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Abstract

The study investigates whether the extension of trading hours for Taiwan Stock Index
Options contains information about the dynamics of future spot returns. Assuming that useful
information is retrievable from the option-implied volatility, we found that the information
content from the pre-open options trading is significantly negative related to the overnight
returns in the spot market. This implies that a lower overnight spot return is expected
because informed traders might react negatively to such private information from pre-open
options trading. The pre-open option trades also contain useful information in explaining
subsequent spot returns up to 15 minutes during the trading day, while the size and
significance of the impacts decrease as the trade continues. No significant relationship is
evident between information content in post-close options trading and spot returns on the
following trading day.
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EE AT B B LB BRI R T - BHRAE 5 AR fom B iE AR i e R 1
FIRTAETE Rl L B B H EHY - ££ 1973 424 H 26 H - AR E—(H RS RE A
Sy SLNAZ Syl — 2 INEhEIEREZZ By AT (Chicago Board Option Exchange; CBOE) IE=
ROT - EBEREME TS S 2 e - AR R E 86 B GEIEHEGE SRS -
RIAE ~ EERE - SNE - FIREZ AT AR - REI90 & 12 H24 H »
EEHIE %2 5 (Taiwan Futures Exchange; TAIFEX) [F T3 1752 8 [y (5 #2151
7] HAZ G B R A AR HEYY - 2R/ Er— KA -

SRS R H A AT EA B GEE R - Z 5 R 2R EE -
EREM S RER TR 2L o SEFERERAA SRR E S H B 8:45 B RN 1:45 - kAl
BRFR ST 15 434# (Pre-open Session) » WHEHI#ER £51% 15 434 (Post-close Session) ° 3%
BRI H R BREHH IR —EHH » R 5 H RS HOBE=[HE
M= ZREHM R SE AEEE=ETH - IE=H - ANH -~ U ~ + = H AR
B H - #E T A R KHE TS B S

HRAE TS R T K E 2 B E R AINT A SRR - BRIRIIER S, - i
AR & NG ET N FIRVAZ 5 0k © BER AL - SR S AR - i EE
HIRAVRE - SRR EANE R2Z2HZ GHHER - [EEEREE TS TRENE - 20
HIBEWT - EEHLZ SO S EEENEL LI AW - B EIR A4 O B RER
Wit Bl R T AR A = P A2 B R IR AR -

A /EFERETG R BRI LR LR BTG R - U R RIEER S5 ih - [t
il NG IR =2 TS A - B1A0 - ZINEHHEZZ 5 (CBOT) #1THER T35
(DJIA) 1 » DA EHBIHEZ 5T (HKFE) W& HSEAEfEEIHE (HSIF) HEfg#iHRE
(HSIO) » HpARRF & AR S R B 55 15 7088 - RIS STt 15 778k
% o WPLAERAZ BIFFERIHIE - BBUHE / EEEEAEIINIIEFRS Z 5 & 0 Mkt
B R R HE B S TG s BRES RAMTE—0 A oe -

DIEEHARE » @i mz 2l A& - A EEHNLLE TSRS (Noise) =77
[H A58 (French and Roll, 1986) o HAH » BaEZ $5E A S EA RS 7R S1(H MR BA S Y
AU MAAEEHREIEANRZ S E ~ ArEANSEE I ERE ZIE LA -
%5 EHIEAZ 55 (Informed Traders) AL H BHEEIAEENALZ S » EMIELR S
AR - BFALE ERtOE T S ER 1 2 R /2B &R (Foster and Viswanathan, 1990) 5 —
HAEENBR A BENER - HAEEWRREE - KL - fER TR S n o iR - &
BRAENIIEE 5 E 7] DAHERE BOR B A BAE T - IREAR A2 5 iy i - Al
AN EAE R A2 By I TR PHRBA 785 - SETTHR(EDUERAINE - (Kb HEGR - 301~ RETTES
EFID 22 R B BIER A T &AL 5 & B B 5 VB R EE &R - REXAZZSH
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IR ETEHBREINIE®E EEN (Cheng, Jiang, and Ng, 2004)  HAa]5EER @ EEIEFEH A5
RFERHUER ~ RETTGERNAREY AT - IS EE2K B SRS A2 5 B RV ERINAZ ZaflE, » R H ¥
Bz I BTG RI T RE R A RIRMMERZ - Hiraki, Maberly, and Takezawa (1995) £l
S G LU T 5 5B AR AT G AR O e {18 22 2 5 B T RO A 2R IR E RN - 1
FLRRSNY TS & R ] DA R R R G 1 5 bR IR TR B R 2R B © Cheng et al. (2004)
ALE{#1 Hiraki et al. (1995) AUREHL - R AFEBIAE R - INEHIIRET 2 51
B E R E H E M B A B EEw S -

SRR BEFER A 22 B R B E AN IR 9E B DA E TS R 9EA52HY (Chang,
Jain, and Locke, 1995; Hiraki et al., 1995; Ho and Lee, 1998; Chan, Cheng, and Lung, 2003;
Cheng et al., 2004) - Fir$E 2 0 &E I EER B B & 5B < Hh - 7REE wi i
DRI BAE K42 5y R MRS R RE T 5 R i FE i 52 - S5 mTRE R BRI at B
R HEHBEEIESAAE - R TE - ERZA - BE NFERIERL 5 ARERA A0 2
FERETT FERE A GETT HEBA R E 2 AW S 2 BRI B & I Eh=R (Implied Volatility) K1
FOEFRETIGIENAM - AR S R B R E R ER Y 5 s ey b - T
=R JE\ b = - mT RERC B R b i E YL BN - HE T e TR E AR B S S
Enl[iE 1% Bl f% H PR AT BT 85 vl REFAE— E R ME - SRR & I B R BRI Y&
A S BN BRI PR B B R R AR SO PN 22 R - (B DARIE 22 7 IR B B SR (B B AR -
#1401 - Simon (1997) K Davidson, Kim, Ors, and Szakmary (2001) 43 BIAFFEEEEIA
BEHYHTE SRR, - DUR S&P 500 fEENEEEAET Y - A9 &S B HLEERERR S
B R B Y E 7 SN B (R HEE (F(E  Fleming, Ostdiek, and Whaley (1995) tH8 &2
NIEFEFEREZ 5 P A B =R F5 88 (Volatility Index) ERFR &R (EFEHOR MM HABEHZEA
HREHIRE TR - FEZERUTISTTH - AEmil - SR RIBUEIRIE (2009) DLETREEME TS
Fotft 752 - P iR sk i By =R i Al B Bl e b 2 i B =R AU I FTEOHIRE ) - B RS SR T
S TERE S P B Ry R BN L LR S B R - SRR - BRIEOY ~ BRI ELAR(E B
(2009) th28 TR 5 R Bh =R B R RIS AR A B E B A SN TEIEIGE ST » IEEAh - SR HA
BRI RF T RBETSEN - TE MR Z e GRS i 28T ~ B ET 2R
SRR B R IR AR S - RSB T A B I R NI 15 PO BT — KR - B
B B E MR E NER2HFRABEN -

HE A FERAFFERTER AN - AR E R DL TEEERE | TG R TEIRE - 2255 Cheng et
al. (2004) BYEAE TS E A - SR ZE IR ER ORI - HE SRS
RRAE S B =R E N - DABRETIREIA 22 5 I BRI & R IR B B BB TG PR iR 12 P (E TR B
N5 - HEASH S8 £2 2 AR PR B 2 X Bl e B 2 &5 B B B B 4% > B Cheng et al.
(2004) Z B ¥R S IR S M BEE 2201 - 5 - RFIERE R I S 5 iR 2
T iz N Bt R R LR R IR B AT A M pd i T 35 R A &) i B B SRR o+ HAZ
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% IR IR E ) | B R IR Z R E AT  HRSERENE

