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1. MImInAT3 A NNAUNIHIAS Volatility Surface U84 Call Option

1.1 ﬂ"li‘lJi%N1mﬁuﬂ1iﬂﬂﬂﬂﬂﬂlﬂﬂiﬂifiﬁ%1ﬂ Term Structure of Volatility

Dependent Variable: IVC

Method: Least Squares

Date: 20/03/16 Time: 11:11

Sample: 1 15282

Included observations: 15282

White heteroskedasticity-consistent standard errors & covariance

Variable Coefficient Std. Error t-Statistic Prob.
C 19.22947 0.119447 160.9868 0.0000
LOG(TTMQ) -3.166925 0.160676 -19.71002 0.0000
R-squared 0.052782 Mean dependent var 21.53035
Adjusted R-squared 0.052712 S.D. dependent var 9.082649
S.E. of regression 8.840026  Akaike info criterion 7.196606
Sum squared resid 1050283. Schwarz criterion 7.197722
Log likelihood -48366.39 Hannan-Quinn criter. 7.196978
F-statistic 748.9268 Durbin-Watson stat 0.321272
Prob(F-statistic) 0.000000 Wald F-statistic 388.4849
Prob(Wald F-statistic) 0.000000

A

Tagn  Ive A9 anururuuiss1eIuvetoollsuilsznn Call Option
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1.2 mstszanamumsansesveslnssaing Volatility Smile

Dependent Variable: IVCSK
Method: Least Squares

Date: 20/03/16 Time: 11:24
Sample: 1 15282

Included observations: 15282

White heteroskedasticity-consistent standard errors & covariance

Variable Coefficient Std. Error t-Statistic Prob.

C 20.25618 1.037473 19.52454 0.0000

SK"2 19.29062 1.118770 17.24270 0.0000

SK -38.51968 2.155677 -17.86895 0.0000

R-squared 0.086858 Mean dependent var 1.090344
Adjusted R-squared 0.086722 S.D. dependent var 0.277707
S.E. of regression 0.265393 Akaike info criterion 0.185012
Sum squared resid 946.5536 Schwarz criterion 0.186687
Log likelihood -1240.463 Hannan-Quinn criter. 0.185570
F-statistic 639.1552 Durbin-Watson stat 0.719203
Prob(F-statistic) 0.000000 Wald F-statistic 400.5406

Prob(Wald F-statistic) 0.000000

Tagh  IVCSK Ao

NUANNAUNIULHIYOITYQYIMVY At-The-Money N0 1gd Ry
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2. msmIlassai e NuAMA N Volatility Surface U843 Put Option

2.1 ﬂ]iﬂi%u1mﬁ3~lﬂ1iﬂﬂﬂﬂﬂﬂlﬂﬂiﬂix‘iﬁ%n Term Structure of Volatility

Dependent Variable: VP
Method: Least Squares

Date: 20/03/16 Time: 11:57
Sample: 1 15437

Included observations: 15437

Variable Coefficient Std. Error t-Statistic Prob.
C 25.19972 0.130477 193.1355 0.0000
LOG(TTMQ) -1.864772 0.131703 -14.15897 0.0000
R-squared 0.012822 Mean dependent var 26.57742
Adjusted R-squared 0.012758 S.D. dependent var 10.87006
S.E. of regression 10.80050 Akaike info criterion 7.597191
Sum squared resid 1800505. Schwarz criterion 7.598182
Log likelihood -58636.92 Hannan-Quinn criter. 7.597520
F-statistic 200.4763 Durbin-Watson stat 0.220322
Prob(F-statistic) 0.000000
Tagf VP fo  anwAuHILIENT 8 THYe 1001 H15EnM Put Option

TIMQ Ao  dediuslgdyninuvdens lasund

A1 - s Iaeldlalsunsy Eviews 9.0

129



2.2 msdszanaaumsonoesveslnsaing Volatility Smile

Dependent Variable: IVPSK

Method: Least Squares

Date: 20/03/16 Time: 12:08

Sample: 1 15437

Included observations: 15437

Variable Coefficient Std. Error t-Statistic Prob.

C 19.47931 0.481816 40.42891 0.0000

SK"2 17.56764 0.457514 38.39807 0.0000

SK -36.00162 0.939988 -38.30007 0.0000

R-squared 0.087503 Mean dependent var 1.092654

Adjusted R-squared 0.087385 S.D. dependent var 0.229522

S.E. of regression 0.219264 Akaike info criterion -0.196882

Sum squared resid 742.0190 Schwarz criterion -0.195396

Log likelihood 1522.633 Hannan-Quinn criter. -0.196390

F-statistic 740.0185 Durbin-Watson stat 0.936871
Prob(F-statistic) 0.000000

Tagh  IVPSK 0

SK fo
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3. MINNNTUANVUANNINLA 518UV Call Option

