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Figure 2 Normality Test Q-Q Plots of SOETF Logarithmic Daily Returns
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Table 1 Results for Descriptive Statistics of S0ETF Logarithmic Daily Returns before and after the Adjustment

B tefEE BAE O RME RE e ADF JB SwW
R, 0.056  1.744  8.091  -10.517 -0.731  10.24I 0 0 0
R(
- .014 : 1. -1.646  -0. ! ; 62
R 0.0 0.588 703 646 -0.042  3.097 0 0.835  0.629

R2SETFESARNBEHTENRRUERITESR
Table 2 Results for Descriptive Statistics of S0ETF Realized Volatility Estimator

ME  EE BKNE RME WE g ADF  LB(5) LB(10) LB(20)
RY, 7.771  14.201 141.480  0.198  4.879  33.699 0 0 0 0

H-0.731; RER RN R M , 5 }10.241; HIBF

@ﬂmﬁ%ﬁi%mﬁmﬁﬁﬁmﬁﬁﬁﬁg;

A4 0 BE 2 —0.042, 30 T0; M 3. 097, 3 F3; H
TB A B0 0 SW K 50 #5 T ¥ 95 48 1E A o A Y IR B,
B, 3t (6)K IR 2E £, M KM IES 75 B9 it

aH, FMdRAAT RN LB s MG ERV, M

M a .

24 K AT A E I 2 95 B 3 ik &t RV, 19
R M Gt .29, LB(5) \LB(10) \LB(20) 43 5l Fy ¥
J&5Br 10 Fr 20 Bt #Y Ljung-Box Q 4t i1 fit ) p{H . ADF 4§
WRW AMRMENC LREHRE D FRFH
34> Ljung-Box Q &t 11 & B35 [ , 10 Ffi #1120 B A AH 5% B
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K. Bk, K IIPUE 24 i B Hie BB B ) 4 Ok
4. DBEM:r <30, HH:30<7 < 60;3 P I -
60< 7 <120;@ K Bi.7> 120,

535, 5 S0 5 R (AR A = 5,

SOETF £t H B Hr 45 o 1% 52 i (B 72 JE 46 bt 2 40 B
hBME" FE WA TE IR - H F S A% B 5
W5 %O FEEEM u<0.900; @ L{H;0.900< u <
0.980; 3 F-{f:0.980< u<1.020; @ HE{f .1.020< u <
1.100; & ¥ B JE s u> 1. 100,28 Bl B9 , 45 & B3 AL 4%
Bu@ NS KO KERME: v <0.90; 2 & H:
0.900< u < 0.980; @ 14 :0.980< u < 1.020; @ 5L {H .
1.020< u < 1.100; G I B35l : u> 1. 100, 23 45 1 %
EHRMELMHET ERUSE, £EINBEHH
A 20 4 4% V0 0 4 28 B F 7 3 1) Black-Scholes [
FWRFR,

R EHAERBEUARESSREKSH

B E2ARNMNMEA LRI FR
Table 3 Number of Observations and Average

Implied Volatility for Call and Put Options
Sorted by Moneyness and Maturity Categories
B3R 8]
We<r=s600<r<I0 7120

LR

r<30

A BRI UL R (B B3R )

423 484 919 938
u=0.900

(0.449) (0.431) (0.396) (0.362)
i o 1248 1185 1637
. <u=\l

¢ (0.266) (0.260) (0.269) (0.273)

o e B 860 730 993
. u=l.

(0.231) (0.241) (0.254) (0.265)
L0 {10 1028 1176 1124 1394
3 <u=l.