LA S E AR - RIS 5 n] RE Al L RS 5E 22 BRI © 5551 » e &R
Eﬁiﬁﬁﬁz - R BRI T LA S R A= R - SRR IR MR E AR FIR I E
AR N R 8 - HEA Y R A 2 B At AT RE R A2 B A AN [R] Bl (E SR AN ] i B
HEMSEFERE BN ZES - At - ASCCUERERRET S B SR - KRS RRIET
SRR FER I ) S A - SR ERMIRYER A - BEIASNE RAVE R - TEER SOtz it
FHVEE A -

AWFEER IR 97 ££28 99 2@ IIRER (ERHUEERER A - 5258 Black (1976)
SRR E E A SHEFA] EGARCH (Exponential Generalized Autoregrssive Conditional
Heteroskedasticity) FrEEA . e R T SRR S RGN . E P EEE

PR T IGRR E 5 42 L B R B A 1% U W 8] R[] 2 22 2 B B U RH AT ST PRRT
FCOETER TS5 R i I BB 65 T 85 B A 1 5 W T B (B F R B BN Y 5 2 - KB TR AR A
HY R RE AR AT B 1% - FFEEME 7,634,250 % - B 6,897,220 2 » £ 14,531,470
FEHWNER « &SRR TR RIS R BRI 5 - iR R B R R B AT & -

8 ARG E
— ~ Black (1976) 1] £5 {33 RERIAY
HISZATHE T3 EEM ERS & BhER | —fi% T35 Black-Sholes SEIEHEEE A - FIH
RERIYITHIG(EN  ERERE TS ER - DU EM S - BRSO fEEIN - SRR
PR - HEMGGT o METE R IBAEIN ST IE R 22 S B - BB &85 i R B R
SRR EART N - RIIRAERY Y E RS nfE225% » 1S Black-Sholes E(E/A LI ML E
Fi o AL Black (1976) 2 BH &SR REAVEVR 2 -

C=e""F-N(d,)-e¢""X -N(d,) (1.1)
P=e""X -N(-d))—e " F-N(-d,) (1.2)
BEk=va il
d, :[ln(F/X)+%T02]/0\/T (1.3)
d, =d, —oJT (1.4)

1 DLEE 100 £ R4 » Zi5HEAMEEZ 5 &R 30,611,932 [ - ZIEBEMLMZ S 20
125,767,624 [ ; i@ EFAF (95 2 99 4F ) EIELIEMRNF A 5 EBIEEZIEIERL » F5PI1gE
71,703,296 [ °
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Hr o CREREER - PRBEREER - FIRIBEIHEER - X RIEOER - r i
JEBEFIER - T RIFEIE - o RAFNEERMIEEIR - N () BIREERIIZ 2

SRR EMEN - R TR ETSIERY 2GR R EERENRRE - FribZIh > Black
(1976) TRAVSE /AR AR EE AR > IR 2B ETRIRRE - EERITEE
P& RS T S E RN T RE IR v T B BB IR T S AV E N - R E RAE R AL
Aht et — I IR R 22 SR B A 1 6 S ' Ry P2 )42t B DR GRS I B I
PR = EAh - AEERFARYE - ASCRRFRYE B - ERlmim s AV - B R EhR
FIET SRR BB RAARARY - ARIFBER SIS RN RIREES MR R At n] BEIS 2]
HEHEFEMEEAN - MR R INERE - CUAERHRRE A DL R R i — P ISR -

T ARERTERE S DR By AL G Y

FHIAS [FIE A E AR BB R LA RN AE T 55 LA 5 » 18 Be B4y a7 [H A =T fd
sHHIRE SR BRI AEIR] 2 SRR — P REL b - BEIREE B — OB B EAS A BE
b2 B ERAEEHE « RfETR 2 E IR S B ERARIRE - SO ERE G T ISR
P& B3 | (Weighted Average Implied Volatility) E R —E SRR E  HE
3 D EA R P E REEE R 5% - HoHP Latané and Rendleman (1976) {1 22 2 RERY
vegas (EF Ry HIRAIRIREE - BIBEEES vegas (HRERMERS THOSHIMEE ; Chiras
and Manaster (1978) HIIZ58 DU B=RAT 58 4 55X vegas {H © Beckers (1981) #l1 Whaley
(1982) AUMCEEMREERIMEET - SERIER MR/ NG - BRI T 5ol FEE
HER (&) UF -

m&ini[Vi ~ BLK, ()] )
i=l1
Hrf o BLK HEIF— 22 SRR » 55 ¢ (R MR A B (A SR A
SHERS + ASTERA Black (1976) AR (1) MU MBS 5 v 5 i (BRI O s IR
S - ATDURE ST 0 (AR 22 B SRR B SR - AReE
Beckers (1981) + LIRS /NP7 i T PRI 2 B SR A+ ST (2)
3+ I R NERE S B SRR T -

2
()74
FRE AR e TR o RSB IRAE - B0 B AEREHER BT 5 Ba i Al B iU 14 55

2 S Eh R EE R (RS AR IR EN PSS (Volatility Smile) FYRFEL
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ST IR R A2 S IFE, - SRR S I R Prie BB R E N IR EIEFI
KRB (B ETSIEEE - BERAT ) s RhE SR — BRI T HS - I E1E
B EH R — P B R AT R SR AU IR A2 S HG B N - 1R H R & T 5 B AR AR 1Y
PRI - DS Bl i vk 25 5 ] & B I (B R Bl Ml n 52 28 RIS R By 22 52 - 15431
AR = BARIRI USSR o A —~PURYES E M ER BRI A -
(— ) BA — : B I (Post-close Session) EIFHE S A B YT AN H
AR (E R BSR4 1:30 - B E MBI &5 15 /6
Wk - HAERAZ FHFEREIR T4 1:30 ~ 1:45 - — RIS > && & Al H] A =R
&N » TR R ERIFRIR o AU RE EIEME T SRR NS B & sl i A bE 2
g2 M BRE SRR S I BRI AR - BTSN SR - DUE
H[E 22 S G ER R IB & i Bh =R S5 - ]G Rl B (B TR 145 LR R IR 2 7 DAt - AU
G NRERTEIANE S EIRE L - ETRASCA I AL £ 22 S AR & AR -
fEAl—£% F Nelson (1991) # EGARCH (1, 1) #H! » EGARCH AJ 41 [ [ T 8 B & |ry)
ETER S B AT E AR F R HEEMT ¢

OEXISD, = C, + C,CEXISD, , + C,FCEXTR, , + C;FTRADVOL, ,

+C,OCEXVOL,_, + CsNASADR,_, + C.NASVOL, | +v, G.D

Inh =o+alnh_ +p |'UH| +]/h (3.2)
VA VA

H, 1€, ~ ND(0, h,) (3.3)

