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On Biweighted Composite Regression Estimation of GARCH Model
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Abstract: Based on the goodness of composite quantile regression(CQR), the GARCH process has been
put into consideration with a more robust and efficacious estimator proposed by biweighted composite
quantile regression(BWCQR) , together with the investigation of the weights of the resulting BWCQR esti-
mator and with the establishment of its large sample properties. Simulation studies demonstrate that the
proposed BWCQR estimator is significantly outperforms than the traditional estimations, such as Quasi-
Maximum Likelihood estimation(QMLE), Quantile regression(QR) estimation and the CQR estimation
when the innovation follows a heavy-tailed distribution. The empirical analysis on the stock index volatility
further verifies that the proposed BWCQR is competent.
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QR 5 (0.142 4, —0.190 0)  (0.353 8, 0.3343)  (0.145 0, 0.147 5) (0.164 7, —0.1818)  (0.357 4, 0.349 0)  (0.154 4, 0.154 4)
QR,.;  (—0.0190, —0.097 9) (0.127 4, 0.2374)  (0.016 5, 0.0657)  (—0.024 5, —0.098 &) (0.111 8, 0.207 1) (0. 0131, 0.0525)
CQR; (—0.036 7, —0.047 9) (0.070 0, 0.163 4)  (0.006 2, 0.028 9)  (—0.028 7, —0.038 0) (0.055 3, 0.1254)  (0.003 9, 0.017 1)
WCQR! (0.037 7, —0.051 6)  (0.067 9, 0.167 8)  (0.006 0, 0.030 7)  (—0.029 1, —0.030 9) (0.054 4, 0.109 0)  (0.003 8, 0.012 8)
WCQR:  (—0.038 2, —0.0517) (0.068 6, 0.157 6)  (0.006 2, 0.027 4)  (—0.026 6, —0.027 9) (0.055 1, 0.086 8)  (0.003 7, 0. 008 3)
BWCQR; (—0.038 7, —0.049 8) (0.062 1, 0.113 8)  (0.006 1, 0.027 4)  (—0.025 6, —0.028 9) (0.055 4, 0.102 6)  (0.003 7, 0.011 3)
CQRy  (—0.037 8, —0.044 2) (0.066 0, 0.148 6)  (0.005 8, 0.024 0)  (—0.026 9, —0.023 4) (0.048 9, 0.086 1)  (0.003 1, 0.007 9)
WCQRS  (—0.042 5, —0.0552) (0.062 2, 0.1627)  (0.005 7, 0.029 4)  (—0.028 4, —0.026 3) (0.048 4, 0.0920)  (0.003 1, 0.009 1)
WCQRS  (—0.038 4, —0.0392) (0.066 1, 0.146 8)  (0.005 8, 0.023 0)  (—0.027 1, —0.026 1) (0.051 9, 0.092 3)  (0.003 4, 0.009 2)
BWCQRy (—0.038 7, —0.031 3) (0.0635,0.128 3)  (0.005 5, 0.017 4)  (—0.027 2, —0.027 5) (0.049 4, 0.092 2) ~ (0.003 2, 0.009 2)