3.1 MINAARUANNHIVEIY0YadILIT Augmented Dickey-Fuller

Null Hypothesis: IVC has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 7 (Automatic - based on SIC, maxlag=25)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.800664 0.0166
Test critical values: 1% level -3.962595
5% level -3.412036
10% level -3.127928
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(IVC)
Method: Least Squares
Date: 20/03/16 Time: 13:56
Sample (adjusted): 8/11/2007 12/02/2016
Included observations: 2018 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
IVC(-1) -0.037381 0.009835 -3.800664 0.0001
D(IVC(-1)) -0.460213 0.023507 -19.57762 0.0000
D(IVC(-2)) -0.275519 0.025357 -10.86543 0.0000
D(IVC(-3)) -0.209133 0.025773 -8.114413 0.0000
D(IVC(-4)) -0.120897 0.025945 -4.659828 0.0000
D(IVC(-5)) -0.141456 0.025487 -5.550081 0.0000
D(IVC(-6)) -0.125894 0.024701 -5.096647 0.0000
D(IVC(-7)) -0.061072 0.022247 -2.745258 0.0061
8 1.021101 0.314210 3.249742 0.0012
@TREND("29/10/2007")  -0.000319 0.000152 -2.100540 0.0358
R-squared 0.209653 Mean dependent var -0.002205
Adjusted R-squared 0.206110 S.D. dependent var 3.515685
S.E. of regression 3.132492 Akaike info criterion 5.126478
Sum squared resid 19703.51 Schwarz criterion 5.154277
Log likelihood -5162.616 Hannan-Quinn criter. 5.136681
F-statistic 59.18396 Durbin-Watson stat 2.002414
Prob(F-statistic) 0.000000

Tagh  1VC Ao

A1 - s IaglFlasunsy EViews 9.0
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3.2 MINAARUANNNIVeIYIYaRI8ID Kwiatkowski-Phillips-Schmidt-Shin

Null Hypothesis: IVC is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 34 (Newey-West automatic) using Bartlett kernel

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.146323
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) 58.19284
HAC corrected variance (Bartlett kernel) 1486.749
KPSS Test Equation
Dependent Variable: IVC
Method: Least Squares
Date: 20/03/16 Time: 14:05
Sample: 29/10/2007 12/02/2016
Included observations: 2026
Variable Coefficient Std. Error t-Statistic Prob.
X 28.50808 0.338999 84.09480 0.0000

@TREND("29/10/2007")  -0.009457 0.000290 -32.61793 0.0000

R-squared 0.344545 Mean dependent var 18.93322
Adjusted R-squared 0.344221 S.D. dependent var 9.424762
S.E. of regression 7.632191 Akaike info criterion 6.903614
Sum squared resid 117898.7 Schwarz criterion 6.909155
Log likelihood -6991.361 Hannan-Quinn criter. 6.905647
F-statistic 1063.929 Durbin-Watson stat 0.212209
Prob(F-statistic) 0.000000

Tag  IVC Ao ANUAUMIULRIS18 UV Call Option H1UU At-The-Money
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3.3 MINATOUINON Lag Structure ¥93%03an 8 Correlogram

Date: 20/03/16 Time: 14:11
Sample: 29/10/2007 12/02/2016
Included observations: 2026

Correlogram of IVC

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
[kttt |kt e 1 0930 0.930 1755.8 0.000
[tttk % 2 0911 0.337 3439.7 0.000
[okoknk| x| 3 0.896 0.171 5068.9 0.000
[orknonk| x| 4 0.887 0.142 6668.1 0.000
[tk | || 5 0.873 0.042 8216.3 0.000
[tk | [ | 6 0.866 0.077 9740.4 0.000
[tk | * | 7 0.863 0.100 11255. 0.000
[tk | | 8 0.858 0.065 12755. 0.000
[forkokonk| | ] 9 0.850 0.017 14226. 0.000
[fokokonk| | ] 10 0.838 -0.029 15656. 0.000
[fokokonk| | ] 11 0.824 -0.047 17040. 0.000
[fokokonk| | ] 12 0.815 -0.000 18395. 0.000
[tk | || 13 0.805 0.002 19719. 0.000
[k x| | | 14 0.797 0.006 21017. 0.000
[k x| || 15 0.791 0.024 22296. 0.000
[tk | || 16 0.787 0.032 23563. 0.000
[k k| | ™" 17 0.774 -0.049 24790. 0.000
[tk | NG 18 0.771 0.041 26005. 0.000
[tk | | 19 0.765 0.029 27203. 0.000
[k | lnad 20 0.750 -0.062 28356. 0.000
[k | oy 21 0.739 -0.024 29475. 0.000
[t | || 22 0.735 0.027 30582. 0.000
[t | || 23 0.724 -0.032 31657. 0.000
[t | | S| 24 0.715 -0.011 32705. 0.000
[ | || 25 0.704 -0.027 33721. 0.000
[k | || 26 0.693 -0.031 34709. 0.000
[k | | ] 27 0.681 -0.034 35661. 0.000
[k | || 28 0.666 -0.054 36572. 0.000
[k | | 29 0.648 -0.068 37437. 0.000
[k | o 30 0.630 -0.071 38255. 0.000

Tash  IVC
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3.4 msdszanaaums log-ARFIMA (3, d, 0)

Dependent Variable: LOG(IVC"2)

Method: ARMA Generalized Least Squares (Gauss-Newton)
Date: 20/03/16 Time: 14:15

Sample: 29/10/2007 12/02/2016

Included observations: 2026

Convergence achieved after 15 iterations

Coefficient covariance computed using outer product of gradients
d.f. adjustment for standard errors & covariance