(3.1) If - RS CEXISD, (RERE ¢ WIERAZ RFE (1:30 ~ 1:45 PM) HY:EIERE
FEa i Eh=R  HEREE e R - RS ¢ WP 22 B EE (9:00 AM ~ 1:30 PM) HY
BIE - 5 RIRNERS & 0B TRADISD, - A M| FTRADR &~ HAER ZE(EE R
A Sy EAILEG] FTRADVOL > MR 2y & RUHEUE OTRADVOL - 15#ER SR
STRADR, * AR FEHOR S S BHEEUE InvoL - Pl E g FEIG SRR - T Ti5N
DRI R B R B b H PR R TSR B FRIIASCS [ Black (1976) 1]
BEEFEHEEANZH > EERBIERZ ZIHRIHE TS5 R EINERIZR - 2
s R ] — OF PRI E T SRV R POR R S - 5900 - B 5=
RERIA 22 By B Z e & i B =R AR B R T B A AL A I -~ TN AR T35/ 22 5
BIHENRZ DB i Ry & s BRI QB2 - ERRER (/) W& E ER S
IR (/) EEERREEE (K) - fOERE—BRAEB TSR B Z % - (3.1)
AHVEAE p, ATRFRTAIRIR S ER - BURASCERAEE « BRI AL R A5
B2 5 T R B B R K -
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R 5 (3.2) Y2 EL y W DURIR TS IE ~ A EERE R E SR b A E LR
[FlsZ 8 o B (BE(LE ) IERERIZER B+y) » BREERAS (B—y) - 3.3) =
AR A 72 o AE56 1 BT E nEEEHES Q 2T IRTEFIEEER 0 - BRE
Ry h WIHERESHC « C~C, > o~ a~ BBy BERFFEET 28 -

(=) A = RE AT (Pre-open Session) EBIFMHE 4B F T AN S

IR IR (E e B BRI Ry B4 9:00 - EFEEEREAIRIR ST SR 15 48
Frfg - HAIERTAZ SR B Ty BT 8:45 ~ 9:00 © {ELLIL ERARRATAY 15 s ft - EIFRETS
R E N R ENRE TG EN - vl ARTHEIR &8 HRRAYFRE o LR
b B BERER T RIREZ AT — A 5 HIHE « FEIEHEI BT 52 22 5 &M=y 2
AN EATREZHT— A 5 H B B WU R E AL R A2 5y I B BRI BN R 2 2 8 - 540
AE TS EIAME 2 BN SRIAERIEE. - IR RE S L IR R BN BB 5 2
H e BHARTEPEHIR sp B AR — N AE A - B R EGARCH (1,1) IR E -

OEXISD, = C, + C,CEXISD, , + C,FCEXTR, , + C,FTRADVOL, , @
+ C,OCEXVOL, | + C;NASADR, , + C;NASVOL, | +v,
inh, = oo+ i, + plial o, Y 4.2)
t t—1 .
\Y htfl V htfl
v |, ~ ND(0, 1) (4.3)

(4.1) PR ER T OEXISD, Foa ¢ BRI R A DT (8:45 ~ 9:00 AM)
FIRS S ER  HERMR B B 2 1 WIRVER(E - B gi—22 5 DR Em Sk
AR IERIA 22 5B, (1:30 ~ 1:45 PM) HUBIE(E ARSI B CEXISD  » 1
B®M FCEXTR - WIEXZ 5B E RGBS FCEXVOL | » LURGEEREEZ S,
FEHHIE OCEXVOL | - FHIYE NASDAQ i 2 Ry A F] - MER X PIE
TR ERS - —HBRREY) - BT S IMIAG 1 BISEE] NASDAQ i
A DI 2+ (4.1) 2 - NASADR | FsHi1—7%2 5 H NASDAQ F5EH & RH -
NASVOL,, RFEHT—%2 % H NASDAQ FR#IH 642 5 B W BE - Lol A f st gy 52
AI_E B —FE{EL - (BRI —  RERI TSR A RT— 425 H RSB S i 5 8
T Rt B 5 B AR B TS B Tl A B ¥ 2= B AR IURR - el 5466
IRHETT A SN FF R ER TS, - TGRS BB B AR 35 K H BRI i
BRI - R A SR AR E A A B T DASIBR - 18 2 TH v IR
RS IR 5 I B TRV S I B R - IR A SCE AR « BRI 5 42
HIZZ R EE - 2l By P fa SR &N HERB e B TAAHE] -
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(=) BB = ¢RI T I Bl X 5 b0 A SRS R R I R B 0Y B 14

RIEFTS sl - FREARZ S B EFE MR EEE - vl DLEEIRFID 22 5 R B
HEERETTIS R ERE - &N A A BE 12 sl b i BRAR B3R &1 55 23R e R MR R
B o ASCHR AR — B R R R RS S B R AT E > 4, B v, o 2 BIER
Ai— HR G R R B R 1 I SRR AT ERE TSI BN - ZE LT EGARCH (1,1)
RAIRERE - AT HER G TSR A R a2

SOVER, = C, +C,fi,, + CyV, + CyInVOL, | + C,FCEXTR, , + C;FOEXTR, +£,  (5.1)

|gt*1| +y S

t-1 t-1

Inh =o+alnh,_ +f +O 4 + 0,0 (5.2)

£1Q,, ~ ND(0.h) (5.3)

(5.1) X - FEREY SOVER s t MAMIRRIR ZH5 T SR © RASRAMERREEY - 4
Bl p o 3RIREES 1 BIBE TSR LSS « IE G5 g - ZmE TS
WEEIENA - 1G5 A E A2 (3.1) #E (4.1) IETFEIAE S0 BRI SR HE - (5.1)
IR B T RE 2 B R A R S SRR G 8 InVOL, | - RS 1—1 BB TSI S
EEEE - S0 T T HERREAN M AT RE R HIAE TSI ER - B R R ATE
[F]5 22 B R E I &SR © FCEXTR | B FOEXTR > Hrf FOEXTR | Fy& t—1 HIRER%
WOAREFER (1:30 ~ 1:45 PM) FYEAE I - FOEXTR RIlFs26 « WIFERTBAAREEES (8:45 ~ 9:00
AM) HIHHE R - B =AYEATE - h{EER HARTEE RSB - R 2 72 (5.2)
X AFAIA A B 92+ T2 Cheng et al. (2004) » 2 REAEINE S B SR 7 23 i o
SRR . HEp B EUE REFHREEIFERE -
(w) A RFHTHIERT X HFRGA AN SHARERT RGP E

FE[RIH 22 5y s B B PR TG RO AN IR T AT RE R B B IR A N o1 - AT RE
Frifiss B ET SRR AR - 2R B IR R AR B S TSRS R E -
RIS TSN AE SR » QISR e - I TEH R B R R R - &
FRAGERERE K2 BHETHRENER - B R AR E - BEIVYEE
A = RE B B ORI ETH ISR N R R BRI - Dkl SR 5 Ik
[E1 52 B R EL A& AR P B B TH S R BRSO - BB s T ¢

STRADR, . = Cy + Cyft,_, + Cy¥, + C3 InVOL,_, + C,FCEXTR,_, + CsFOEXTR, +¢,  (6.1)

el e

N

Inh =w+alnh_ +p + 007 + 0,07 (6.2)
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£1Q,  ~ ND(0,1) (6.3)

A o EREEL STRADR  FR 56  WHE B E TS (9:03 AM) i > 25 ¢ 73 #81Y
B » Hhr=3-6-9>153060" 90 120 * 4l : STRADR, , HNF7~5 ¢ #
HETIGER% 120 9088 - tHHELE 9:03 ~ 11:03 AM AJFEEERAIR o DL R BEi %
3 I A S RSB B AR B R i T B B 2 5 @ i 0y 3R S5 80l - /927 Cheng
et al. (2004) Z DAFE#EHLE AR 10:03 B HNE R 10:00 FIBHERER - JREAGRE
TR BEFRF T RIS SE LB SE 8 - TR A Z IR BUE R B ERME 2 - IRIBRCETS
I 0 4 By, HEEERMRZEEEE LR TR - BB 2 EE T
o R N o RN Hh Y LAt AR B B X R R AR ] -

— ~ BRI
(—) EEmHERBEIER - HREFHEEBERY

EEINERERHHEREH NSRRI R T 288 &k E (Taiwan
Economic Journal; TEJ) , & KEEFEEH NAZ ZERHELE H IS - Zf5#EMELETE
HE&ERHE I E 28I G2 5 Frdul rh i &l R R H N R E R -