CQRyg  (—0.041 0, —0.049 5) (0.066 4, 0.159 3)  (0.006 1, 0.027 8)  (—0.025 4, —0.026 8) (0.048 3, 0.089 6)  (0.003 0, 0.008 7)
WCQRl, (—0.0383, —0.0365) (0.059 4, 0.1364)  (0.0050,0.0199) (—0.0289, —0.023 9) (0.044 3, 0.067 8)  (0.002 8, 0.005 2)
WCQR%, (—0.033 6, —0.039 4) (0.067 9, 0.1535)  (0.0057, 0.0250) (—0.0239, —0.027 7) (0.050 6, 0.099 2) ~ (0.003 1, 0.010 6)
BWCQR;; (—0.035 2, —0.0235) (0.062 1, 0.1138)  (0.005 1, 0.013 5)  (—0.024 6, —0.018 6) (0.045 8, 0.0745)  (0.002 7, 0.005 9)
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(as £)(n=1000) (ay B)(n=1500)
Bias SD MSE Bias SD MSE
QMLE  (—0.000 5, —0.007 9) (0.029 4, 0.0415)  (0.000 9, 0.001 8) (0.001 3, —0.006 6)  (0.024 5, 0.031 1)  (0.000 6, 0.001 0)
QR 5 (—0.012 5, —0.058 2) (0.090 5, 0.165 8) (0.008 3, 0.030 8)  (—0.021 1, —0.040 9) (0.070 2, 0. 147 8) (0.005 4, 0.023 4)
QR,. 5 (0.207 2, —0.2207)  (0.372 0, 0.3695)  (0.180 8, 0.184 8) (0.151 9, —0.1657)  (0.324 4, 0.3358)  (0.128 0, 0.139 9)
QRo.;  (—0.0218, —0.0656) (0.0815,0.1632)  (0.007 1, 0.0309) (—0.0121, —0.0625) (0.0749, 0.148 3)  (0.005 7, 0.025 8)
CQR; (—0.014 9, —0.010 8) (0.046 4, 0.047 9) (0.002 4, 0.0024) (—0.007 8, —0.010 2) (0.041 0, 0.045 1) (0.001 7, 0.002 1)
WCQR!  (—0.0951, —0.005 7) (0.159 4, 0.078 2) (0.034 3, 0.006 1)  (—0.006 5, —0.008 8 (0.041 1, 0.043 0) (0.001 7, 0.001 9)
WCQRZ  (—0.0151, —0.010 8) (0.043 2, 0.046 3)  €0.002 1, 0.002 3)  (—0.006 8, —0.009 2) (0.038 9, 0.0430)  (0.001 6, 0.001 9)
BWCQR; (—0.0657, —0.001 9) (0.1411,0.0730)  (0.024 1, 0.005 3)  (—0.006 3, —0.008 1) (0.038 2, 0.040 3)  (0.001 5, 0.001 7)
CQR, (—0.016 9, —0.010 5) (0.041 7, 0.044 5) (0.002 0, 0.002 1) (—0.008 3, —0.008 7) (0.038 4, 0.039 4) (0.001 5, 0.001 6)
WCQR)  (—0.090 0, —0.005 0) (0.145 6, 0.072 2) (0.029 2, 0.0052) (—0.009 0, —0.010 5) (0.037 2, 0.037 4) (0.001 5, 0.001 5)
WCQR;  (—0.014 8, —0.010 7) (0. 041 9, 0.043 4) (0.002 0, 0.0020)  (—0.006 4, —0.009 0) (0.036 7, 0.038 8) (0.001 4, 0.001 6)
BWCQR, (—0.059 8, —0.007 2) (0.129 1, 0.064 9) (0.020 1, 0.004 2)  (—0.007 0, —0.010 3) (0.0359, 0.036 1) (0.001 3, 0.001 4)
