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33 (put-call parity ) 345
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T (joint estimation)
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(MPK) £ A X B [t # Macro-GARCH ( Non-
MPK) #5% Fl Macro-GARCH ( MPK ) 455 %4 ] & LA
LI 381 7 AN R X IR E M 5 W) 5 B, o E AR

@ If 5 Macro-GARCH ( MPK ) #%% 8 L, %5 Bl ]
LI 22 WLAF BT B BOE M 1 52 . R 1 140 )
HHRE R M A% S A A B A RO AR

Sii) HN-GARCH # ™ FIR 31 1 RollWin B (5.
x1 KECE
Table 1 Model summary

75 BERh A A FEM AL RREALAS -0 R 45
) B[R et iy W a5 SR AR .

1 SpillMacro-GARCH SpillMacro-GARCH ( NonMPK)

(NonMPK) (Joint estimation)
A I E N W a5 R AN AR

2 Macro-GARCH Macro-GARCH ( NonMPK)
(NonMPK) (Joint estimation)

3 Macro-GARCH PATHE N A% (MPK) {0 25 He Macro-GARCH ( MPK)

4 HN-GARCH FIHE ML (MPK) LA 5 Al HN-GARCH (MPK)

5 RollWin FLIHE ML (MPK) e S e RollWin (MPK)
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ert " BIESE E 2010 F Y [E I, 3T GARCH-MI-
DAS BERUL BUREE i i sh 5 PPL AN Tk =
(IP) 5 B ARG, 320 s & A% p v [ 22 W 4K
s () T AATE | 3 HEL R IR R S A Tl AR
PR AR E T M ACHRAS [ Y 2 WA T, 430
4 PPI(CN) A1 PPI( US) , B[] 5 FE 5 ETF50 £

—3, 3L 169 /N H BRI, L, PPL(CN) $54 ok
J8F 545 (Wind ) 048 % 17 PPI( US ) $icd e i
IR ZE U5 B J#E (https . //fred. stlouisfed. org) .
28R AU PP BB 22 UL AR T 2 R 4TI ).
Rk, TESRS S W RREME A BT R ekl PMI 20 4
Préie T 4.

E S0ETF BAAL A 24 1) 550 4 >k U5 T 07 15
(Wind) 8 2, i e B LT 2015 472 A
9 H ~2019 4E2 H 8 H , 2y 4 4E. fERUT & LI
SRR B | e T RS L0 55 1 <
AR 50 HATE R H A 14 K ~ 180 K
(IR, 2247 2 963 IS5 24.

4.2 HEMIA

2 2 T T R AR RS R AR I HE AR M G
R T RRTE B AR I AR R AR SR DL 100. 451
R IX SIS 5 ZR A ELAT MR ) 4wl i S B
fiE, BP, SR ZUHE 4 B G 50 55 R 25 A 25 SR A0 S
ETEANE  F548 ADF F1 PP 837 MEAG 36 150 W Ui 25
FRHEA VR ARCH K 560 0] 2 B I 25 % b A7 7
T2 A A PSR IR T AR, [E]
1 R T & s 0 8h i 72, F & Graph
A il Graph B ¥R T W5 2R AR SRRV, =i 3l
RINITE 2008 4E ~ 2009 4EA A7, K % 2008 4E
& Al FEALA 1.

@ B Rolling-window 7% , FLA A 228 T3 25 13 s 38 25 s (Andi 1 000 A~ EHE , 24 4 48 ) T REARAE A brfi 22 IR AR A b 22
YER B HRACA Black-Scholes 22 A ERAHIABUHE. [H17E 1 000 I AWML, 7R Bh TR AR b e 22 BT 3R 45— R RSB A%
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Table 2 Descriptive statistics of raw data
Mean | Std. Dev. Skewness | Kurtosis JB LBQ(5) ARCH(5) ADF(5) PP(5)
ETF50 0.029 2.950 -0.193 8.219 4 156.381 "~ 13.365 " 252.655""" -25.159 """ | -61.152 """
S&P500 | 0.023 1.357 -0.365 | 15.091 | 22265.902""" | 49.356 """ 873.268 """ -26.428 """ | -66.716 """
PPI(CN) | 0.110 0.426 -1.166 7.791 199.935 *** 158.719 *** 53.198 *** -4.1137"" | -4.819"""
PPI(US) | 0.172 1.482 -1.076 6.915 140.534 *** 65.790 *** 51.885 """ -5.300""" | -7.933"""
PMI(CN) | 0.018 6.176 0.113 7.017 108.611 *** 11.504 " 22.134 " -6.653""" | —11.368 """
PMI(US) | 0.035 12.833 -0.387 4.258 14.633 " 13.699 ** 27.376 *** -5.3477"" | -11.373""F

s ZRSIRAL T ETFS0 54l 25 3, S&PS00 FHE0IEE %, v 25 19 I (1) Tll A= 7= 5 4 (PPT) FIR g 2L R4 50 ( PMID) (MR R MG 1T. IB
FORIESTEN Jarque-Bera K, JFUBIR S IEZS Y LBQ & F A AL 58, IR % J& N AR AE A A ; ARCH W J2 Engle 5 7 254050, 51
BB RTEAE 5 7 2% ; ADF #1 PP 43 B2 K636 - Fa M AU 19 T Dickey-Fuller 1 Phillips-Perron 5 3 , JFAR i3 5 J& JE PR . 455
() BT FORAR AL 57 A HRIKERIRTE 10%,5 % F1 1% (1 1 3 K7 T FE 468 S AR

E1 RegiEE

Fig. 1 The graph for the raw data
i B KRER T ETFS0 #8500k 25 % (4505 . H ) Al S&PS00 T £ 25 2 (M5, H ), 08 X [7] 2005 452 A 23 H ~2019 42 A8 H ;1
] 1 2E [ A9 0ol A P28 80 PPL 3R e (BFR . H ) BB X 8] 2005 4E2 A ~2019 4E2 A 5 LR I#r b [ PMI F1SE E 4557 4 H B2 (1SM)
FIHIE L PMICARE . H ) B IX 8] :2005 49 H ~2019 4£2 H.

