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Abstract

In Taiwan, futures market opens earlier and closes later than spot market, and futures
market leads spot market. The purpose of this research is to investigate whether the
difference in trading hours contain useful information about spot returns and the lead-lag
relation between spots and futures. This research uses asymmetric EGARCH model with
total 484 intraday trading data of Taiwan Index, Taiwan Index Futures and NASDAQ

Index covers from 2003/1/1 to 2004/12/31. The empirical results are as follows:

1. There is a positive relation between NASDAQ index, unexpected futures return during
pre-open and past-close extended session and overnight spot return.

2. There is a positive relation between NASDAQ index, unexpected futures return during

pre-open extended session and regular hours spot return.

Keywords Asymmetric, Trading Hours, Difference, EGARCH Model.
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1982 2
(Kansas City Board of Trade, KCBT)
(Value Line Stock Index Futures) S& P500 225

1998 4



01 92 93
(TX) 16,661(64.79%) | 26,163(65.48%) | 35,445(60.58%)
(TE) 3,367(13.09%) 3,979(9.96%) 6,274(10.72%)
(TF) 1,479(5.75%) 4,526(11.33%) 9,022(15.42%)
(MTX) | 4,210(16.37%) 5,288(13.23%) 7,773(13.28%)
25,717 39,956 58,514

O




15

15

(Spillover Effect)

1 30

45



1- 2
%
91 41.20 |41.10 |4.95 5.10 0.52 0.45 3.34 3.34
92 38.62 [39.22 [5.39 6.12 0.74 0.50 5.25 4.16
93 37.82 |38.12 |5.63 5.93 0.92 0.71 5.62 525
94 34.02 |34.82 |6.10 7.19 1.36 1.05 8.52 6.94

(Hang Seng London Reference Index, HSLRI)?

10

27
1

24

10




30
30

(2004)

Cheng, Jiang and Ng(2004)



Kawaller, Koch and Koch(1987) S& P500

20 45

Chan(1992)  S&P500 MMI

(Ordinary Least Square, OLYS)

6



(Generalized Method of Moments, GMM)

Abhyanker(1995)
(2997)
2 27
2 27
(1999)
3 22 5

1997 3 10

1997 10 30

1998 9 21

(Generalized Autoregressive Conditional Heteroskedasticity, GARCH)

GARCH

1998

1998

1999



(2000)

12 28 5

10

10 1 1999 3 31

GMM

(2005)

31

(1997)
11 10

(Error Correction Model, ECM)

(2001)

1999 7 21 1999

Bivariate GARCH

45

225

1998

2003 1 2 2003 10

Granger

1997 1 9 1997



(2000)

1998 9 1 1999 12 31

5 ADF
(ECM) ECM
( 4 ) 15
20
(2004)
U
U
U
Harris(1986)

(New York Stock Exchange, NY SE)

U



Lockwood, Larry and Linn(1990) 1964 1

1989 2 U

Mclinish and Wood(1990)

Wang, Lim and c:hang(19g@)r;~~~:_—:——_‘:“:~~.H 1993 1 1

1994 12 31 “ﬂ{\\

1999)
1998 1 12 31
Granger causality Levene (@D}
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2001

2003
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(2001)

(2001)

(2003)

1
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30

28

267

(2003)

2002
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30

(3)
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1998 1999
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(1999)

1998 9 1 1999 11 8 1)
a
(b)
2
©)

(2001) 225 1998
10 1 1999 3 31 5 GMM
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(Root Mean Squared Percentage Error, RMSPE)

(2003)
225
10 1 1999 12 31 5
1)
2

13

225

2%

1998



(2001)

(2003) 225
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(Augmented Dickey Fuller, ADF)

Ljung-Box Q

(Autoregressive Moving Average, ARMA)

Q? ARCH-LM

GARCH

EGARCH(1,1) OLS

( 3-1)
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2003 1 1 2004 12 31 *

484
(TSE) (TAIFEX)
(TBEY AREMOS
845 9:00 13:30 1345
8:45~9:00
13:30~13:45
3 (French and
Roll, 1986)
(2004)
5
(The

National Association of Securities Dealers Automated Quotations, NASDAQ)

4 1-1 2
17



Foster and Viswanathan(1990)

Hiraki et a.(1995) and Foster and Viswanathan(1990)

Cheng, Jiang and Ng(2004)