" (0.266) (0.272) (0.276) (0.305)

100 083 1025 1433 1305
v (0.433) (0.386) (0.367) (0.371)
B RHAAL W R (PR A ahER)

895 915 1 517 1246
u < 0.900

(0.401) (0.358) (0.341) (0.327)

1143 1454 1321 1839
0. 900< & < 0. 980

(0.269) (0.291) (0.297) (0.309)
0 os0cu< oz o 859 725 990

(0.248) (0.285) (0.299) (0.323)

976 1156 1109 138
1.020<u<1.100

(0.208) (0.323) (0.324) (0.353)

S04 782 1169 1269
w> 1. 100

(0.520) (0.513) (0.483) (0.463)

#3571 R R BB BRI AP ER 4, & OB
BRI T B BLE 2 6 1 WA BL, 1755 A BIE

b A6 L 26 B R BT A 3 41 Black-Scholes & & i 30 28 ) F
¥E. B0, & B AP #9423(0.449) , Ron HE A 423
N BEW (7 <30) W 5L HF KWL (w <0.900)
A L {H , 3 L6 3 4 () Black-Scholes i3 £ i 3 % ¥ 1
B #0.449, i F30 41, Lit EFHY L REEF K
WAL, To i WAL B A (R R R, B B s B
FeIL AR B B0 P 3h B R T AR AE , BT {H 1
B & BBl B/, SC(H R R AL B & 3 3
3y

33ERGBHSRAW

% 445 U Bh B KUER B BN y 89 48 3 LA % HARGL

R44TEHEANSUBEHER
Table 4 Parameter Estimation

Results for the Four Models

£%  HARGL HARGHL HARGL-S HARGHL-S
N 0.510
¥ (32.922)
0.150  0.170  0.160  0.170
b (2.015) (2.016) (2.109) (1.988)
1292 1.420 1.229  1.355
T (20.321) (17.992) (20.298) (18.030)
0.345  0.292
A (9.650) (8.669)
0.221  0.156
B (6.520) (4.675)
0.140  0.019
A (5.820) (0.591)
0. 042 0
B
(0.457)  (0)
0 0
e (0) (0)
0 0
o (0) (0)
1.208  1.043
B- (7.521) (8.496)
0.825  0.645
B- (4.688) (3.743)
0.421  0.152
Bs.
(1.501)  (0.511)
0.085  0.864 0 0.527
“ (2.350) (4.107)  (0)  (2.131)
1.026 0.916
“ (3.012) (2.217)
1.375 1. 582
as (3.165) (2.936)
0.137 0
@ (3.032) (0)
v, -0.235  0.093 -0.236  0.028
BADIRME —1526 —1465 -1498 —1444
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AN R 1 3o BBl AR oR B, T B B K AR S A 100,
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e, B A& T 47 KU X ok ok B 5k 31 3h 1 %2 BH
B K, T B 55 BE 67 2 2= X I Eh A9 5T R R B (R
FHE 3G 11T 9ok 59

(5)HARGHL-S #5 & ( %55 %1] ) 22 ¥ i 5 HARGL-S
R H NIEXRE, AN FRESIAR
JEFLFF A HARGHL # 8 , HAT FFA i 2 8 o A &
L FRUIE 7 2 F0 5 5T AT AR 3 5 3F I 3h M i
FTHEHABEHRTES.

(6) e a4 M HER B X BORURE T LR B, Bl A
SR FLFAF A HARGHLEEEL RIF| A QLB IE . H2EEW
HARGL-S 5 7 [, HARGL £ B 04 1l & 72 FE B0 A A7 42
F,oMmMEAEGSAFBRICAMOCERE. AEEN
HARGHL-SHEL BRI B F B iF Ml A B & .

3.4 BN R

5 CORSI et al.'" fIMAJEWSKI et al.™!— 3, Y& 45 4
EU7EHA BT 4% L0034 7 IR 1R 25 (RMSE,, ) FIIE B 75 R
Tk shE 8 I iR £ (RMSE, ) 1E 8 PEA 8 BUE
YriEfBmTess, & E LA

N ~ ~
RMSE, = «/IWZ[ (B By

N
RMSE,, = «/ IW 3 (V- V) x 100 (14)

