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Table 1 Day and night characteristics of Delta hedging returns
Panel A: 0.25 < | Delial <0.75
S0ETF. SH 300ETF. S7 300ETF. SH ALL
Type | Time | #HiiliE PnlL Pnlb | PnLs PnlL Pnlb | Pnls PnlL Pnlb | PnLs Pnl Pnlb PnlLs
All Day | Mean/% | 0.009 | =0.012| 0.003 | 0.079 | 0.024 | 0.017 | 0.044 | 0.008 | 0.009 | 0.026 | —0.004 | 0.006
All Day Std 0.006 | 0.005 | 0.002 | 0.009 | 0.004 | 0.002 | 0.009 | 0.005 | 0.002 | 0.007 | 0.005 | 0.002
All Day Tiest 0.572 | -0.969| 0.465 | 1.715 | 1.047 | 1.666 | 0.909 | 0.314 | 0.773 | 1.684 | -0.346 | 1.259
Al | Night | Mean/% | —0.046| —0.024| —0.018| —0.142| =0.051 | =0.031| —=0.081 | =0.021 | —=0.018 | —=0.067| -0.028 | —0.020
All | Night Std 0.004 | 0.002 | 0.001 | 0.005 | 0.002 | 0.001 | 0.005 | 0.003 | 0.001 | 0.004 | 0.002 | 0.001
All | Night Tiest —-4.766| -3.919| —4.927 | —=5.202| —-4.365| —=5.058 | —2.848 | —1.531| -2.55 | -=7.323| -5.479 | -6.873
Call | Day | Mean/% | -0.113| =0.11 | =0.046| —0.124| =0.061 | =0.029| —=0.176 | —=0.087 | —0.04 | =0.114| -0.107 | —=0.045
Call | Day Std 0.009 | 0.008 | 0.003 | 0.011 | 0.006 | 0.003 | 0.011 | 0.006 | 0.002 | 0.009 | 0.007 | 0.003
Call | Day Tlest -5.05 | -5.606| -5.601| -2.032| -1.886| —2.171 | =2.902| -2.67 | -=2.995| -5.009| -5.565 | -5.531
Call | Night | Mean/% | 0.075 | 0.063 | 0.029 | 0.093 | 0.038 | 0.02 | 0.157 | 0.072 | 0.034 | 0.074 | 0.059 | 0.028
Call | Night Std 0.005 | 0.004 | 0.002 | 0.008 | 0.004 | 0.002 | 0.005 | 0.003 | 0.001 | 0.005 | 0.004 | 0.002
Call | Night Tiest 6.052 | 6.163 | 6.547 | 2.252 | 1.882 | 2.192 | 5.368 | 4.69 | 5.143 | 5.954 | 5.898 | 6.342
Put | Day | Mean/% | 0.115 | 0.071 | 0.045 | 0.254 | 0.098 | 0.058 | 0.216 | 0.081 | 0.046 | 0.127 | 0.073 | 0.045
Put | Day Sid 0.009 | 0.006 | 0.003 | 0.013 | 0.006 | 0.003 | 0.011 | 0.005 | 0.003 | 0.009 | 0.006 | 0.003
Put | Day Tiest 5.22 | 4.656 | 5.31 | 3.661 | 3.319 | 3.616 | 3.55 | 3.061 | 3.264 | 5.564 | 4.787 | 5.475
Put | Night | Mean/% | -0.141| -0.091| -0.056| —-0.316| -0.118| —0.07 | —0.252| —0.088 | —=0.054 | —0.160| —0.096 | —0.058
Put | Night Std 0.007 | 0.004 | 0.003 | 0.009 | 0.003 | 0.002 | 0.008 | 0.003 | 0.002 | 0.007 | 0.004 | 0.003
Put | Night Tiest -8.38 | -9.503| -8.487| -6.752| -6.802| -6.73 | =5.662| -4.736| -5.09 | =9.366| —10.260| -8.957
Panel B: 0.05 < | Deltal <0.95
S0ETF. SH 300ETF. SZ 300ETF. SH All Options
Type | Time Pnl. | Pnlb | PunlLs Pnl. | Pnlb | Pnls Pnl. | Pnlb | Pnls Pnl Pnlb Pnls
All Day | Mean/% | -0.023| -0.034| -0.008| -0.02 | 0.003 | —=0.003| —=0.009 | 0.006 | -0.002| -0.020| —0.022 | -0.006
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Table 1 Continues
Panel B 0.05 < | Deltal <0.95

Type | Time | Ztitit S0ETF. SH 300ETF. SZ 300ETF. SH All Options

All | Day Std 0.005 | 0.005 | 0.002 | 0.007 | 0.004 | 0.002 | 0.007 | 0.005 | 0.002 | 0.006 | 0.005 | 0.002