Variable Coefficient Std. Error t-Statistic Prob.
C 5.805651 0.347997 16.68306 0.0000
D -0.258938 0.031567 -8.202856 0.0000
AR(1) 0.714388 0.037848 18.87515 0.0000
AR(2) 0.205770 0.028778 7.150133 0.0000
AR(3) 0.077741 0.029599 2.626512 0.0087
R-squared 0.896271 Mean dependent var 5.684067
Adjusted R-squared 0.896066 S.D. dependent var 0.879117
S.E. of regression 0.283416 Akaike info criterion 0.319980
Sum squared resid 162.3365 Schwarz criterion 0.333834
Log likelihood -319.1393 Hannan-Quinn criter. 0.325063
F-statistic 4365.638 Durbin-Watson stat 2.013455
Prob(F-statistic) 0.000000
Inverted AR Roots 1.00 -.14-.24i -.14+.24i
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4. MINNDIUANNAUAIUUAITEIUYDI Put Option

4.1 MINATOUANNUIVBITOYAAIYIT Augmented Dickey-Fuller

Null Hypothesis: IVP has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 3 (Automatic - based on SIC, maxlag=25)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -4.819931 0.0004
Test critical values: 1% level -3.962586
5% level -3.412032
10% level -3.127925
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(IVP)
Method: Least Squares
Date: 20/03/16 Time: 14:19
Sample (adjusted): 2/11/2007 12/02/2016
Included observations: 2022 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
IVP(-1) -0.040961 0.008498 -4.819931 0.0000
D(IVP(-1)) -0.419508 0.022813 -18.38874 0.0000
D(IVP(-2)) -0.207459 0.024011 -8.640075 0.0000
D(IVP(-3)) -0.085120 0.022194 -3.835343 0.0001
[ 1.390382 0.329791 4.215955 0.0000
@TREND("29/10/2007")  -0.000379 0.000156 -2.432484 0.0151
R-squared 0.178898 Mean dependent var 0.001046
Adjusted R-squared 0.176861 S.D. dependent var 3.840030
S.E. of regression 3.483944  Akaike info criterion 5.337170
Sum squared resid 24469.93 Schwarz criterion 5.353822
Log likelihood -5389.879 Hannan-Quinn criter. 5.343281
F-statistic 87.84726 Durbin-Watson stat 2.004875
Prob(F-statistic) 0.000000

Tagh  IVP Ao

A1 - s IaglFlasunsy EViews 9.0
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4.2 MINATOVANNHIVBIVOYAIID Kwiatkowski-Phillips-Schmidt-Shin

Null Hypothesis: IVP is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 34 (Newey-West automatic) using Bartlett kernel

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.178790
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) 89.76465
HAC corrected variance (Bartlett kernel) 2357.556
KPSS Test Equation
Dependent Variable: VP
Method: Least Squares
Date: 20/03/16 Time: 14:25
Sample: 29/10/2007 12/02/2016
Included observations: 2026
Variable Coefficient Std. Error t-Statistic Prob.
X 34.16051 0.421033 81.13489 0.0000

@TREND("29/10/2007")  -0.009498 0.000360 -26.37846 0.0000

R-squared 0.255834 Mean dependent var 24.54343
Adjusted R-squared 0.255466 S.D. dependent var 10.98563
S.E. of regression 9.479100 Akaike info criterion 7.337043
Sum squared resid 181863.2 Schwarz criterion 7.342584
Log likelihood -7430.424 Hannan-Quinn criter. 7.339076
F-statistic 695.8234 Durbin-Watson stat 0.163949
Prob(F-statistic) 0.000000

Tag  TVP Ao AMUAUAIULA9318IUYBY Put Option LY At-The-Money
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4.3 M3NATOUINOH1 Lag Structure Y93903yad 38 Correlogram

Correlogram of IVP

Date: 20/03/16 Time: 14:28
Sample: 29/10/2007 12/02/2016
Included observations: 2026

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
[kttt |kt e 1 0939 0.939 1788.6 0.000
[tk [ | 2 0922 0.341 3514.2 0.000
[tk * 3 0909 0.174 51919 0.000
[orknonk| = | 4 0.896 0.089 6823.2 0.000
[tk | || 5 0882 0.031 8404.1 0.000
[kt x| || 6 0.868 0.014 9937.2 0.000
[k x| || 7 0.858 0.037 11435. 0.000
[kt x| || 8 0.845 0.007 12890. 0.000
[forkokonk| || 9 0.831 -0.025 14296. 0.000
[fokokonk| || 10 0.817 -0.017 15655. 0.000
[fokokonk| || 11 0.810 0.054 16991. 0.000
[fokokonk| || 12 0.804 0.064 18310. 0.000
[tk | || 13 0.791 -0.016 19588. 0.000
[k x| | | 14 0.788 0.064 20856. 0.000
[tk | || 15 0.780 0.011 22100. 0.000
[tk | || 16 0.776 0.035 23330. 0.000
[tk | || 17 0.764 -0.041 24523. 0.000
[k | NG 18 0.756 -0.006 25692. 0.000
[k | || 19 0.749 0.007 26841. 0.000
[k | lnad 20 0.744 0.027 27976. 0.000
[k | oy 21 0.732 -0.047 29072. 0.000
[t | || 22 0.722 -0.022 30140. 0.000
[t | || 23 0.719 0.055 31201. 0.000
[t | | S| 24 0.706 -0.043 32224. 0.000
[ | || 25 0.700 0.023 33230. 0.000
[k | * 26 0.685 -0.074 34193. 0.000
[k | || 27 0.676 -0.002 35133. 0.000
[k | || 28 0.663 -0.044 36037. 0.000
[k | || 29 0.655 0.028 36921. 0.000
[k | | ] 30 0.650 0.043 37791. 0.000