In(p,/p.,) AFR (13:30~1:45) FR

18



(9:00~13:30) BFR (8:45~9:00) SR

(9:00~13:30) Cheng, Jiang and Ng(2004) SR
3 6 9 15 30 60 90 120 OSR
(13:30~ 9:00) ND ND
ND
(Nonstationary)

(Spurious Regression)

(R*) ¢
(Unit Root Test)

Schwert(1989) Augmented

Dickey-Fuller(ADF)

Dxt =dXt—1 +§ giDXt t€ (3'1)

i=1

19



Dxt =a +dxt-1+g. giDXt +et (3'2)
=1
3
$
DX, =a +bT +dX, , + g 9,DX, +e, (3-3)
i=1
ﬁ
s a5
D/f'- \\
/4 iy

Engle(1982) (Autoregressive Conditional
Heteroskedasticity, ARCH) q



1)
Yang and Brorsen(1993)

|?\>{:ao+é_a1.Rt_i+et i=1...n
=1
e, (White Noise)
ARCH

Ljung-Box Q test

2

QM =T(T +24 = ~c*(m

T m I, J
m c?
H,:e
(2JARCH
Engle(1982) LM ARCH
a € :Yt - bxt
b.e? e’

4]

2 _ 0
et _ao +aaiem +Vt

i=1

21

(3-4)

(3-5)

(3-6)



(GARCH)

Engle(1982)

Bollerder(1986)

(GARCH)

R=a +aaR.; +e

i=1

e |W., ~N(Oh)

ht = W+a‘1et2-1 +b1h[-l

h.s
Nelson(1991)

GARCH

1.GARCH

(T-a R®~c?(@ LM

(ARCH)

Bollerdev(1986)GARCH(1,1)

(37

(39



2.GARCH
3.GARCH
Nelson(1991) GARCH GARCH
(Exponential Generalized Autoregressive Conditional Heteroskedasticity, EGARCH)
(EGARCH)

Black(1976) Schwert(1989)

(Leverage Effect)

Campbell and Hentschel (1992)

(Volatility Feedback Effect)

R=a,+a aR., +e (3-9)

i=1

log(h,) = W+b><|0g(ht1)+gx—+ae— \Fu (3-10)
e
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e, t
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g
Nelson(1991) Hamilton(1994) g
l1g O (e.1)
2g O
EGARCH
1.
(8:45) (13:45)
(8:45~9:00)
(13:30~13:45)
)
BFR, =c, + c,AFR _, +c,ND, ; +V, (3-11)
log(h,) =w+b ><|Og(ht1)+91><—+ae—t | 1/ (3-12)

Jhey
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BFR (8:45~9:00) AFR
(13:30~13:45) t V,

ND

e

AFR =c, +cFR +u,

log(h) =w+b ><|09(ht1)+9><—+ae— 1/

T

FR (9:00~13:30) AFR

(13:30~13:45) t u,

(13:30~9:00)
)

Os:% = CO +C1ut—1 + C2Vt +C3 NDt—l +et

log(h,) =w+b ><log(ht1)+g><—+aet—1| 1/

Jhey

OR t ND

25

(3-13)

(3-14)

(3-15)

(3-16)



2
SR, =¢, +CU._, +C,v, +c;ND , +e

log(h) =w+b ><|09(ht1)+9><—+ae— 1/

T

R R,

3 6 9 15 30 60 90 120
ND
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(3-17)
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(BFR (AFR) (OR
(SR3~SR120)
4
EGARCH(L,1)
(InCp, /p1)) 4-1
BFR AFR OSR ND SR3~SR120
OSR SR3~SR120 AFR BF ND
Jarque-Bera® 1%
GARCH EGARCH
® Jarque-Bera Jarque  Bera(1983)