3 ik S0ETF MR ZEA G 0. h3)E ,
SR AEI H (M) 5% 4 A ], Fo oA
HLLH FifE] (365 K ) 5 5 Bk (Panel ) LA
BLTIME (moneyness) 738 6 A~ X [a], Horp A i 4
MR ARN . moneyness = F/K ,iE]A#s F =
S,.exp(r, x M) TEMCIFZEARIET 46 3 UG

TR AR, Y AU A%
JETF Black-Scholes F:8 f) 5 2 [ 2 % Bl 2R A
3 1Yy Panel A & ARG 291003 4 30 9] H
(M) P FEF .30 X ~ 150 K, 29 i A 2110
2% ; ATE, SR/ T 0.9 IE20 1 944 4,
Hi L2178 66 %. KB (A TR IIAE R 2 T HE(E
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Table 3 Descriptive statistics for option data

(February 9, 2015 ~ February 8, 2019)

Moneynfs [14,30]] (30,90] |(90,150]|(150,180]| All
Panel A: Number of option contracts
(0,0.93] 8 255 239 120 622
(0.93,0.97]| 55 295 262 104 716
(0.97,0.99]| 98 243 180 85 606
(0.99,1.00]| 95 147 97 36 375
(1.00,1.01]| 53 121 87 42 303
(1.01,00) 27 80 143 91 341
All 336 1 141 1 008 478 2 963
Panel B: Average option prices
(0,0.93] | 0.011 | 0.018 0.031 0.050 ]0.029

(0.93,0.97]] 0.024 | 0.035 0.046 0.065 ]0.042
(0.97,0.99]| 0.037 | 0.048 0.068 0.087 ]0.057
(0.99,1.00] | 0.046 | 0.058 0.081 0.104 |0.065
(1.00,1.01]| 0.046 | 0.062 0.094 0.116 ]0.076
(1.01,00) | 0.047 | 0.060 0.076 0.092 ]0.074
All 0.039 | 0.041 0.058 0.078 ]0.053

Panel C: Average implied volatility
(0,0.93] | 0.309 | 0.244 0.227 0.228 ]0.235

(0.93,0.97]| 0.267 | 0.194 0.166 0.173 ]0.186
(0.97,0.99]] 0.233 | 0.176 0.159 0.166 10.179
(0.99,1.00]| 0.208 | 0.161 0.153 0.168 ]0.172
(1.00,1.01]] 0.159 | 0.146 0.155 0.166 |0.154
(1.01,00) | 0.101 | 0.096 0.089 0.099 |0.094
All 0.211 | 0.185 0.166 0.171  ]0.179

S A B T ARSI H (M) RIS T (moneyness) 43
AT SOETF WV (AL 19 2 2050 i: TR VAL
PH B A, ek FIAEI E I E T (365 K
T 8 T PE (moneyness) BOTFEL AR A : moneyness = F/K |
WA F = S, exp(r, M) .

B YIHAAL. Panel B W) S B T HAALA 45 Bifi 75 7l 4% 5]

SO H B 28 T e 458 G PR B, BPSE 35 A A A

0. 039 HHn%E] 0. 078. X BLG H-A A8, B AR

Bk Theta CLRIH] 13X FPE R, Panel C 3R

Bt & P sl RIS W 8, BRI IE T Black-Scholes

AR O B R B R TR E AT AR S T gt R A

BT Y. FAHh, 58 TR/ (R, B i sh R

MR (/)N ), X B R ] 56 2R 75 B 5 e 3l 32

HBRABER (smirk ) HFAIE. S0P B G W DAk A el 3R

FEEZE T 48 BN 2015 4F19 5 000 £ 45 T 23]

2019 4F2 000 2 &4, A2 T 1E S, S 3%

B R A () BT oK, AT 5 R (L

PRI S I s . Bk L, B8R SOETF WA [T
i), ELAR 22 804 47 AF 5 8 O 3 B R (an
S&PS00 FEHUIAL ) 25441

4.3 REMHITLER

TESAF A S HA THELZ |, 75 22 5510 E
AR R (8) T I IS BB K, FIK, . (R4
Engle %517 92345 52, Jo i B i 2 by 24,36, -+,
120 %5 938K, Xy 4 5 24 4,36 N -
120 ™ H 985 51X B — A BB THBORL I 3RS
X EABLSRAEL, fc Jo P BUALL SR 16 A8 A9 A2 R Jis JIT o)
PR B 1 58 A T i . TR 2 BRI BT 3
(5 B K, Ry 96 A~ H B8 4R 5 2 F T (1
JE UK, = 84 (HI 7 4E. B4, i TR, i3k e %
BRI SRAE 25 SRAR /N, U6 BAAG T 110 25 SR 6t I B L
(AR R AR Y.

FABIMT S ABAIGAE 25, Bk, 3
SR BE T A FIAT R ALy, Ry, 2R IEME,
WOUE T 17 3 T A AR R RO R Yy, (2
16.843 ~46.497 ,/NFEE T vy, =253. 804 ~
594. 150 , B S&P500 I 75 %70 Af HAT TSR (1)
Ltk X 53 2 PR R A, B S&P500
I EE A - 0. 365, /NT SOETF ) - 0. 193. 75 %
TR AT BIACEE 5 AT AT 2 8008 & 1%
If AR AR S WAL 4 R B R AR AR A THEL, 20 SpillMac-
ro-GARCH (NonMPK) H1/# A, = 23.780 , Ifii Spill-
Macro-GARCH (MPK) {4y 16. 843 X A g /& T 3C
rh BRI A A% AR A B R B Y SR R R
FLFFRON A Bh T 42 i ARG N> 3 3
NS K, =0.101 ~0. 151 , H7E 1% HKF T2
Y. X UL 38 [E 4 il 0 3R B T B OE
T Yt HHASONE . 32 ) AN (ST e WA 65 R 0 3H i 2
WA RIEE «,, WA (4) T (7). BERES)
FrZiE (the persistence of volatility) Fi B;,i € {d,
fH A, B R 3 R B EE P E (mean rever-
sion ) SR, X BT T 1 B R ] B
8 B 22 Wb, &5 5 o | B B 34 B T Y
Weshdra e, 0. 938 ~ 0. 988. X1 5 HAAL STk
Christoffersen 254! — B AT A K PR s e sk
PERE S BT I M 52 0 2 A SE SR e A i R R
6.,i € {d, fI TELRII/TER T ZIEMH, BRE
R KRS FERET I E RN RS, X
5 Engle %“7] 1 & BLAH L.

