[bookmark: _Hlk191923477]APPENDIX A - GARCH MODEL RESULTS WITHOUT EXOGENOUS VARIABLE.

	 
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9
	Model 10
	Model 11
	Model 12

	mu
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*

	 
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	ar1
	0.310
	0.172
	0.266
	0.310
	0.172
	0.266
	0.266
	0.227***
	0.249
	0.266
	0.227***
	0.249

	 
	(0.400)
	(0.202)
	(0.435)
	(0.400)
	(0.202)
	(0.435)
	(0.677)
	(0.041)
	(0.647)
	(0.677)
	(0.041)
	(0.647)

	ma1
	-0.344
	-0.206
	-0.299
	-0.344
	-0.206
	-0.299
	-0.300
	-0.260***
	-0.281
	-0.300
	-0.260***
	-0.281

	 
	(0.395)
	(0.199)
	(0.430)
	(0.395)
	(0.199)
	(0.430)
	(0.677)
	(0.041)
	(0.647)
	(0.677)
	(0.041)
	(0.647)

	omega
	0.000***
	-0.226***
	0.000***
	0.000***
	-0.226***
	0.000***
	0.000***
	-0.226***
	0.000***
	0.000***
	-0.226***
	0.000***

	 
	(0.000)
	(0.013)
	(0.000)
	(0.000)
	(0.013)
	(0.000)
	(0.000)
	(0.013)
	(0.000)
	(0.000)
	(0.013)
	(0.000)

	alpha1
	0.067***
	-0.063***
	0.030***
	0.067***
	-0.063***
	0.030***
	0.067***
	-0.063***
	0.030***
	0.067***
	-0.063***
	0.030***

	 
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)

	beta1
	0.903***
	0.973***
	0.901***
	0.903***
	0.973***
	0.901***
	0.903***
	0.973***
	0.901***
	0.903***
	0.973***
	0.901***

	 
	(0.009)
	(0.002)
	(0.009)
	(0.009)
	(0.002)
	(0.009)
	(0.009)
	(0.002)
	(0.009)
	(0.009)
	(0.002)
	(0.009)

	shape
	6.897***
	6.819***
	6.919***
	6.897***
	6.819***
	6.919***
	6.891***
	6.812***
	6.917***
	6.891***
	6.812***
	6.917***

	 
	(0.851)
	(0.791)
	(0.862)
	(0.851)
	(0.791)
	(0.862)
	(0.850)
	(0.789)
	(0.862)
	(0.850)
	(0.789)
	(0.862)

	gamma1
	 
	0.125***
	0.068***
	 
	0.125***
	0.068***
	 
	0.125***
	0.068***
	 
	0.125***
	0.068***

	 
	 
	(0.026)
	(0.019)
	 
	(0.026)
	(0.019)
	 
	(0.026)
	(0.019)
	 
	(0.026)
	(0.019)

	ma2
	 
	 
	 
	 
	 
	 
	-0.003
	0.002
	-0.001
	-0.003
	0.002
	-0.001

	 
	 
	 
	 
	 
	 
	 
	(0.033)
	(0.021)
	(0.031)
	(0.033)
	(0.021)
	(0.031)

	ar2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Variance Model
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH

	Distribution
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std

	Log likelihood
	6218.397
	6227.013
	6224.691
	6218.397
	6227.013
	6224.691
	6218.347
	6226.911
	6224.614
	6218.347
	6226.911
	6224.614

	AIC
	-5.548
	-5.555
	-5.553
	-5.548
	-5.555
	-5.553
	-5.547
	-5.554
	-5.552
	-5.547
	-5.554
	-5.552

	BIC
	-5.531
	-5.535
	-5.533
	-5.531
	-5.535
	-5.533
	-5.527
	-5.531
	-5.529
	-5.527
	-5.531
	-5.529

	***p < 0.01; **p < 0.05; *p < 0.1



	 
	Model 13
	Model 14
	Model 15
	Model 16
	Model 17
	Model 18
	Model 19
	Model 20
	Model 21
	Model 22
	Model 23
	Model 24

	mu
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.000
	0.001
	0.001*
	0.000
	0.001

	 
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	ar1
	0.257
	0.196***
	0.235
	0.257
	0.196***
	0.235
	1.600***
	1.637***
	1.627***
	1.600***
	1.637***
	1.627***