Foh, N S O 19 RUA 20 0B AT A M P B

SR 0 T 50 0048 15 24 R B V5 0 R 1 LG B, Pl
Fn FPARHEBEMBSHARRNES B LE,
IV 5 n 4% WA 04 77 5 U 4% % B 1 Black-Scholes &
BP s B IV R 5 B BUR BRE B4 B X RE Y
Black-Scholes J& & 31 % . TERMH HTRIAZM IR
I, RMSE, (| 5 T %% 5t 49 3£ (H 81 #L, RMSE,, 0 & T &
EHN . R55HERMPNE KPR TI S, 4 H
IR ERENER, RSP EPNE1TH
{8 HARGL 5 B 1 4 4% 1 B3 & P 2 32 b #9359 07 f iR
# N 347 B0 & 53 403 B AL A X F HARGL # Bl
Y F L, B H b 52 R Y 2 7 1R 4R 2 5 HARGL B2 AU 4
R ¥ 75 AR 25 2 (8] B G B, /0 T 1 B T B A
R B THARCLAE RS, 71 B9 {8 150 B % 2 BY A9 3k B
4 THARGLHI R . P2 K $ 4 &y RMSE, 1 RMSE,, 15 %
THRMER,

RSATRENERNEKHNENMNEERA
Table 5 Overall Option Pricing Performance for
Call and Put Options of the Four Models

FREH(20478 &) FHEMAL(21 928 &)

RMSE, RMSE, RMSE, RMSE,
HARGL 0.014 9.006  0.032 16.400
HARGHL/
0.947 0.923  0.842  0.843
HARGL
HARGL-S/
’ 0.897 0.862  0.905  0.924
HARGL
HARGHL-S/
0.892 0.80 0.806  0.805
HARGL

H1 325 °] 41, 6 & RMSE, 15 4% i% & RMSE,, 1§
#5 , HARGHL #% %Y . HARGL-S # %! F1 HARGHL-S £ %Y %}
HRUE Hr B9 8 7R 3= BLER AR T 25 itk 49 HARGL fL B ( 3
FARIRZE WHEE /DT, B 5 AR R IE .
T 2= AT AR B A AL E M RE . Hoop i
T A WHAR, fERMSE, J5 45 T, R BF 5] AIE . fA 2 &
5 R FLFF #9 HARGHL-S # 2 ¢ 48, (U 5| A IE | 7 2
% M) HARGL-S £ B | W 2 , 4 7 1 iR 2% 5 HARGL
R B 1 25 10 L B 43 51 24 0. 892 F110. 897 ; #E RMSE , 38
¥ F, 81 AIE . A 2 25 # HARGL-S 8 %I & {f , [7 it 5
AIE | B2 2 # 5 5 FL FF 3 HARGHL-S # BRI R e 2,
¥ iR 2= 5 HARGL 5 5 48 Ry 1% 25 19 L 6l 4 51
0.862 #10. 880, [ It , 51 AIE . i 2 X T & SR AL
EMHERER AR AE B, X FE YA, £ RMSE,
FIRMSE, #8457 T , W B 5] A IE . £ 2 25 f 5% AL #F 19
HARGHL-S 8 B 5 2 & (L 1Y , 3 77 1 1% 22 5 HARCGL %
EUFF I 1% 2= 1 EE 1] 43 51 4 0. 806 F10. 805 ; 1fif 5| A R T
FLFF i HARGHL #8554 #3212 22 0 /20 0 FE L 3835 3
15%L) & o ATLLINA S A B AL #F % F 5/ B AL
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EMERENERETEEEEM. B4, FEEA
iE 2 25 1 5 5 AL 4T 89 HARGHL-S #% %Y £ RMSE,, 1§
b5 F RMSE,, 35 45 T , XF B Bk 3 AL 70 & Bk 3 A0 5 4 4F
AT B E th R, IR SOETF B FUE M s
PEAEA