2022 4F 6 H
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Panel A: The log-likelihood function of the number of lags (K )

1.0112 4 T T T
1.011 0
1.0108
1.010 6
1.010 4

1.0102

1.0100 ' ' L

72 84 96 108 120

The months of lags

Panel B: The log-likelihood function of the number of lags (K, )

1.21225 T T T

1.21220

1.212 15

1.212 10

1.21205

1.212 00

1.21195

1.212 90

24 36 48 60

72 84 96 108 120

The months of lags

B2 MWEEH(S) FHITHIE MBS X BASR R BT R K T

Fig. 2 The relationship between the lag order in equation (8) and the log likelihood function

4 BRI R RS T2 Bk . AR A X
ARl SR . ATC E W] A1 BIC #E U, SpillMacro-
GARCH ( NonMPK ) 5 8 Lt H: T 45 11 2 A7 B4 )
BHRAERCR. RIS % AR 5 22 HEA T2 W
M. K I Jarque-Bera 4t it & Fl Kolmogorov-
Smirnov Gt 7E 1 % & 3 PEAKCE TR 48 5% 22 R
IS HJE R ISR 2 AR GE T (H A KR
FE TR 577 258055 (ARCH) L B T 28 (RU1% L.
K3 Won 1A R 5k 22 A AH DG 8T, 25 5 WL
BN REAERL A 5% 22 A ARG IR TE 3 AR 22
(HEER) , RISz e 1 2% 8L B % 22 ) Ji 4y X 4l v
FIARSCILAR. DL b 25 SR U B P Ay 2 ) A ) 22

43 Hb AR A 3 5 v 1) BLRUARRAE S,

Bl 4 MR 25 1 5 AR S5 1 0 Bl 3. 45 5
SN F] | BT A7 R 3 8 R S R U Bh e — N A
g i 2, H7E 2008 4F ~ 2009 4 Al 2015 4F ~
2016 4EAE TS AL B, 3 43 56 I 2008 4 ~
2009 4F ¥R B MG AL F 2015 4FE ~ 2016 4E )7 45 M
5 0002 s Bk 2 2 000 22 15 R I, 3 ok, 3 F
e 25 25 A0 A ACE P il 1 19 A 7 Macro-GARCH
(NonMPK) F1 SpillMacro-GARCH ( NonMPK ) k4%
W T R R 3 AR B A 45 ik 3l %
TP, 33X 2 BB SR T TP B AL ABLAK pR R
FTEK.

© ARG T 25 ISR AR PR A RO AR B E R LA 1R BE R RE AR A1 B 4 ) FEAE R — B, U0 Christoffersen %1277

FEAEA R RARIEZS 1) SR LIRS /M B AR OIS R0R (R AAUR I I R IR 2. 5 Christoffersen 5177 —#f 3 HL
HAESR O R AR A I SCE O RE T , DX I R B RN A S5 R R LG IO FAR () Sfied th— B A A9IE5R.
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Table 4 Estimation results

HN-GARCH Macro-GARCH SpillMacro-GARCH Macro-GARCH SpillMacro-GARCH
(MPK) (MPK) (MPK) (NonMPK) (NonMPK)
Estimate S. E. Estimate S. E. Estimate S. E. Estimate S. E. Estimate S. E.
Aq 3.044 " 1.454 3.052" 1.483
B 0.728 *** 0.016 0.577 " 0.013
@y 0.000 "~ 0.000 0.000 *** 0.000
Ya 253.804 """ 13.592 594.150 " | 9.092
my 0.000 0.000 0.000 0.000
0, 0.044 0.032 0.033 0.022
W, 4.868 8.566 4.587 7.751
X, 1.487 3.251
Pa 0.958 ** 0.449
Ay 1.396 1.072 1.395 0.971 1.336 1.673 1.390 1.068 1.360 1.079
Ky 0.151 """ 0.024 0.101 *** 0.020
By 0.949*** 1 0.011 | 0.945*** | 0.004 | 0.935""" 0.005 0.957 *** 0.002 0.984 "~ 0.001
ay 0.000 “** | 0.000 | 0.000*** | 0.000 | 0.000 """ 0.000 0.000 *** 0.000 0.000 *** 0.000
Yy 19.714** 1 9.978 | 20.266 *** | 4.144 | 16.843 *** 4.288 46.497 " 5.440 | 23.789 """ 7.729
% 0.017 ** 0.007 0.002 *** 0.001
m 0.000 0.000 -0.000 0.000 | -0.000" 0. 000 -0.001*** | 0.000 -0.000*** | 0.000
o, 0.464*** | 0.055 | 0.523*"" 0.060 0.633 """ 0.025 -0.520""" | 0.027
Wy 4.982 """ 1.152 | 5.070 """ 1.157 6.456 """ 0.312 2.033 """ 0.010
@r 0.965 "~ 0.013 <1.000*** | 0.022
B, 0.963 0.988
B/'» 0.953 0.950 0.938 0.962 0.984
Diagnostic test

Log-lik 10 100 10 109 22 242 17 346 28 734
AlC -20 190 -20 204 —-44 449 -34 677 -57 431
BIC -20 159 -20 161 —-44 344 -34 622 -57 309

JB stat. | 235.154 """ 239.215*" 222.600 """ 239.391 """ 1307.640 "~

KS stat. 0.068 *** 0.069 *** 0.067 *** 0.079 *** 0.054 "~

LBQ(5) 7.731 7.865 9.241" 7.689 10.023 "

ARCH(5) | 56.759 *** 53.760 *** 56.476 7" 52.7527"F 165.764 "~

i IZ R E AR R PP AR BB . SpillMacro-GARCH ( NonMPK ) #5171 Fl Macro-GARCH ( NonMPK ) 3% T BE At (joint
estimation) , 2 LS 4 4. HAERLR F 8L K AL 8% 77 325 ( quasi-maximum likelihood ). 25 * | ** FIl *** fKIRFIRTE 10% ,5% FlI
1% 1 3 PE KT 3 48 R 8. $5di X 1712005 452 H 23 H ~2019 452 A 8 H.
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B3 BREWHERERIINEHEXE

Fig. 3 Autocorrelation graph of the residual for the following market

B4 ERTSHFELZFGRHEE

Fig. 4 The conditional (annualized) volatility for the following market
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S U5 H T R PN 22 LR 2 SRR s R 1
vy B2 3K BE - [ 5L AL Y B AR R B anAE
2008 4 ~ 2009 4T, TRk OE 4 Al i AL, PPI

AR phy e o TR B 1 R 3.4 %, H ik
BEAR 10 25 0 S AR Y 52 ). 3 3 B0 % X 4 T
RE S AR L T A s k.