	 
	(0.626)
	(0.056)
	(0.599)
	(0.626)
	(0.056)
	(0.599)
	(0.015)
	(0.012)
	(0.015)
	(0.015)
	(0.012)
	(0.015)

	ma1
	-0.290
	-0.229***
	-0.267
	-0.290
	-0.229***
	-0.267
	-1.632***
	-1.668***
	-1.657***
	-1.632***
	-1.668***
	-1.657***

	 
	(0.626)
	(0.056)
	(0.599)
	(0.626)
	(0.056)
	(0.599)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	omega
	0.000***
	-0.226***
	0.000***
	0.000***
	-0.226***
	0.000***
	0.000***
	-0.228***
	0.000***
	0.000***
	-0.228***
	0.000***

	 
	(0.000)
	(0.013)
	(0.000)
	(0.000)
	(0.013)
	(0.000)
	(0.000)
	(0.013)
	(0.000)
	(0.000)
	(0.013)
	(0.000)

	alpha1
	0.067***
	-0.063***
	0.030***
	0.067***
	-0.063***
	0.030***
	0.068***
	-0.072***
	0.029***
	0.068***
	-0.072***
	0.029***

	 
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.014)
	(0.008)
	(0.004)
	(0.014)
	(0.008)

	beta1
	0.903***
	0.973***
	0.901***
	0.903***
	0.973***
	0.901***
	0.902***
	0.973***
	0.899***
	0.902***
	0.973***
	0.899***

	 
	(0.009)
	(0.002)
	(0.009)
	(0.009)
	(0.002)
	(0.009)
	(0.009)
	(0.002)
	(0.009)
	(0.009)
	(0.002)
	(0.009)

	shape
	6.891***
	6.812***
	6.919***
	6.891***
	6.812***
	6.919***
	6.813***
	6.751***
	6.827***
	6.813***
	6.751***
	6.827***

	 
	(0.849)
	(0.789)
	(0.863)
	(0.849)
	(0.789)
	(0.863)
	(0.834)
	(0.779)
	(0.842)
	(0.834)
	(0.779)
	(0.842)

	gamma1
	
	0.125***
	0.068***
	
	0.125***
	0.068***
	
	0.124***
	0.073***
	
	0.124***
	0.073***

	 
	
	(0.026)
	(0.019)
	
	(0.026)
	(0.019)
	
	(0.026)
	(0.020)
	
	(0.026)
	(0.020)

	ma2
	
	
	
	
	
	
	0.729***
	0.740***
	0.742***
	0.729***
	0.740***
	0.742***

	 
	
	
	
	
	
	
	(0.000)
	(0.003)
	(0.000)
	(0.000)
	(0.003)
	(0.000)

	ar2
	-0.003
	0.002
	-0.002
	-0.003
	0.002
	-0.002
	-0.694***
	-0.703***
	-0.707***
	-0.694***
	-0.703***
	-0.707***

	 
	(0.031)
	(0.021)
	(0.030)
	(0.031)
	(0.021)
	(0.030)
	(0.015)
	(0.012)
	(0.015)
	(0.015)
	(0.012)
	(0.015)

	Variance Model
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH

	Distribution
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std

	Log likelihood
	6218.338
	6226.897
	6224.605
	6218.338
	6226.897
	6224.605
	6219.603
	6229.404
	6226.235
	6219.603
	6229.404
	6226.235

	AIC
	-5.547
	-5.554
	-5.552
	-5.547
	-5.554
	-5.552
	-5.548
	-5.556
	-5.553
	-5.548
	-5.556
	-5.553

	BIC
	-5.527
	-5.531
	-5.529
	-5.527
	-5.531
	-5.529
	-5.525
	-5.530
	-5.527
	-5.525
	-5.530
	-5.527

	***p < 0.01; **p < 0.05; *p < 0.1


Source: Author’s elaboration.







APPENDIX B - GARCH MODEL RESULTS WITH EXOGENOUS VARIABLE (MEAN AND VARIANCE). 