Tash  IVP
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4.4 msUszaina@ums log-ARFIMA (3, d, 0)

Dependent Variable: LOG(IVP2)

Method: ARMA Generalized Least Squares (Gauss-Newton)
Date: 20/03/16 Time: 14:36

Sample: 29/10/2007 12/02/2016

Included observations: 2026

Convergence achieved after 9 iterations

Coefficient covariance computed using outer product of gradients
d.f. adjustment for standard errors & covariance

Variable Coefficient Std. Error t-Statistic Prob.
C 6.289732 0.224187 28.05569 0.0000
D -0.192212 0.034594 -5.556154 0.0000
AR(1) 0.737625 0.039918 18.47862 0.0000
AR(2) 0.161031 0.029647 5.431600 0.0000
AR(3) 0.095919 0.029752 3.223907 0.0013
R-squared 0.904195 Mean dependent var 6.241531
Adjusted R-squared 0.904006 S.D. dependent var 0.781133
S.E. of regression 0.242018 Akaike info criterion 0.004151
Sum squared resid 118.3754 Schwarz criterion 0.018005
Log likelihood 0.795477 Hannan-Quinn criter. 0.009234
F-statistic 4768.497 Durbin-Watson stat 2.004881
Prob(F-statistic) 0.000000
Inverted AR Roots 1.00 -.13+.28i -.13-.28i
TagR VP Ao AMUAUAIULANI18IUUDY Put Option LU At-The-Money
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5. mswﬂmsmmmwumuuﬂasmaﬂmWum Call Option

5.1 MINATOUANNUIVBITOYAAIYIT Augmented Dickey-Fuller

Null Hypothesis: IVWC has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 6 (Automatic - based on SIC, maxlag=17)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -5.519845 0.0000
Test critical values: 1% level -3.979747
5% level -3.420406
10% level -3.132884
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(IVWC)
Method: Least Squares
Date: 20/03/16 Time: 14:41
Sample (adjusted): 19/12/2007 10/02/2016
Included observations: 426 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
IVWC(-1) -0.119152 0.021586 -5.519845 0.0000
D(IVWC(-1)) -0.147118 0.048104  -3.058344  0.0024
D(IVWC(-2)) 0.126007 0.048335 2.606922 0.0095
D(IVWC(-3)) 0.051371 0.048714 1.054550 0.2922
D(IVWC(-4)) 0.114527 0.048620 2.355557 0.0190
D(IVWC(-5)) 0.231996 0.048949 4.739554 0.0000
D(IVWC(-6)) 0.136807 0.048424 2.825210 0.0050
C 3.579086 0.728639 4.912016 0.0000
@TREND("31/10/2007")  -0.005215 0.001536 -3.394493 0.0008
R-squared 0.138889 Mean dependent var -0.026570
Adjusted R-squared 0.122369 S.D. dependent var 3.109724
S.E. of regression 2.913251 Akaike info criterion 4.997317
Sum squared resid 3539.092 Schwarz criterion 5.082974
Log likelihood -1055.428 Hannan-Quinn criter. 5.031153
F-statistic 8.407250 Durbin-Watson stat 1.979324
Prob(F-statistic) 0.000000

Taeh

A1 s IaglFlasunsy EViews 9.0
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5.2 MINATOUANNHIVB VYA INID Kwiatkowski-Phillips-Schmidt-Shin

Null Hypothesis: IVWC is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 15 (Newey-West automatic) using Bartlett kernel

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.100570
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) 55.05642
HAC corrected variance (Bartlett kernel) 531.0063
KPSS Test Equation
Dependent Variable: IVWC
Method: Least Squares
Date: 20/03/16 Time: 14:49
Sample: 31/10/2007 10/02/2016
Included observations: 433
Variable Coefficient Std. Error t-Statistic Prob.
X 30.57661 0.713581 42.84950 0.0000

@TREND("31/10/2007")  -0.045936 0.002859 -16.06507 0.0000

R-squared 0.374534 Mean dependent var 20.65446
Adjusted R-squared 0.373083 S.D. dependent var 9.393000
S.E. of regression 7.437197 Akaike info criterion 6.855473
Sum squared resid 23839.43 Schwarz criterion 6.874276
Log likelihood -1482.210 Hannan-Quinn criter. 6.862896
F-statistic 258.0866 Durbin-Watson stat 0.173744
Prob(F-statistic) 0.000000

Tagh  IVWC  fie anudumiuuramassedlaiived Call Option 111 At-The-Money
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5.3 M3NATOUINOH1 Lag Structure Y93903yad 38 Correlogram