CQRyy  (—0.014 4, —0.014 5) (0.044 0, 0.069 7) (0.002 1, 0.0050) (—0.008 2, —0.012 3) (0.039 8, 0.063 2) (0.001 6, 0.004 1)
WCQRY,  (—0.086 9, —0.006 4) (0.129 6, 0.064 6) (0.024 3, 0.004 2)  (—0.0129, —0.0125) (0.033 9, 0.038 4) (0.001 3, 0.001 6)
WCQR?,  (—0.012 6, —0.012 6) (0.043 4, 0.0558)  (0.002 0, 0.0033) (—0.0039, —0.0139) (0.041 7, 0.051 8  (0.001 7, 0.002 9)
BWCQR;; (—0.059 8, —0.007 2) (0.117 0, 0.059 2)  (0.017 2, 0.003 5)  (—0.010 0, —0.011 7) (0.032 2, 0.037 4)  (0.001 1, 0.001 5)
&2 GARCH(1, 1)EBMAREHBITHLE, 9, ~1(5)
(ay B)(n=2300) (as ) (2=1500)
Bias SD MSE Bias SD MSE
QMLE  (—0.013 0, —0.001 9) (0.163 3, 0.1933)  (0.008 1, 0.017 3) (0.003 4, —0.026 5)  (0.066 9, 0.108 0)  (0.004 5, 0.012 3)
QRy.;  (—0.018 2, —0.094 0) (0.1334,0.2414) (0.0181, 0.066 9)  (—0.006 8, —0.080 8 (0.117 6, 0.210 6)  (0.013 8, 0.050 7)
QR (0.1657, —0.177 4)  (0.346 3, 0.341 0)  (0.147 0, 0. 147 4) (0.181 0, —0.209 8)  (0.354 4, 0.3514)  (0.157 9, 0.167 1)
QR,. (—0.002 9, —0.100 6) (0.132 8, 0.232 3) (0.017 6, 0.0639)  (—0.016 7, —0.094 4) (0.099 5, 0.225 9) (0.010 2, 0.059 8)
CQR;  (—0.028 4, —0.057 6) (0.068 2, 0.1413)  (0.005 4, 0.023 2) (—0.016 2, —0.041 5) (0.063 7, 0.107 7)  (0.004 3, 0.013 3)
WCQR!  (—0.029 1, —0.060 2) (0.074 6, 0.144 9)  (0.006 4, 0.024 6) (—0.017 5, —0.038 0) (0.062 5, 0.1027)  (0.004 2, 0.012 0)
WCQR:  (—0.029 0, —0.0515) (0.067 6, 0.1357)  (0.005 4, 0.0210) (—0.019 4, —0.031 3) (0.056 6, 0.092 1)  (0.003 6, 0.009 4)
BWCQR; (—0.029 2, —0.056 7) (0.066 2, 0.144 1) (0.005 2, 0.023 9)  (—0.019 8, —0.036 7) (0.056 7, 0.106 7)  (0.003 6, 0.012 7)
CQRy  (—0.0309, —0.0557) (0.0629,0.146 9)  (0.004 9, 0.024 6) (—0.018 8, —0.0352) (0.058 2, 0.0919)  (0.003 7, 0.009 7)
WCQR)  (—0.034 0, —0.051 1) (0.063 4, 0.134 5) (0.005 2, 0.020 6) (—0.020 9, —0.032 1) (0.054 0, 0.085 4) (0.003 3, 0.008 3)
WCQRZ  (—0.031 0, —0.0422) (0.060 9, 0.127 4) (0.004 7, 0.0180) (—0.019 0, —0.028 9) (0.052 8, 0.079 5) (0.003 1, 0.007 1)
BWCQR, (—0.031 6, —0.038 7) (0.0617, 0.114 0) (0.004 8, 0.0145)  (—0.019 1, —0.026 8 (0.051 6, 0.073 5) (0.003 0, 0.006 1)
CQRy,y  (—0.0313, —0.055 1) (0.0599,0.1399)  (0.004 6, 0.022 6) (—0.018 4, —0.0325) (0.054 1, 0.0817)  (0.003 3, 0.007 7)