	 
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9
	Model 10
	Model 11
	Model 12

	mu
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*

	 
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	ar1
	0.309
	0.135***
	0.262
	0.309
	0.135***
	0.262
	0.282
	0.219***
	0.266
	0.282
	0.219***
	0.266

	 
	(0.398)
	(0.032)
	(0.432)
	(0.398)
	(0.032)
	(0.432)
	(0.691)
	(0.035)
	(0.708)
	(0.691)
	(0.035)
	(0.708)

	ma1
	-0.345
	-0.172***
	-0.296
	-0.345
	-0.172***
	-0.296
	-0.318
	-0.256***
	-0.301
	-0.318
	-0.256***
	-0.301

	 
	(0.392)
	(0.032)
	(0.427)
	(0.392)
	(0.032)
	(0.427)
	(0.691)
	(0.036)
	(0.708)
	(0.691)
	(0.036)
	(0.708)

	mxreg1
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.011*

	 
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)

	omega
	0.000***
	-0.215***
	0.000***
	0.000***
	-0.215***
	0.000***
	0.000***
	-0.215***
	0.000***
	0.000***
	-0.215***
	0.000***

	 
	(0.000)
	(0.008)
	(0.000)
	(0.000)
	(0.008)
	(0.000)
	(0.000)
	(0.008)
	(0.000)
	(0.000)
	(0.008)
	(0.000)

	alpha1
	0.066***
	-0.067***
	0.028***
	0.066***
	-0.067***
	0.028***
	0.066***
	-0.067***
	0.029***
	0.066***
	-0.067***
	0.029***

	 
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)

	beta1
	0.904***
	0.974***
	0.902***
	0.904***
	0.974***
	0.902***
	0.904***
	0.974***
	0.902***
	0.904***
	0.974***
	0.902***

	 
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)

	vxreg1
	0.000
	-0.136
	0.000
	0.000
	-0.136
	0.000
	0.000
	-0.137
	0.000
	0.000
	-0.137
	0.000

	 
	(0.000)
	(0.131)
	(0.000)
	(0.000)
	(0.131)
	(0.000)
	(0.000)
	(0.131)
	(0.000)
	(0.000)
	(0.131)
	(0.000)

	shape
	6.869***
	6.859***
	6.918***
	6.869***
	6.859***
	6.918***
	6.864***
	6.852***
	6.909***
	6.864***
	6.852***
	6.909***

	 
	(0.853)
	(0.832)
	(0.864)
	(0.853)
	(0.832)
	(0.864)
	(0.852)
	(0.831)
	(0.862)
	(0.852)
	(0.831)
	(0.862)

	gamma1
	 
	0.119***
	0.070***
	 
	0.119***
	0.070***
	 
	0.119***
	0.070***
	 
	0.119***
	0.070***

	 
	 
	(0.018)
	(0.019)
	 
	(0.018)
	(0.019)
	 
	(0.018)
	(0.019)
	 
	(0.018)
	(0.019)

	ma2
	 
	 
	 
	 
	 
	 
	-0.002
	0.004
	0.000
	-0.002
	0.004
	0.000

	 
	 
	 
	 
	 
	 
	 
	(0.035)
	(0.021)
	(0.034)
	(0.035)
	(0.021)
	(0.034)

	ar2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Variance Model
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH

	Distribution
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std

	Log likelihood
	6219.985
	6229.847
	6226.663
	6219.985
	6229.847
	6226.663
	6219.928
	6229.746
	6226.582
	6219.928
	6229.746
	6226.582

	AIC
	-5.548
	-5.556
	-5.553
	-5.548
	-5.556
	-5.553
	-5.547
	-5.555
	-5.552
	-5.547
	-5.555
	-5.552

	BIC
	-5.525
	-5.530
	-5.528
	-5.525
	-5.530
	-5.528
	-5.522
	-5.527
	-5.524
	-5.522
	-5.527
	-5.524

	***p < 0.01; **p < 0.05; *p < 0.1



	 
	Model 13
	Model 14
	Model 15
	Model 16
	Model 17
	Model 18
	Model 19
	Model 20
	Model 21
	Model 22
	Model 23
	Model 24

	mu
	0.001*
	0.000
	0.001*
	0.001*
	0.000
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*

	 
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	ar1
	0.272
	0.857***
	0.245
	0.272
	0.857***
	0.245
	-0.633***
	-0.244***
	-0.670***
	-0.633***
	-0.244***
	-0.670***