All | Day Ttest | —1.715| =2.668 | -1.667| —0.553| 0.148 | —0.333| -0.22 | 0.229 | -0.226| -1.622| -2.115 | —1.642
ALl | Night | Mean/% | —0.042| =0.018 | —0.017 | =0.152| =0.056 | —0.033| —0.079| —0.023 | =0.016| =0.065 | —0.025 | -0.019
All | Night Std 0.004 | 0.002 | 0.002 | 0.004 | 0.002 | 0.001 | 0.004 | 0.003 | 0.001 | 0.004 | 0.002 | 0.001

All | Night | Tiest | =3.999| -=2.972| -4.022| -6.878 | -5.064| —6.64 | —3.283| —1.633 | —2.846| -7.326| -4.917 | -6.219
Call | Day | Mean/% | -0.148| -0.135| —0.058| —0.251 | —0.084 | —0.055| —0.214 | —0.081| -0.047| -0.155| —-0.130 | -0.057
Call | Day Std 0.008 | 0.008 | 0.003 | 0.011 | 0.006 | 0.002 | 0.01 | 0.007 | 0.002 | 0.008 | 0.008 | 0.003

Call | Day Ttest | -7.038| —6.978 | =7.604| —4.315| —2.708| —4.377 | =3.901 | =2.318 | =3.966 | -7.225| -6.761 | —7.593
Call | Night | Mean/% | 0.071 | 0.064 | 0.028 | 0.033 | 0.009 | 0.009 | 0.115 | 0.051 | 0.025 | 0.067 | 0.058 | 0.026

Call | Night Std 0.005 | 0.004 | 0.002 | 0.008 | 0.004 | 0.002 | 0.005 | 0.003 | 0.001 | 0.005 | 0.004 | 0.002

Call | Night | Tlest 5.417 | 6.037 | 6.149 | 0.803 | 0.455 | 0.954 | 3.889 | 3.222 | 3.859 | 5.105 | 5.642 | 5.856

Put | Day | Mean/% | 0.111 | 0.073 | 0.044 | 0.239 | 0.106 | 0.055 | 0.185 | 0.089 | 0.04 | 0.122 | 0.075 | 0.045

Put | Day Std 0.008 | 0.006 | 0.003 | 0.012 | 0.006 | 0.003 | 0.01 | 0.005 | 0.002 | 0.008 | 0.006 | 0.003

Put | Day Ttest 5.665 | 4.517 | 5.71 | 3.868 | 3.311 | 3.765 | 3.52 | 3.196 | 3.222 | 5.974 | 4.724 | 5.849

Put | Night | Mean/% | -0.138| —0.087| —0.055| —=0.296 | —0.108 | —0.066 | —0.222| —0.077| -0.047| —0.155| —0.090 | -0.056
Put | Night Std 0.007 | 0.004 | 0.003 | 0.008 | 0.003 | 0.002 | 0.007 | 0.004 | 0.002 | 0.007 | 0.004 | 0.003

Put | Night |  Trest | -7.342| -8.823| —7.263| —7.114| -6.68 | =7.131| =5.796| -3.96 | -5.292| —8.090 | —9.281 | —=7.517

i Type fBAERFEA (AL A ( Call) FIIATE (Put) ; Time f24F H P ( Day) S0 WA (Night) ; ST ARG ( Mean) FRifE2E(Std) A1 ¢
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2.3 ETFEINBEMIRAZ =N X R Delta
JRESE 25 RN B R A AE A O E T 2 AT
FFALNE. Bakshi il Kapadia' tA S 1F 2 0 FlAH 5G4
FEAE T IR B R KU B . Hull A White ! & BLAL
FFRR S35 BS B Delta Xof thfE7ERE KR 2%,
W AE B /N7 2206 vp HE R BOHEZR TR 5 | AT 9% 3l 2R %
FRA RS D . Xia 451 7 L SERE B F— 20k
HET AT, 5 18 T AN A TR 3 D sl i
SRR, RMERE “FTAE il O - U BT RE. 7
WIT IR TR RIS T Delta X
Pl 5. R SC4R B Hull A1 White! F1 Xia %504
B EIE HW 58 f1 XYZ J5 s, 7 HW 78
o1 EBCEAEVE R # H A IF4% H IR S 78 XYZ

JrkEoy e i—A H i 8 DR M UL
JEPEHCEAR R IR A RS R 8

K2 ER T ERPIRIIERETR, AT
PRI DT LB 2 G045 58 (Mean Result) . Al LIA
FIEAR Lok il s 3 TR BT R, Hoh SOETF.
SH FAR Y PnLb 48 FRA B3, I HAR /- A AL
A0S b i Ay AN S (R A AT IR A AN
W R SISO bl i ) A X Bk . — D7 T, 6T
W BARFIBR BG4 5 BRI T 108 A 1 %
PR ZE I Ul I B e A AR R — s A L AR E
T U B AR i B 5 o3 — 7 T, BRI BT K B
BS BRI Delia 47 1 Bk, (B2 AT SR Tk it B
I FITA T ARG whle 25 A AR X FRE.