ST B A B M 4 B AR R ) O [R] 2 YA AR GE M
RE 1, ROFNRT 73 5l 45 AR 48 =5 i {H R 25 0 2 39
(8] % 7 ¥k HA AL 0 BREA AU AT R 4 IR L 4 B AR 45
F N EA BRI 7E M 1R 22, 20 o0 BH BUH AR 38 O AR iR 22 0
R EEE R THRIREMA . EF NS, KK
H i HARGL B B 3t & K W AL fr iy ¥y AR iR 2, 1A
J: HARGHL # %1 . HARGL-S # & #] HARGHL-S £ % 4
Xt FHARCGLEERI ) R B, HRSEM, RHAMNDFI
VAR I B R {R T HARCLBE &Y, 325 P 4R 4% H A& th
BREIHE RN ER, FoFFT bt M A M

PhR i o

M ROW A, 5] AB K BIE | A 2 X/ B
FE O PR BE B9 o, 5 B B 7E 4R R R 5K {8 (u> 0. 900)
A A (7 < 30,30< 7 < 60) F BRI L o
an, 78 M BUH 4 2 05 R 2R 2 3 4 1Y HARGL-S/HARGL
iR £ P, BRu<0.900 BB 4750, 55251 1553 51 1Y {H
A RAL0. 793, F B 24 T AF W BE 5k Y 4 R
55 0 & B BUE fr if , 5 HARGL B B 9 RMSE, AR L,
HARGL-S#% Bl ) RMSE, ¥, /] W B #F 7£20% LA £ ;
¥ , 7£ HARGHL-S/HARGL f} #% 1% 22 7 , fru=< 0. 900 3
f14h, 2 MB35 6 (E AR A s L 0. 826, KB L
TEREZEMBEEMENARKARENN, 5
HARGL # Bl §) RMSE, A It , HARGHL-S £ & ) RMSE,
BABEREITZU L, EREERIBHHTRIRE
W, BEWUIRREUAE S LREA B2,

ROATHAUNERMNEMRARELRERSNIANN NI LR
Table 6 Call Option Pricing Performance of the Four Models Sorted by Moneyness and Maturity Categories

F 3 ]
SEHEE AR RMSE, RMSE,,
7=30 30<r=s60 60<7=<120 7>120 7=30 30<7=s60 60<7=<120 7>120
HARGL HARGL
u < 0.900 0. 007 0.013 0. 020 0. 023 13. 376 13.720 12. 097 10. 356
0.900<u=<0.980 0.009 0.012 0. 013 0.019 10. 447 10. 681 7. 860 7.501
0.980<u=<1.020 0.010 0.013 0.013 0.019 9.331 9. 835 1, 251 6. 9386
1.020<u<1.100 0.009 0.013 0.012 0.018 8.955 9. 780 7. 096 6. 822
u>1. 100 0. 005 0. 009 0. 007 0.015 10. 238 12. 334 7. 174 7.127
HARGHL/HARGL HARGHL/HARGL
u < 0.900 0. 990 1. 033 1.018 1. 040 1. 014 0. 968 1. 024 1. 007
0.900<u<0.980 0.915 0. 897 0.916 0.977 0.916 0. 902 0. 929 0.982
0.980<u=1.020 0.887 0. 883 0. 868 0. 942 0. 857 0. 882 0. 867 0.941
1.020<u=<1.100 0.873 0. 871 0. 853 0.921 0. 843 0. 883 0. 845 0.917
w>1. 100 0. 876 0. 869 0. 887 0. 951 0.919 0.902 0. 871 0. 927
HARGL-S/HARGL HARGL-S/HARGL
u < 0.900 0. 834 0.813 0. 926 0. 944 1. 045 0. 895 1. 001 0.983
0.900<u=0.980 0.793 0.752 0. 853 0. 950 0. 745 0.763 0. 845 0.936
0.980<u<1.020 0.781 0. 761 0. 853 0.916 0.772 0. 777 0. 836 0. 909
1.020<u<1.100 0.792 0. 768 0. 864 0. 947 0. 780 0. 790 0. 845 0.933
u> 1. 100 0. 790 0. 761 0. 894 1. 006 0. 882 0.791 0. 881 0. 950
HARGHL-S/HARGL HARGHL-S/HARGL

