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U W,
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W s )
W, /W =1+R,,
(2)
®
m,, =a, + bR, +cR, +dR, (3)

(3) (1)

E, R, = Rfm - l;tVar, R, -
¢,Skew, R, —dKurt, R, — (4)
Rfl+| bl = blRf'*' ¢ =

ctRfH-l ét = dtth+l . (4)

@ Harvey  Siddique ° .Dittmar °
®  Dittmar ° (2)
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35 36 Mis
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Z,
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ZI €11 ( 10)
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38 40

12 ;
MO ( MOG) 50 (DY) . ( EP) .
M1 (M1G) M2 (M2G) ( BM) (T0) Wind,;
MO.M1 M2 3 ( Shibor)
; ( INFL) Wind; ( DFY) 5
( CPI) t AAA 5
CPI t+1 t—1 ; (LTY).DFY LTY
CPI t INFL,;
( SVR) 50
1
Table 1 Descriptive statistics of option trading activities
v v
T <60 22 474 607 649 884 0.25 25 390 782 533222 0.29
60 <7<180 21 36 332 155 899 0.21 24 35328 160 761 0.26
T > 180 7 10 180 37 929 0.19 8 10 474 42 641 0.25
m <0.97 18 51 385 80 029 0.22 25 150 387 411 044 0.26
0.97 <m<1.03 13 306 452 319 954 0.21 13 241 521 233 321 0.25
m > 1.03 20 167 138 448 916 0.24 18 43 352 83 082 0.29
(7) (m)
(K/F) . . . Black-Scholes
(1vy.
2
Table 2 Descriptive statistics
Mean Std Skew Kurt Min Max AR(1)
1% 0.28 6.28 -0.40 4.19 -20.15 16.67 0.11
/% 0.21 0.04 1.01 3.42 0.15 0.32 0.84
RNV (x10%) 0.47 0.43 2.78 14.67 0.05 3.70 0.97
RNV ®( x10%) 0.87 0.72 2.04 8.28 0.10 4.73 0.97
RNV (x10%) 1.30 1.04 2.20 9.49 0.14 6.88 0.99
RNV 18 ( x10%) 2.05 1.41 2.03 8.86 0.27 9.86 0.99
RNS *(x10?) 0.00 0.07 -0.04 71.59 -0.82 0.71 0.83
RNS ®( x10?) -0.01 0.11 0.25 43.66 -1.11 1.17 0.81
RNS *°( x10?) -0.02 0.17 2.91 32.87 -1.10 1.66 0.86
RNS '8(x10%) -0.03 0.33 3.57 31.41 -1.54 3.31 0.91
RNK *( x10?) 0.00 0.02 -6.98 116. 84 -0.31 0.19 0.73
RNK ©( x10?%) -0.01 0.04 -5.88 74.66 -0.62 0.40 0.85
RNK *( x10?) -0.03 0.08 -5.47 60. 12 -1.02 0.60 0.89
RNK " ( x10%) -0.09 0.18 -5.49 46.36 -2.23 0.57 0.89
: Mean Std Skew  Kurt Min  Max
AR(1) 2015/02—2020/03.
2.2 ( RNV™) -
1.3 ( RNVSK™). 3
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9, RNS
RNVSK™ 30 60
0 90 180
3
N Newe West
y
(NW-1) R (R,).
0 1. 3 A
2015 3 2020 3
RNV™  RNVSK™
1. 66
2.14. RNVSK™ 5%
PLS PLS 9 .
3 RNV RNVSK' R NVPLs RNVS KPLs Ridj
Fig. 3 Factor weights of RNV"™ and RNVSK"™S ;
lg actor welg S Ol an 10% RNVPI“S Ridi ( 5 37%)
RNVPLS . § ;
RNV RNVSK™®
“u 7 30 180
( 0.96 0.28) RNVSK™S
(60 2 ) ( S0ETF
-0.55 -0.69). RNVSK™ 2.14%. RNVSK"™