Correlogram of IVWC
Date: 20/03/16 Time: 15:14
Sample: 31/10/2007 10/02/2016
Included observations: 433

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

J******* J*******

0.944 0.944 388.56 0.000
0.911 0.181 751.17 0.000
0.865 -0.098 1078.8 0.000
0.824 -0.010 1377.2 0.000
0.779 -0.050 1644.1 0.000
0.720 -0.175 1872.7 0.000
0.657 -0.120 2063.4 0.000
0.604 0.057 2225.0 0.000
0.561 0.108 2364.6 0.000
0.526 0.099 2487.8 0.000
0.486 -0.021 2593.4 0.000
0.441 -0.100 2680.5 0.000
0413 0.081 2757.1 0.000
0.394 0.080 2826.8 0.000
0.379 0.007 2891.4 0.000
0.365 0.025 2951.5 0.000
0.350 0.026 3007.1 0.000
0.347 0.076 3061.8 0.000
0.353 0.070 3118.6 0.000
0.360 0.009 3177.8 0.000
0.358 -0.087 3236.5 0.000
0.356 -0.002 3294.7 0.000
0.350 -0.051 3350.9 0.000
0.353 0.034 3408.5 0.000
0.347 -0.040 3464.0 0.000
0.330 -0.081 3514.4 0.000
0.312 0.008 3559.5 0.000
0.284 -0.079 3597.0 0.000
0.279 0.156 3633.3 0.000
0.267 0.041 3666.5 0.000
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5.4 Ms5Uszana@ums ARIMA (1, 0, 0)

Dependent Variable: IVWC

Method: ARMA Generalized Least Squares (Gauss-Newton)
Date: 20/03/16 Time: 15:14

Sample: 31/10/2007 10/02/2016

Included observations: 433

Convergence achieved after 5 iterations

Coefficient covariance computed using outer product of gradients
d.f. adjustment for standard errors & covariance

Variable Coefficient Std. Error t-Statistic Prob.
C 21.11175 2.676344 7.888281 0.0000
AR(1) 0.947139 0.015672 60.43433 0.0000
R-squared 0.894121 Mean dependent var 20.65446
Adjusted R-squared 0.893875 S.D. dependent var 9.393000
S.E. of regression 3.059942 Akaike info criterion 5.084528
Sum squared resid 4035.558 Schwarz criterion 5.103331
Log likelihood -1098.800 Hannan-Quinn criter. 5.091951
F-statistic 3639.671 Durbin-Watson stat 2.347783
Prob(F-statistic) 0.000000
Inverted AR Roots .95
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5.5 mslszanaaums ARIMA (1,0,0)- GARCH (1, 1)

Dependent Variable: IVWC

Method: ML ARCH - Normal distribution (OPG - BHHH / Marquardt steps)
Date: 20/03/16 Time: 15:23

Sample: 31/10/2007 10/02/2016

Included observations: 433

Convergence achieved after 70 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

GARCH = C(3) + C(4)*RESID(-1)*2 + C(5)*GARCH(-1)

Variable Coefficient Std. Error Z-Statistic Prob.
C 16.34903 1.738447 9.404388 0.0000
AR(1) 0.951026 0.016343 58.19013 0.0000

Variance Equation

| 0.171517 0.044352 3.867189 0.0001
RESID(-1)"2 0.236394 0.031039 7.615976 0.0000
GARCH(-1) 0.764621 0.022468 34.03226 0.0000

R-squared 0.893422 Mean dependent var 20.65446
Adjusted R-squared 0.893175 S.D. dependent var 9.393000
S.E. of regression 3.070020 Akaike info criterion 4.387292
Sum squared resid 4062.184 Schwarz criterion 4.434298
Log likelihood -944.8487 Hannan-Quinn criter. 4.405848
Durbin-Watson stat 2.345021

Inverted AR Roots .95
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d o (Y] d
6. MInennsanNUAUNIUNAIIEda¥ived Put Option
6.1 MINATOVANINIIVDIYOAAIUID Augmented Dickey-Fuller
Null Hypothesis: IVWP has a unit root

Exogenous: Constant, Linear Trend
Lag Length: O (Automatic - based on SIC, maxlag=17)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -4.388757 0.0025
Test critical values: 1% level -3.979443

5% level -3.420259

10% level -3.132797

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

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

Method: Least Squares

Date: 20/03/16 Time: 15:43

Sample (adjusted): 7/11/2007 10/02/2016
Included observations: 432 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
IVWP(-1) -0.087813 0.020009 -4.388757 0.0000
C 2.796099 0.736791 3.794968 0.0002

@TREND("31/10/2007")  -0.003623 0.001657 -2.185658 0.0294

R-squared 0.043017 Mean dependent var 0.001106
Adjusted R-squared 0.038556 S.D. dependent var 3.722860
S.E. of regression 3.650386 Akaike info criterion 5.434463
Sum squared resid 5716.561 Schwarz criterion 5.462716
Log likelihood -1170.844 Hannan-Quinn criter. 5.445617
F-statistic 9.641988 Durbin-Watson stat 1.949850
Prob(F-statistic) 0.000080
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6.2 MINATOUANNHIVBIVOYAIID Kwiatkowski-Phillips-Schmidt-Shin