5 EMEFERE(PPI) MEHRANEHHETE (7))

Fig.5 The impact (7;) of macroeconomic factors(PPT) on conditional volatility

4.4 MBGEM R

N T i AR A I ROE ks L X LT
PRI T & B #1177 1% (the implied volatility
root-mean-square error, IVRMSE ) i & p& %L
Renault™” {3118 T IVRMSE #RifEAE R IRE fri%
ZEWI R IF BB 9 2R 7 IVRMSE
AR AR

IVRMSE = J}VE\‘T (IVYO" — V)2 (25)
Hrp
IVE = BSM™'(CY) ,k = MOD,MKT  (26)
CY FNCYS" o3 | s FE TR RYRAS I A AL A
T 5%, BSM™' ( +) J& Black-Scholes A&7
B s, AR, IVRMSE {H#0/)N | B WR 2 XF N
PSR ELAT B S A AE VRS S s I 2 JHAGE
TR HUR.
5 WA T AR ARCE M B, 45 R
2 W e it =] s 4l i 7 ) 1 Y 1 20800 R (] PRy A
T 17 150 AR SSRGS e, AR i 2R T AR B

WEM #Z, Bl SpillMacro-GARCH ( NonMPK ) 455 74
RAFE/NE IVRMSE {H, 3551 0. 053. ] 43478 5
#r 2% B i 4 3] 22 /K IR A Macro-GARCH ( Non-
MPK) ,Macro-GARCH ( MPK ) , HN-GARCH ( MPK )
F1 RollWin ( MPK ) #5554 ELUAHh | 76 & 4 F—FF
MY ET$E T, BHAT 1 A0 B SpillMacro-GARCH
(NonMPK) [, Macro-GARCH ( NonPMK ) #5551 {14 5
iR ZEFEAIK 14. 5% , 33X 15 BH 3 0m 2] s ¥4 4 207 ]
DL RO = RO M RS B 5 Al B8 s 0 A% Y
Macro-GARCH ( NonMPK ) Fv. B & # #% B9 Macro-
GARCH ( MPK)) #5270 f) 7 1% 2Z R AIR 2 47 %, 3X
A RE SR B R A% B Y AR A B = AT R R0 BT 3L
(L3 4), WAL FF RN A BY T R (8 59 AL
2o BN W2 B A T A & S Macro-
GARCH( MPK) Lt 2 #E ) HN-GARCH ( MPK ) F1
RollWin ( MPK ) 55 2 {1 22 #1522 43 33l T B 7. 9%
F124.0% ,3X 5 Dorion™! BYHIF 5T & Bl T, 1l 1Y
S EMIRZE T AN 18% ; A H AN, RollWin
( MPK) R RS M R i 22, U B IR R
% 18 25 U i T A

2022 4F 6 H
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FLRE] 3 g4, BI4% BT T 1 (money-
ness) R AR B H (M) FFR & W32 (1v) 4
KT 3 AR E M A AL, RollWin (MPK) ,
HN-GARCH ( MPK ) I Macro-GARCH ( MPK ) ,
Panel B 7~ IVRMSE {H B 02 T3P 1 Jin i 1 1%
X 158 B R R R Bk 3 A ) e B AR 25
Panel C | J5 W FIT A7 50 50 24 AR XL EL AT K 38 A%
FHIH (M) B DL B X e HRIE S Christof-
fersen 451 FEF S&P500 5 B AU FRAG (1 45 J 2
8. Panel D FZlt IVRMSE 5 & 8028 (1V) K2 1)
KA. MR AR R 2 . R 3R 3 TP Y Panel C HEAR
I BT I8 2 % N 25 R (L R IA, P &

5 1 Panel B $23 B (HF BIASUE MR 2 WK, B
DLt R B3 A R 1) 45 L. i T 2 AR E

P B . Macro-GARCH ( NonMPK ) F1' SpillMacro-
GARCH(NonMPK) , E M 350G AE 3 B4 4018 L T
PIHBLT U BURRAE | Ab7E 5% T P (moneyness ) 7
REVHIH (M) MRS B R (IV) 52 &
PATH R W IS . A R SR T AR E
W %% B Jump-GARCH # %1 ) K 5 M 25 2R
HALL.

AT RIS IR E M 5 R AR A M 18 SR T
T VWRMSE i 25 R 85X (21) . %30 2% R it
W TV A E M RS BE (40 Christoffersen
a4y 22 6 $4ET VWRMSE (08 45 . JEAR
B, H T VWRMSE M HEF 458 5 IVRMSE —
. G, % HE X 62 T (moneyness ) Fél 4% B
HIH (M) MBS EEhF (V) 52 R Rafiny.

%5 ET IVRMSE AR EMFM

Table 5 IVRMSE-based option pricing performance

RollWin HN-GARCH Macro-GARCH Macro-GARCH SpillMacro-GARCH
(MPK) (MPK) (MPK) (NonMPK) ( NonMPK)
Panel A: Overall IVRMSE
All 0.154 0.127 0.117 0.062 0.053
Panel B: Sorted by Moneyness
(0.00,0.93] 0.096 0.078 0.070 0.070 0.057
(0.93,0.97] 0. 145 0.114 0.104 0.050 0.036
(0.97,0.99] 0. 150 0.118 0.108 0.047 0.036
(0.99,1.00] 0.157 0.121 0.111 0.045 0.036
(1.00,1.01] 0.174 0.141 0.131 0.054 0.048
(1.01,%) 0.204 0.179 0.168 0.082 0.079
Panel C: Sorted by maturity
[14,30] 0.126 0.097 0.092 0.063 0.061
(30,90] 0. 146 0.115 0.107 0.061 0.049
(90,150 0. 166 0. 140 0.129 0.059 0.050
(150,180] 0.163 0.142 0.131 0.069 0.061
Panel D: Sorted by implied volatility
(0.00,0.14] 0.220 0.184 0.172 0.077 0.071
(0.14,0.18] 0.157 0.123 0.112 0.040 0.022
(0.18,0.22] 0.113 0.092 0.083 0.029 0.021
(0.22,%) 0.063 0.054 0.048 0.073 0.062

L R T TR 4 S5 IVRMSE B $5 IR BT M (moneyness ) , AR FIHIH (M) FIBRE PSR (IV) 4328018 T 84
PR [ TVRMSE {H, WL (25 ) . AR/ 0N | DU 758 i 5 B0 1 S0 e SIBCE IX 1) 2015 4F 2 H 9 H ~2019 452 A 8 H.
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Table 6 VWRMSE-based option pricing performance