F2 ETHIDEMRPWETMIEXER(0.25 < [Deltal <0.75)

Table 2 Based on the relationship between volatility and underlying asset price (0.25 < |Deltal <0.75)

50ETF. SH
HW XYZ Mean Result
Type Time Giiti Pnl, PnlLb PnlLs Pnl, PnLb PnlLs PnlL PnLb PnlLs
All Day Mean/ % 0.001 -0.013 0.001 0.000 0.025 0.000 0.001 0.006 0.001
All Day Std 0.006 0.005 0.002 0. 006 0.018 0.002 0. 006 0.012 0.002
All Day Tiest 0.085 -0.931 0.115 0.008 0.544 0.050 0.046 -0.193 | 0.083
All Night Mean/ % -0.032 | -0.009 | -0.013 | -0.035 | -0.013 | -0.015 | -0.033 | -0.011 | -0.014
All Night Std 0.003 0.002 0.001 0. 004 0. 006 0.001 0.003 0.004 0.001
All Night Tiest -4.910 | -1.637 | -5.313 | -3.786 | -0.840 | -4.105 | -4.348 | -1.239 | -4.709
Call Day Mean/ % -0.112 | -0.105 | -0.043 | -0.108 | -0.061 | -0.042 | -0.110 | -0.083 | -0.042
Call Day Std 0.007 0.008 0.002 0.008 0.024 0.003 0.007 0.016 0.003
Call Day Trest -6.465 | -4.990 | -6.927 | -5.328 | -1.007 | -5.780 | -5.897 | -2.999 | -6.354
Call Night Mean/ % 0.065 0.088 0.024 0.065 0.084 0.024 0.065 0.086 0.024
Call Night Std 0.003 0.003 0.001 0.003 0.014 0.001 0.003 0.009 0.001
Call Night Tiest 9.539 9.784 9.797 8.818 2.329 9.093 9.179 6.056 9.445
Put Day Mean/ % 0.101 0.064 0.038 0.096 0.103 0.036 0.098 0.084 0.037
Put Day Std 0.008 0. 006 0.003 0.008 0.028 0.003 0.008 0.017 0.003
Put Day Trest 4.933 4.350 4.898 4.615 1.431 4.531 4.774 2.891 4.715
Put Night Mean/ % -0.109 | -0.086 | -0.043 | -0.114 | -0.090 | -0.045 | -0.112 | -0.088 | —-0.044
Put Night Std 0.004 0.003 0.002 0. 006 0.005 0.003 0.005 0.004 0.002
Put Night Tlest -9.565 | -10.140 | -9.655 | -6.952 | -6.492 | -7.048 | -8.258 | -8.316 | -8.351
300ETF. SZ
HW XYZ Mean Result
Type Time Siiti Pnl Pnlb Pnls Pnl Pnlb Pnls PnlL Pnlb Pnls
All Day Mean/ % 0.036 0.022 0.008 0.047 0.054 0.011 0.042 0.038 0.009
All Day Std 0.008 0.005 0.002 0.008 0.009 0.002 0.008 0.007 0.002
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Table 2 Continues

300ETF. SZ
HW XYZ Mean Result
Type Time Giitie Pnl PnlLb PnlLs Pnl, PnLb PnlLs Pnl PnLb PnLs
All Day Tlest 0.838 0.891 0. 860 1.063 1.180 1.118 0.950 1.036 0.989
All Night Mean/ % -0.101 -0.029 | -0.021 | -0.109 | -0.106 | -0.022 | -0.105 | -0.067 | -0.021
All Night Std 0.004 0.001 0. 001 0. 004 0.008 0. 001 0. 004 0.005 0. 001
All Night Tlest -5.118 | -3.943 | -5.175 | -5.445 | -2.483 | -5.519 | -5.281 | -3.213 | -5.347
Call Day Mean/ % -0.080 | -0.019 | -0.015 | -0.053 | 0.058 -0.009 | -0.067 | 0.019 -0.012
Call Day Std 0.010 0.007 0.002 0.012 0.017 0.003 0.011 0.012 0.002
Call Day Tiest -1.459 | -0.505 | -1.335 | -0.807 | 0.645 -0.653 | -1.133 | 0.070 | -0.994
Call Night Mean/ % 0.062 0.036 0.013 0.062 0.025 0.013 0.062 0.030 0.013
Call Night Std 0.005 0.003 0. 001 0. 006 0.003 0.001 0.005 0.003 0.001
Call Night Tiest 2.271 1.957 2.299 2.078 1.572 2.138 2.175 1.765 2.219
Put Day Mean/ % 0.123 0.051 0.025 0.120 0.046 0.025 0.121 0.049 0.025
Put Day Std 0.010 0.004 0.002 0.009 0.004 0.002 0.010 0.004 0.002
Put Day Thest 2.356 2.227 2.353 2.403 2.152 2.410 2.380 2.189 2.382
Put Night Mean/ % -0.215 | -0.073 | -0.044 | -0.226 | -0.201 | -0.046 | -0.221 | -0.137 | -0.045
Put Night Std 0.008 0.002 0.002 0.008 0.013 0.002 0.008 0.008 0.002
Put Night Trest -5.328 | -5.534 | -5.419 | -5.613 | -2.774 | -5.706 | -5.470 | -4.154 | -5.563
300ETF. SH
HW XYZ Mean Result