RNV RNK
3 2015/02—2020/03
Table 3 Monthly insample forecasting results 2015/02 —2020/03
A B: C:
iy = +.BXr + €4 iy = o +BRNVFLS + lﬂCt + €4 iy = +.BRNVSKtPLS + l/IC[ + €41
B NW-t | R, B NW-t n NW-t | RZ, g NW-t n NW-t | R,
DY 1.71 [2.07** | 5.87 1.53 1.28 1.60 [2.19%* | 10.39 | 1.91 [3.23***| 1.40 |2.08** | 13.55
SVR -2.20 [3.42% 10. 81 1.53 [2.28% | =2.11 -4.58*% 15.39 | 0.98 0.72 | -1.38 | —=1.30 | 10.03
EP 1.37 | 1.75" 3.13 1.72 1.35 1.44 | 1.93" 9.17 2.11 [3.08** | 1.33 | 1.88" 13.17
BM 1.41 1.17 3.40 1.48 1.34 1.19 1.05 7.35 1.87 |2.11%% | 0.75 0.63 9.82
DFY 0.34 0.36 | -1.39 | 1.64 1.37 0.07 0.07 3.75 2.13 |2.50* | 0.30 | 0.32 8.76
Shibor 1.10 1.34 1.43 1.52 1.32 0.86 1.04 5.61 2.01 |2.39** | 0.78 0.95 | 10.09
LTY -0.28 | -0.32 | -1.50 | 1.74 1.43 | -0.54 | -0.67 | 4.48 2,13 |2.53* | -0.13 | -0.16 | 8.58
TO -0.92 | -0.60 | 0.48 1. 64 1.53 | -0.89 | -0.63 | 5.81 2,60 | 1.68° | 0.73 0.44 9.36
INF -0.82 | -1.30 | 0.04 1.71 1.37 | -0.92 | -1.58 | 5.95 2.34 (2,627 | —1.21 |-2.26*%| 12.24
MOG -0.26 | -0.28 | —1.53 | 1.65 1.38 | -0.05 | -0.06 | 3.75 2,15 |2.55* | -0.35 | -0.39 | 8.84
M1G 0.04 0.05 | -1.69 | 1.67 1.41 | -0.15 | -0.20 | 3.79 2.18 [2.59**| 0.31 0. 41 8.78
M2G -0.80 | -0.97 | -0.06 | 1.57 1.35 | -0.54 | -0.72 | 4.48 2,07 [2.64%%| —0.53 | =0.74 | 9.25
RNV 1. 66 1.39 5.37
RNVSKS | 2.14 |2.54** | 10.08
: NW+ Newey ~ West ¥ t Ry, R2 .7 e 10% 5% 1%
RNVSK™® . RNVSK™ RNV
©® 3 RNVSK'™ 10.
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RNVSK™ 2.3
1.4 (16) ~ (17)
. 1.1 CAPM RNVE  RNVSK™S
ICAPM (
2016 3 2020 3
22 28
RNVSK™ 4
30 60
2Z§90 gxs‘g‘) Rz( R?)s) CW-est
) A RNV RNVSK™
RNVSKHS RNK R 8.53%  6.55% | 5% |
RNV RNVSK™
RNS  RNK 1.1
28
A
( ) :
RNVSK"™ RNK RNS ( 2015 )
A . 2016
3 RNV RNVSK™®
12 4 2016 /02—2020/03
DY EP Table 4 Monthly out-of-sample forecasting results 2016/02 —2020/03
( “SVR ) B
Ry (DFY, EE By | cwa
LTY-MOG.M1G M2G) A B
3 DY EP RNV 8.53 | 1.83** DY 4.21 1.30"
RNVSK™S | 6.55 | 2.15** SVR 4.10 | 2.09**
Comb *kk P
RNV SVR RNV - 4.08 |2.35 EP 4.89 1.48
GKComb | 7.34 | 2.27%* BM 6.20 73K
L1 ‘ 3 B RNVSK 2.27 1.7
oL oL DFY -29.76 | -1.30
(C) RNV™ ( RNVSK™)
s Shibor -42.80 | -0.75
o RNV LTY -10.10 | -1.26
RNVSK"™ TO 2.60 | 1.36°
RNVSK™ R, INF | =270 | -0.16
RNV MOG ~5.45 | -0.31
SVR ®, RNVSK™S M1G -10.12 | -1.22
RNV M2G -12.15| 0.81
© CW+ Clark  West # MSFE-adjusted
R 10% 5% 1%
( forecast combination method)
43
A
) RNVSK"S SVR 2015 2020 RNVSK'™S  SVR
OLS ¢ RNVSK"™S

