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Normal £ # ( (13)=) FI Mixture $ %Y ( (18)3X) 43 5l it
B0 0F 7 AR Y T G b 220 55 00 0 B0 B AR A A%, B iR
~H
F(S,); = F(S,,X;,1;,r; 2) (21)
HA,F(S,), hE MR it I IS i, X, b
BiMMAIATI . N BRI SN, 2
MR E GRS AMESINSEmE, 5
= {8, | B, B Sy A< BF 55 BT A 8 1Y 42 3t B-S A A€
BEEICRD (16)R) o 3 4b, ¢ BF 20 58 j 403 31 AL T 37 4%
C,H5HEIEMMF(S), ZRMMRXRREHN
C.=F(S);+¢, (22)
Hi,q, AEMREZE, RRHRGH0HBEN FHEIB
Y f& B IR B o O I R (L 9% BRI B, A T 5T £ 4 EN-
GLE etal. IfILIM et al. "' g BB REEMIREY

ﬁ%wﬁ,&%ﬁﬂ%‘;fﬁ?ﬁ@ls—‘ W BT

w2 =exp [P, + @g(_)]

it

HH, @ *ﬂ%iﬁ},‘bﬂ&ﬂ]%ﬁ BEN Ay A 00 A 2
mﬂﬁﬁﬂlﬁ@ﬁﬂﬁ%ﬁiﬁﬁ

lnL———Zln 2mw},) - ;—Z C' F(S)

= J‘

(23)

(24)
Hep LSRR EUE
Xt F bR KB P, D, 12, ¥R A GAUSS
9.0 78 5 MAXLIK $x {4 4 3 77 % K 28 b i« A BF 55
H(5)UH Sy (8) R 2, 3938 o B (B B0 2, 45 X it
Maom#w ETR¥ESRN(-1,1), K )5 %A IN-
TQUADI1 iy 4 #F 47 — 4E BUE F 43, 3K 15 3980w 3 38
¥ o
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#3132 447 B 4 1 Normal 8 % F1 Mixture 5 %I 7£
3INRZGA TEE MR MEHTEENSEE RS
DL Fe B 2K

R3 Normal EREFAARIEANBMALIARG T
Table 3 Maximum Likelihood Estimates of

the Normal Model for Various Trading Days

P 2015 4F 2015 4 2015 4
2A9H 2H16H 2H25H
p =0.952°* ~ LSTL™  =1.568%*
: (0. 004) (0.001) (0.001)
4 -0.323"  0.341"  0.336*"
: (0.014) (0. 000) (0.001)
" ~10.018"" —12.664"** -9.107""*
g (0.314) (0.339) (0.759)
P 1.033**  2.751°** -0.569
: (0.316)  (0.352) (0.787)
FHRELIR 7,573 8.596 8.237

355 P 6 #4473 Hessian 45 B 6 i K o 89 450 £
4 Rﬁt{a#&{ii@ln%o FH.

#:4 Mixture HEEFAFARBENBALIRGE T
Table 4 Maximum Likelihood Estimates of
the Mixture Model for Various Trading Days

- 2015 4 2015 4 2015 4
= 2A9H 2H16H 2H25H
. ~1.702""  -1.658"*" -1.686""
L2 (0. 040) (0.027) (0.071)
5 ~20.509"*" —39,987*** —35.591°"*
" (0.589) (0.500) (1.513)
3 ~0.458""" -1.634""" -1.628"""
? (0.030) (0.004) (0.005)
" -0.040"""  0.348**  0.343"*"
s (0.010) (0.000) (0. 000)
0.685"""  0.469"""  0.470""
“ (0.019)  (0.005)  (0.001)
o —10.314"" —11.712"" —8.448""*
! (0. 336) (0. 401) (0.419)
» 1.316°% 17219 =q.g60%
: (0.338) (0.413)  (0.434)
TAIRTEIR 7,589 8.636 8.253

HI 3 MR 4 A A

(DM34~32 5 BT B 52 E 45 5 T LA & 30w A
BRI SHB, B, M B, B3, EE F H SOETF i %
MM E - REREA R F K Z TR
1iE o 7 BB B9 2 , 3 3P NormalfRAUB, 7E 201545 2 H 9H 14
HERBE NN, HEHAE0154E2H9H oy, SHH