RollWin HN-GARCH Macro-GARCH Macro-GARCH SpillMacro-GARCH
(MPK) (MPK) (MPK) (NonMPK) (NonMPK)
Panel A: Overall VWRMSE
All 0.159 0.126 0.115 0.049 0.039
Panel B: Sorted by Moneyness
(0.00,0.93] 0.127 0. 100 0.089 0.052 0.044
(0.93,0.97] 0.181 0.141 0.129 0.053 0.038
(0.97,0.99] 0.163 0.130 0.119 0.049 0.037
(0.99,1.00] 0.164 0.129 0.118 0.047 0.039
(1.00,1.01] 0.162 0.130 0.119 0.047 0.039
(1.01,%) 0.152 0.124 0.113 0.044 0.037
Panel C; Sorted by maturity
[14,30] 0.109 0.073 0.067 0.050 0.045
(30,90] 0.156 0.117 0.107 0.047 0.036
(90,150] 0.175 0.143 0.130 0.050 0.037
(150,180] 0.159 0.135 0.123 0.054 0.045
Panel D: Sorted by implied volatility
(0.00,0.14] 0.217 0.172 0.158 0.055 0.045
(0.14,0.18] 0.169 0.130 0.119 0.045 0.022
(0.18,0.22] 0.129 0.104 0.094 0.028 0.019
(0.22,%) 0.071 0.061 0.052 0.058 0.051

RIS T TR 4 45 RIS VWRMSE UM, Hi IR ET T (moneyness) , IR BN H (M) R & BEhF (V) K TR
AR VWRMSE i, Wa(21) . HAE N, R A AN ¢ Bt ISR D] : 2015 482 9 H ~2019 42 J1 8 H.

5 REESw

5.1 MEREBENTENHH
EANETE AR 2], A PPT e A% 6 22 WAL A
TN TE A 1. L AR o B PR R BT R
Z AR B QI 2 UL B A T SR W 28 B4 £ (PMD)
T HXT 2 B KR (GDP) BAT B /Y 7 fig
J1, T8 Bl Ok 28 B S AR B A 40 B AR B0
LA, 36 HCr L W i k. PMILC TV = i ol
PMI) 4 A 56 [ {3t 1y 48 B Bl 25 (1SM) 19 il 1 0l
PMIT 040 43 A 2 r [ 0 5 [ ) 2 O AR T, 4K
A2 PMI(CN) 1 PMI(US). i T8 b [ PMI
FRELHG T 2005 4 9 H A A, I, PMI(CN) 454K
PR [E) DX 8] 2 2015 4F 9 H ~2019 4F 2 A, 3t

162 A H EEULINAR. B R I T J7 1% (Wind ) $045
JE. 22 iR T PMI(CN) F PMI( US) B9 503 4%
fiE. 25 5 WL 1) PMI 8 1 b o 22 K T X2 A9 T
P AE PR E (PPL) 1 W W B T PMI %8s
P BOBEIRERE . AN PMI H5 80t 2 I A p
SERARY, 3 A PP BRZEL.

F T SRELT WA S PMI B R A 125
SR IZ R R 53T PPL AR
TR 4 ARARL Qs hn T W BCECE A AT AT R 4L
(y,,i e {d, fI ) fE TR A AR IR 25 2 B AT
FFRBUE K. P st R PR SR F L2 B B, i e
[d, fI 7£0.95 Khik. %46, >0,i e {d, f} HTE
5% 1 PR T R 525 Y 33100 B % LA X6 g
BIRA WM E vp
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Table 7 Estimation results ( macro variable: PMI)
HN-GARCH Macro-GARCH Macro-GARCH SpillMacro-GARCH
SpillMacro-GARCH ( MPK)
(MPK) (MPK) (NonMPK) (NonMPK)
Estimate S.E. Estimate S.E. Estimate S.E. Estimate S. E. Estimate S. E.
Aq 2.446 " 1.454 2.445 1.569
By 0.738 *** 0.014 0.658 “** 0.017
a, 0.000 *** 0.000 0.000 *** 0.000
Ya 249. 660 *** 13.797 402.540***  |10.581
my -0.000 0.000 0.000 0. 000
6, 0.076 *** 0.010 0.050 *** 0.008
W, 4,600 ** 0.868 4,547 "+ 0.931
X, 1.498 3.861
@4 0.945 *** 0.150
As 1.550** | 0.757 1.548 0.990 1.530 1.842 1.544 1.064 1.517 1.083
Ky 0.143 *** 0.025 -0.114*** ] 0.017
B 0.949*** 0.010 | 0.943*** | 0.004 | 0.931*** 0.006 0.950 *** 0.002 | 0.983*** 0.001
o 0.000"** [0.000 | 0.000*** | 0.000 | 0.000""* 0.000 0.000 *** 0.000 | 0.000*** 0.000
Yy 18.197* |10.238| 18.612*** | 3.847 | 18.150**" 4.188 37.116*** | 5.042 | 20.914*** | 7.282
Kiy 0.040 *** 0.010 0.004 *** 0. 001
my 0.000 0.000 | -0.000 | 0.000 -0.000 0.000 ~0.001*** [0.000 | -0.000"** | 0.000
0, 0.227*** 0.047 | 0.156"" 0.070 0.589 *** 0.038 | 0.305*** 0.028
wy 4.757** | 1.297 | 4.719" 2.853 5.665 """ 0.337 | 3.108*** 0.288
®r 0.936 *** 0.014 | 0.999 *** 0.021
B, 0.962 0.979
B; 0.953 0.947 0.935 0.954 0.984
Diagnostic test

Log-lik 9 646 9 646 21 204 16 795 27 806
AIC 19282 -19277 -42 374 -33 573 -55576
BIC -19 252 -19 234 -42 269 -33519 —55 454

JB stat. | 213.261 *** 198.233 *** 214.318 *** 196.796 *** 1280.492 ***

KS stat. | 0.069 *** 0.064 *** 0.067 *** 0.080 *** 0.048 ***

LBQ(5) 7.717 8.147 9.343 " 8.218 8.989

ARCH(5) | 56.681** 56.815 *** 67.086 *** 54.820 *** 145,822 ***

T RFIRE A R PMI Y B 50 1A, SpillMacro-GARCH ( NonMPK ) 5% Hl Macro-GARCH ( NonMPK ) 5% ] T & 4t 117 (joint

Kby

estimation) , 5 WWEF 4

TR HAAE R R F AR KA SR 5 ¥ ((quasi-maximum likelihood ). &5 * | ** Fl*** {KIK FRTE 10% ,5 % F

1 % 1) 4 35 /K7 AR 48 JFUR . B0 X 1] . 2005 47 10 A 3 H ~2019 4£2 H 8 H.