EFEEEMIENER 90 4 12 A 24 HIER B - EH¥IHZZ 5 &0 A 24K
HEREB 91 F 10 A - FEETSAIVER - B3PR8 ZWnER &S OLLE -
ARFeEARBRE 974 1 H2 HE99F 12 A 31 H » HFH 751 B S H » A
FH LA A (BBTH ) FEARELET - ok - R EST R B - 15 LR E A
b EL B BB AL RN 2R R S - Al R B A SR EE RS E i Bl (Ap
Gwilym and Buckle, 1997) @ KFLEH{AAEIAR DR — 2H% - S LAGIER ¢ IR ERF
R E 332 58/ M4 3 CIRYER -

BEAN - B SRR [ERE N b E R E AR HE SR R 1 - BRI ERR NS B
F - AWFEINREE Le 3R BS: « &SR0T -

Czmax| Fe' - X,0 | (7.1)
PZmax[ X-Fe', 0 J (7.2)

Hrp o pragEnyE A () sE2HEE - KEER - 5 14,531,470 FEEE
HIEEME 7,634,250 5 > EHE 6,897,220 25 - R (2) AU MEER =S HIEZR H K
HE—-BSHEEIE - ERIEIEAR > [FA - as#ERERGT H /9 & 321
¥ -
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it JRL b R =R AU ER A+ SR B SR 1R B B A H il & 2 75 HAIBUR /2 (8 510 B B 27
KIEA - AREREEE TS EE IR E A & BRI TT558 5 - [l AT
FEER B ET H B - SUAEZE IR T 5 2 — {8 H 8 BAF w0 OF] 2R B B JEE 25 A
o ERIARR T EERE T EE R E | EEEIR TN, o SUBTEH - RS A ERAY
LEE i B ER S AR S I B R B ARV Y22 (Rubinstein, 1985) » [ Lauterbach
and Schultz (1990) thEE E/EFHEMERENT - A FTE SRR A m ] == 2 AERA PRI T
Z o MREERE - HRFIGERHMRDIE BEAZR (Simple Rate) /N7 » 75 /cHER fy HAE
#2%1] (Continuous Compound Rate) 75 7] {5 34 Black (1976) f&# -

T~ BEAHRE o3 b B B AR A
(—) ARG ESW

1 YIS BB AR & - BT EHUE S - PSR E 22 5 R B
& B —[EE BRI (CEXISD ~ OEXISD ~ TRADISD) WA EHE 3 FHEL 5 B
> CEXISD Hil OEXISD HJIERELREL (Kurtosis) BABE KN BESECRY 3 » o HAOBE 2
TEI4RE (Leptokurtic) ~ = EBlyEE B (Thin Waist) YFR 52 - HARAYE S 2 23 =i - 58
TERREME - Flan - A= PURYFERE ) SOVER Eil STRADR W& REMRBHIEL A 3 -
DL R FR7RGE B B 3 B 2 R IR BB IE - BRI W) A DARFASSCER A EGARCH FE#R
MEREAEST 0T 5 SRR AT AT EL iR B AR A HIE R iR % -
(=) BRI

Tyt oo BB R (Spurious Regression) & B (i 5 Tl S FIFEA fmabk - FEHET TR 4T
A WA P EEAR E MR S B U IR E P - RAYEARE E /775 Augmented
Dickey-Fuller % (ADF #5 ) Ed Phillips-Perron 1 %E (PP #i7E ) PP f & Fl G FUE
HURREE » AR ZTE N REFAERVAHRBE B BB M - FHE IR DAVR R T R FR TS 2 AH B Y
ADF #7E » PP Wi E IR E A SR W Ry TR (Robust) 5 AMFFERER AR E D E & P9 HE
ERAFET  MEMAERYINR 2 - R 2 f5HTE AN EE R EEE - RrIER
BN BUAR U R RS, - ] B Se i Rt T R AT -

= EHESH
(— ) FBGEFHIERF X HEFRGEA AN

FR AR — BB AR — A (i SRS S 40 BRI 56 3 Bl 3% 4 o P fAIRAL— B A — ) H A9 &
TEREHUE IR RERS S B R A& RN AR - R I A (2 b e ) st B A i B S SRS 1R 3
B - 2% 3 B LA E TSR R BRI R 22 B FBE (1:30 ~ 1:45 PM) HIRE & IE B3R
(CEXISD) FylfE5s gy » #E ] 8 5 ERLER IS ME 1173554 T ) TR 32 L S BB R [R5 22 & B
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EXEIERE F24 £5S1H

&1 BEXREE

"E 198 RAEE TREE W2
CEXISD 0.2028 0.0987 1.3977 6.1146
OEXISD 0.2054 0.0965 1.6389 6.6797
TRADISD 0.1976 0.1020 0.9830 4.9257
OCEXVOL 10.8118 0.4194 0.0267 2.8385
OTRADVOL 13.1987 0.4057 0.0021 2.7935
FCEXVOL 0.0645 0.0190 0.2730 4.5210
FOEXTR 0.0002 0.0023 0.6414 21.7775
FCEXTR 0.0001 0.0020 -0.1548 5.6910
FTRADR -0.0003 0.0143 0.1689 7.2590
FTRADVOL 0.8723 0.0391 -3.8131 35.7957
InVOL 15.2686 0.2742 0.1165 3.4272
NASVOL 16.8761 0.2252 -1.5821 11.4616
NASADR 0.0001 0.0363 -1.2559 7.5344
SOVER -0.0013 0.0125 0.0783 5.3318
STRADR 0.0014 0.0130 -0.7439 8.1173

3 EEERAT
CEXISD : EBINARIERI ST ZFES (1:30 ~ 1:45 PM) BUEIZHEEB S IHENR -
OEXISD : 12HIBEIERI LT FRFER (8:45 ~ 9:00 AM) HYEIBERB SIRENR
TRADISD : @432 ZB5ES (9:00 AM ~ 1:30 PM) BUEIBHEE 2 BN R -
OCEXVOL : FEBINERIERE X ZRFER (1:30 ~ 1:45 PM) BUBIBHE S EHEUE -
OTRADVOL : [FI#3Z SREEE (9:00 AM ~ 1 : 30 PM) BEBHS F S HEE o
FCEXVOL : FEEUNARIERISZ FREES (1:30 ~ 1:45 PM) HIE XX S E8EE REZ 5 EA0ELHE] -
FOEXTR : iZRIBIEIERI IS IZ HRFEL (8:45 ~ 9:00 AM) AIHAE $REN -
FCEXTR : LW IFRIFZIZ ZHFEL (1:30 ~ 1:45 PM) BOHAE =REN -
FTRADR : [E# 3 SR5EY (9:00 AM ~ 1:30 PM) AYHAE #REN -
FTRADVOL : B33 ZB5ES (9:00 AM ~ 1:30 PM) HiEX S 8158 RIEZ 5 2a0LLE] -
INVOL : B33 ZB5ES (9:00 AM ~ 1:30 PM) RUIEEEIRE X S B 8UE -
NASVOL : B NASDAQ 8 EI—HIREXSEHEUE -
NASADR : [ NASDAQ 58— HIRE WA= -
SOVER : [RRIREREN -
STRADR : B33 55E% (9:03 AM ~ 1:30 PM) B BEIR S RN =R -