ﬁ?"ﬂiﬂélﬁtﬁln(%)E%ﬁi*ﬁ?&,ﬁﬁﬁzﬁ2015¢2ﬁ
I6HM20I5F2 A2 HBENERMAEXLERLS H
 on, M A2 (D) BEEMR,

H, 4 P Mixture BLRUB, , TE20154E2 HOR B E N
91, Ut B Mixture #5 5 o i) T J& P71 Normal £ B i

01 ARG MRS (D) B B 1 B T

201542 H 16 HA 201542 A 25 H B &R 1E, 50
Mixture 5 2 ff ) T J& B > Normal L 8 o §) o, v, 55 #50

%kl In(T) B AR K. I B R

ROSENBERG et al."* "2 1 fy SSP 4% {4 ifi; 3 =8 #5 5 %}
2 8 B-SEE R b () B B0 3 AT IR, HE A A
W 5% 7 42 tH 89 Normal £ Y F1 Mixture 42 % XF #5 £ 2
EFEH,

(2)7E Mixture B 3N H HIN S Pa B B F,
iE B [ SOETF $ A3 ) b5 1Y B 7 i 25 28 47 i 77 75 3F
EZAHE, 5 F MELICK et al. "™ 2 H 9 18 & % U E
A oA S 4 A R AT 20 I, B R AR BF 9T BT 4R
Mixture #5 5 G 4% & 48 & B E K & .

(I EFRIME4 R4 R, bR 7€ Normal BEEI T 1Y
KHHWI5E2AB B HAZHEHATH S,
BRE EHEMREN T 25 WL EEEZE
WEFEREMEXR,

5.3 Normal  # 5 Mixture § 8 £ {f iR Z L B

AT %t Normal #E Y I Mixture f5 U 3 47 %2 i #5
St A BIF ST G2 R S T R R R A3 0 3 AR R R
BN F(S,), 5& BT HMH C; 15T ¥ 4 3f 1%
Z(MAE) P HiRETYH(MSE) &R FEZWEN
MAE(HMAE) | % 5t J5 7= V8 % i) MSE( HMSE) |, *F %0 3
KR BR 2 (RLOG) LA B 78 7 1 4 K oL 4R o HiR 2
(QLIKE) % 6 55 F B 4 5% o 80T AT L, 6 Fh
KEEMBEAREREL N

MAE= N3 | G, ~F(8),;! (25)
MSE=N"'Y (C,-F(S))’ (26)
- F(S),
HMAE = N ;I]—?ll (27)
HMSE = N 2(1-@)2 (28)
Fi Jat
RLOG = N'lg[ln(%)]z (29)

QLIKE = Ny (InF(S,),+ F—(Cﬁ*) (30)
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Table 5 Mispricing of the Models
H 445 fERY MAE MSE HAME HMSE RLOG QLIKE AlIC SIC
Normal 0. 000 0. 000 0.059 0. 006 0. 005 -5.283 -15.145 -15.140
201542 H9H
Mixture 0. 000 0. 000 0.054 0. 005 0.004 —-5.283 -15.175 -15.165
Normal 0. 000 0. 000 0.022 0.001 0.001 -5.367 -17.190 -17.184
201542 A 16 H
Mixture 0. 000 0. 000 0.021 0.001 0.001 -5.367 -17.269 -17.260
Normal 0. 000 0. 000 0.032 0.002 0.002 —5.387 -16.473 -16.467
200542 25 H
Mixture 0. 000 0. 000 0.031 0.001 0.001 -5.388 -16.502 -16.493

B: AIC = =2 42K S1C = 2In-i 4 In(N) - 0 BB 43 60 BB A M R R — R £ R AR T
Normal 7 35 Mixture 478 9 8 A, o R AR — % B B F £ — % 416 £ 8 F 47 S4EHF (39 % B/ ) 1 A& 7 Normal 8 4