u = 0.900 0.918 0.967 0. 966 0. 961 0. 882 1.014 1. 036 1.034
0.900<u=<0.980 0.823 0. 826 0. 877 0. 931 0. 833 0. 832 0. 888 0.929
0.980<u=<1.020 0.764 0. 770 0. 794 0. 889 0.758 0. 784 0. 794 0. 883
1.020<u< 1. 100 0. 745 0.748 0. 798 0.911 0. 724 0. 762 0. 790 0. 897
u>1.100 0.698 0.704 0.902 0.972 0.850 0.736 0.946 0.924
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Table 7 Comparisons on Put Option Pricing Performance of
the Four Models Sorted by Moneyness and Maturity Categories

FI|HA RS [E]
SEHE RMSE, RMSE,,
730 30<r<60 60<7<120 7>120 <30 30<r=s60 60<7=<120 7>120
HARGL HARGL
u < 0. 900 0. 002 0. 008 0.027 0. 045 8.271 10. 342 19. 992 24. 130
0.900<u<0.980  0.008 0.015 0. 029 0. 050 9. 894 12.373 15. 947 19. 726
0.980<u<1.020 0.009 0.017 0.030 0. 053 9. 893 12.120 15. 407 19. 641
1.020<u=< 1. 100 0. 009 0.018 0. 031 0. 054 10. 845 13.772 16. 367 19. 807
u> 1. 100 0. 009 0.019 0.027 0. 040 14. 031 17.956 17. 326 16. 858
HARGHL/HARGL HARGHL/HARGL
u < 0.900 0. 583 0.774 0. 829 0. 825 0. 823 0. 780 0. 840 0.833
0.900<u<0.980 0.741 0.795 0.836 0. 840 0. 762 0.799 0. 834 0.839
0.980<u<1.020 0.782 0.799 0. 841 0. 847 0. 786 0. 799 0. 838 0. 843
1.020<u< 1. 100 0. 804 0.792 0. 849 0. 843 0. 809 0. 783 0. 838 0. 842
u> 1. 100 0.958 0. 842 0.910 0. 862 1. 051 0. 898 0. 908 0. 882
HARGL-S/HARGL HARGL-S/HARGL
u < 0. 900 1. 093 0. 981 0. 888 0.911 1. 070 1. 082 0. 907 0.916
0.900<u<0.980 0.884 0. 907 0.952 0. 902 0. 892 0.915 0.952 0.903
0.980<u<1.020 0.885 0. 900 0.975 0. 906 0. 883 0. 900 0. 969 0. 904
1.020<u< 1. 100  0.941 0. 889 0. 945 0. 884 0. 936 0. 892 0.933 0. 884
u> 1. 100 1. 027 0. 857 0.982 0. 855 1. 063 0.932 1.016 0.873
HARGHL-S/HARGL HARGHL-S/HARGL

u < 0. 900 0. 517 0. 675 0.721 0. 762 0. 880 0. 772 0.742 0. 768
0.900<u=<0.980 0.607 0. 693 0. 781 0. 804 0. 641 0. 701 0. 780 0. 802
0.980<u<1.020 0.677 0.722 0.812 0. 827 0. 683 0. 720 0. 804 0. 821
1.020<u< 1. 100  0.794 0.737 0. 827 0. 825 0. 828 0. 749 0. 822 0. 824
u> 1. 100 1.046 0.830 0.900 0. 840 1.128 0. 882 0.921 0.871

