 5286690 130421 0.0000
R-sguared 0.000000 Mean dependent var 7343190
Adjusted R-squared 0.000000 S.D. dependent var 1257 4058
5.E. of regression 1257.405  Akaike info criterion 17.11324
Sum squared resid 9.00E+08  Schwarz criterion 17.12088
Log likelihood -4876.274  Hannan-Quinn criter. 17.11622
Durbin-Watson stat 0.020521

Phillips-Perron Unit Root Teston TD

Mull Hypothesis: TD has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 8 (Newey-'West automatic) using Bartlett kernel

Al 1-Stat Prob.”

Phillips-Perron test statistic -2.2932%13 0.4366
Test critical values: 1% lavel -3.974265

5% lavel -3.417737

10% level -3.131308

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 32169.56
HAC corrected variance (Bartlett kernel) 41453 67

Fhillips-Perron Test Eguation

Diependent Variable: D(TD)

IMethod: Least Squares

Date: 12/11/19 Time: 14:31

Sample (adjusted): 1/11/2009 12/01/2019
Included observations: 569 after adjustments

Variable Coefficient  Std. Error t-Statistic Prob.

TD(-1) -0.014072 0006812 -2.036823  0.0421

C 1003525 4581049  2.180601 0.0239
@TREND({"1/04/2009" 0.026501 0052802  0.500047 06165
R-squared 0.007382 Mean cependent var 4 540053
Adjusted R-squared 0.004376 S.D. dependent var 180.2233
5.E of regression 1788335  Akaike info criterion 1322720
Sum sguared resid 18304480 Schwarz criterion 13.25010
Log likelihood -3760.138  Hannan-Quinn criter. 13.23613
F-statistic 2.243371  Durbin-Watson stat 1.307906

Prob(F-statistic) 0.106513




Augmented Dickey-Fuller Unit Root Test on RTD

Mull Hypothesis: RTD has a unit root
Exogenous: Mone
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -22.52612 0.0000
Test cnitical values: 1% level -2.569040

5% lawvel -1.941382

10% level -1.618325

*Iackinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(RTD)

Method: Least Squares

Date: 1211419 Time: 20027

Sample (adjusted): 1/18/2000 12/01/2019
Included observations: 568 after adjustments

Variable Coefficient Std. Emor -Statistic Prob.

RTDI(-1) -0.937022 0.041597  -22.52612 0.0000
R-squared 0472268 Mean dependent var 0.000143
Adjusted R-squared 04722628 5.0. dependent var 0.035247
S.E. of regression 0025605  Akaike info criterion -4, 490297
Sum squared resid 0371735  Schwarz criterion -4 482653
Log likelihood 1276.244  Hannan-Quinn criter. -4, 487314
Durbin-Watson stat 2018190

Augmented Dickey-Fuller Unit Root Test on TD

MNull Hypothesis: TD has a unit roct
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.038823 0.5793
Test critical values: 1% lavel -3.974265

5% level -3417737

10% level -3.131308

*MacKinnon (1998) cne-sided p-values.

Augmented Dickey-Fuller Test Eguation
Dependent Variable: D(TD)

Method: Least Squares

Date: 1211119 Time: 14:28

Sample (adjusted): 1/11/2008 12/01/2019
Included observations: 569 after adjustments

Variable Coefiicient Std. Error -Statistic Prob.

TD(-1) -0.014078 0006912 -2.036823  0.0421
C 1003525 4551049 2190601 0.0239
@TREND("1/04/2009")  0.026501 0.052802 0500947 06165

R-squared 0.007382 Mean dependent var 4 540053
Adjusted R-squared 0.004376 S.D. dependent var 1802233
5.E. of regression 179.8335  Akaike info criterion 13.22720
Sum squared resid 13304480  Schwarz criterion 13.25010
Log likelihood -3760.138  Hannan-Quinn criter. 13.23613
F-statistic 2248371 Durbin-Watson stat 1.307906

Prob{F-statistic) 0106513




Auvgmentad Dickey-Fuller Unit Root Test on TD

Mull Hypothesis: TD has a unit root

Exogenous. Mone

Lag Length: 0 {Automatic - based on SIC, maxlag=13)