Type Time Gt Pnl, PnlLb PnlLs Pnl, PnlLb PnlLs PnlL PnLb PnlLs
All Day Mean/ % 0.050 0.018 0.010 0. 064 0.027 0.014 0.057 0.023 0.012
All Day Std 0.008 0.004 0.002 0.009 0.005 0.002 0.009 0.005 0.002
All Day Tlest 1.136 0.822 1.122 1.326 0.933 1.330 1.231 0.878 1.226
All Night Mean/ % -0.066 | -0.007 | -0.013 | -0.071 | -0.007 | -0.014 | -0.069 | -0.007 | -0.014
All Night Std 0.003 0.001 0.001 0.003 0.001 0.001 0.003 0.001 0.001
All Night Tlest -4.795 | -1.530 | -4.803 | -5.046 | -1.429 | -5.110 | -4.920 | -1.479 | -4.956
Call Day Mean/ % -0.124 | -0.038 | -0.025 | -0.109 | -0.019 | -0.021 | -0.116 | -0.028 | -0.023
Call Day Std 0.011 0.006 0.002 0.011 0.009 0.002 0.011 0.008 0.002
Call Day Tlest -2.185 | -1.103 | -2.090 | -1.853 | -0.393 | -1.721 | -2.019 | -0.748 | -1.906
Call Night Mean/ % 0.111 0. 066 0.022 0.121 0.072 0.025 0.116 0.069 0.024
Call Night Std 0.003 0.002 0. 001 0.003 0.002 0. 001 0.003 0.002 0.001
Call Night Tiest 6.246 6.068 6.216 6.631 6.347 6.639 6.439 6.208 6.428
Put Day Mean/ % 0.177 0.057 0.036 0.190 0.057 0.039 0.183 0.057 0.038
Put Day Std 0.009 0.003 0.002 0.010 0.003 0.002 0.010 0.003 0.002
Put Day Tiest 3.529 3.207 3.497 3.484 3.233 3.424 3.506 3.220 3.460
Put Night Mean/ % -0.192 | -0.059 | -0.039 | -0.205 | -0.063 | -0.042 | -0.198 | -0.061 | —0.040
Put Night Std 0.005 0.002 0.001 0.005 0.002 0.001 0.005 0.002 0.001
Put Night Thest -7.061 -7.246 | -7.096 | -7.336 | -7.661 | -7.458 | -7.199 | -7.454 | -7.277




2

XIERI%E . T E ETF $94 Delta XF il 25 1% H ROEREAF T

— 145 —
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delta,,,, Je:H ELSLAEE T 1521 A S8 25 H B
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7~ BT B deltay,, NIRRT delta g
8 A2 0. 12 ~0. 22, AT AR delta g W) 3
A2 0.04 ~0. 16, #—2L ot KB, Z Fr DL &5
LA AEXT AR AR 2% PR E T +1 28
Gy il B 2 SR B T AR B b 14 9 7 A A AN S B
B0 ks 78 TF S AR B A7 7R 22 52 TR AL
3.1.4 543Hr.

K3 Delta IFHIRE
Table 3 Delta hedging error

Type | Time |4titHe| SOETF. SH | 300ETF. SZ | 300ETF. SH
Call | Day | Mean | 0.138 0.141 0.124
Call | Day | Sid 0.445 0.520 0.420
Call | Day | Trest | 72.047 28.530 29.717
Call | Night | Mean |  0.219 0.136 0.166
Call | Night | Std 0.497 0.714 0. 480
Call | Night | Trest | 97.942 18.028 32.996
Put | Day | Mean | —0.080 -0.090 -0.039
Put | Day | Sid 0.442 0.540 0.414
Put | Day | Trest | —43.477 -18.902 -10.262
Put | Night | Mean | —0.163 -0.019 -0.045
Put | Night | Sid 0.503 0.779 0. 502
Put | Night | Ttest | -73.536 -2.410 -9.122

R4 RREFRER BB

Table 4 Day and night characteristics of underlying asset return

2015 -2021 | 2019 -2021 2019 -2021
Time S0ETF.SH | 300ETF.SZ 300ETF. SH
Day | Mean/% 0.086 0.116 0.121
Day Std 0.013 0.012 0.012
Day Ttest 2.511 1.759 1.837
Night | Mean/% —-0.044 -0.030 -0.029
Night Std 0.007 0.007 0.007
Night Ttest -2.369 -0.809 -0.801