H,:D>0
27

FR

FR



4-1

AFR BFR FR ND OR SR3 SR6
0.004828 | 0.000392 | -0.000375| 0.000951 | 0.001955 | 0.002122 | 0.001997
0.000000 | 0.000370 | -0.000166 | 0.001302 | 0.002033 | 0.002433 | 0.002657
2.302900 | 0.009172 | 0.038970 | 0.046978 | 0.034653 | 0.033221 | 0.032968
-0.015658] -0.009821 | -0.063172 | -0.037302 | -0.069059 | -0.068932 | -0.068339
0.104702 | 0.002146 | 0.012149 | 0.012542 | 0.008724 | 0.009248 | 0.008958
21.91433 | 0.030647 | -0.681622 | 0.022013 | -1.560474 | -1.404926 | -1.399927
481.4938 | 7.165444 | 6.005159 | 3.339533 | 15.31553 | 12.56334 | 12.59781
Jarque-Beral4656.1** * | 349.98*** | 219.6*** | 236.39*** | 3255.2*** | 2003.6*** | 2015.8***
484 484 484 484 484 484 484
SO SR15 SR30 SR60 SR90 SR120
0.001639 | 0.001438 | 0.001730 | 0.001372 | 0.001286 | 0.001530
0.002117 | 0.001872 | 0.001996 | 0.001861 | 0.001479 | 0.001527
0.036270 | 0.041283 | 0.045491 | 0.048083 | 0.045028 | 0.050233
-0.068339| -0.068784 | -0.069054 | -0.068817 | -0.068848 | -0.068696
0.008788 | 0.009566 | 0.009705 | 0.010435 | 0.010984 | 0.011567
-1.368944| -1.089182 | -0.879602 | -0.705261 | -0.608716 | -0.672861
13.54356 | 11.87383 | 11.20724 | 9.770841 | 8.107890 | 8.969033
Jarque-Bera| 2393*** | 1683.7*** | 1420.8*** | 964.64*** | 556.04* ** | 755.04***
484 484 484 484 484 484

* k%

1%

28




ADF

ADF
4-2 1%
4-2
ADF
AFR 0 -21.976%** -22.032%%* 221,952+ %+
BFR 4 -3.9883*** -4.1548%** -3.9851%**
FR 7 -7.125% %+ -7.1403%** -7.053% %+
ND 0 -22.932% %+ -22.924x %+ -22.830%**
OR 1 -13.521%** -13.97%** -13.302+**
B3 1 -13.478%** -13.874%** -13.281%**
SR6 2 -12.691%** -13.045% % -12.358% %+
SR9 2 -12.873%** -12.938%** -12.240%**
SR15 2 -13.213*** -12.282% %+ -12.792% %+
SR30 0 -19.981%** -19.962%** -19.472% %+
SR60 0 -19.299%** -192.95%** -19.047%**
SR 0 -19.079*** -19.070%** -18.800%**
SR120 0 -18.477%** -18.481%** -18.242% %+

1

27X 1%

AlIC

29




6 12 °
6 12 43
ARMA
——— e
-:f__.-"'- “'““"-x:-:
.-"--.-'-._. g e
."I.r. 4' 3 %
£ MY
! %
;} AFR BFR OR R3 6 SR
: A
Q (f{f 00192 | 36647 | 65425 | 6.6892 1.20‘*117{1 8.2222
Q (ﬁﬁ) 02100 | 88430 | 84143 | 83523 | 4.154 1| 9.9964
-
| ss | osm0 | ose0 | seeo smzjf)l.II
L
III II
Q (6\'.1 64563 | 06914 | 11381 | 11057 | 46
L "3
% '|_' _|"I_.l'r
Q (12 |\ 79175 | 37173 | 41261 | 80636 | 95878
x\,, 3 __;-’
S 7
'\-\.__\_\_ —'___'_,_,..-l-"
Q? LM
4-4 Q’ 1% BFR OSR SR3~SR120
6 12 AFR 6 12
3 3




Engle(1982) (Lagrange Multiplier, LM)
ARCH LM
4-4 1% OSR SR3~SR60 6
5% SR90 6 AFR BFR SR120
6 12
GARCH EGARCH
AFR OLS
EGARCH
4- 4
AFR BFR OSR SR3 S23 SR9
Q®  (6) | 00128 |68.750*** | 80.558*** | 75.548*** | 57.950*** | 60.479***
(12| 00260 |110.41*** | 81.586*** | 76.849*** | 59.018*** | B1.514***
LM (6) | -0.002189 | 0.062873 (-0.1675***|-0.1412*** |-0.12119** | -0.1596***
LM (12)| -0.002185 | -0.008618 | -0.041560 | -0.039824 | -0.041752 | -0.050255
SR15 SR30 SR60 SRA0 SR120
Q? (6) | 56.543*** | 46.375*** | 66.889*** | 42.464*** | 25.229***
2 (12) | 59.184*** | 50.111*** | 68.218*** | 45,222*** | 35,658***
LM (6) | -0.157*** | -0.138*** [-0.1798*** |-0.10535** | -0.027375
LM (12) | -0.034295 | 0.003104 | -0.022671 | -0.011290 | 0.009737

*kk

1%

*% 5%

31




()