WCQR}, (—0.0359, —0.0531) (0.0609,0.1437)  (0.0050, 0.023 4)  (—0.024 4, —0.034 3) (0.056 6, 0.091 1) (0.003 8, 0.009 5)
WCQR}, (—0.0285, —0.0428) (0.0611, 0.116 9) (0.004 5, 0.0155)  (—0.014 6, —0.027 9) (0.054 5, 0.086 6) (0.003 2, 0.008 2)
BWCQR,; (—0.031 6, —0.0387) (0.0627, 0.1196)  (0.004 9, 0.0158) (—0.022 4, —0.0256) (0.051 0, 0.0749)  (0.003 1, 0.006 2)
(as £)(n=1000) (as B)(n=1500)
Bias SD MSE Bias SD MSE
QMLE (0.0019, —0.013 1) (0.097 0, 0.123 1) (0.002 2, 0.003 5) (0.000 6, —0.009 3)  (0.039 6, 0.050 4) (0.001 6, 0.002 6)
QRy. 5 (—0.014 0, —0.053 3) (0.084 1, 0.164 8) (0.007 3, 0.0299)  (—0.009 9, —0.0559) (0.074 3, 0.147 7) (0. 005 6, 0.024 9)
QR 5 (0.165 6, —0.1830)  (0.348 5, 0.3424)  (0.148 5, 0.150 3) (0.156 2, —0.170 8)  (0.337 3, 0.3397)  (0.137 8, 0.144 2)
QR,. (—0.016 5, —0.090 8) (0.081 4, 0.208 1) (0.006 9, 0.0514) (—0.009 6, —0.068 0) (0.076 4, 0.160 5) (0.0059, 0.030 3)
CQR; (—0.011 2, —0.0153) (0.044 1, 0.065 8) (0.002 1, 0.004 5)  (—0.009 1, —0.012 3) (0.039 7, 0.043 4) (0.001 7, 0.002 0)
WCQR!  (—0.0111, —0.014 1) (0.043 6, 0.063 2) (0.002 0, 0.004 2)  (—0.009 4, —0.009 8 (0.041 4, 0.043 9) (0.001 8, 0.002 0)
WCQR?  (—0.064 1, —0.007 6) (0.153 6, 0.080 3)  (0.027 6, 0.006 5) (—0.008 5, —0.007 8) (0.036 7, 0.038 7)  (0.001 4, 0.001 6)
BWCQR; (—0.0121, —0.0125) (0.040 2, 0.059 9) (0.001 8, 0.0037) (—0.008 2, —0.007 0) (0.037 0, 0.038 3) (0.001 4, 0.001 5)
CQRy (—0.012 3, —0.012 8) (0.042 2, 0.047 9) (0.001 9, 0.0025) (—0.0085, —0.012 4) (0.037 4, 0.041 9) (0.001 5, 0.001 9)
WCQR)  (—0.013 2, —0.013 6) (0. 043 4, 0.049 3) (0.002 0, 0.0026) (—0.010 6, —0.009 4) (0.037 8, 0.042 6) (0.001 5, 0.001 9)
WCQR;  (—0.0551, —0.001 6) (0.140 8, 0.076 6) (0.022 8, 0.0059) (—0.008 0, —0.007 0) (0.034 6, 0.037 7) (0.001 3, 0.001 5)
BWCQR; (—0.011 5, —0.010 8) (0.037 6, 0.041 4) (0.001 7, 0.0020) (—0.009 9, —0.008 3) (0.034 1, 0.038 7) (0.001 3, 0.001 6)
CQR;y  (—0.004 0, —0.010 5) (0.043 5, 0.062 7) (0.001 9, 0.004 0) (—0.003 8, —0.0102) (0.038 6, 0.051 9) (0.001 5, 0.002 8)
WCQR}, (—0.016 3, —0.0117) (0.038 7, 0.043 7) (0.001 8, 0.0020) (—0.014 3, —0.0115) (0.036 1, 0.040 0) (0.001 5, 0.001 7)
WCQR}, (—0.049 0, —0.0001) (0.129 1, 0.072 0) (0.019 0, 0.005 2)  (—0.0057, —0.010 7) (0.036 7, 0.049 1) (0.001 4, 0.002 5)