FERRIYGE IR 25 7 T, 6 4 JB/R T AR 98 7=
(4 H PR BR 2 10 - S0 25, 0T DU B bR 9 9%
H RIS A7 AE SO AR000 . BARTT 5 SOETF HAALY
H N Wca: 35 0 1 P35 H 2 0. 086 % , B AU

@ 33X PR ICS AT 1 T B ) — SO R BE, BRI A6, AR SCA XS ETF BT LUK I8 0 A3 B 47 TR 38, 2 BB T 300ETF (159919 ) 1t b

BN A @35, Fofl ETF 252 8L 3519 H N IE RIS BCA i RFE.
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Table 5 Option-implied underlying asset returns

Time SN T SOETF. SH 300ETF. SZ 300ETF. SH
Day Mean/ % -0.019 3 0.026 7 0.039 1
Day Std 0.012°5 0.0118 0.0129
. Day Ttest -0.593 6 0.417 3 0.562 5
s Night Mean/ % 0.046 1 0.0722 0.065 9
Night Std 0.006 4 0.006 5 0.007 0
Night Ttest 2.787 1 2.0580 1.747 3
Day Mean 0.993 9 0.988 1 0.987 5
Day Std 0.012'5 0.009 1 0.009 0
Day Ttest -18.819 3 -24.419 1 -25.882 4
Night Mean 0.993 0 0.987 1 0.986 6
ISS Night Std 0.013 2 0.008 5 0.008 8
Night Ttest -20.468 3 -28.029 5 -28.346 9
Day-Night Mean/ % 0.089 4 0.093 3 0.089 5
Day-Night Std 0.004 6 0.003 9 0.003 1
Day-Night Ttest 7.5015 4.458 8 5.326 0

HWR G ARSCR 1 T WAL A 4% RN 52 PR A%
B LR (1220 1SS)
Implied S,

S 9)

ISS, =

t

Hirfr 1SS fphE 1A 2 S BRANAS AR X TR
MRS MR AG R B | 1SS R 375 S BR A 46 AR XS T
SRR S AR BRI, 36 5 T, =Fk ETF AL
(Y 1SS FFAENT Y H 22 5%, R I8 H N (T 4L
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LI&?E’;BH” zlj , I ﬁﬁ#ﬁﬂ 5] ,ﬁ);ﬁ #w I;l%‘ o 'fﬁ*%iij( R ;Bﬂ? ,m\ Table 6 Day and night characteristics of stock index futures returns
e/, DRI, T + 1§13 7 FF 46 1 20 FEARG 1 52 B Sample Time 2015 ~2021 | 2019 ~2021
ks, SBOYIRLIE A U B FB 10 28 72 A A 11 430 Time AR 1 ¥
PRBEE T AL I 2147 6 2 53 R 5 BB Dy | Mo | OO | O

2 BARTR b S PR b 28 SR IR R 8 1 50 Doy o 0.015 0-013

5 BEGE SIS T+ 1 FUEAR B AE T +1 ) oo T TR
Sy DT B V72 B A A R 3 A Niiht o oo o
BT U e E o LU S AN S -~ T o

Ak BT P R IR 22
7 EFHETRE Delia X3

Table 7 Delta hedging returns based on futures

Panel A: 0.25 < | Deltal <0.75
50ETF. SH 300ETF. SZ 300ETF. SH
Type Time Giita PnL PnLb PnlLs PnL PnlLb PnLs PnlL PnLb PnlLs
All Day Mean/ % 0. 006 -0.018 0.001 0. 066 0. 105 0.015 0.028 0.038 0. 006
All Day Std 0. 006 0.016 0.002 0.009 0.015 0.002 0.010 0.015 0.002
All Day Ttest 0.393 -0.424 0. 186 1.345 1.291 1.329 0.541 0.468 0.476
All Night Mean/ % -0.032 -0.059 -0.013 -0.101 -0.137 -0.022 -0.039 -0.037 -0.008
All Night Std 0.004 0.007 0.001 0.005 0.007 0.001 0.005 0.009 0.001
All Night Ttest -3.294 -3.489 -3.295 -4.061 -3.617 -3.919 -1.469 -0.751 -1.297
Call Day Mean/ % 0.025 0.017 0.007 0.041 0.107 0.009 0.004 0.022 0.000
Call Day Std 0.011 0.027 0.004 0.016 0.026 0.004 0.015 0.025 0.003
Call Day Ttest 0.861 0.238 0.612 0.469 0.760 0.434 0.045 0. 166 0.025
Call Night Mean/ % -0.078 -0.185 -0.029 -0.118 -0.217 -0.027 -0.069 -0.121 -0.016
Call Night Std 0. 006 0.013 0.002 0.009 0.015 0.002 0.008 0.014 0.002
Call Night Ttest -5.340 -5.531 -5.578 -2.355 -2.654 -2.332 —-1.649 -1.578 -1.573
Put Day Mean/ % -0.021 -0.068 -0.007 0.084 0.093 0.019 0.038 0.028 0.007
Put Day Std 0.010 0.023 0.004 0.017 0.026 0.004 0.016 0.026 0.004
Put Day Ttest -0.793 -1.130 -0.765 0.950 0.657 0.925 0.434 0.200 0.338
Put Night Mean/ % 0.019 0.071 0. 006 -0.089 -0.081 -0.019 -0.024 0.013 -0.004
Put Night Std 0.007 0.012 0.003 0.008 0.011 0.002 0.006 0.010 0.001
Put Night Ttest 1.037 2.271 0.849 -2.027 -1.435 -1.926 -0.706 0.251 -0.574
Panel B: 0.05 < | Deltal <0.95
S0ETF. SH 300ETF. SZ 300ETF. SH