3R 78 (OTRADVOL) KEEEWENHR (TRADISD) - —H IR 2 I H#
F o FNERAZ GRS B R E R ES L 5 H N E S i E B -
R SHERRER T - RN G RGE AR 5B (FTRADVOL) B S22 56
(InVOL) ZREEHERE  HURZSGEAERTEENRENZH @ & E HHEEH
RS AEFIHER S () I - BEREEETISHRERIEY N () » SN
(BTSSR - IHEHMER (FTRADR) FEREHRMIER (STRADR) Z(REUR g BB
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AR RIEHE IE B 5 G R A NS

FIfERE T B 3 B IR R SR RS 5 e B R A B T A0 A - LS - RAL— R R AR
THREAR 2 BEEE - FORRAEE G - Hy YRR - (UFRRTEIHRY
TR E A -

b I EN=RENE $ CEXISD, 1% 52

*2 BIRETE (PPIETE)

e PP #%EHE p-value
CEXISD -5.0487*** 0.0000
OEXISD -3.6673*** 0.0048
TRADISD -5.6999*** 0.0000
OCEXVOL -8.9902*** 0.0000
OTRADVOL -9.8609*** 0.0000
FCEXVOL -6.1710*** 0.0000
FOEXTR -16.0880*** 0.0000
FCEXTR -29.3540™** 0.0000
FTRADR -29.5590*** 0.0000
FTRADVOL -22.1600*** 0.0000
InVOL -4.4310*** 0.0003
NASVOL -9.5676*** 0.0000
NASADR -28.1010*** 0.0000
SOVER -28.5770*** 0.0000
STRADR, -27.8320** 0.0000

-27.7350*** 0.0000

B DRIRRBBAE 1% -

FCEXVOL : FE12 WA IERPS T SRFEY (1:30 ~ 1:45 PM) HA

5% ~

10% FEEZKETIEREFEERNEEMRES - BBEENT ¢
CEXISD : HEB IR IERE 3z HAFER (1:30 ~ 1:45 PM) AUSHEES SUHENER -
OEXISD : 12riBIREIERI S X ZRFER (8:45 ~ 9:00 AM) AYSHSHEIS SUHENR -
TRADISD : [R33Z ZB5ES (9:00 AM ~ 1:30 PM) AUSEIBHES 2 BN o
OCEXVOL : E#UNBEIER ST FRFES (1:30 ~ 1:45 PM) AUEIBHEC S B Y E1E -
OTRADVOL : [E3$3 ZRFES (9:00 AM ~ 1 : 30 PM) BOEIBHT S 8% EUE -

Prpres

=%

SEBEERBZZEALLA -

FOEXTR : iZHiBAEIER Lz SRFER (8:45 ~ 9:00 AM) BIEAE FREN -
FCEXTR : HE#UNERIERIS X ZRFER (1:30 ~ 1:45 PM) BUEAE SREN -
FTRADR : [E43Z 585E% (9:00 AM ~ 1:30 PM) BYUHAES £REN -
FTRADVOL : B33 Z5ES (9:00 AM ~ 1:30 PM) HIE XX BB 158 RAE3T
INVOL : B33 ZFES (9:00 AM ~ 1:30 PM) BUIEBIR ST 5 B 8E -

NASVOL : B NASDAQ I58aI—HEREX S HEIE -
NASADR : = NASDAQ (E8ai— HIREREN= -
SOVER : [RRIREIREN -

ZEBAILLH) -

STRADR, : IRETHEI (9:03 AM) # > B ¢ HHEMIREMAM - Hh c=3.6-9-15-30"

12
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EXEIERE F24 £5S1H

+® 3 RE—EEHER

B RE fhEHE BEHEER z-statistic
Constant C, -0.0222*** 0.0069 -3.2130
TRADISD, C, 0.9294*** 0.0023 36.5318
FTRADR, C, -0.0746*** 0.0095 -7.8151
FTRADVOL, C, -0.0290*** 0.0027 -10.6591
OTRADVOL, C, 0.0119*** 0.0006 21.3231
STRADR, C, 0.1233*** 0.0002 12.0296
InVOL, C, -0.0063*** 0.0004 -17.2603
Constant ® -0.8709*** 0.0132 -31.4268
GARCH (1) o 0.6252*** 0.0168 20.6578
ARCH (1) B -0.2358*** 0.0173 -17.4074
LEV (1) Y -0.4969*** 0.0177 -37.2903
Log-likelihood 1683.75

Likelihood ratio 503.28***

R C 1 ARBIESEWF ¢
CEXISD, = Cy + C,TRADISD, + C,FTRADR, + CsFTRADVOL, + C;OTRADVOL, + CsSTRADR, + C¢ InVOL, + 1,

Inh =w+alnh,_ +ﬁﬁ+yr
ook s e BBIMRIRBETE 1% ~ 5% ~ 10% BEEKETEHN 0 -
2. BYERNT
CEXISD, * 2 t HiSE B U BRIE RS 3T BRFEY (1:30 ~ 1:45 PM) ROSHEER SIREIEK -
TRADISD, : 2 t #iR)35 32 ZRFER (9:00 AM ~ 1:30 PM) AUEIZHERB SIBhR
FTRADR, : £ t BiR &3 SRFE (9:00 AM ~ 1:30 PM) AURAE ZREN o
FTRADVOL, : 25 t BRI 32 5F%E% (9:00 AM ~ 1:30 PM) HiE X S B EXRMEZ S EA LG -
OTRADVOL, : 55 t HiES 32 SF5E% (9:00 AM ~ 1:30 PM) AYSEIZ T S B HIBIE -
STRADR, : 25 t iR 32 ShRFER (9:03 AM ~ 1:30 PM) U5 BER S RAN = -
InVOL, : 25 t iR 32 SAFER (9:00 AM ~ 1:30 PM) AUHEBIIR S B RHBIE -

"UH ‘ Hiy
hy

4 WP LI G5 AR R AT B B (8:45 ~ 9:00 AM) HIBE & B
(OEXISD) FlEF B EETHER » RIS RT—22 5 HBIRRETTIHAE K42 5 I L
FEe I BYR (CEXISD,)) HilE H B RIS IR AT S B & i B A B 1 IR
% FRAEEINZ SR TS E R E I —2 - MET—22 5 HWEIE M (FCEXTR )
EASE [ NASDAQ fEEUA & HM (VASADR ) ZAREESHE R IE » &R — R S HIER
22 5 B A R R BN T — H SE BB S s = 0 - 2SR A 5 B (ERE H it
FERIAE 5 I B A WRE R AR (F » RN HEER R A B « S350 =A816 B AS 5 S ) fde e
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AR RIEHE IE B 5 G R A NS

0 B RZ5 HIINERZ 58 (FCEXVOL,) ~ 3EF A S8 (OCEXVOL ) » DARER

TRECR G 58 (NASVOL ) ZIREVES BB - T BT DI B IR S I B
EART—22 5 I B R VENR E L a0 - etk - BLER—AHE - B8 e ffa
STREAF2BEEE - FoRIER AR R EE s - Horh y B EH R BN

IR TAIANIIE S I BIERENE S OEXISD. 1% By B ELNEHE M -
(=) ZEFHATER T X HHFANARNEHRAETHOPE

A = B TEBEETIE R 22 B i B SR R R BT A 1o L PR o B S B B 4% A ARl
DY HIJAiE (e 25 55 3T PN ok 6T 3R 65 BRAR 4 AN R SR AN SR AU B2 - (h TS SR BRI A 3 5 B
#£6-