Null Hypothesis: IVWP is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 15 (Newey-West automatic) using Bartlett kernel

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.099134
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) 77.25583
HAC corrected variance (Bartlett kernel) 786.9042
KPSS Test Equation
Dependent Variable: IVWP
Method: Least Squares
Date: 20/03/16 Time: 15:45
Sample: 31/10/2007 10/02/2016
Included observations: 433
Variable Coefficient Std. Error t-Statistic Prob.
C 32.24961 0.845289 38.15217 0.0000

@TREND("31/10/2007")  -0.043258 0.003387 -12.77146 0.0000

R-squared 0.274545 Mean dependent var 22.90577
Adjusted R-squared 0.272862 S.D. dependent var 10.33148
S.E. of regression 8.809899 Akaike info criterion 7.194237
Sum squared resid 33451.77 Schwarz criterion 7.213040
Log likelihood -1555.552  Hannan-Quinn criter. 7.201660
F-statistic 163.1102 Durbin-Watson stat 0.178597
Prob(F-statistic) 0.000000
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6.3 M3NATOUINOH1 Lag Structure Y93903yad 38 Correlogram

Corelogram of IVWP
Date: 20/03/16 Time: 15:47
Sample: 31/10/2007 10/02/2016
Included observations: 433

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

J******* J*******

0.935 0.935 381.16 0.000
0.872 -0.014 713.83 0.000
0.828 0.107 1013.9 0.000
0.783 -0.017 1283.2 0.000
0.742 0.023 1525.8 0.000
0.694 -0.083 1738.2 0.000
0.656 0.068 1928.6 0.000
0.623 0.001 2100.7 0.000
0.593 0.023 2256.7 0.000
0.560 -0.028 2396.5 0.000
0.534 0.047 2523.9 0.000
0.505 -0.052 2638.1 0.000
0.476 0.002 2739.7 0.000
0.448 -0.023 2829.7 0.000
0.410 -0.080 2905.4 0.000
0.377 0.005 2969.5 0.000
0.348 0.004 3024.4 0.000
0.325 0.031 3072.2 0.000
0.303 -0.002 3113.8 0.000
0.282 0.018 3150.2 0.000
0.267 0.015 3182.7 0.000
0.248 -0.031 3210.9 0.000
0.234 0.023 3236.0 0.000
0.218 -0.020 3257.8 0.000
0.208 0.049 3277.8 0.000
0.201 0.013 3296.5 0.000
0.184 -0.057 3312.3 0.000
0.179 0.083 3327.2 0.000
0.175 0.000 33416 0.000
0.180 0.082 3356.8 0.000
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6.4 M35Uszana@ums ARIMA (1, 0, 0)

Dependent Variable: IVWP

Method: ARMA Generalized Least Squares (Gauss-Newton)
Date: 20/03/16 Time: 15:50

Sample: 31/10/2007 10/02/2016

Included observations: 433

Convergence achieved after 2 iterations

Coefficient covariance computed using outer product of gradients
d.f. adjustment for standard errors & covariance

Variable Coefficient Std. Error t-Statistic Prob.
C 23.11266 2.639699 8.755797 0.0000
AR(1) 0.935435 0.017058 54.83914 0.0000
R-squared 0.874623 Mean dependent var 22.90577
Adjusted R-squared 0.874332 S.D. dependent var 10.33148
S.E. of regression 3.662472  Akaike info criterion 5.443565
Sum squared resid 5781.307 Schwarz criterion 5.462368
Log likelihood -1176.532 Hannan-Quinn criter. 5.450988
F-statistic 3006.638 Durbin-Watson stat 1.974423
Prob(F-statistic) 0.000000
Inverted AR Roots .94
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6.5 Matszanaaums ARIMA (1,0,0)- GARCH (1, 1)

Dependent Variable: IVWP

Method: ML ARCH - Normal distribution (OPG - BHHH / Marquardt steps)
Date: 20/03/16 Time: 15:52

Sample: 31/10/2007 10/02/2016

Included observations: 433

Convergence achieved after 47 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

GARCH = C(3) + C(4)*RESID(-1)*2 + C(5)*GARCH(-1)

Variable Coefficient Std. Error Z-Statistic Prob.
C 18.17351 1.331685 13.64700 0.0000
AR(1) 0.926476 0.013337 69.46909 0.0000

Variance Equation

C 0.625186 0.202688 3.084474 0.0020
RESID(-1)"2 0.308491 0.060634 5.087711 0.0000
GARCH(-1) 0.660989 0.052659 12.55225 0.0000

R-squared 0.873246 Mean dependent var 22.90577
Adjusted R-squared 0.872952 S.D. dependent var 10.33148
S.E. of regression 3.682532 Akaike info criterion 4.898924
Sum squared resid 5844.810 Schwarz criterion 4.945930
Log likelihood -1055.617 Hannan-Quinn criter. 4.917480
Durbin-Watson stat 1.937322

Inverted AR Roots .93
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7.1 mﬁmaauﬁmﬁauwuﬁmmmmwummw]wmaaﬂ%umﬁ SET5S0 ﬂ‘]Ji;T‘I—!‘YIiWEIf?]I“N@Q