Type Time St PnL PnlLb Pnls PnL PnlLb Pnls PnL PnlLb Pnls
All Day Mean/ % -0.014 -0.055 -0.006 -0.019 0.087 -0.002 -0.01 0.053 -0.002
All Day Std 0.005 0.017 0.002 0.007 0.016 0.002 0.008 0.018 0.002
All Day Ttest -1.08 -1.217 -1.201 -0.481 0.991 -0.264 -0.235 0.558 -0.193
All Night Mean/ % -0.038 -0.057 -0.014 -0.127 -0.166 -0.027 -0.051 -0.054 -0.01
All Night Std 0.004 0.007 0.002 0.004 0.007 0.001 0.004 0.01 0.001
All Night Ttest -3.435 -3.312 -3.278 -6.053 -4.253 -5.752 -2.261 -1.022 -1.877
Call Day Mean/ % -0.004 -0.032 -0.004 -0.095 0.088 -0.019 -0.036 0.06 -0.007
Call Day Std 0.011 0.029 0.004 0.015 0.027 0.003 0.014 0.027 0.003
Call Day Ttest -0.151 -0.429 -0.372 -1.152 0.613 -1.009 -0.497 0.413 -0.436
Call Night Mean/ % -0.083 -0.19 -0.03 -0.172 -0.323 -0.037 -0.099 -0.1%4 -0.021
Call Night Std 0. 006 0.013 0.002 0.009 0.016 0.002 0.008 0.015 0.002
Call Night Ttest -5.417 -5.586 -5.661 -3.478 -3.853 -3.259 -2.441 -2.471 -2.21
Put Day Mean/ % -0.018 -0.06 -0.006 0.085 0.139 0.02 0.022 0.059 0.004
Put Day Std 0.009 0.025 0.003 0.015 0.028 0.004 0.015 0.027 0.004
Put Day Ttest -0.777 -0.918 -0.653 1.05 0.925 1.013 0.283 0.408 0.218
Put Night Mean/ % 0.012 0.084 0.004 -0.087 -0.04 -0.018 -0.011 0.057 -0.001
Put Night Std 0.008 0.013 0.003 0.008 0.011 0.002 0.006 0.012 0.001
Put Night Ttest 0.573 2.535 0.439 -2.043 -0.677 -1.915 -0.347 0.914 -0.122
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Table 8 Tradable portfolio
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Table 9 Regression of Delta hedging returns on volatility and risk neutral kurtosis

2024 4F2 H

30 d @ H
50ETF. SH 300ETF. SZ 300ETF. SH
Time Day Night Day Night Day Night
St 1.042" -1.232"" 1.361 -5.690 """ 1.434 -10.647 """
(1.88) (-2.21) (0.89) (-4.54) (0.93) (-8.40)
Kt 0.043 "~ -0.004 " 0.016 ** 0.001 0.008 ** -0.016 """
(16.43) (-2.10) (2.44) (0.03) (2.02) (-5.47)
Controls Yes Yes Yes Yes Yes Yes
N 73 352 74 424 13 781 14 000 13 296 13 490
R? 0.020 0.018 0.024 0.026 0.032 0.040
60 d 7 113
ETFs S0ETF. SH 300ETF. SZ 300ETF. SH
Time Day Night Day Night Day Night
o 3.990 *** -7.120""" -0.969 -6.231""" 0.172 -7.145""
(6.43) (-10.79) (-0.48) (-4.24) (0.08) (-4.88)
Kt 0.045 " -0.004 " 0.015"* -0.001 0.008 ** -0.014"""
(17.08) (-2.43) (2.37) (-0.07) (1.98) (-4.88)
Controls Yes Yes Yes Yes Yes Yes
N 73 352 74 424 13 781 14 000 13 296 13 490
R? 0.021 0.019 0.024 0.026 0.032 0.037
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Table 10 Regression of Delta hedging returns on risk neutral skewness