T A PR AR —— S

By TR, 91 A T AT AT R A KB B E i R
WM, EEAREERE LA (v < 1.100) 478 &
B RA (7 <30,30<7 <60) F BKIMA I, i 4, 76 4
T & 35 7 #R 1R 22 % 4 # HARGHL/HARGL it 4% 12 22
W, BRu> 1. 100 AR AT 41, 852 51 70 553 5] 1 (B %6 A i i
0.804, Hc/DMEM0.583, FE 4 A T4 % £ A&t
55309 0 5 0 R/ BRIAUE i, 5 HARGL 5 B ) RMSE,
#8 . . HARGHL £ %Y (¥ RMSE,, % /] B 3 %5 7£ 19. 600% LA
b, K] i541.700% ; £ HARGHL-S/HARGL ff % 1%
Ze, Bru> 1. 100 8847 51, 552 51 0 553 3] #Y (EL #8 A &
i30.794, B/MEA0.517, RAYFH FIEHEELHEBN
4 00 0 4 R B BLE i B, 5 HARCL 8 81 i

RMSE, Af o , HARGHL-S %5 %Y (1) RMSE , ¥k /]» 5 BE %8 7E
20.600% LA I , K ] 3K 48.300% . Ba 7 ¥ 3 3 35 7 iR
REB TR ERMBRELA S LiREA K
G, BT RER R AE——F W

4 Bip
FAMAERETEHEENC S HENRLE
SOETF{iREM P HEH. MIRCEXREHAEE
MM BHREREFESOA, DM hm &4
Sy A R AE oL 0 D4 A5, B 46, #9 B HARGL i )
ZIE AN S AR AL ESHGHWR EME SRR R
5| A SR AL AT, 9 # HARCHL 82 s & 5, % 1§ 5
H P A b 47, F 47 KU X 5k 3 © 52 80 3 3h 7] g B
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Pricing SOETF Options Using Realized Volatility

QU Hui,HE Jianuo
School of Management and Engineering, Nanjing University, Nanjing 210093, China

Abstract ; The official release of 50ETF options on February 9, 2015 indicates the start of China’s option era, and calls for accu-
rate option pricing methods. As a kernel parameter of the option pricing models, volatility's accurate estimation and forecasting is
critical for option pricing performance.

Intraday high-frequency prices of SOETF are used to calculate realized volatility, which transforms the unobservable volatility
into a variable that can be directly measured and modeled. The realized volatility is then modeled with the heterogeneous autore-
gressive gamma with leverage ( HARGL ) model, and the heterogeneous autoregressive gamma with heterogeneous leverage
(HARGHL) model. In addition, we propose to separate the contribution to volatility forecasting of intraday upside and downside
price movements. Thus, we calculate realized positive and negative semivariances with intraday positive and negative returns re-
spectively, and introduce semivariances into the above two models, so as to better characterize the intraday leverage effect. The
new models are named as the HARGL-S model and the HARGHL-S model, respectively. The estimated model parameters are
mapped from the physical measure to the risk-neutral measure, which are then used in the Monte Carlo simulations for option pri-
cing. The 42406 close prices of SOETF options between February 9, 2015 and April 18, 2017 are used for the option pricing ex-
periments. The root mean square error on option prices and the root mean square error on implied volatility are used for perform-
ance analysis,

Empirical results indicate that; (DSOETF call and put options both have obvious volatility smiles. (Z)The market price of vol-
atility risk is significantly positive in China’s stock market, which necessitates the mapping of the model parameter estimates from
the physical measure to the risk-neutral measure. (3)The introduction of realized positive and negative semivariances as well as
the introduction of heterogeneous leverage effects can both largely improve the option pricing capability of the HARGL model;
while the introduction of hoth leads to the highest pricing capability. @The introduction of realized positive and negative semiva-
riances improves the pricing capability of extreme short to short maturity non-deep-in-the-money call options most significantly.
The introduction of heterogeneous leverage effects improves the pricing capability of extreme short to short maturity non-deep-in-
the-money put options most significantly.

The above results extend the pricing methods for SOETF options, and confirm the important value of introducing realized pos-
itive and negative semivariances as well as heterogeneous leverage effects into the HARGL model. This study provides practical
guidance for investors in their option pricing and trading practices, as well as for regulators in their decision-making processes.
Keywords ; option pricing;realized volatility ; heterogeneous autoregressive gamma model ; heterogeneous leverage ;realized semiva-
riance ; SOETF
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