Cross Correlogram of 1V and SET50

Date: 20/03/16 Time: 17:48
Sample: 29/10/2007 12/02/2016
Included observations: 2026

Correlations are asymptotically consistent approximations

a

IV,SET50(-i) IV,SET50(+i) i lag lead
Ak ok | | Fkdd k| | 0 -0.6932 -0.6932
Ak sk | | Ao o | 1 -0.6904 -0.6935
Ak sk | | MR ETEL | 2 -0.6875 -0.6941
A | | et ) | 3 -0.6842 -0.6942
Ak ko | | AR | 4 -0.6815 -0.6946
A | B gk | | 5 -0.6788 -0.6945
A | etk k| | 6 -0.6756 -0.6944
Ak ko | | ok k| | 7 -0.6728 -0.6953
Ak sk | | Aok ek k| | 8 -0.6701 -0.6959
Ak sk | | Aok | | 9 -0.6677 -0.6963
Ak sk | | ok | | 10 -0.6651 -0.6966
Ak sk | | ek ek i) | 11 -0.6624 -0.6973
Ak sk | | ko | | 12 -0.6599 -0.6977
R | Seokofgte ke ok | 13 -0.6575 -0.6984
Ak ko | | ko | | 14 -0.6548 -0.6988
A K| | Aok k| | 15 -0.6513 -0.6987
A | Ak | | 16 -0.6486 -0.6987
Ak ko | | ok | | 17 -0.6458 -0.6989
Ak ok | | Rl A | 18 -0.6434 -0.6988
Ak sk | | e | 19 -0.6404 -0.6988
ko | koo | | 20 -0.6372 -0.6988
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7.2 MINATOUANNUIVBIVOYAAIID Augmented Dickey-Fuller

Null Hypothesis: 1V has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 2 (Automatic - based on SIC, maxlag=25)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -4.488078 0.0016

Test critical values: 1% level -3.962584
5% level -3.412031
10% level -3.127925

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

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(1V)

Method: Least Squares

Date: 20/03/16 Time: 17:42

Sample (adjusted): 1/11/2007 12/02/2016
Included observations: 2023 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
-0.029814 0.006643 -4.488078 0.0000
D(IV(-1)) -0.326425 0.022357 -14.60049 0.0000
D(IV(-2)) -0.115053 0.022120 -5.201250 0.0000
0.916148 0.234386 3.908723 0.0001
@TREND("29/10/2007")  -0.000266 0.000110 -2.406273 0.0162
R-squared 0.117186 Mean dependent var -0.002045
Adjusted R-squared 0.115436 S.D. dependent var 2.522001
S.E. of regression 2.371974  Akaike info criterion 4567791
Sum squared resid 11353.80 Schwarz criterion 4.581662
Log likelihood -4615.320 Hannan-Quinn criter. 4.572881
F-statistic 66.96793 Durbin-Watson stat 2.010176
Prob(F-statistic) 0.000000

Tagh 1V
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7.3 MINATOUANNHIVB VYA IID Kwiatkowski-Phillips-Schmidt-Shin

Null Hypothesis: IV is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 34 (Newey-West automatic) using Bartlett kernel

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.167624
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) 65.49839
HAC corrected variance (Bartlett kernel) 1829.568
KPSS Test Equation
Dependent Variable: 1V
Method: Least Squares
Date: 20/03/16 Time: 17:45
Sample: 29/10/2007 12/02/2016
Included observations: 2026
Variable Coefficient Std. Error t-Statistic Prob.
X 31.44842 0.359649 87.44188 0.0000

@TREND("29/10/2007")  -0.009510 0.000308 -30.91705 0.0000

R-squared 0.320774 Mean dependent var 21.82001
Adjusted R-squared 0.320439 S.D. dependent var 9.822352
S.E. of regression 8.097105 Akaike info criterion 7.021877
Sum squared resid 132699.7 Schwarz criterion 7.027419
Log likelihood -7111.161 Hannan-Quinn criter. 7.023910
F-statistic 955.8640 Durbin-Watson stat 0.096959
Prob(F-statistic) 0.000000
Tagli v fo arwduruudunaes e uveseeldudail SETS0
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7.4 M3NATOUINOH1 Lag Structure Y99903yad 38 Correlogram

Date: 20/03/16 Time: 17:52
Sample: 29/10/2007 12/02/2016
Included observations: 2026