SO0ETF. SH 300ETF. SZ 300ETF. SH
cp Call Put Call Put Call Put
Show -0.023 *** 0.019 *** -0.100 *** -0.016 -0.086 """ -0.053 """
(-3.88) (3.72) (-6.38) (-1.30) (-6.48) (-4.98)
Controls Yes Yes Yes Yes Yes Yes
N 70 493 77 283 12 199 15 582 11 388 15 398
R? 0.029 0.051 0.029 0.092 0.033 0.063
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Table 11 The interaction effect of model error and underlying asset return
30 d i H
[l JA77 R (12) )77 (13)
S50ETF. SH 300ETF. SZ 300ETF. SH 50ETF. SH 300ETF. SZ 300ETF. SH
=7.471 7" -7.202 %" -8.374""" -3.392""" -3.007 """ -3.107 """
RS L. RS
(=27.15) (-12.34) (-16.64) (-11.66) (-4.81) (-5.81)
-0.064 """ -0.092 """ -0.131 """ -0.054 """ -0.111 """ -0.159 """
DiffL DiffL.
(-4.14) (-3.64) (-4.75) (-3.43) (-4.34) (=5.65)
-63.038 """ -37.3727" -30.357 """ 33.904 """ 10. 339 *** 5.155"
RSO DiffL L. RSO DiffLL
(-56.24) (-13.94) (-9.70) -30.17 -3.85 -1.85
Controls Yes Yes Yes Controls Yes Yes Yes
N 64 127 10 215 10 084 N 64 127 10 215 10 084
R? 0. 067 0.038 0. 053 R? 0.016 0.013 0.01
60 d £ 113
U757 (12) |77 (13)
50ETF. SH 300ETF. SZ 300ETF. SH 50ETF. SH 300ETF. SZ 300ETF. SH
-8.949 """ -10.581 """ -15.816 """ -2.803 """ -6.713""" -6.953"""
RS L. RS
(-39.74) (-21.03) (-34.69) (-11.70) (-12.40) (-14.38)
-0.024"" —-0.047 **" -0.031 -0.024 " -0.059 *** -0.047 "
DiffL DiffL
(-2.38) (-2.59) (-1.54) (-2.30) (-3.19) (-2.25)
-50.849 """ -29.567 """ -17.804 """ 18.697 *** 9.131 " 1.877
RSO DiffL L. RSO DiffL
(-60.93) (-15.59) (-8.15) (23.93) (5.12) (0.94)
Controls Yes Yes Yes Controls Yes Yes Yes
N 64 127 10 215 10 084 N 64 127 10 215 10 084
R? 0. 067 0. 038 0. 053 R? 0.016 0.013 0.01
i FUHRBOYFELL100; 7 "7 T BHIERIRTE 10% 5% . 1 %MK LR FES5 N Seit i
F12 BB SIREE RSN Z BT
Table 12 The interaction effect of option type and underlying asset return
S0ETF. SH 300ETF. SZ 300ETF. SH S0ETF. SH 300ETF. SZ 300ETF. SH
6.633 """ 2.716 " -11.476 """ -11.185""" -10.088 *** -6.371"""
RS L. RS
(26.25) (5.10) (-23.44) (-42.67) (-18.77) (-12.94)
-0.014 """ 0.019 " 0.007 -0.012""* 0.003 0.004
cp cp
(-3.08) (2.33) (0.92) (-2.66) (0.37) (0.56)
—-34.555"*" -22.573 " -1.218" 20.874 """ 10.829 *** 3.006 ***
RSOCP L. RSOCP
(-94.92) (-28.55) (-1.66) (56.24) (13.80) (4.09)
Controls Yes Yes Yes Controls Yes Yes Yes
N 147 776 27 781 26 786 N 147 776 27 781 26 786
R? 0.077 0.043 0.040 R? 0.023 0.017 0.011
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CPD + B,Controls, + &, (14)
Pnlb,,, = B,L RS, +B,CP +B;L. RS, x
CP + B,Controls, + &, (15)
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MBEPRE (EIREE 3 5] 55 4 31) B LR IE
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R ZBR 58 77 A0 A% FE X HASL B A AL WA
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Fig. 4 Delta hedging returns grouped by ISS
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Table 13 Impact of ISS on Delta hedging returns
Day
50ETF. SH 300ETF. SZ 300ETF. SH
Call Put Call Put Call Put
- -5.312*** 9.638*** -16.148 *** 24,490 *** -10.969 *** 20.783 ***
i (-13.31) (30.23) (-16.66) (30.21) ( -10.56) (25.28)
Controls Yes Yes Yes Yes Yes Yes
N 34 996 38 356 6 057 7724 5655 7 641
R? 0.025 0. 062 0. 096 0.137 0. 053 0. 090
Night
S0ETF. SH 300ETF. SZ 300ETF. SH
Call Put Call Put Call Put
- -7.723 " 8.840 *** -0. 454 8.044 *** 0.529 5.727 "%
s (-29.04) (36.49) (-0.56) (11.67) (0. 80) (8.91)
Controls Yes Yes Yes Yes Yes Yes
N 35 497 38 927 6 142 7 858 5733 7757
R? 0. 030 0. 060 0. 009 0.034 0. 002 0. 021
e EHRBEIARLL 1005 % L M FIRTE 10% . 5%, 1 %IKFE ERE SN  SiTh.
14 DRSS Xt Delta X 945 25 B 400
Table 14 Impact of DRSS on Delta hedging returns
Day
50ETF. SH 300ETF. SZ 300ETF. SH
Call Put Call Put Call Put
-56.417** 61.301 *** -68.552 """ 67.957 *** -59. 608 *** 56.569 ***
DRSS
(-62.95) (86.57) (-35.13) (42.77) (-23.09) (28.51)
Controls Yes Yes Yes Yes Yes Yes
N 34 996 38 356 6 057 7724 5655 7 641
R? 0. 120 0.197 0.215 0.220 0.118 0.109
Night
SOETF. SH 300ETF. SZ 300ETF. SH
Call Put Call Put Call Put
-21.309 *** 19.223 *** ~7.806"** 22,091 *** -5.558 """ 13.791 ***
DRSS
( -39.60) (37.53) (-5.51) (19.61) (-3.98) (10.87)
Controls Yes Yes Yes Yes Yes Yes
N 35 497 38 927 6 142 7 858 5733 7757
R’ 0. 049 0. 062 0.014 0. 064 0. 005 0. 026
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Table 15 The asymmetric impact of ISS and DRSS on Delta hedging returns