SVR R, SVR
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RNV RNVSK
( RNVE™  RNVSK®™) RNVSK
RNVcomb R%)S RNVPLS RNVPLS RNVSKPLS
; RNVSK®™ RNVSK™
RNVSK™ 2.4
. 3 4
B 12 5 - 50ETF
R ( DY.SVR.EP.BM T0)
6.20% RNV™  RNVSK™
RNV™  RNVSK™
S0ETF
2015 2
1 .2 .4 8
Tiwen = @ +BXl T € h=12438 (19)
h Teven t t+h
50ETF
4 48
Fig. 4 Out-of-sample cumulative squared forecast error differences
relative to historical means
RNV RNVSK" 2( h - 1) Newey—
0 West MSPE-adjusted
Welch  Goyal )
ROS
. 5 R
( Cumulative Squared Forecast Error ,
CSFE) CSFE Ros CWrest
CSFE ) 1 RNV RNVSK™
CSFE ] ' :
RNV RNVSK™ R* R,
o 4 RNVSK™
CSFE Ry, 2 4 8
R?)g 1.55% 4.00% 14.87% 5%
RNVSK CSFE RNV RNV™ Ros 1.04% 1.56%
RNVSKCnmb RNVComb CS_ 7 . 69% . 5
FE CSFE RNV{:nmb RNVSKCmnb RNVSKCnm[z
RNV RNVSK Ry RNV RNVSK
i t CSFE CSFE;, = ﬁ (r,-1,)2 n, +1
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5
5
Table 5 Multi-horizon forecasting results
RNV RNVSK"™?
R? R CW-t R? Rig CW-t
1 1.19 0.50 0.88 0.31 0.26 0.97
2 3.76 1.04 1.32° 2.06 1.55 1.86**
4 5.28 1.56 1.28 5.64 4.00 2.23%*
8 11.18 7.69 1.90** 10.87 14.87 2,37
RNV{Jnmb RA]VSKC:;mIr
R? R CW-t R? R CW-t
1 0.52 0.09 1.07 0.37 0.08 0.52
2 2.27 1.10 1.98** 2.16 1.31 1.70**
4 6.22 2.54 2,497 6.16 4.05 2.35 %%
8 13.55 12.47 2,56 11.34 13.58 2.58 %%
DT e 0%+ 5% 1%
2.5 RNV™  RNVSK™ RNV"™®  RNVSK™ B
4
RNV™  RNVSK™ RNV RNVSK™ ( DY EP). 6
Rapach 43 RNV{:nm[) RNVSKCmnb
GRIR
o ) DY RNV™®
L= A g RNVSK™ DY.
(1-0)r2 osas<l. .
A =0 . Fama
French *
( encompassed) ; A >0
Harvey % HLN (2 4 ) 50ETF
A 0. 1
A =0 A>0%. (1 )
R NVPLS DY
RNVSK™ 6 :
A HIN » SVR ~ RNVSK™  SVR
» 10% . SVR
RNVSK"™ HLN RNVSK™ RNVSK™ SVR
RNVSK™ ( BM ) S0ETF RNVSK™
SVR SVR
_ T-h _ R N R R
P HLN = v T -hd Z(dr t+h _d)z/T_h' -1 dt t+h = (uEZI)Hz _u)(:l):)Jrh) u$2r)+h ufli)ﬂz = Tygeh
t=1
A ) - A2, 1 2 T-h h ho=1