RiEFR s - BEERARBTLEREE TSI —R 5 HERZ ZIARERNE (4,,)
HIFBR B S H (SOVER ) WIS BT REZ - (ELERETIEE HERR122 BRI M &
(v,) BEFEE I &R A 2 B I EAERE - SR E TS bR E R TS AT R AL
EHER (/1) - BB/ (R) « EERETISEIALE &R AT DA R 5 I
BIE A HEEE - R AT AS SRR e SR AT HEE LA BB A TR e E 14
FEA R A B, - HETERIR ST E 22 S H AR - EEGIR G ERE (B
W) N - 55T - B2 5 H B E TS MU 5 A2 R R A A T 5 P o R
BREENRA - TREREBRCEEE HIRRTZZ BB EHK - itz v, &
W& p, RERERER - LI HEHEBEET 25 HBEEZ S E (InVOL, ) Z4%
HEERIE  BER—Z 5 HWENRER AR - [BRHERINg SRS - AR
BRSO S AR R R - B - BT — HIERWPUREARI R S8R0 (FCEXTR ) Bi1E
ERIBRAZ RIS M (FOEXTR) ZREVEEZE RIE » [REFT— 2S5 HIERAZ 5
HHIE R 5 2 W ST W s - g RS MeOR &R - DA - FCEXTR |
FOEXTR, AR = (EIUPYIRE] ) BITIRETIER 3 BIZIR 4, 8L v, JHELHTE E e
RAFIRHUS. - #5 DB (R A IR RE T RO E A » T RE B 5 SRR S HH B T A
FeERTE R -

Btk - BIEGAEEAREREETER - BHAT 225 HE BRSNS NNN
W (A7) BURIERET Y HHRETAE 5 IR S P IR 5 (02) SRR TR R
YV EfRRES] c BB AR - BE L GEHERRASENXPOITE BB B - £
TRIERR PRI AR T R A E Y o

w4
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EXEIERE F24 £5S1H

&4 BEHEEHER

2 REL {hEHE RHEER z-statistic
Constant C, -0.1607*** 0.0233 -6.9104
CEXISD,, C, 0.8490*** 0.0155 54.7725
FCEXTR,, C, 1.3211*** 0.0074 8.4092
FCEXVOL,, C, -0.2565*** 0.0105 -4.2369
OCEXVOL,, C, 0.0089*** 0.0024 3.6541
NASADR, C, 0.0019*** 0.0047 6.0621
NASVOL,, C, 0.0063*** 0.0015 4.2017
Constant ® -0.0590*** 0.0152 -3.8906
GARCH (1) a 1.0035*** 0.0032 11.7971
ARCH (1) B 0.1545** 0.0131 14.3204
LEV (1) Y -0.1669*** 0.0117 -17.8127
Log-Likelihood 1M77.77
Likelihood ratio 378.03***

DL REBUERTEANE

CEXISD, = Cy + C,CEXISD,_; + CyFCEXVOL,_; + C;FCEXTR, | + C,OCEXVOL,_,
+CsNASADR, | + CsNASVOL, | +v,

il

Jn

s  FRMRRBBIE 1% ~ 5% ~ 10% BEZKE TR0 -
2. BHERMT
OEXISD, : £ t HAZRIBAAEIER £ X ZRFER (8:45 ~ 9:00 AM) RUSEIZE[Z SIREIE -
CEXISD,, : 2 t—1 ElE B ISR IER ST ZRFEY (1:30 ~ 1:45 PM) AUZIZMEB 2 RENK -
FCEXVOL,, * % t—1 HRIEB IR IFRIS 2 SRFER (1:30 ~ 1:45 PM) HIEZ S BEERBTZEN
=41
FCEXTR,, * % t—1 BREERURERIERI P32 AT ER (1:30 ~ 1:45 PM) BYHAE REH -
OCEXVOL,, : % t—1 HRZEB U IERI S SRFER (1:30 ~ 1:45 PM) HEBHT S EWEIE -
NASADR,, : %8 t—1 #AEE NASDAQ 5 8IR S HRM= -
NASVOL,, : % t—1 Hi£E NASDAQ 5B B 5 B BIE -

Inh =w+alnh,_ +f-——
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I EPEHEIE R 2 5 IF AL H AR

&5 BEE=REETRR

22 HRE {hEHE RHEER z-statistic
Constant C, -0.0301*** 0.0201 -7.9991
A C, -0.0064 0.0147 -0.4320
v, C, -0.0323*** 0.0063 -5.0891
InVOL,, C, 0.0019*** 0.0013 3.0789
FCEXTR,, C, 0.4713*** 0.0037 9.8229
FOEXTR, C, 0.2702*** 0.0057 4.1968
Constant ® -0.6766*** 0.0201 -5.4590
GARCH (1) a 0.9587*** 0.0097 5.3660
ARCH (1) B 0.1862*** 0.0310 2.8519
LEV (1) Y -0.0231*** 0.0256 -9.3374
i 3, 4.9175*** 2.0836 2.9601
“ 5, 10.8675*** 2.3833 4.5597
Log-likelihood 2328.24
Likelihood ratio 288.68***

1L HEBIESTFEME
SOVER, = Cy + Cyfy,_y + CoV, + C3InVOL, | + CuFCEXTR, | + CsFOEXTR, + ¢,

Inh =w+alnh_ 1+ﬁ| | +§1yt 1+62vt

o T

ek ek ARIRIRBEITE 1% ~ 5% ~ 10% FEEKETE[MO0-

2. BMHESRMT
SOVER, @ £ t HiRRIREHREN -
Byt £ t-1 PREEMSRNERER  B8EEETHRIERNENRNE - INE R —KTEH
BB kB RAVLEHE
v, %R ETISRER  ERRERTSRENENAE - BNBEI T RTAHRES
KENRAY(EHFHE -
InVOL,, %5 t—1 HiR$ X ZEEER (9:00 AM ~ 1:30 PM) FIEHIIR SR EHHIE -

FCEXTR,, * 2 t—1 HRREZINEIF R S SRFEE (1:30 ~ 1:45 PM) BYHAE ZRAN -
FOEXTR,: %5 t HAiZRIBIEIEMR L X SFFEL (8:45 ~ 9:00 AM) AUHRE #REM o
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EXEIERE F24 £5S1H

ik 6 RAMAYEEHER
FEYY | HETIREIEE « SN E M=

BEEY 1REX =3 =6 =9 =15
Constant C, -0.0250*** -0.0236*** -0.0225*** -0.0177***
(0.0037) (0.0050) (0.0058) (0.0068)
Ly C, -0.0023 -0.0020 -0.0018 -0.0016
(0.0017) (0.0025) (0.0035) (0.0045)
Vi C, -0.0194*** -0.0163*** -0.0144*** -0.0094***
(0.0011) (0.0017) (0.0021) (0.0025)
INVOL,, C, 0.0017** 0.0016*** 0.0015%** 0.0012%**
(0.0002) (0.0003) (0.0004) (0.0004)
FCEXTR,, C, 0.4515** 0.3796*** 0.2752*** 0.2423***
(0.0291) (0.0442) (0.0518) (0.0656)
FOEXTR, C, 0.2623*** 0.2533*** 0.2486*** 0.2299***
(0.0309) (0.0481) (0.0510) (0.0700)
Constant ® -0.6595*** -0.6553*** -0.5582*** -0.4824***
(0.1435) (0.1320) (0.0972) (0.1056)
GARCH (1) a 0.9519*** 0.9526*** 0.9691*** 0.9696***
(0.0125) (0.0115) (0.0079) (0.0081)
ARCH (1) B 0.1802*** 0.1691*** 0.1441** 0.1374***
(0.0428) (0.0369) (0.0276) (0.0315)
LEV (1) Y -0.0188*** -0.0171*** -0.0100*** -0.0091***
(0.0232) (0.0237) (0.0196) (0.0234)
[1}71 8, 3.9033 3.3173 2.5428 2.1267
(2.8554) (2.7220) (2.2406) (2.0096)
\;tz 5, 10.8188** 10.3725"** 9.5258*** 8.7486***
(2.4048) (2.4795) (1.9511) (1.9705)
Log-likelihood 2644.65 2731.18 2814.99 2987.16
Likelihood ratio 282.59*** 258.52*** 241.87*** 236.96™*