BT PMI %dis, % 8 & 9 Kk E T
IVRMSE il VWRMSE A/ I (4 B2 #r R BE. &5
S s X SR A A ACE th R0 5 2T PP A
—% . SpillMacro-GARCH ( NonMPK ) 1) %€ i 1% 22
/NT Macro-GARCH ( NonMPK ) {8, iz it T ELA7 i
HRARON; AR U AR T L e A A IR R Y A A
HABCE B v $03 78 4 T E AR @, B {4 #8 7E Macro-

GARCH(NonMPK ) [ 7€ #t 1% 2% /N T Macro-GARCH
(MPK) ;52 J , %5 58 T 2% L35k A T X6} 38 2y 6 11 o
ot A8 B E M BE f1, X M Macro-GARCH
(MPK) [ %€ #r % 22 /N T HN-GARCH ( MPK ) Al
RollWin( MPK) Jir s . [RI 1, 2 SR 4 10 i 28
WA BEC R WL, T WL E R ML is 2R
{11
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Table 8 IVRMSE-based option pricing performance ( macro variable: PMI)

RollWin HN-GARCH Macro-GARCH Macro-GARCH SpillMacro-GARCH
(MPK) (MPK) (MPK) ( NonMPK) ( NonMPK)
Panel A: Overall IVRMSE
All 0.154 0.127 0.110 0.059 0.055
Panel B: Sorted by Moneyness
(0.00,0.93] 0.096 0.078 0.064 0.068 0.058
(0.93,0.97] 0.145 0.115 0.097 0.044 0.041
(0.97,0.99] 0.150 0.119 0.101 0.042 0.040
(0.99,1.00] 0.157 0.122 0.105 0.043 0.040
(1.00,1.01] 0.174 0.142 0.124 0.054 0.051
(1.01,) 0.227 0.206 0.186 0.098 0.101
Panel C: Sorted by maturity
[14,30] 0.126 0.097 0.086 0.064 0.063
(30,90] 0.146 0.115 0.100 0.055 0.052
(90,150 0.166 0.141 0.121 0.058 0.053
(150,180 ] 0.163 0.143 0.124 0.066 0.064
Panel D Sorted by implied volatility
(0.00,0.14] 0.221 0.185 0.166 0.075 0.075
(0.14,0.18] 0.157 0.124 0.104 0.022 0.023
(0.18,0.22] 0.113 0.093 0.073 0.030 0.024
(0.22,) 0.063 0.054 0.041 0.072 0.064

e R THETR 7 SR IVRMSE 450K (8. 12 852 Tk (moneyness) , AR H (M) MBS B (1) M3 KI5 T 4

MR IVRMSE i, J3(25) . HLAEBYIN, D RERE AL ISR fii . JIACHARIX ] 2015 452 H 9 H ~2019 42 A 8 H.
*9 EHT VWRMSE HEIMEMNRI (ERNEE . PMI)
Table 9 VWRMSE-based option pricing performance ( macro variable; PMI)

RollWin HN-GARCH Macro-GARCH Macro-GARCH SpillMacro-GARCH
(MPK) (MPK) (MPK) (NonMPK) (NonMPK)
Panel A: Overall VWRMSE
All 0.159 0.127 ‘ 0.107 0.046 0.043
Panel B: Sorted by moneyness
(0.00,0.93] 0.127 0.101 0.079 0.051 0.045
(0.93,0.97] 0.181 0.142 0.121 0.046 0.043
(0.97,0.99] 0.163 0.131 0.112 0.044 0.042
(0.99,1.00] 0.164 0.129 0.112 0.046 0.043
(1.00,1.01] 0.162 0.131 0.113 0.046 0.043
(1.01,) 0.142 0.120 0. 100 0.041 0.039
Panel C; Sorted by maturity
[14,30] 0.109 0.073 0.062 0.049 0.048
(30,90] 0.156 0.118 0. 100 0.042 0.040
(90,150] 0.175 0.144 0.122 0.048 0.042
(150,180 0.159 0.137 0.115 0.049 0.048
Panel D Sorted by implied volatility
(0.00,0.14] 0.217 0.173 0.152 0.053 0.051
(0.14,0.18] 0.170 0.132 0.111 0.026 0.026
(0.18,0.22] 0.129 0.105 0.082 0.027 0.022
(0.22,00) 0.071 0.060 0.044 0.058 0.053

i RIS THET R T SR VWRMSE K. 1%

HEBE

Y (moneyness ) , FIAEIWI H (M) MR PR (V) 320158 T 84

) VWRMSE {8, W (21) . FLAE#IN 0 R 2 A58 i R vt IR X A1 .2015 452 A 9 H ~2019 4E2 F 8 H.
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5.2 MEHARENSH

AT 7 1k TR TR B () B S 1T AR A
AR B ZE 0 8, BVEE 4248 ( data mining) , BRI
o TR AR A IX (8] 5 T PEAR 45 SR R AR e
Mrie s BRI SRR A T X R 446 14, B
RS 2005 452 H 23 H ~2019 42 H 8 HAR
2005 452 H 23 H ~2018 422 H 8 H. AR,
WA 2015 452 H9 H ~2019 42 A 8 H
(44F)AE 201542 H9 H ~2018 42 A 8 H
(3 4F) . BXPPREA X B e HR 22255 8 T IR E L
A A 280 3 A 1 I ) 4% A, BIRIG 3 4R 130
BUEZIECR 1 724 5K, TR 4 4R 1239 7K. XA
MFREHE R 2 963 SIS % — .