	 
	(0.639)
	(0.036)
	(0.632)
	(0.639)
	(0.036)
	(0.632)
	(0.023)
	(0.063)
	(0.020)
	(0.023)
	(0.063)
	(0.020)

	ma1
	-0.308
	-0.893***
	-0.279
	-0.308
	-0.893***
	-0.279
	0.596***
	0.206***
	0.634***
	0.596***
	0.206***
	0.634***

	 
	(0.638)
	(0.036)
	(0.631)
	(0.638)
	(0.036)
	(0.631)
	(0.007)
	(0.062)
	(0.007)
	(0.007)
	(0.062)
	(0.007)

	mxreg1
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.011*

	 
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)

	omega
	0.000***
	-0.211***
	0.000***
	0.000***
	-0.211***
	0.000***
	0.000***
	-0.214***
	0.000***
	0.000***
	-0.214***
	0.000***

	 
	(0.000)
	(0.006)
	(0.000)
	(0.000)
	(0.006)
	(0.000)
	(0.000)
	(0.008)
	(0.000)
	(0.000)
	(0.008)
	(0.000)

	alpha1
	0.066***
	-0.073***
	0.029***
	0.066***
	-0.073***
	0.029***
	0.066***
	-0.067***
	0.028***
	0.066***
	-0.067***
	0.028***

	 
	(0.004)
	(0.014)
	(0.007)
	(0.004)
	(0.014)
	(0.007)
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)

	beta1
	0.904***
	0.975***
	0.903***
	0.904***
	0.975***
	0.903***
	0.904***
	0.975***
	0.902***
	0.904***
	0.975***
	0.902***

	 
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)

	vxreg1
	0.000
	-0.137
	0.000
	0.000
	-0.137
	0.000
	0.000
	-0.137
	0.000
	0.000
	-0.137
	0.000

	 
	(0.000)
	(0.129)
	(0.000)
	(0.000)
	(0.129)
	(0.000)
	(0.000)
	(0.131)
	(0.000)
	(0.000)
	(0.131)
	(0.000)

	shape
	6.863***
	6.859***
	6.884***
	6.863***
	6.859***
	6.884***
	6.822***
	6.845***
	6.866***
	6.822***
	6.845***
	6.866***

	 
	(0.852)
	(0.837)
	(0.856)
	(0.852)
	(0.837)
	(0.856)
	(0.845)
	(0.832)
	(0.855)
	(0.845)
	(0.832)
	(0.855)

	gamma1
	 
	0.117***
	0.070***
	 
	0.117***
	0.070***
	 
	0.119***
	0.070***
	 
	0.119***
	0.070***

	 
	 
	(0.017)
	(0.019)
	 
	(0.017)
	(0.019)
	 
	(0.018)
	(0.019)
	 
	(0.018)
	(0.019)

	ma2
	 
	 
	 
	 
	 
	 
	-0.372***
	-0.125
	-0.335***
	-0.372***
	-0.125
	-0.335***

	 
	 
	 
	 
	 
	 
	 
	(0.024)
	(0.078)
	(0.021)
	(0.024)
	(0.078)
	(0.021)

	ar2
	-0.002
	0.043
	-0.001
	-0.002
	0.043
	-0.001
	0.342***
	0.115
	0.306***
	0.342***
	0.115
	0.306***

	 
	(0.033)
	(0.022)
	(0.031)
	(0.033)
	(0.022)
	(0.031)
	(0.033)
	(0.077)
	(0.027)
	(0.033)
	(0.077)
	(0.027)

	Variance Model
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH

	Distribution
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std

	Log likelihood
	6219.918
	6230.330
	6226.581
	6219.918
	6230.330
	6226.581
	6220.454
	6229.785
	6227.217
	6220.454
	6229.785
	6227.217

	AIC
	-5.547
	-5.555
	-5.552
	-5.547
	-5.555
	-5.552
	-5.547
	-5.554
	-5.552
	-5.547
	-5.554
	-5.552

	BIC
	-5.522
	-5.527
	-5.524
	-5.522
	-5.527
	-5.524
	-5.519
	-5.523
	-5.521
	-5.519
	-5.523
	-5.521

	***p < 0.01; **p < 0.05; *p < 0.1


Source: Author’s elaboration.




APPENDIX C - GARCH MODEL RESULTS WITH EXOGENOUS VARIABLE (VARIANCE).