EGARCH(L,1)

BFR(8:45~9:00)

4-5 BFR
a b 1%
g 1%
0
Vt
4-5 EGARCH(1,1)
Z

Inter cept 0.000414 7.99E-05 5.184279% **
AFR -0.000566 0.001696 -0.333924

ND, , 0.008533 0.006253 1.364649
Inter cept -0.215705 0.084392 -2.555074*
a 0.125936 0.024945 5.048604* * *
g 0.078054 0.018264 4273659 **
b 0.990058 0.006260 158.1528* **

*kk 1%

*%

5%

BFR, = ¢, +c,AFR,; +C,ND,_; +v,

log(h) =w+b ><|og(ht.l)+g><e—+aet—1

t—l

32

f




() AFR(9:00~13:30)

4-6 AFR
ut
4-6
z
I nter cept 0.004597 0.004754 0.966872
FR -0.616365 0.391547 -1.574180
AFR =¢, +GFR +u,
() OSR(13:30~9:00)
ut Vt
4-7 1%
10% vV, U,
1%
a b 1% 0
g




4-7 EGARCH(1,1)

Z
Inter cept 0.001490 0.000241 6.185740% **
Vi 0.768282 0.134974 5.692054* * *
Uy 0.005008 0.002975 1.683637*
ND. , 0.434151 0.017828 24.35197***
Inter cept -1.098076 0.323598 -3.303333***
a 0.386387 0.065404 5.907726***
9 -0.040021 0.040330 -0.992348
b 0.920041 0.028145 32.68939***
*** 1% * 0%
OSR =c, U, +C,V, +GND, , +e, ] | ]
_ ey . Sl u
log(h,) =w+b ><|og(ht_l)+g.vJE +agJE ] \/%E
() SRi(t=3, 6, 9, 15, 30, 60, 90, 120)
(t
)
4-8 1%
R SR




a b 1% 0

t=6 9 60 90

120 g



4- 8 EGARCH(1,1)
t=3 t=6 t=9 t=15
Intercept 0.001 0.002 0.001 0.001
(6.57)** (5.641)*** (8.354)*** (4.209)%**
v, 0.852 1.185 1.051 0.898
(6.348)*** (7.775)*** (7.031)*** (6.035)***
U, 0.003 0.006 0.006 0.003
(0.785) (0.939) (0.922) (0.870)
ND,_, 0.416 0.329 0.318 0.373
(19.445)*** (12.371)*** (12.521)*** (15.641)***
a 0.313 0.201 0.166 0.377
(6.22)*** (3.825)*** (3.208)*** (5.519)***
g 0.000 -0.098 -0.107 -0.000
(0.002) (-2.610)*** (-2.353)** (-0.011)
b 0.943 0.846 0.811 0.899
(44.007)*+* (17.466)*** (16.551)*** (3.563)***
t=30 t=60 t=90 t=120
Intercept 0.002 0.001 0.001 0.001
(4.790)*** (2.239)** (2.626)*** (2.922)***
v, 1.107 1.036 1.237 1.254
(6.955)*** (7.481)*** (6.298)*** (5.745)%**
U, 0.004 0.005 0.009 0.008
(1.490) (0.228) (1.309) (0.786)
ND,_, 0.328 0.334 0.354 0.343
(11.900)*** (9.226)*** (10.042)*** (8.465)***
a 0.397 0.013 0.251 0.193
(6.260)*** (0.233) (4.178)*** (2.744)%**
9 0.033 -0.283 -0.083 -0.007
(0.968) (-6.112)*** (-2.187)** (-2.216)**
b 0.903 0.014 0.876 0.897
(25.942)*+* (0.138) (19.106)*** (18.021)***

*kk l%

s?t,t = CO + Clut—l + CZVt + C3NDt—l +et z
e
Iog(ht)=w+b><log(ht.1)+g*J&—l+aé
-1

*% 5%

0

t

e

e

e,
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EGARCH(L,1)
EGARCH(L,1)
12
QZ
1%
6 12
LM 1%
6
6
6
GARCH
EGARCH(1,1)

EGARCH(1,1)

Q 6
LM Q2
6 12
3 60
5% 90
12
EGARCH
BFR

AFR
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(2003)

41-78
(2001) -
225 567-588
(2003) -
103-120
(2004)
53-80
(2000)
(2001) -
31-53
(2001)
(2004)
88-96
(2003)
71-98
(1998)
1-29

(1999)
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(2005)
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