1-Statistic Prob.*
Augmented Dickey-Fuller test statistic 0.245208 0.7570
Test critical values: 1% level -2.569032
5% level -1.941381
10% level -1.616325
*MackKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Wariable: D(TD)
Method: Least Squares
Date: 121119 Time: 14:29
Sample {adjusted): 1/1172009 12/01/2019
Included observations: 569 after adjusiments
ariable Coefficient  Std. Error t-Statistic Prob.
TD(-1) 0.000249 0.001015 0.245208 0.8064
R-squared -0.000530 Mean dependent var 4 540053
Adjusted R-squared -0.000530 S.D. dependent var 180.2283
5.E. of regression 1802760  Akaike info criterion 13.22861
Sum squared resid 18459679  Schwarz criterion 13.23625
Log likelihood -3762.540 Hannan-Qwinn criter. 13.23158
Durbin-Watson stat 1.818674
Phillips-Perron Unit Root Test on RTD
Mull Hypothesis: RTD has a unit root
Exogenous: Constant
Bandwidth: & (Newey-West automatic) using Bartlett kemnel
Adj. t-Stat Prob.*
Fhillips-Perron test statistic -22 5RTE5 0.0000
Test critical values: 1% level -3.441634
5% level -2.366410
10% level -2.568423
*Iackinnon (1995) one-sided p-values.
Residual variance (no correction) 0.000654
HAC corrected variance (Bartlett kernel) 0.000523
Phillips-Perron Test Eguation
Dependent Variable: D(RTD)
IMethod: Least Sguares
Date: 1211419 Time: 20:27
Sample (adjusted): 1/18/2009 12/01/2019
Included observations: 568 after adjusiments
“ariable Coefficient Std. Error -Statistic Prob.
RTD(-1) -0.837832  0.041629 -22.52839  0.0000
C 0.000787 0001075 0731793 04645
R-sguared 0472767 Mean dependent var 0.000143
Adjusted R-squared 0.471835 S.D. dependent var 0.035247
S.E. of regression 0.025616  Akaike info criterion -4 487722
Sum squared resid 0.371384  Schwarz criterion -4 472433
Log likelihaod 1276.513 Hannan-Quinn criter. -4 481756
F-statistic 5075283 Durbin-Watson stat 2018418
Probi(F-statistic) 0.000000




KPSS Unit Root Test on RTD

Mull Hypothesis: RTD is stationary
Exogenous: Constant, Linear Trend
Bandwidth: & (Newey-West automatic) using Bartlett kernel

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.039952
Asymptotic critical values®: 1% level 0.216000
5% level 0.148000
10% level 0.112000
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 0.000665
HAC corrected variance (Bartlett kernel) 0.000730
KPSE Test Equation
Dependent Variable: RTD
IMethod: Least Squares
Date: 12/14/19 Time: 20:29
Sample {adjusted): 1/11/2009 12/01/2019
Incluced observations: 569 after adjusiments
Variable Coefficient Std. Ermor i-Statistic Prob.

C 0.001856 0002169  0.855056  0.3%24
@TREND("1/04/2009") -4.0TE-06 6.58E-06 -0D617884  0.5369
R-squared 0.000673 Mean dependent var 0.000625
Adjusted R-squared -0.001090 S.D. dependent var 0.025320
S.E. of regression 0.025334  Akaike info criterion -4 470767
Sum squared resid 0.378404 Schwarz criterion -4 455499
Log likelihood 1273.833  Hannan-Quinn criter. -4 464308
F-siatistic 0.381780  Durbin-Watson stat 1.8561538
Prob(F-statistic) 0.536900

KPSS Unit Root Test on RTD
Mull Hypothesis: RTD is stationary
Exogenous: Constant
Bandwidth: & (Newey-\West automatic) using Bartlett kernel
LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.074285
Asymptotic critical values*: 1% level 0.7359000

5% level 0.453000

10% level 0.347000
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 0.000665
HAC corrected variance (Bartlett kernel) 0.000734
KP3S Test Equation
Dependent Variable: RTD
Method: Least Squares
Date: 1271419 Time: 20:29
Sample (adjusted): 1/11/2009 12/01/2019
Included observations: 569 after adjusiments

Wariable Coefficient  Std. Error f-Statistic Prob.
C 0.000695 0.001082 D.542431 0.5200

R-sguared 0.000000 Mean dependent var 0.000895
Adjusted R-squared 0.000000 S.D. dependent var 0.025820
S.E. of regression 0.025820 Akaike info criterion -4 473609
Sum squared resid 0.3723658  Schwarz criterion -4 465975
Log likelihood 1273.742 Hannan-Quinn criter. -4, 470630
Durbin-Watson stat 1.860284




Phillips-Perron Unit Root Test on RTD

Mull Hypothesis: RTD has a unit root
Exogenous: None
Bandwidth: § (Newey-\West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -22 555901 0.0000
Test critical values: 1% level -2.569040

5% lavel -1.941382

10% level -1.616325

*MacKinnon (19598) one-sided p-values.