	 
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9
	Model 10
	Model 11
	Model 12

	mu
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*

	 
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	ar1
	0.310
	0.159
	0.269
	0.310
	0.159
	0.269
	0.265
	0.222***
	0.248
	0.265
	0.222***
	0.248

	 
	(0.400)
	(0.106)
	(0.430)
	(0.400)
	(0.106)
	(0.430)
	(0.673)
	(0.038)
	(0.646)
	(0.673)
	(0.038)
	(0.646)

	ma1
	-0.344
	-0.193
	-0.302
	-0.344
	-0.193
	-0.302
	-0.299
	-0.256***
	-0.281
	-0.299
	-0.256***
	-0.281

	 
	(0.395)
	(0.105)
	(0.426)
	(0.395)
	(0.105)
	(0.426)
	(0.673)
	(0.038)
	(0.646)
	(0.673)
	(0.038)
	(0.646)

	omega
	0.000***
	-0.218***
	0.000***
	0.000***
	-0.218***
	0.000***
	0.000***
	-0.218***
	0.000***
	0.000***
	-0.218***
	0.000***

	 
	(0.000)
	(0.009)
	(0.000)
	(0.000)
	(0.009)
	(0.000)
	(0.000)
	(0.009)
	(0.000)
	(0.000)
	(0.009)
	(0.000)

	alpha1
	0.067***
	-0.066***
	0.030***
	0.067***
	-0.066***
	0.030***
	0.067***
	-0.066***
	0.030***
	0.067***
	-0.066***
	0.030***

	 
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)

	beta1
	0.903***
	0.974***
	0.901***
	0.903***
	0.974***
	0.901***
	0.903***
	0.974***
	0.901***
	0.903***
	0.974***
	0.901***

	 
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)

	vxreg1
	0.000
	-0.141
	0.000
	0.000
	-0.141
	0.000
	0.000
	-0.142
	0.000
	0.000
	-0.142
	0.000

	 
	(0.000)
	(0.134)
	(0.000)
	(0.000)
	(0.134)
	(0.000)
	(0.000)
	(0.134)
	(0.000)
	(0.000)
	(0.134)
	(0.000)

	shape
	6.897***
	6.865***
	6.918***
	6.897***
	6.865***
	6.918***
	6.887***
	6.858***
	6.916***
	6.887***
	6.858***
	6.916***

	 
	(0.853)
	(0.825)
	(0.862)
	(0.853)
	(0.825)
	(0.862)
	(0.851)
	(0.824)
	(0.863)
	(0.851)
	(0.824)
	(0.863)

	gamma1
	 
	0.121***
	0.068***
	 
	0.121***
	0.068***
	 
	0.121***
	0.068***
	 
	0.121***
	0.068***

	 
	 
	(0.020)
	(0.019)
	 
	(0.020)
	(0.019)
	 
	(0.020)
	(0.019)
	 
	(0.020)
	(0.019)

	ma2
	 
	 
	 
	 
	 
	 
	-0.003
	0.003
	-0.001
	-0.003
	0.003
	-0.001

	 
	 
	 
	 
	 
	 
	 
	(0.033)
	(0.021)
	(0.031)
	(0.033)
	(0.021)
	(0.031)

	ar2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Variance Model
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH

	Distribution
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std

	Log likelihood
	6218.397
	6227.545
	6224.691
	6218.397
	6227.545
	6224.691
	6218.348
	6227.448
	6224.614
	6218.348
	6227.448
	6224.614

	AIC
	-5.547
	-5.555
	-5.552
	-5.547
	-5.555
	-5.552
	-5.547
	-5.554
	-5.551
	-5.547
	-5.554
	-5.551

	BIC
	-5.527
	-5.532
	-5.529
	-5.527
	-5.532
	-5.529
	-5.524
	-5.528
	-5.526
	-5.524
	-5.528
	-5.526

	***p < 0.01; **p < 0.05; *p < 0.1




	 
	Model 13
	Model 14
	Model 15
	Model 16
	Model 17
	Model 18
	Model 19
	Model 20
	Model 21
	Model 22
	Model 23
	Model 24

	mu
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001
	0.001*
	0.001*
	0.001
	0.001*

	 
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	ar1
	0.260
	0.186***
	0.235
	0.260
	0.186***
	0.235
	-0.631***
	-0.263***
	0.911***
	-0.631***
	-0.263***
	0.911***