5 ¢ RRBUEREANE ¢
STRADRt’Z. = CO + Cl:[ll‘—l + Czl;t + C3 ln VOLI‘—I + C4FCEXTRI_1 + CsFOEXTRt + St

Ink =w+alnk_ +ﬁﬂ+y£+ Sy + 5,02
Voo N

A DR ERBE 1% 5% 10% FREKETEMN O )V FEMARIZER - BHESE

STRADR, BIREMIHEE (9:03 AM) #E  E5 r HERIREHRM - HHr=3-6-9-15-30"
60 ~ 90 ~ 120 7348 ; HAhBHEFRMK 5 533HEE -
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AR RIEHE IE B 5 G R A NS

&6 REMPEETER ()

FEEE | IREMISMBE ¢ BRI E R

B 1REL =30 =060 =90 =120
Constant C, -0.0099 -0.0091 -0.0086 -0.0074
(0.0084) (0.0100) (0.0123) (0.0139)
,LAII,I C, -0.0014 -0.0011 -0.0010 -0.0010
(0.0055) (0.0075) (0.0085) (0.0091)
‘;t—l C, -0.0046 -0.0026 0.0006 -0.0005
(0.0027) (0.0035) (0.0041) (0.0045)
INVOL,, C, 0.0007 0.0004 0.0006 0.0003
(0.0008) (0.0007) (0.0008) (0.0009)
FCEXTR,, C, 0.1301 0.1110 0.0665 0.0660
(0.0886) (0.1056) (0.1197) (0.1318)
FOEXTR, C, 0.2181 -0.2087 0.1861 0.1683
(0.0887) (0.1106) (0.1226) (0.1336)
Constant Q] -0.4291*** -0.3559*** -0.3523*** -0.3022***
(0.1672) (0.1761) (0.2379) (0.1950)
GARCH (1) a 0.9269*** 0.9325*** 0.9410*** 0.9607***
(0.0135) (0.0140) (0.0180) (0.0132)
ARCH (1) B 0.1369*** 0.1226*** 0.1106™** 0.1094***
(0.0369) (0.0354) (0.0453) (0.0416)
LEV (1) Y -0.0108*** -0.0075*** -0.0095*** 0.0086***
(0.0256) (0.0232) (0.0341) (0.0281)
/[11271 8, 1.5983 1.3566 1.0416 1.0226
(2.1832) (2.1806) (3.4127) (3.1617)
‘;tZ 3, 8.1036*** 7.7779** 7.0423*** 7.0106***
(1.9241) (1.7495) (2.8146) (2.2237)
Log-likelihood 3178.14 3306.35 3387.72 3661.57
Likelihood ratio 226.95*** 216.69*** 207.60*** 205.91***

5 RRBUEREANE ¢
STRADRI’Z. = CO + Cl/[ll‘—l + CzVAt + C3 ln VOLt—l + C4FCEXTRZ_1 + CsFOEXTRt + St

& &
Ink =w+alnh_ +/3M =

+y——

Vi N
s BRIRRBE 1% 5% 10% BEEKETREMN 0 )V EMAAIEER - BHEES
STRADR, BIRETHBEE (9:03 AM) &2 EH  HMEMIREHRM A+ =3-6-9-15-30">
60 ~ 90 ~ 120 748 ; HABBFEFRIAXR 5 534ER) -

2 .
+ 011 +02V]

18



EXEIERE F24 £5S1H

7 6 RIEFI A2 B EL R E RN A B H B S B R 2 AN (R A R e N 2 B A 5 i
B BRI EE BRI E T L 9:03 BE##% 3691523060 > 90 ~ 120 434
LHRUHEHM (STRADR ) - HEERIREM - 5 —2 5 HEHH G50 15 7 #iiuizny
HIEREEINNN (4, HATE &SRR B R - MG SR B = S TR
W s B AEE » EE H B G5 R 15 0 s r & B LA (v,) 0 1E
<15 RF R B BEE A - T REEREAY = rh S R 7 Sl i s B2 E - (HE B2
v, IR BRI R LR R « Z N N - BAE 1230 WA & I A (R B N B
= IEWREE HEERE R R ERNERN N FFEC B BTGB RER
W HE R B SR ML R - A NREE SRR TEEL » BRREK - &
BRI DB 30 4388 - Hoqth 52 2830 B BRAR % 5 & R s B A e B A L - SR — 2 5 H
HE B2 5 & (InVOL ) ~ Bl—2 5 BIER ORI EI E M (FCEXTR ) » DARCE HEZHT
PR EA SR (FOEXTR) % » HARBUZ B M R EIAR AR - & <15 I REL
B R 1E - E (AR E 52 g R B R [ B R E S « 0T TR - E o230 IR E
A Gy w B E R 22 5 I BE A R A AR B B - JE—20 B Cheng et al. (2004) FE[F]
WAZ Ty B H SR B S B A 1 5 & T SR N Y s AR A L - S B ARG SRR
TNEBRZ B -

SAMEBEENE » B (6.2) X EGARCH (1,1) BI{di St A5 S8 E - FHER L B EE
RV JEFID A2 B R BB & AR T % H P (2 30 & S s # e B 3
FEIE - iRIBEZR 6 - & HIERTEC SR RS MEE AN 52 (v)) BRI B e 2
hEEE - RS MR R RS I IS T e - (BB N S RE I R AR TV 2% 5 1M
Hil—%2 5 FLRIBREG SN IR (A2 ) S BR CE SR 0 M B 2 I [ B R L B 1

=

ERERET SRR HRZERETEF - MR ARZIEEET S
W - LAE A2 B R TR B T £2 L B AR A B B EAR BV T 5 A2 S IR e AL A ] S s T
AVERG LTS RIERA & - ASGEEIEFID 22 5 BRI TTE R 1T - 1882k E
RS ETRAEEOR G5 PR o R EL B AR 12 P S S A& RGN - (REGEE
RETEIF) 2D 22 By B BB AP e SRR R = e DR 2 o ARSI ) s B B R A
HIERET - B HIERCR B SR R B R T S I R A G B - DU IR E TR
AR R TTIGIE R A ) R BRI - I DA o AR B - PRETIE LA RAZ G s B
BRI T 3R G0 A i B R S T 5 P AR R 25 Ry e A o 2 -

BRI - [ROCE SIS 2 2 E H BT S nT b iR R Be & AR P
(v,) B8 - W BRRBAER - FrakE AR ERBETHEERETSILE &
afl o EFETSE A E ME PRI A AR - SHEGHRR R G R (PR ) B
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AR RIEHE IE B 5 G R A NS

B —77H @ BEREREEET—2 5 HERE TSR SR EAVERANE (4,)
R RAEBRE - rTRERYIR RS BRI SRR Y BN B S AT — 22 5 H IR
Al - MR E R THRIEE - ASCRIRF I - 5 BT S 2 nTPa By B
AR (v,) GRECEE R ERBRIIIEED 15 o8 - (HHPZERUREE
EMEGRER HER - RERNRZ R A BHERIMED © BRREISE - 7]
DI e 2@ LIS T oA 5 il DG — 20 B At SR R 22 5 ol - B R 2 T REA]
PR T S LA B AR R = A T -
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EXEIERE F24 £5S1H

Information Content of Nonsynchronous Trading for Taiwan Stock
Index Options

I-Yuan Chuang, Professor, Department of Finance, National Chung Cheng University
Jing-Yi Lai, Associate Professor, Department of Finance, National Chung Cheng University
Ya-Ching Wang, Ph.D. Candidate, Department of Finance, National Chung Cheng University

Ai-Jie Xue, Master, Department of Finance, National Chung Cheng University

Purpose / Objective

Many stock exchanges around the world open and close their futures/options and spot
markets at different times, which is known as nonsynchronous or extended trading. For
example, the Taiwan Futures Exchange (TAIFEX) opens 15 minutes earlier in the morning
session and closes 15 minutes later in the afternoon session compared to the underlying spot
market. Such extended trading hours may provide informed traders and/or institutional
investors with valuable information for their use in speculative/arbitrage activities. The
information content of extended futures trading has long been an interesting subject in
literature. Hiraki et al. (1995) examined the Osaka Nikkei 225 futures and showed that
extended trades contained useful private information to predict spot returns on the following
days. Extending the model of Hiraki et al. (1995), Cheng et al. (2004) investigated the Hong
Kong futures market and found that information extracted from extended trading helped to
explain the cash returns of subsequent trading sessions.