10 AR 11 13 T FFREA X R 7E 2015 4
2 H9 H ~2018 4E 2 A 8 HIBCEM EIC. %55
SN 2] 5 3 F R AR R AR B (2 5 F1Fk 6)
— B, FRRIRAIE T &58 0 ] S
5.3 HXRIEMEEAS

H THAR NG RBOR SFEASMY R A &

SRIHR R, BT AR 75 i — 20 LB A A B R A A
., BT 5.2 71 B9 TR 43 42 X 2005 48
2 23 H ~2018 4F2 [ 8 HIFHEALE RIZ4EL
o, 0 F AT AL S 8 T 2018 4R 2 A 9 H ~
2019 4F2 7 8 H IBEEE 0 THEASN i, Bk
BAEATT BT UIREEE, St i A Y 2
B, ARG S B A FEARARFE A S 25 1
22, U 7E SpillMacro-GARCH ( NonMPK ) #5% %4 H ]
FH=C(15) BV AT SMEIRAGAE A S Ty 22, 75 B
S TEX BUSA SR R Bh 8 T AR R M AL ) Tt
Wy 22, FEJFHATET I T IR 5 A Al
THERFERS (time consuming) . e Ji HBEIE RO FEAS
HN3HIT (pseudo-out-of-sample analysis ) . 1% 7 15 78 1]
P SRR g s s Sk )32 fafi .

12 MR 13 5l T HEA MY IVRMSE
M VWRMSE [#i KA. 255 B, L&+
IVRMSE #EN] | if J& 5 T VWRMSE #EN], 45
BRI E M R IHE T 53 5 Fiak 6 AH—3k. itk —2
VLHH T Frik i 458 s A (e ).

%10 ETF IVRMSE HEIREM R
Table 10 IVRMSE-based option pricing performance

RollWin HN-GARCH Macro-GARCH Macro-GARCH SpillMacro-GARCH
(MPK) (MPK) (MPK) (NonMPK) (NonMPK)
Panel A: Overall IVRMSE
All | 0.183 | 0.150 0.139 | 0.053 0.046
Panel B: Sorted by moneyness
(0.00,0.93] 0.134 0.107 0.099 0.075 0.074
(0.93,0.97] 0.172 0.137 0.126 0.045 0.029
(0.97,0.99] 0.173 0.139 0.127 0.042 0.028
(0.99,1.00] 0.180 0.142 0.131 0.037 0.030
(1.00,1.01] 0.196 0.161 0.150 0.045 0.043
(1.01,) 0.247 0.221 0.208 0.082 0.079
Panel C: Sorted by maturity
[14,30] 0.175 0.124 0.117 0.053 0.043
(30,90] 0.179 0.137 0.128 0.048 0.039
(90,150] 0.186 0.159 0. 146 0.051 0.042
(150,180] 0.186 0.162 0.150 0. 066 0.064
Panel D: Sorted by implied volatility
(0.00,0.14] 0.221 0.184 0.171 0.051 0.049
(0.14,0.18] 0.161 0.126 0.115 0.042 0.019
(0.18,0.22] 0.119 0.095 0.088 0.043 0.040
(0.22,) 0.095 0.082 0.076 0.118 0.108

LRI T FIXE (2005 422 A 23 H ~2018 422 A 8 H) BHRAG 145 R IVRMSE #5120 {f. #1858 M 1 (moneyness ) , Tl A5 1)
H (M) FE S sh3 (1V) i3 2635 7 B MR R R TVRMSE {i, WX (25 ) . LR /)N | DU 25 I 250 180 A 30 B E bl v 1. 300 U 1X

6] :2015 4E2 49 H ~2018 4F2 J1 8 H.

©®  HIX[A1(2005 4E2 A 23 H ~2018 4F2 A 8 H) S HUGTTIEE RS54 T, 0 T 1290 , 13X BB 45 BG4 1T [n) R4 R L
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Table 11 VWRMSE-based option pricing performance

RollWin HN-GARCH Macro-GARCH Macro-GARCH SpillMacro-GARCH
(MPK) (MPK) (MPK) (NonMPK) (NonMPK)
Panel A: Overall VWRMSE
All 0.194 0.155 0.143 0.043 0.034
Panel B: Sorted by moneyness
(0.00,0.93] 0.181 0.139 0.127 0.062 0.057
(0.93,0.97] 0.217 0.172 0.157 0.045 0.029
(0.97,0.99] 0.189 0.153 0. 140 0.041 0.029
(0.99,1.00] 0.189 0.151 0.139 0.037 0.031
(1.00,1.01] 0.187 0.152 0. 140 0.033 0.028
(1.01,0) 0.172 0. 146 0.133 0.035 0.032
Panel C: Sorted by maturity
[14,30] 0. 166 0.110 0.103 0.036 0.023
(30,90] 0.197 0. 147 0.136 0.039 0.028
(90,150 0.200 0.167 0.153 0.043 0.032
(150,180 0.183 0.157 0. 144 0.052 0.048
Panel D Sorted by implied volatility
(0.00,0.14] 0.228 0.184 0.169 0.036 0.033
(0.14,0.18] 0.177 0.139 0.127 0.041 0.015
(0.18,0.22] 0.138 0.111 0.102 0.036 0.031
(0.22,) 0. 100 0.087 0.079 0.097 0.089

FELZEFEILT T IXE] (2005 452 A 23 H ~2018 462 A 8 H ) i fhi145 41151 VWRMSE 52 {H. $#1

M P( moneyness) , TR E

H (M) IS B s (IV) 3208 T BRI VWRMSE {5, W (21) . JCAEMU/), W38 R 5 A0 14 S 1 et o . 09 AR K0
X[8].2015 4-2 49 H ~2018 452 A 8 H.
F®12 BT IVRMSE BB RSN EN R
Table 12 TVRMSE-based out-of-sample performance

RollWin HN-GARCH Macro-GARCH Macro-GARCH SpillMacro-GARCH
(MPK) (MPK) (MPK) (NonMPK) (NonMPK)
Panel A: Overall IVRMSE
All 0.101 0.093 0.086 0.050 0.044
Panel B: Sorted by moneyness
(0.00,0.93] 0.072 0.062 0.054 0.049 0.039
(0.93,0.97] 0.077 0.067 0.058 0.045 0.042
(0.97,0.99] 0.080 0.066 0.058 0.033 0.025
(0.99,1.00] 0.085 0.068 0.060 0.038 0.025
(1.00,1.01] 0.105 0.100 0.092 0.059 0.057
(1.01,%) 0.197 0.196 0.186 0.075 0.072
Panel C: Sorted by maturity
[14,30] 0.099 0.090 0.085 0.060 0. 065
(30,90] 0.095 0.089 0.081 0.040 0.036
(90,150] 0.110 0.099 0.090 0.060 0.039
(150,180] 0.103 0.103 0.092 0.041 0.036
Panel D: Sorted by implied volatility
(0.00,0.14] 0.219 0.217 0.207 0.074 0.073
(0.14,0.18] 0.139 0.129 0.119 0.056 0.053
(0.18,0.22] 0.106 0.092 0.082 0.043 0.034
(0.22,%) 0.058 0.051 0.043 0.047 0.040

i IERE T FIX R (2005 4E2 H 23 H ~2018 4F 2 A 8 H) BIHAGTTH25 R KT ARARSMY IVRMSE 58, #2 BT T (moneyness ) ,
LB H (M) T B 3h 3 (1V) B4 253H 58 T BB IVRMSE {8, WL (25) . FUAE /)N | T 25 R 50 Fy SO ASL S M A . SO A
BE X 8] 2018 452 H 9 H ~2019 452 A 8 H.
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Table 13 VWRMSE-based out-of-sample performance