Residual variance (no correction) 0.000654
HAC corrected variance (Bartlett kernel) 0.0006887

Phillips-Perron Test Equation

Dependent Variable: DIRTD)

Method: Least Squares

Date: 12/14/19 Time: 20:23

Sample (adjusted): 1/18/2000 12/01/2019
Included observations: 568 after adjusiments

Variable Coefficient Std. Error -Statistic Prob.

RTD{-1) -0.937022  0.041597  -22.52612  0.0000
R-squared 0.472268 Mean dependent var 0.000143
Adjusted R-squared 0.472268 3S.D. dependent var 0.035247
S.E. of regression 0.025605  Akaike info criterion -4.4590297
Sum squared resid 0.371735  Schwarz criterion -4 452653
Log likelihood 1276.244  Hannan-Cuinn criter. -4.437314
Durbin-Watson stat 2.018190

Phillips-Perron Unit Root Test on RTD

Mull Hypothesis: RTD has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: & (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.®

Fhillips-Perron test statistic -22.855815 0.0000
Test critical values: 1% level -3.8742084

5% level -3.417751

10% level -3.131313

*Mackinnon (1996) one-sided p-valuss.

Residual variance (no correction) 0.000653
HAC corrected variance (Bartlett kernel) 0.000679

Fhillips-Perron Test Equation

Dependent Variable: DIRTD)

Method: Least Squares

Date: 1211419 Time: 20:23

Sample (adjusted): 1/18/2009 12/01/2019
Included observations: 568 after adjusiments

Variable Coefficient  Std. Ermror -Statistic Frob.
RTD(-1) -0.928721 0.041657 -22.53463  0.0000
C 0.002268  0.002160  1.058360  0.2899
@TREND("1/04/2009") -5.26E-06 6.56E-06 -0.80153% 04232
R-sguared 0.473365 Mean cependent var 0.000143
Adjusted R-squared 0471501 S.D. dependent var 0.035247
S5.E. of regression 0025624  Akaike info criterion -4 485337
Sum squared resid 0.370962  Schwarz criterion -4 452403
Log likelihood 1276.836  Hannan-Cuinn criter. -4 476388
F-statistic 253.9251  Durbin-Watson stat 2.018869

Prob(F-statistic) 0.000000
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Dependent Variable: RTD

Iethod: ML ARCH - Marmal distribution (BFGS / Marguardt steps)

Date: 02/02/20 Time: 13:23

Sample (adjusted): 1/11/2008 12/01/2019

Included observations: 569 after adjusiments

Convergence achieved after 21 iterations

Coefficient covariance computed using outer product of gradients

Fresample variance: backcast (parameter=0.7)

GARCH = C(2) + C3VRESID(-1)"2 + C4PRESID-1 " 25(RESID{-1)=0) +
C{E)"GARCH(-1)

“ariable Coefficient Std. Ermor Z-Statistic Frob.

C 0.001168  0.000291 1.30%612  0.1903

Yariance Eqguation

C S 12E-05 1.55E-05 5891235 0.0000
RESID{-1)%2 0.028530 0.030475 0.936184 0.3492
RESID{-1*2%RESID(-1)=  0.28234%9 0.043030 6.793003 0.0000
GARCH(-1) 0.673040 0.041884 16.06522 0.0000
F-sguared -0.000333  Mean dependent var 0.0006%5
Adjusted R-squared -0.000332 5.0. dependent var 0.025820
S.E. of regrassion 0.025324  Akaike info criterion -4 B70031
Sum squared resid 0.378785 Schwarz criterion -4 631910
Log likelihood 1333.63% Hannan-Cinn criter. -4.655137
Durbin-Watson stat 1.850665

Dependent Variable: RTD

Method: ML ARCH - Student’s t distribution (BFGS [/ Marquardt steps)

Date: 02/02/20 Time: 13:23

Sample (adjusted): 1/11/2008 12/01/2019

Included observations: 569 after adjusiments

Convergence achieved after 38 iterations

Coefficient covariance computed using outer product of gradients

Fresample variance: backcast (parameter = 0.7

GARCH = C(2) + CI3FRESID(-1)"2 + CAFRESID-1)"2*(RESID-1)=0) +
C{E)*GARCH(-1)

“ariable Coefficient Std. Error Z-Statistic Frob.