BWCQR,s (—0.013 2, —0.0128) (0.037 6, 0.041 4) (0.001 6, 0.0019) (—0.0119, —0.0115) (0.033 0, 0.037 1) (0.001 2, 0.001 5)
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&3 GARCH(1, 1)EHPYAREMEITHILLE, 1.~ (3)

(ay 3)(n=2300) (ay ) (n=1500)
Bias SD MSE Bias SD MSE
QMLE ~ (—0.007 2, 0.008 6)  (0.163 3, 0.193 3)  (0.026 6, 0.037 3)  (—0.008 6, —0.006 0) (0.124 1, 0.153 3)  (0.015 4, 0.023 5)
QR,.;  (—0.0135, —0.096 7) (0.1318,0.2300)  (0.017 5, 0.0621) (—0.0109, —0.091 4) (0.109 3, 0.2338)  (0.012 0, 0.062 8)
QR 5 (0.145 6, —0.174 7> (0.333 4, 0.3303)  (0.1320, 0.1392)  (0.164 7, —0.180 0)  (0.351 4, 0.3450)  (0.150 2, 0.151 0)
QR..7 (0.001 6, —0.116 4)  (0.138 4, 0.257 3)  (0.019 1, 0.0795)  (—0.0057, —0.092 0) (0.107 9, 0.226 2) ~ (0.011 6, 0.059 5)
CQRs  (—0.0305, —0.0824) (0.074 2, 0.1715)  (0.006 4, 0.036 1)  (—0.017 5, —0.040 2) (0.059 3, 0.108 8)  (0.003 8, 0. 013 4)
WCQR;  (—0.0317, —0.0843) (0.076 7, 0.176 0)  (0.006 9, 0.038 0)  (—0.019 1, —0.048 8) (0.061 0, 0.121 00 (0. 004 1, 0.017 0)
WCQRE  (—0.0330, —0.076 3) (0.071 9, 0.1637)  (0.006 2, 0.0325)  (—0.021 5, —0.039 6) (0.053 7, 0.100 0)  (0.003 3, 0.011 5)
BWCQR; (—0.032 0, —0.070 4) (0.073 3, 0.156 9)  (0.006 4, 0.029 5)  (—0.021 8, —0.042 0) (0.055 1, 0.097 4)  (0.003 5, 0.011 2)
CQRy  (—0.0323, —0.0726) (0.068 4, 0.160 6)  (0.005 7, 0.0310)  (—0.018 5, —0.042 3) (0.058 0, 0.110 0)  (0.003 7, 0.013 &)
WCQR;  (—0.033 1, —0.070 8) (0.066 8, 0.1659)  (0.005 5, 0.0324)  (—0.021 0, —0.0424) (0.057 1, 0.104 6)  (0.003 7, 0.012 7)
WCQR;  (—0.032 0, —0.063 0) (0.067 1, 0.146 5)  (0.005 5, 0.0254)  (—0.021 5, —0.0453) (0.054 2, 0.1158) (0. 003 4, 0.015 4)
BWCQRy; (—0.032 4, —0.047 4) (0.067 5, 0.1217) ~ (0.005 6, 0.017 0)  (—0.020 3, —0.037 2) (0.053 5, 0.099 7) ~ (0.003 3, 0.011 3)
CQRyy  (—0.034 2, —0.083 2) (0.066 8, 0.168 6)  (0.0056 , 0.0352) (—0.018 1, —0.050 1) (0.057 6, 0.1332)  (0.003 6, 0.020 2)
WCQRiy  (—0.036 9, —0.057 8) (0.0630,0.1384)  (0.0053, 0.0224) (—0.023 6, —0.044 7) (0.056 5, 0.114 )~ (0.003 7, 0.015 0)
WCQRY,  (—0.030 6, —0.0528) (0.0661,0.1311)  (0.0053,0.0199) (—0.0151, —0.044 3) (0.053 9, 0.122 7  (0.003 1, 0.017 0)