ISS
Day Night
SOETF. SH 300ETF. SZ 300ETF. SH SOETF. SH 300ETF. SZ 300ETF. SH
1S5 -19.440 """ -38.270 """ —-24.431 """ -16.383 """ -8.700 """ -4.960 """
(-31.45) (-26.17) (-21.97) (-39.14) (-7.97) (-5.77)
Controls Yes Yes Yes Yes Yes Yes
N 34 996 6 057 5 655 35 497 6 142 5733
R? 0. 057 0. 150 0.108 0. 060 0. 026 0.010
DRSS
Day Night
SOETF. SH 300ETF. SZ 300ETF. SH SOETF. SH 300ETF. SZ 300ETF. SH
—_— -132.080 """ -176.006 """ -123.946 """ -42.750 *** -28.801 """ -20.782 """
(1-99.90) (-64.47) (-43.10) (-49.96) (-14.19) (-10.39)
Controls Yes Yes Yes Yes Yes Yes
N 34 996 6 057 5 655 35 497 6 142 5733
R? 0. 246 0. 439 0.271 0.083 0. 047 0.023
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Intraday and overnight characteristics of Delta hedging returns of China’ s
ETF options

LIU Yan-chu', TANG Hao-wen', QIAN Chao-yang’

1. Lingnan College, Sun Yat-sen University, Guangzhou 510275, China;
2. Hwabao WP Fund Management Co. , Ltd, Shanghai 200120, China

)

Abstract; The options market is an important part of modern financial market. Studying the day-night charac-
teristics of Delta hedging returns in the options market is of great significance for understanding the operation
mechanism of the options market and reducing financial market risks. This paper investigates the day-night
characteristics of option Delta hedge returns using China’ s stock ETF option data from 2015 to 2021. The re-
sults show that, overall, the overnight returns of Delta hedging are negative and the intraday returns are insig-
nificant. The Delta hedging returns of call and put options are asymmetric; Call options are negative during the
day and positive overnight, while put options are exactly the opposite. The asymmetry anomaly persists even
when replaced with a hedging model based on the relationship between volatility and the underlying asset
price. These findings are different from the characteristics of Delta hedging returns in the US option market,
which are positive during the day and negative overnight. This paper further explores possible causes: in terms
of risk premium, volatility risk premium can explain the overall negative overnight hedging returns, but cannot
explain the asymmetry of delta hedging returns; in terms of model error, model error and underlying asset re-
turns jointly affect delta hedging returns; in terms of trading rules, the T +1 trading rule causes the reversal of
the underlying asset’ s day-night returns, which in turn leads to the asymmetry of hedging returns. Moreover,
the stronger the T + 1 trading rule constraint, the more obvious the asymmetry of hedging returns. This article
enriches relevant research on Delta hedging efficiency in China’ s option market and the impact of trading sys-
tems on financial markets, which is conducive to improving investors’ risk management level and enhancing
regulators’ understanding of market behavior, thereby promoting high-quality development of China’ s multi-
level capital market.

Key words: ETF options; Delta hedging returns; intraday and overnight; risk premium; model error; T +1

trading rule