To the best of our knowledge, current research related to information content of
nonsynchronous trading focuses exclusively on the futures markets (Chang et al., 1995;
Hiraki et al., 1995; Ho and Lee, 1998; Chan et al., 2003; Cheng et al., 2004). Limited efforts
have been made to test similar issues on option markets. A possible reason is that option
contracts are more complicated than futures by nature. In particular, there exist different
contracts trading at the same time, that is, calls/puts, moneyness and time to maturities for
the same underlying. This complexity makes option trading strategies far more sophisticated
in practice. Under the circumstances, to propose a single variable which encompasses all
useful information about option markets appears to be a hard task. In this article, an implied
volatility, which is the volatility implied from option prices based on the Black (1976)
model, is considered to serve the above stated purpose. The implied volatility stands for the
price risk of securities that the contract is written on. The existence of the influence on its
cash returns has been fully discussed in financial literature. It therefore seems sensible to

employ the implied volatility as a statistical measure in our paper to depict how market
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participants react to the market information after the cash market closes and before it opens,
which presumably will further influence the spot returns on the following days.

Studies on the relation between option-implied volatilities and the underlying returns
have been well documented in financial literature. Most research, however, is conducted
using synchronous, as opposed to nonsynchronous, data. For example, Simon (1997) and
Davidson et al. (2001) investigated futures/options on the long-term bond market and S&P
500 index futures options, respectively; both of their empirical results find significant
relations between implied volatilities and spot returns. Fleming et al. (1995) also showed that
significant and asymmetric relations exist between Volatility Index (VI) and index returns in
CBOE. In the Taiwan market, Chuang et al. (2009) compared the forecasting ability of
various volatility models, including historical and implied volatility models. It is evident
from their study that implied volatility models outperform historical volatility models. Kuo
et al. (2009) also argued that implied volatilities have better forecasting ability under both
in-sample and out-of-sample analysis. All of these empirical findings lead us to believe that

the implied volatility is a good proxy for capturing information about options.

Design / Methodology / Approach

The intraday data used for our empirical modeling, ranging from 2008/1/2 to
2010/12/31, are collected from the TEJ (Taiwan Economic Journal) database and TAIFEX.
We restrict our sample to near-to-maturity contracts which are most actively traded in the
markets. For better liquidity, we also excluded options that (1) mature in less than a week,
(2) are traded less than three times a day, and (3) violate arbitrage bounds. As a result, we
gathered 7,634,250 call options and 6,897,220 put options. Furthermore, since some of the
constituent stocks may have no trades during the first few minutes after the market opens,
known as the stale quote problem, we use the index value at 9:03 a.m. as the opening price in
our analysis.

The study is done by three major steps as follows. First, we extract option-implied
volatilities based on the Black model, coupled with the nonlinear least squared approach
developed by Beckers (1981) and Whaley (1982). The reason why we adopt the Black model
instead of the Black-Scholes model is because the former does not require the dividend input
in calculating implied volatilities, which saves us from the cumbersome estimation of
continuous dividend yields and thus reduces extra biases. More importantly, during the spot

pre-open (8:45 ~ 9:00 a.m.) and post-close (1:30 ~ 1:45 p.m.) sessions there are no spot

22



EXEIERE F24 £5S1H

prices available to quote, making the Black-Scholes model inapplicable in finding the
implied volatilities. Nonetheless, since using the Black model will incorporate futures
information when estimating the implied volatilities, we need to carefully control the impacts
from the futures markets in our later analysis in order to distinguish the contribution of
options from futures.

Next, we use a two-stage procedure as in Hiraki et al. (1995) and Cheng et al. (2004) to
retrieve information content from extended trades. At stage one, we extract private
information for nonsynchronous options trading periods, including pre-open and post-close
sessions separately, using regressions with EGARCH models. The specification of EGARCH
is preferred to GARCH in that it is capable of capturing asymmetries in the second-moment.
The unexpected components from the regressions are defined as the nonsynchronous
information content. At the second stage, we investigate whether the information content of
extended trades helps to explain the spot returns during normal trading hours. We first run a
regression analysis on the overnight spot returns (SOVER) on the innovations previous
estimated at stage one. Then we examine the persistent effects of the above information
content on the spot returns (STRADR) under different time intervals in normal trading hours
of the subsequent trading days. Control variables selected to filter out external impacts

include trading volumes, futures returns and NASDAQ returns, etc.

Findings

Our empirical results indicate that the nonsynchronous information content from pre-
open and post-close sessions have different impacts on index returns. Specifically, overnight
index returns will be negatively associated with the information of pre-open sessions in the
options market. This finding suggests that when the amount of private information increases,
investors might react negatively in pre-open trading sessions, which consequently reduces
the overnight returns. On the other hand, no relation between overnight returns and the
information of post-close sessions in options market is detected. The reason that post-close
trades are less informative is possibly because information-driven trades have been prevalent
during the pre-open sessions.

We also find that the information content from the pre-open sessions has a persistent
effect over 15 minutes on index returns during the following trading days. To be more
specific, the impacts decrease as time intervals extend. After the first 15 minutes in regular

hour sessions, the effect of the given information quickly diminishes, suggesting that when
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private information gradually becomes public, its value is reduced accordingly as time

passes.

Research Limitations / Implications
Since it is difficult to extract first-moment information content from various option
contracts that are traded simultaneously for the same underlying, this paper utilizes the
implied volatility as a proxy to capture the information content from option markets. The
estimate of option-implied volatility, however, is model-dependent. That is, different models

will entail different measures. We suggest employing alternative models for further studies.

Originality / Contribution

Many other exchanges around the world also open and close their futures/options and
spot markets at different times. In particular, by opening earlier and/or closing later than the
spot markets, futures/options exchanges may be able to provide additional information for
informed traders. However, the significant body of research for information content of
nonsynchronous trading has focused on futures market. To our understanding, this paper
contributes to the literature as the first study to investigate this underscored issue on option
markets.

Given that option trading volumes are far larger than those of futures contracts, it
justifies making a research effort to investigate option markets. Moreover, since option
payoffs are nonlinear functions, investors possess a number of options strategies that are not
available from futures contracts. Traders with private information may want to exploit their
advantage through option markets. In this article, it is assumed that implied volatilities
contain useful information about the options market. We study the impacts of
nonsynchronous trading information on the overnight spot returns and interval returns during
subsequent trading days. Unlike previous research, this study focuses on the relation between
returns and implied volatilities. Our results indicate that pre-open trading contains useful
information in explaining subsequent index returns up to 15 minutes during the trading day.
Since our tests are confined to the samples from Taiwan’s option/futures market, it would be

interesting to examine samples from different regions/countries as well.
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