E Mixture B L Z 2 M B EHTHFETAA— 5,

% |8 3 Normal # B 55 Mixture B %I #F 17 1 K {8l 28
A1 a2 7R [ B 2 B0HE B F0 LR o6 BO(E LY 1
Jot, B M 7€ B %% Normal 48 £ 5 Mixture # B! £ it i 22
Bf L4 BT E TAICH SICGE T &, KSR 4G HAE
3478 5 H T Normal #5 B F1 Mixture $£ B 3¢ F & i R
EMBERIEREMSG TR, YEMNHKER
{8 ( MAE .RMSE . HMAE HMSE .R2LOG .QLIKE) Fn%: i+ &
(AIC.SIC) #3135 /I it Bl 3% 75 % B 85 28U 7F 3% 8 W 2=
fir A8 tn R BRI, T 2R R A N A 3 AL E R
HWEFEBWENMHE. 55, W0 R 2 Normal & £
FiMixture BN —Z 5 H T EEEMREmHET
PRIl — AT, AR UEZ A S BT R H b 2
RZEEIR R .

ST H, 2015452 H 9 H Normal # U & Mix-
ture 1% B 7£ MAE \MSE F1 QLIKE 5& #t Jf 2= 45 £t 5 1 T 3
(B AH S5 , BP R BY 58 fr I 22 B0R R L — B, T 78 HAME
HMSE R*LOG AICHI SICE Hr iR =85 B R E T , Mixture
2 BY Lk Normal 55 B % {5 57 /> , Bl Mixture $£ B H, Normal
HREIMBENNENMEES. FE, X TF2015424
16 H #2015 42 A 25 B 7] ) %& B #E Xt # = SOETF
A BUE M 5 FE b, Mixture £ 80 B 5 8 T Normal f8 5 ,
5.4 Normal 8 & 5 Mixture 18 £ 7 M bt B

A it — 2 % Mixture $ % 1 Normal 45 Y 3 77 Hb 352,
ARG A KA 201542 F9H (201542 H 16 H
FI20154:2 H 25 HfiiHH I S B 4R 22 5 B 4%
Hr#5 2 7 10 W0, FF ok H 0 R M AT B, L
20154F2 H 9 H A B, & 48R A KUK A i 7 i 18
F2015F2HIBMBE , REFMNAZAB it s
FFE 201542 H 10 H #2015 42 A 11 B 19 1ALt
¥, B JE R I R TR A T R 2=, B

f}‘g = C,-_;-F(S;)ﬂm,m (31)
He L AR BRE S BB iREE, C,
AEANEZ S BN PR T G0, 53 H
201542 H1I0H fMI20154F2H11H ,H

F(S.)ﬂm,m = F(S“X:;,T;,T;-Qpeh,m) (32)
HA D0 WA0154E2 B9 HEEMITHEIMS

B, REMED GDARBGHR MM RE, FH
AT LAMI20154E2 A 16 B fh i B9 2 BT 2015 4 2 A
1TH(201542A BHAFWEH) ;M4 , A
20154F2 H25 BT S BB 2015452 H 26 H Al
2015462 A 27 B A BLHT#% o

AR AR, A B R 4 3 R Al MAE RMSE
HMAE HMSE R*LOG QLIKE iR % & 3 1 DM 5 i1 fit %
B BU T R BE 2 AT PF A o 78 AR B I ROR 1 0 A
PRUEF, 1 F IR 2 BE R/, B R A 2 7 ARR
% (RMSE) B3 F Jr ik 2 (MSE) 1 R # AR WM
BORVEHI bR HE , DLAE T F W O B8 . A BIF 98 BT R Y
RMSE 1 5% i $ iy Rk ik Xk

| 21
RMSE = [

2 F 55 3% F§ DM 4 1 8 ¥ 38 Mixture £2 £ 5 Normal
BRI REZRESFESRE, HERERW
BREZEAER BB ERE, Bzt & iHE
R AN(O,1) 4340 , RIK KN