Lk Wikn = Togsn
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6 (HLN p )
Table 6 Forecast encompassing test ( p-value of HLN statistics)
A () ()
DY SVR EP BM DFY | Shibor | LTY TO INF MOG MLG MG
RNV 0.02 | 0.04 | 0.04 | 0.15 0.03 0.00 | 0.06 0.10 | 0.04 | 0.01 0.04 0.00
RNVSK"'S 0.04 | 0.09 0.06 | 0.17 0.02 0.00 | 0.03 0.08 0.03 0.01 0.01 0.01
RNYComb 0.02 | 0.31 0.03 0.11 0.02 0.00 | 0.02 0.05 0.02 | 0.01 0.01 0.01
RNVSKC™ | 0.07 0.07 0.09 0.22 0.02 0.00 | 0.03 0.08 0.02 | 0.01 0.01 0.01
B: () ()
DY SVR EP BM DFY | Shibor | LTY TO INF MOG MLG MG
RNV 0.06 | 0.29 0.12 0.23 0.70 0.65 0.61 0.36 0.42 | 0.41 0.63 0.39
RNVSK"'S 0.06 0.64 0.07 0.19 0.70 0.62 0.55 0.29 0.34 0.29 0.45 0.23
RNYComb 0.01 0.31 0.01 0.05 0.35 0.36 | 0.18 0.07 0.09 | 0.07 0.14 0.09
RNVSKC™ | 0.14 | 0.37 0.18 0.34 | 0.87 0.79 | 0.86 0.65 0.71 0.71 0.81 0.37
2.6 (20)
50ETF
( Certainty Equivalent Return CER)
RNV™  RNVSK™ CER - o - L o (22)
Rf)s ! Ho 2 e
Campbell ~ Thomp-— H, gA-Iz)
41 13 ) CER
RNV RNVSK™
( CER gain)
- 4 CER gain
(50ETF) CER
SOETK CER CER gain
o, = Rj;l (20) CER gain
YO 1
y R Diebold ~ Mariano * CER
t t+1 SOETF gain “ ”
o t+1 S50ETF ( Sharpe
ratio) Jobson  Korkie ¥
41
50%
w, e 01.5 7
SOETF Ros
w, t+1 ( 2.3 ) A B
y 1 5
R, =R, +(]-w) Rfm (21) 7
R,,, S50ETF ¢+1 R, A B
RNV™  RNVSK"™  CER gain 5%
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3.24%
RNV RNVSK™
RNVSK"™ CER gain
Ry 3.24%.
RNV CER gain CER gain Ros
RNVSK™ . 25 ( bps) CER gain
y 1 5 RNVSK™ RNV™  RNVSK™  ®, RNV™
CER gain RNV RNVSK™
y =5 RNVSK"™ CER gain
7
Table 7 Asset allocation results
A: y=1 B: y =5
CER gain CER gain SR CER gain CER gain SR
(25 bps) (25 bps)
RNVS 14,47 13.49** 0.60 *** 3.72° 3.08 0.56*
RNVSKPS 13,747 13.65™** 0.527** 3.48" 3.24 0.53 7%
DY 10.92" 10.56" 0.46" 3.47 3.09 0.52"
SVR 13.05** 12.60" 0.49** 3.68 3.29 0.54**
EP 13. 99 ** 13. 41 ** 0. 69 ** 2.82%* 2.61° 0. 58 **
BM 11,137 10.94" 0.44%* 1.67 1.43 0.28"
TO 5.62° 5.43" 0.15%** 1.16" 1.10" 0.167**
11.727%% 12. 14%** 0. 527 2.71 2.79 0.527**
TR e 10%+5% 1% . CER gain ( ) CER
CER SR 25 (bps)
CER gain. CER gain
2.7 0/S" ) ( Put-Call
Volume Ratio PCR*').
R S50ETF 0/SPCR
VRP .
Bollerslev 18 .0/S S50ETF
( VRP) ( 10 000 10 000
- S0ETF ) S0ETF ; PCR
; VRP 30
RNV 50
( Option-Stock Volume Ratio
@ Kan  Zhou ¥ CER gain CER gain
CER gain CER gain
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8
Table 8 Comparing with existing predictive variables based
on option information 3
RNVSK™S 0/8 PCR VRP R,
2.52 -0.91
: (2.54*%) | ( -1.05) 1029
> 14 |53 RNV™  RNVSK™
? (2.42%%) (2.27%%) .08 S0ETF .
;) 28 095 | 0 e 300 RNV™  RNVSK™
(2.69%%%) (2.027)
2.58 -1.01 1.58
) (2.43%%) [ (-1.25) |(2.35*%) -3 oL ORI oL
s 2.59 -1.06 1.46 0.79 1554 ijNV L RNVSK
(2.577) | (~1.34) |(2.26%) |(1.97%%) RNV RNVSK
0LS Newey ~ West ¥ 300
- R(R) . ( ) 12
N 10% 5% 1% (48 ) 18 (72 ).
8 RNV™  RNVSK™
1. 2 4
0/S.PCR RNVSK™ RNVSK™ R}
5%
3 RNVSK™ (2.14)
0/S PCR  RNVSK™ ( PCA)
RNVSK™ 0/S PCR  (scaled PCA ")
3 VRP
Jiang  Tian 7
* . VRP 0.95
RNVSK™ 2.13 RNVSK™ “ ”
VRP Jiang  Tian 7’
RNVSK™ Black -
5 0/S-PCR  VRP Scholes
RNVSK™® 2.59
RNVSK"™
RNVSK™
Atilgan ¥
( implied volatility spread I1VS) 4
RNVSK™ VS

0 50ETF
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Higher-order moment risk and stock market returns: Evidence from China’s
options market
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Abstract: Using the term structures of risk-neutral variances and higher-order moments implied from SSE 50
ETF Options this paper employs partial least squares regression to construct a variance-higher moment risk
factor that tracks China A-share market returns. During the sample period from 2015 to 2020 the factor sig—
nificantly predicts monthly market returns and weekly cumulative returns from two weeks up to eight weeks into
the future. The in-and out-of-sample R” statistics reach 10.08% and 6.55% at the monthly horizon. The pre—
dictability of the factor is robust to the inclusion of popular economic variables and alternative option-based
predictors. This result suggests that the risk premium of China’s A-share market involves the compensation for
bearing systematic skewness and kurtosis risk consistent with the conditional CAPM with higher-order mo-
ments. The predictability of the moment risk factor can deliver sizable economic gains to investors in real—
time. Overall our evidence reveals that China’ s options market provides unique information about higher-mo—
ment risk that helps to understand the risk-return tradeoff in the A-share market.

Key words: SSE SO0ETF Options; risk-neutral higher-order moments; stock return predictability; partial least

squares regression; conditional CAPM with higher-order moments