C 0.002474  0.000793 3101526 0.0019

Variance Equation

C 5.03E-05 1.67E-05 3.015503 0.0026
RESID{-1)2 0.038915 0.046385 0.835302 0.4013
RESID{-1*2%RESID(-1)=  0.185400 0.070377 2776488 0.0055
GARCH{-1) 0.774357 0.053222 14 54866 0.0000
T-DIST. DOF 4 343511 0.8359304 5174580 0.0000
F-sguared -0.004755  Mean dependent var 0.0006%5
Adjusted R-squared -0.004755  5.0. dependent var 0.025820
5.E. of regression 0.025381  Akaike info criterion -4 775035
Sum squared resid 0.330459  Schwarz criterion -4 729230
Log likelihood 1364.498 Hannan-Gluinn criter. -4 757162

Durbin-Watson stat 1.851480




ARIMA 73t (7) sl

Dependent Variable: D(TD)
Method: ARMA Maximum Likelihood (OPG - BHHH)
Date: 06/13/20 Time: 12:54
Sample: 1/11/2009 12/01/2019
Included observations: 569
Convergence achieved after 37 iterations
Coefficient covariance computed using outer product of gradients
Variable Coefficient Std. Error t-Statistic Prob.
AR(1) 0.508602 0.310263 1.639261 0.1017
MA(1) -0.431198 0.325887 -1.323151 0.1863
SIGMASQ 32188.04 1186.667 27.12474 0.0000
R-squared 0.007312 Mean dependent var 4.540053
Adjusted R-squared 0.003805 S.D. dependent var 180.2283
S.E. of regression 179.8851  Akaike info criterion 13.22779
Sum squared resid 18314993 Schwarz criterion 13.25069
Log likelihood -3760.306 Hannan-Quinn criter. 13.23673
Durbin-Watson stat 1.977036
Inverted AR Roots .91
Inverted MA Roots 43
Dependent Variable: D(TD)
Method: ARMA Maximum Likelihood (OPG - BHHH)
Date: 06/13/20 Time: 13:34
Sample: 1/11/2009 12/01/2019
Included observations: 569
Convergence achieved after 30 iterations
Coefficient covariance computed using outer product of gradients
Variable Coefficient Std. Error t-Statistic Prob.
AR(2) 0.011426 0.031392 0.363959 0.7160
MA(1) 0.087030 0.027480 3.166989 0.0016
SIGMASQ 32198.38 1187.319 27.11856 0.0000
R-squared 0.006993 Mean dependent var 4.540053
Adjusted R-squared 0.003484 S.D. dependent var 180.2283
S.E. of regression 179.9140 Akaike info criterion 13.22811
Sum squared resid 18320881  Schwarz criterion 13.25101
Log likelihood -3760.396 Hannan-Quinn criter. 13.23704
Durbin-Watson stat 1.993243
Inverted AR Roots .1 =11
Inverted MA Roots -.08
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Series: Residuals
Sample 1/11/2009 12/01/2019
Observations 569

3.928913
15.76842
867.2926
-919.4335
179.5250
-0.411356
6.450814

298.3688
0.000000

ARIMA-GARCH ¢l zsudt (11 sll

Dependent Variable: RESID02
Method: ML ARCH - Student's t distribution (OPG - BHHH / Marquardt ste
Date: 06/13/20 Time: 15:49
Sample (adjusted): 1/11/2009 12/01/2019
Included observations: 569 after adjustments
Convergence achieved after 22 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)
GARCH = C(2) + C(3)*"RESID(-1)"2 + C(4)*"GARCH(-1)

Variable Coefficient Std. Error  z-Statistic Prob.
C 13.86823 5.778700 2.399888 0.0164
Variance Equation

C 2598.529 1134.489 2.290485 0.0220
RESID(-1)"2 0.149008 0.050528 2.949008 0.0032
GARCH(-1) 0.782970 0.061144 12.80539 0.0000
T-DIST. DOF 4.116359 0.766510 5.370265 0.0000
R-squared -0.005978 Mean dependent var 8.30E-15
Adjusted R-squared -0.005978 S.D. dependent var 179.5250
S.E. of regression 180.0608 Akaike info criterion 12.99572
Sum squared resid 18415644  Schwarz criterion 13.03388
Log likelihood -3692.281 Hannan-Quinn criter. 13.01061

Durbin-Watson stat 1.966230
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