	 
	(0.622)
	(0.049)
	(0.601)
	(0.622)
	(0.049)
	(0.601)
	(0.022)
	(0.037)
	(0.005)
	(0.022)
	(0.037)
	(0.005)

	ma1
	-0.294
	-0.219***
	-0.267
	-0.294
	-0.219***
	-0.267
	0.596***
	0.229***
	-0.932***
	0.596***
	0.229***
	-0.932***

	 
	(0.622)
	(0.049)
	(0.600)
	(0.622)
	(0.049)
	(0.600)
	(0.004)
	(0.036)
	(0.002)
	(0.004)
	(0.036)
	(0.002)

	omega
	0.000***
	-0.218***
	0.000***
	0.000***
	-0.218***
	0.000***
	0.000***
	-0.218***
	0.000***
	0.000***
	-0.218***
	0.000***

	 
	(0.000)
	(0.009)
	(0.000)
	(0.000)
	(0.009)
	(0.000)
	(0.000)
	(0.008)
	(0.000)
	(0.000)
	(0.008)
	(0.000)

	alpha1
	0.067***
	-0.066***
	0.030***
	0.067***
	-0.066***
	0.030***
	0.067***
	-0.066***
	0.032***
	0.067***
	-0.066***
	0.032***

	 
	(0.005)
	(0.013)
	(0.007)
	(0.005)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.008)
	(0.004)
	(0.013)
	(0.008)

	beta1
	0.903***
	0.974***
	0.901***
	0.903***
	0.974***
	0.901***
	0.902***
	0.974***
	0.896***
	0.902***
	0.974***
	0.896***

	 
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)

	vxreg1
	0.000
	-0.142
	0.000
	0.000
	-0.142
	0.000
	0.000
	-0.142
	0.000
	0.000
	-0.142
	0.000

	 
	(0.000)
	(0.134)
	(0.000)
	(0.000)
	(0.134)
	(0.000)
	(0.000)
	(0.134)
	(0.000)
	(0.000)
	(0.134)
	(0.000)

	shape
	6.880***
	6.858***
	6.914***
	6.880***
	6.858***
	6.914***
	6.840***
	6.851***
	6.775***
	6.840***
	6.851***
	6.775***

	 
	(0.856)
	(0.824)
	(0.862)
	(0.856)
	(0.824)
	(0.862)
	(0.847)
	(0.827)
	(0.830)
	(0.847)
	(0.827)
	(0.830)

	gamma1
	 
	0.121***
	0.068***
	 
	0.121***
	0.068***
	 
	0.121***
	0.072***
	 
	0.121***
	0.072***

	 
	 
	(0.020)
	(0.019)
	 
	(0.020)
	(0.019)
	 
	(0.019)
	(0.020)
	 
	(0.019)
	(0.020)

	ma2
	 
	 
	 
	 
	 
	 
	-0.372***
	-0.146*
	0.976***
	-0.372***
	-0.146*
	0.976***

	 
	 
	 
	 
	 
	 
	 
	(0.022)
	(0.062)
	(0.000)
	(0.022)
	(0.062)
	(0.000)

	ar2
	-0.003
	0.002
	-0.002
	-0.003
	0.002
	-0.002
	0.343***
	0.135*
	-0.966***
	0.343***
	0.135*
	-0.966***

	 
	(0.031)
	(0.021)
	(0.030)
	(0.031)
	(0.021)
	(0.030)
	(0.031)
	(0.061)
	(0.005)
	(0.031)
	(0.061)
	(0.005)

	Variance Model
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH

	Distribution
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std

	Log likelihood
	6218.461
	6227.436
	6224.605
	6218.461
	6227.436
	6224.605
	6218.976
	6227.495
	6232.252
	6218.976
	6227.495
	6232.252

	AIC
	-5.547
	-5.554
	-5.551
	-5.547
	-5.554
	-5.551
	-5.546
	-5.553
	-5.557
	-5.546
	-5.553
	-5.557

	BIC
	-5.524
	-5.528
	-5.526
	-5.524
	-5.528
	-5.526
	-5.521
	-5.525
	-5.529
	-5.521
	-5.525
	-5.529

	***p < 0.01; **p < 0.05; *p < 0.1


Source: Author’s elaboration.