RollWin HN-GARCH Macro-GARCH Macro-GARCH SpillMacro-GARCH
(MPK) (MPK) (MPK) (NonMPK) (NonMPK)
Panel A: Overall VWRMSE
All 0. 161 0.152 0. 147 0.042 0.034
Panel B: Sorted by moneyness
(0.00, 0.93] 0.093 0.079 0.067 0.049 0.036
(0.93, 0.97] 0.087 0.076 0. 066 0.045 0.040
(0.97, 0.99] 0.086 0.073 0.064 0.034 0.029
(0.99, 1.00] 0.090 0.073 0.065 0.040 0.028
(1.00, 1.01] 0.353 0.346 0.343 0.035 0.037
(1.01, =) 0.292 0.283 0.279 0.030 0.026
Panel C: Sorted by maturity
[14, 30] 0.232 0.223 0.221 0.051 0.051
(30, 90] 0.122 0.113 0. 106 0.034 0.030
(90, 150] 0.177 0. 166 0. 160 0.051 0.029
(150, 180] 0.102 0.096 0.086 0.033 0.025
Panel D: Sorted by implied volatility
(0.00, 0.14] 0.298 0.289 0.286 0.029 0.026
(0.14, 0.18] 0.302 0.291 0.286 0.030 0.027
(0.18, 0.22] 0.149 0.132 0.123 0.039 0.029
(0.22, =) 0.102 0.095 0.090 0.046 0.038

i ZEILTFIXIA(2005 452 A 23 H ~2018 42 A 8 H) FdiAliT45 ok i+ B REARSMA VWRMSE 5 2 . 44 BB 52 T M (moneyness) ,
FIAFM H (M) B B sh 2 (V) B3 283 T H MR B9 VWRMSE {8, Wl (21) . FLARB/IN , ) 35 R 5 465 750 At S0 AS S o e o

IAAUBEE X 6] ;2018 4E2 H 9 H ~20194E2 H 8 H.
6 ZERIE

LEERRT A R IR S M T — A
TR T 325 A AL ( SpillMacro-GARCH model ) ,
I e R BN HIAUE SR, E T A 2R A R
H L BRCE R — A E R TR S — AR R
Az i SR 5 R T 37 Rk 2 T T A R G R WL
D BEASTHI 2 We) , LA AT 25500 3 oMl 28 35 o 30 R
EM P S FEZ MM KR T SpillMacro-
GARCH ¥R B A7 15 5 (affine ) 25 ¥, 76 JE B4 &
ﬁM‘Z( non-monotonic pricing kernel ) BB T s
RS T WAL S 8 = DA i, D7 (o SIS T AR
B RIRITSEHESR I & T BB % 1 3 ) S AR A= 7
it E A TR, 33X 2 DR AR X T S Bk 1 32 A [ 2% WL
ZEPFIATH R S, 3 2352 R 35 [ 8 B A T 5 Y
e

TESIETT 0, BT Al SOETF ARG , 4 i
FEH T BT B R 3 Y 1) A A fiE T R B

ZEH BN T IVRMSE #5126 i ), 78 Hog Z 1
RS RYHTHE T, SR VFAF7E i HH 800 0 799 117 37 25
R SpillMacro-GARCH ( NonMPK ) Lt 217 3745
# Macro-GARCH ( NonMPK ) fi¥ 5 1% 25 A T
14.5% , BXUaHH 2 i 3k Hh 3800 P LAAE R0 e AR e
ME@%E, % F8 7% S FEAS 1 Al 19 Macro-GARCH
(MPK) I 1% 4t ) HN-GARCH ( MPK ) 1 RollWin
(MPK) [ 28 i 22 730 A FEAR T 7. 9% Fi1 24. 0%.
X5 Dorion™) i 5 25 F AR , Atb & B0 72 WK 2
RENS IR BCE MR 222 18 %. 741, 45 ik i w
AV B R A A% LU BRI 18 2 A A% AR AR B R 1 A
JE. 3K AT RESE: PR FE Al Tl B0 S A A% R AR (1 i
1, 5 LA T JRCECHE M AR A5 B8 8 AT AT RN A
I 4R IR R R 2 0 DL e
AN IS PRBOE A R vE VWRMSE | AN [ Y 2 00 3
AR A PR f | AR B SRR AR DX R) R A S 2 A
RE 140 MT R e Aafd i DRI , S Jost 6] s 7 35 18] 114 4k
HR B T PR 2 SO0 22 % SR AR THT ) 52 ), ] DA AR o
HIRCE B Bk B 2 A L A 28 B M (L
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International spillover, domestic fundamentals and option pricing
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Abstract: This paper develops a new comprehensive model for two markets: The dominant and the following
market. This model can capture the spillover effect from international market and domestic fundamentals. A
closed-form solution is derived for European option pricing assuming non-monotonic pricing kernel. Using the
S0ETF option data, the paper finds that accounting for the spillover effect reduces implied volatility root-mean-
square error (IVRMSE) by 14.5%. The model with macroeconomic fundamentals has a 7.9% and 24.0%
improvement over the traditional GARCH model and rolling window method, respectively. Further, the non-
monotonic pricing kernel results are with a higher pricing accuracy than its monotonic counterpart. This result
is consistent when using an alternative evaluation criterion of Vega weighted root-mean-square error
(VWRMSE). Our findings are robust to different macroeconomic variables, various evaluation periods, and
out-of-sample option pricing exercise.

Key words: spillover effect; macroeconomic fundamentals; non-monotonic pricing kernel; option pricing
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