BWCQR;y (—0.032 1, —0.039 0) (0.063 8, 0.107 3) ~ (0.005 1, 0.013 0)  (—0.022 5, —0.029 2) (0.051 6, 0.081 4)  (0.003 2, 0.007 5)
(ay ) (n=1000) (as ) (n=1500)
Bias SD MSE Bias SD MSE
QMLE ~ (—0.007 0, —0.016 8) (0.097 0, 0.123 1)~ (0.009 4, 0.0154)  (—0.000 2, —0.018 5) (0.092 3, 0.106 5) ~ (0.008 5, 0.011 6)
QR,. 5 (0.001 0, —0.0539)  (0.089 6, 0.1613) (0.008 0, 0.028 8)  (—0.006 2, —0.067 3) (0.0712, 0.1653)  (0.005 1, 0.031 8)
QR 5 (0.168 9, —0.174 00 (0.339 8, 0.334 6)  (0.143 6, 0.1419)  (0.171 6, —0.1752)  (0.334 4, 0.331 0)  (0.140 9, 0.139 9
QRo.;  (—0.009 3, —0.0809) (0.0857,0.198 1)  (0.007 4, 0.045 6)  (—0.003 4, —0.059 0) (0.078 2, 0.1658)  (0.006 1, 0.030 9)
CQRs  (—0.006 0, —0.014 6) (0.046 0, 0.054 5)  (0.002 1, 0.003 2)  (—0.002 7, —0.014 2) (0.039 9, 0.049 1)  (0.001 6, 0.002 6)
WCQR:  (—0.007 7, —0.017 3) (0.047 3, 0.057 6)  (0.002 3, 0.003 6) (—0.002 7, —0.013 8) (0.039 6, 0.047 9)  (0.001 6, 0.002 5)
WCQRZ  (—0.089 1, —0.0007) (0.173 1, 0.099 1) (0.037 8, 0.009 8)  (—0.021 6, —0.054 3) (0.042 9, 0.156 7) (0. 006 0, 0. 031 6)
BWCQR; (—0.008 5, —0.018 3) (0.044 5, 0.056 0)  (0.002 0, 0.003 5)  (—0.005 1, —0.0120) (0.034 9, 0.043 0)  (0.001 2, 0.002 0)
CQRy  (—0.006 8, —0.0192) (0.043 0, 0.0687)  (0.0019, 0.0051) (—0.0011, —0.014 6) (0.037 6, 0.046 5)  (0.001 4, 0.002 4)
WCQR;  (—0.008 8, —0.020 8) (0.044 3, 0.060 2) ~ (0.002 0, 0.004 0)  (—0.001 0, —0.013 9) (0.038 9, 0.047 3) (0. 001 5, 0. 002 4)
WCQR;  (—0.075 6, —0.001 8) (0.164 8, 0.089 1)  (0.032 8, 0.007 9)  (—0.030 3, —0.042 0) (0.043 1, 0.100 0) (0. 004 6, 0.023 4)
BWCQRy; (—0.008 7, —0.020 8) (0.042 6, 0.0556)  (0.001 9, 0.003 5) (—0.003 9, —0.0155) (0.034 5, 0.0437)  (0.001 2, 0.002 1)
CQRyy  (—0.002 4, —0.016 1) (0.045 0, 0.058 2)  (0.002 0, 0.003 6) (0.005 3, —0.009 4)  (0.037 3, 0.049 0)  (0.001 4, 0.002 5)
WCQR};, (—0.010 8, —0.019 1) (0.043 3, 0.057 0)  (0.002 0, 0.003 6)  (—0.003 2, —0.013 3) (0.036 4, 0.047 1)~ (0.001 3, 0.002 4)
WCQRY,  (—0.062 9, —0.0024) (0.154 5, 0.086 4)  (0.027 7, 0.007 4)  (—0.030 6, —0.052 8) (0.066 1, 0.131 1) (0.005 3, 0.019 9)
BWCQR;y (—0.0104, —0.018 7) (0.041 0, 0.049 8)  (0.001 8, 0.002 8)  (—0.004 4, —0.016 3) (0.033 2, 0.0434)  (0.001 1, 0.002 1)
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