APPENDIX D - GARCH MODEL RESULTS WITH EXOGENOUS VARIABLE (MEAN).


	 
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9
	Model 10
	Model 11
	Model 12

	mu
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*
	0.001*

	 
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	ar1
	0.307
	0.144***
	0.261
	0.307
	0.144***
	0.261
	0.280
	0.228***
	0.267
	0.280
	0.228***
	0.267

	 
	(0.400)
	(0.033)
	(0.432)
	(0.400)
	(0.033)
	(0.432)
	(0.697)
	(0.034)
	(0.675)
	(0.697)
	(0.034)
	(0.675)

	ma1
	-0.343
	-0.181***
	-0.296
	-0.343
	-0.181***
	-0.296
	-0.316
	-0.265***
	-0.302
	-0.316
	-0.265***
	-0.302

	 
	(0.394)
	(0.032)
	(0.427)
	(0.394)
	(0.032)
	(0.427)
	(0.697)
	(0.034)
	(0.675)
	(0.697)
	(0.034)
	(0.675)

	mxreg1
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.011*

	 
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)

	omega
	0.000***
	-0.220***
	0.000***
	0.000***
	-0.220***
	0.000***
	0.000***
	-0.219***
	0.000***
	0.000***
	-0.219***
	0.000***

	 
	(0.000)
	(0.010)
	(0.000)
	(0.000)
	(0.010)
	(0.000)
	(0.000)
	(0.010)
	(0.000)
	(0.000)
	(0.010)
	(0.000)

	alpha1
	0.066***
	-0.065***
	0.028***
	0.066***
	-0.065***
	0.028***
	0.066***
	-0.065***
	0.028***
	0.066***
	-0.065***
	0.028***

	 
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)
	(0.004)
	(0.013)
	(0.007)

	beta1
	0.905***
	0.974***
	0.902***
	0.905***
	0.974***
	0.902***
	0.905***
	0.974***
	0.902***
	0.905***
	0.974***
	0.902***

	 
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)

	shape
	6.880***
	6.801***
	6.914***
	6.880***
	6.801***
	6.914***
	6.873***
	6.796***
	6.896***
	6.873***
	6.796***
	6.896***

	 
	(0.850)
	(0.810)
	(0.861)
	(0.850)
	(0.810)
	(0.861)
	(0.848)
	(0.809)
	(0.854)
	(0.848)
	(0.809)
	(0.854)

	gamma1
	 
	0.121***
	0.070***
	 
	0.121***
	0.070***
	 
	0.121***
	0.070***
	 
	0.121***
	0.070***

	 
	 
	(0.021)
	(0.019)
	 
	(0.021)
	(0.019)
	 
	(0.021)
	(0.019)
	 
	(0.021)
	(0.019)

	ma2
	 
	 
	 
	 
	 
	 
	-0.002
	0.004
	-0.000
	-0.002
	0.004
	-0.000

	 
	 
	 
	 
	 
	 
	 
	(0.035)
	(0.021)
	(0.033)
	(0.035)
	(0.021)
	(0.033)

	ar2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Variance Model
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH

	Distribution
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std

	Log likelihood
	6219.923
	6229.313
	6226.663
	6219.923
	6229.313
	6226.663
	6219.869
	6229.206
	6226.581
	6219.869
	6229.206
	6226.581

	AIC
	-5.549
	-5.556
	-5.554
	-5.549
	-5.556
	-5.554
	-5.548
	-5.555
	-5.553
	-5.548
	-5.555
	-5.553

	BIC
	-5.528
	-5.533
	-5.531
	-5.528
	-5.533
	-5.531
	-5.525
	-5.530
	-5.527
	-5.525
	-5.530
	-5.527

	***p < 0.01; **p < 0.05; *p < 0.1



	 
	Model 13
	Model 14
	Model 15
	Model 16
	Model 17
	Model 18
	Model 19
	Model 20
	Model 21
	Model 22
	Model 23
	Model 24

	mu
	0.001*
	0.000
	0.001*
	0.001*
	0.000
	0.001*
	0.001*
	0.001*
	0.001
	0.001*
	0.001*
	0.001

	 
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	ar1
	0.267
	0.858***
	0.249
	0.267
	0.858***
	0.249
	1.605***
	-0.240*
	1.638***
	1.605***
	-0.240*
	1.638***