Correlogram of IV

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
[kttt |kt e 1 0.967 0.967 1897.0 0.000
[tk [ | 2 0954 0.293 37444 0.000
[tk * 3 0942 0.119 55485 0.000
[tk | 4 0.931 0.047 7310.2 0.000
[kt || 5 0921 0.042 9035.7 0.000
[tk || 6 0911 0.021 10725. 0.000
[tk || 7 0.903 0.027 12383. 0.000
[kt x| || 8 0.892 -0.008 14004. 0.000
[forkokonk| || 9 0.887 0.070 15606. 0.000
[k * 10 0.874 -0.075 17163. 0.000
[fokokonk| || 11 0.864 -0.007 18686. 0.000
[fokokonk| || 12 0.857 0.036 20183. 0.000
[k x| || 13 0.851 0.052 21660. 0.000
[k x| | | 14 0.844 0.016 23115. 0.000
[k x| || 15 0.836 -0.005 24544. 0.000
[k x| || 16 0.831 0.038 25956. 0.000
[k k| | ™" 17 0.824 -0.011 27344. 0.000
[k x| NG 18 0.815 -0.038 28704. 0.000
[k || 19 0.806 -0.018 30035. 0.000
[k x| luad 20 0.797 -0.020 31337. 0.000
[kt k| il 21 0.788 -0.020 32610. 0.000
ek || 22 0.781 0.006 33859. 0.000
[kt x| || 23 0.772 -0.009 35081. 0.000
[forn x| | S| 24 0.764 0.008 36278. 0.000
[ | || 25 0.757 0.012 37454. 0.000
[k | x| 26 0.742 -0.115 38586. 0.000
[k | || 27 0.730 -0.046 39681. 0.000
[k | || 28 0.718 -0.028 40740. 0.000
[k | || 29 0.704 -0.041 41760. 0.000
[k | | ] 30 0.693 -0.002 42749. 0.000
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7.5 msdszaina@ums log-ARFIMA (1, d, 1)

Dependent Variable: LOG(IV/"2)

Method: ARMA Generalized Least Squares (Gauss-Newton)
Date: 20/03/16 Time: 18:16

Sample: 29/10/2007 12/02/2016

Included observations: 2026

Convergence achieved after 13 iterations

Coefficient covariance computed using outer product of gradients
d.f. adjustment for standard errors & covariance

Variable Coefficient Std. Error t-Statistic Prob.
C 6.082570 0.274884 22.12780 0.0000
D -0.103497 0.046968 -2.203561 0.0277
AR(2) 0.995826 0.002603 382.6245 0.0000
MA(1) -0.307754 0.053219 -5.782735 0.0000
R-squared 0.949138 Mean dependent var 6.007444
Adjusted R-squared 0.949063 S.D. dependent var 0.776385
S.E. of regression 0.175225 Akaike info criterion -0.641947
Sum squared resid 62.08283 Schwarz criterion -0.630863
Log likelihood 654.2918 Hannan-Quinn criter. -0.637880
F-statistic 12577.56 Durbin-Watson stat 1.973170
Prob(F-statistic) 0.000000
Inverted AR Roots 1.00
Inverted MA Roots 31
TR 1V fo anuiuanuudunaesieTuveeollFuduil SET50

A1 s Iaeldlalsunsy EViews 9.0

153



J Y] (Y] (Y] v d
8. ﬂ1§ﬂ1ﬂﬂ1§mﬂ313~lW‘HW’J‘Hﬂl@ﬂﬂﬁﬂ@ﬂ!!ﬂuﬂ‘ﬂﬁﬁﬁﬂﬂiﬂﬂ SETS0

8.1 M3Uszana@ums AR (1) - GARCH (1, 1)

Dependent Variable: SETS50RETURN

Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)

Date: 20/03/16 Time: 18:20
Sample: 29/10/2007 12/02/2016

Included observations: 2026

Convergence achieved after 28 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)
GARCH = C(3) + C(4)*RESID(-1)"2 + C(5)*GARCH(-1)

Variable Coefficient Std. Error z-Statistic Prob.
¢ 0.000785 0.000255 3.079887 0.0021
AR(1) 0.017603 0.025188 0.698874 0.4846
Variance Equation

C 2.45E-06 6.09E-07 4.026981 0.0001

RESID(-1)"2 0.109633 0.010531 10.41084 0.0000

GARCH(-1) 0.882982 0.009579 92.18223 0.0000

R-squared -0.000768 Mean dependent var 0.000208

Adjusted R-squared -0.001262 S.D. dependent var 0.014989

S.E. of regression 0.014998 Akaike info criterion -5.898412

Sum squared resid 0.455291  Schwarz criterion -5.884558

Log likelihood 5980.091 Hannan-Quinn criter. -5.893328
Durbin-Watson stat 1.976828

Inverted AR Roots .02

TaeN  SETSORETURN
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8.2 M5Uszaa@nms Scale-truncated log-ARFIMA (1, d, 1)

Dependent Variable: LOG(IV/*2)

Method: ARMA Generalized Least Squares (Gauss-Newton)

Date: 20/03/16 Time: 18:24

Sample: 29/10/2007 12/02/2016

Included observations: 2026

Failure to improve objective (non-zero gradients) after 17 iterations
Coefficient covariance computed using outer product of gradients
d.f. adjustment for standard errors & covariance

Variable Coefficient Std. Error t-Statistic Prob.
D -0.132215 0.036947 -3.578501 0.0004
AR(1) 1.000000 0.004220 236.9426 0.0000
MA(1) -0.278297 0.045246 -6.150805 0.0000
R-squared 0.949050 Mean dependent var 6.007444
Adjusted R-squared 0.948999 S.D. dependent var 0.776385
S.E. of regression 0.175333  Akaike info criterion -0.636297
Sum squared resid 62.19069 Schwarz criterion -0.627984
Log likelihood 647.5689 Hannan-Quinn criter. -0.633247
Durbin-Watson stat 1.978703
Inverted AR Roots 1.00
Inverted MA Roots .28
Tagf IV fo anudururunaesoTuveseetlFudyil SET50
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