L dif,

NSt

Hp, diff,, R % & 29 7E ¢ 1} %) Mixture # £ 5 Normal
BERUTIM R 22 2 Bl HY 22 7 o

% 6 47 R 45 t Normal # %I 1 Mixture 15 5 5 F 55 %
PR RAERENEITE. RPHEN
Normal £ & 5 Mixture $8 Y £ A [7] #2 &Y 31 0 &R dy 2
PRUET IR . HEEFE L5 BT XN E i %
BRI (E AR /0N , 3R TR % B B R F A B A A 000 A
HHEE. 75, 2 DM G it &t @) 4 3 {3 K F 1. 960
W3RN FE 5% K F b 4E 45 JR {8 %, B Normal BE R 5
Mixtue AR MR EZ R A AR E®ER. B X
6 M FITE &3 5% H T B9 DM St it & 35 78 5% 1y K °F
t & %, % 8 Normal # & 5 Mixture £ £ 7 Xf 1 H
SOETFH fris il F R AR EHMNER

(33)

DM = (34)
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Table 6 Forecasting Performance of the Models

R 2015 & 2015 4 2015 4 2015 &£ 2015 4
2H10H 2HI11H 2H17H 2H2H 2RH27H
Normal n.a n.a n.a n.a n.a
DM
Mixture 9.572* 36.436"" 2.401*" -19.296"" -27.220*"
Normal 0. 000 0. 000 0. 000 0.000 0. 000
MAE
Mixture 0. 000 0. 000 0. 000 0. 000 0.000
Normal 0. 000 0. 000 0. 000 0. 000 0. 000
RMSE
Mixture 0. 000 0. 000 0.000 0. 000 0.000
Normal 0.055 0.272 0.039 0.041 0.032
HMAE
Mixture 0.053 0. 267 0.035 0.043 0.034
Normal 0.005 12.249 0.002 0.003 0. 002
HMSE
Mixture 0.005 12.225 0.001 0.003 0.002
Normal 0.005 0.048 0.002 0.003 0.002
RLOG
Mixture 0.004 0. 047 0.001 0.003 0.002
Normal -5.283 -5.268 -5.242 -5.352 -5.160
QLIKE
Mixture -5.283 -5.269 —-5.243 -5.352 -5.160

EUHESRARTTER,RAHBESEL AN AR FHE T Nomral # A 5 Mixture A P 45 82 i, e RE R —
LHETE—FmE R EAasEmEF, I £ 7 Nomral £ 8 5 Mixture R EZ A A R T8 TAL —3

B %6 7] %1,2015 45 2 A 10 H Normal # & 5 Mix-
ture # %I 7£ MAE RMSE HMSE 1 QLIKE T 0 %5 5 45 &
FRE T BUEAESE, IR A T R T — . W
TE HMAE R*LOG T i % 5 45 8 4% #E T Mixture $5 %I |
Normal # BY % {8 %5 /]» , B Mixture # B t, Normal £ B %}
HARR P AR A L, 2015 4E2 A 11 HFI2Z A
17 H Normal # %I 5 Mixture 5 %I £ MAE F1 RMSE T ] %
S0 Bt AR T P — 3L, T 7E HMAE HMSE .R*LOG Fl
QLIKE T 0] 34 5 45 i b5 o T Mixture 8 % {f + Normal
LY, 2015482 A 26 B #12015 42 H 27 H Normal £ %
5 Mixture }# %I #F MAE .RMSE . HMSE ,R*LOG F1 QLIKE T3
) 22k L b T R B — B, (U AE HMAE 5 24 5 4
BT Normal £ & {ff, T Mixture $ &) , 38 i 8 ¥ 1 4 7E
542 5 B T Normal # I &5 Mixture 5 5 1 B £ I #
) 2% B 0 U B ( BP SR R B0HE 9 S 80 1T LR BT Mixture
L B A X 3 A H b 00 T 2% 2 L % PR T Normal £
B,

6 #5ig

A B 35 3% A ROSENBERG et al.! 31154 % {4 ik 2h %
AT I AR B R B IE , 3E I LYE et al. "0 R 36 5 30
S EMAENEENEFENBSERFERT
R AR AR, 5] A MELICK et al. ™ #{R
B X BOE 7 43 A 1 42 A 09 BE 45 B AR B A S A 4
ik , 38 &3 F o [ SOETF 3 A 35 3F 38 T Mixture 5 51 1