	 
	(0.649)
	(0.036)
	(0.625)
	(0.649)
	(0.036)
	(0.625)
	(0.015)
	(0.121)
	(0.014)
	(0.015)
	(0.121)
	(0.014)

	ma1
	-0.303
	-0.893***
	-0.284
	-0.303
	-0.893***
	-0.284
	-1.638***
	0.202
	-1.669***
	-1.638***
	0.202
	-1.669***

	 
	(0.648)
	(0.036)
	(0.625)
	(0.648)
	(0.036)
	(0.625)
	(0.000)
	(0.120)
	(0.000)
	(0.000)
	(0.120)
	(0.000)

	mxreg1
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.011*
	-0.009
	-0.011*
	-0.010
	-0.009
	-0.011*
	-0.010

	 
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)
	(0.005)

	omega
	0.000***
	-0.216***
	0.000***
	0.000***
	-0.216***
	0.000***
	0.000***
	-0.219***
	0.000***
	0.000***
	-0.219***
	0.000***

	 
	(0.000)
	(0.008)
	(0.000)
	(0.000)
	(0.008)
	(0.000)
	(0.000)
	(0.009)
	(0.000)
	(0.000)
	(0.009)
	(0.000)

	alpha1
	0.066***
	-0.071***
	0.029***
	0.066***
	-0.071***
	0.029***
	0.067***
	-0.065***
	0.027***
	0.067***
	-0.065***
	0.027***

	 
	(0.004)
	(0.014)
	(0.007)
	(0.004)
	(0.014)
	(0.007)
	(0.004)
	(0.013)
	(0.008)
	(0.004)
	(0.013)
	(0.008)

	beta1
	0.905***
	0.974***
	0.902***
	0.905***
	0.974***
	0.902***
	0.903***
	0.974***
	0.901***
	0.903***
	0.974***
	0.901***

	 
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)
	(0.009)
	(0.001)
	(0.009)

	shape
	6.876***
	6.803***
	6.910***
	6.876***
	6.803***
	6.910***
	6.799***
	6.787***
	6.832***
	6.799***
	6.787***
	6.832***

	 
	(0.849)
	(0.816)
	(0.861)
	(0.849)
	(0.816)
	(0.861)
	(0.834)
	(0.810)
	(0.843)
	(0.834)
	(0.810)
	(0.843)

	gamma1
	 
	0.120***
	0.070***
	 
	0.120***
	0.070***
	 
	0.121***
	0.075***
	 
	0.121***
	0.075***

	 
	 
	(0.020)
	(0.019)
	 
	(0.020)
	(0.019)
	 
	(0.021)
	(0.020)
	 
	(0.021)
	(0.020)

	ma2
	 
	 
	 
	 
	 
	 
	0.739***
	-0.131**
	0.758***
	0.739***
	-0.131**
	0.758***

	 
	 
	 
	 
	 
	 
	 
	(0.000)
	(0.048)
	(0.000)
	(0.000)
	(0.048)
	(0.000)

	ar2
	-0.002
	0.043*
	-0.001
	-0.002
	0.043*
	-0.001
	-0.704***
	0.120*
	-0.724***
	-0.704***
	0.120*
	-0.724***

	 
	(0.033)
	(0.019)
	(0.031)
	(0.033)
	(0.019)
	(0.031)
	(0.015)
	(0.047)
	(0.014)
	(0.015)
	(0.047)
	(0.014)

	Variance Model
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH
	sGARCH
	eGARCH
	gjrGARCH

	Distribution
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std
	std

	Log likelihood
	6219.858
	6229.777
	6226.572
	6219.858
	6229.777
	6226.572
	6220.992
	6229.244
	6228.017
	6220.992
	6229.244
	6228.017

	AIC
	-5.548
	-5.556
	-5.553
	-5.548
	-5.556
	-5.553
	-5.548
	-5.554
	-5.553
	-5.548
	-5.554
	-5.553

	BIC
	-5.525
	-5.530
	-5.527
	-5.525
	-5.530
	-5.527
	-5.522
	-5.526
	-5.525
	-5.522
	-5.526
	-5.525

	[bookmark: _Hlk191923477]***p < 0.01; **p < 0.05; *p < 0.1


Source: Author’s elaboration.
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