Normal B2 £ ) 5 ¥ i & PE | 52 H O 22 0 T30 2R
A RBE L THRE R, O E
SOETF #5149 45 9 8 7= 4 &% 28 1k 10 3 1 45 E A
ER,RMEE M SN B R EE
J 43 #ii ; @ M\ Normal # %I FI Mixture £ % 9 #2 K {1] 5R
SR AT 45 R T A& B, %) i P B SOETF 8 4% f 1
BE P i AR B A MR IER S 8B, B, B, BFE LKA
WH P ESOETF B AR I = B B E AR i 3h
45 i , JF T I S 3L F 20 8 B-S R 7 90 B RN AT
SSPIE R AR RBEEFEHNBHMNENBERER D
EUHEPMANHENMKE . OEFTEREEEREXN
PR RNERT A REN AT Z 34
FEAE B B-SELEL A B A B 75 {5 3 1 45 1 4R & X5
1F 75 15 70 4P /B 9% I8 A\ 714 T Hb Al 42 5 10 8 72 M 28 1
BRI @S % B E B X 5 0 % = M s A 1k
3h 7 2% 14 ) 18 %R A Bkt of B S0ETF 3 A% 76 #F A 4
MEMREMEERINTNRZSE, R EAR
THAERFENREE R ESHA KA A TE S
HRFEMBSEAAFESHEMEHE, WE T
BHHBRSREMBES S HBIERE R BSHA R
— MM ERAEAE N R,
AHRERANPEMRE T EFH Y E &
B OUFEB T ENMIIELS R, R HE R
HENGHENRERBRUL NS BIEE S RIEME
MERARRFEREXHELER, YR, AHRAE
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Option Pricing of Mixture of Lognormal Distributions
with Time-varying Volatility in SOETF Option

WANG Peng, YANG Xinglin
Institute of Chinese Financial Studies, Southwestern University of Finance and Economics, Chengdu 611130, China

Abstract ; The classic Black-Scholes model has experienced the development process from the constant volatility to time-varying
volatility and from the normal distribution to non-normal distribution.

This paper extends prior studies on option pricing models with time-varying volatility and mixture of lognormal distributions. Two
frameworks have been proposed to correct misspecification of Black-Scholes model. The first category involves relaxing the con-
stant volatility assumption with sigma shape polynomial ( SSP) , in which the specification shows that conditional volatility is sto-
chastic, as it is a function of future return over the life of the option. The second category involves relaxing the normality assump-
tion using mixture of lognormal distributions, which can capture departures from normal returns with two subordinate lognormal
distributions. Furthermore, we rebuild the Black-Scholes model based on the generalized Student t-distribution and study the risk
neutral probability distribution, which is changed along with the alternative volatility parameterizations, assuming normality in
stock returns. The empirical application is based on S0ETF call options’ contracts traded on the selected days in the month of
February 2015, a total sample of over 10000 observations. Each record in the data set comprises bid — ask quote, the synchro-
nously recorded spot price of SO0ETF, the time at which the quote was recorded, and the strike price. In addition, a range of per-
formance criteria are used to evaluate the model. The first consists of conducting standard tests of significance on the parameter
estimates. The second concentrates on comparing the relative size of mispricing errors of each model. The third focuses on com-
paring the relative size of forecasting errors of each model.

Finally, the empirical results show that there are some significant characteristics of leverage effect, clustering, and long memory
as well as conditional skewness and fat-tail in the high frequency yield of underlying assets of the S0ETF option contracts. Mean-
while, the modified classic Black-Scholes model with time-varying volatility can significantly improve the pricing accuracy of
S0ETF option contracts in China. Furthermore, in considering the model of the underlying asset price changes in the dynamics of
depict and the pricing accuracy on the option contract, the option pricing model with the characteristics of time-varying volatility
and mixture of lognormal distributions is a relatively more reasonable option pricing model selection, compared with that of cor-
recting the volatility skew associated with the Black-Scholes model.

This paper not only provides a more accurate option pricing method for investors and regulators, but also enriches the empirical
research conclusions about the typical statistical characteristics of SOETF option contracts in China.

Keywords ; mixture of lognormal distribution ; time-varying volatility ; Black-Scholes model ; option pricing; SOETF
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