Working Paper Series

No. 12-02

October 2012

JFEEDNERODIICELND DBEEDLT T a i
—JBEAEH EGARCH EFNVIZ & A5 —

BE H&E - = FR

Research Institute of Economic Science

College of Economics, Nihon University



gobooboobooobuooboobooboood
—0 000 EGARCHODODOODOOOoO—

oooo*ooooof

20120 1000

go

gbboooboooooboooboooboooooooobooooobo 22500
goooogoooooooo0oO0Oooopooooo0oO0OoooooDoDboBlack-
Scholes 10O DOO0O000DOOOOOODOOOOODOOOOODOOOOODOO
gbooobooboooboobooooboboobobobooobooooooboooo
gbooooooboobobooooboobobooooboobobooooon
goboooooboooooooboooooooobooooooooooobobooo
000000000000 0000D0000 Exponenitial GARCH (EGARCH)
000000000000 00 EGARCHOOOOOOOOOOO 2250000
oooooooOoUoooooooOoO0Ooon0 EGARCHOOOOOOOooo
goobooooboobooobooooboobooooboobooboboooboooo
gpooo

1 0o0o0d

Black and Scholes (1973) 000000000 Black-Scholes 0000 O0O0O0BSOODODOOOO
goooooboooooooboboboboo0obLDoooobobobDoboDoobooona
goooooboboboboooooboobobooboboooooooboboboboonog
goboboooboooboobooooobobobooboboobobooooooboboboo
ggoboboooboobooobboooobboobbooobbooobboobbboobooo
ggobobooobbooobooobobooobboobboobbooobobboooboob b
ggogoooo

000000000000 0000O00000000O00UOOEngle (1982) O ARCH (autore-
gressive conditional heteroskedasticity) 0 D00 0000000 O Bollerslev (1986) O GARCH
(generalized ARCH) 00 0O0OUOO0OOOO0OO ARCHOOOOOOOUOOOOOOOOOOOO
0000000000000 000O00O000000000O0OOOEngle and Mustafa (1992)0
Noh et al. (1994)0 Saez (1997)0 Sabbatini and Linton (1998)0 Bauwens and Lubrano (1998)0

Duan and Zhang (2001)0 Bauwens and Lubrano (2002)0 Christoffersen and Jacobs (2004) O O

*D0000000: 0 112-8606 00000000 5-28-20 (E-mail: satoyoshi@toyo.jp)O
f00000000: 0 101-8360 0000000000 1-3-2 (E-mail: mitsui.hidetoshi@nihon-u.ac.jp)0




0.00,ARCHOOOOUOO0O0O000022500000000000000000,00 (1999),
00 (20000000000 (2003)000 (2003), 00 (DO0O)DOO (2008), Watanabe and Ubukata
(2009), Satoyoshi and Mitsui (2011) O000. 00 0000000000000 O000DO0OO0OO
000000000000 0000000000D00000O000O00O000O00

Haas et al. (2004) O Alexander and Lazar (2006) 0000000000000 D00OOOOO
00000000000 00000 GARCHOOOOODOOOODOOOODO GARCHOOOOO
goooooobobobbtbodooooooboboobbobotbooooobbbbbooooooLD
ggobooobobooboboooboooooobbooob bbb boobboo
000000000000 0o0O0000O000000000000000O000000000O
O00OBadescu et . (2008) DOODO0O0DOOOO0DOOO GARCHOODOOOODOO
0000000000 o0o0OS&Ps000 0000000000000 0CO0O0O0OO0BOOOOOO
000000000 O0OO0GARCHOOOO Engle and Ng (1993) D000 GARCHOOOODO
0000000000 Alexander and Lazar (2009) 00 0000000000000 00OOEngle
and Ng (1993) D000 GARCHOOOUOOOODOGlosten et al. (1993) O GJROODOODO
0000000 GARCHOOOOOOOOOOOOODOOOODOOO0DOO0O0O0'00000 20000
0000000000000000000000000000000000 00 Nelson (1991) O
Exponential GARCH (EGARCH) 0000000000000 0O00O0O0O0 (2011) 00000
2250000000000000000000000000000B0O000 GARCHOOOOO
0 EGARCHOOOOOOOOOOOOOOOO0O0O0000O00000000000000000
O00O0GARCHOOOOOOOOOOOOO GARCHOOOO GJROOOOODOOEGARCH
ggoooobboodooooobbbtooooobbbboboooonboboD.

000000 Haas et al. (2004) O Alexander and Lazar (2006) 00000 GARCHOOOUO
0000000000000 0DO0O00 EGARCHOOOODOODOOO EGARCHOOODOD
00000 220000000000000000 22000000000000000000
0000000000000000000000000000000000000D000000O0
000000000 000000000 EGARCHOOOOOOOOOOO0O0O0o00O0000a0
0000000000000 000000000000000000000O0000O0DO0OD0O 4
ggoboobdoooobooobooobboobbooobboouoobLDbobboobob
ggobboobuooobboooboobboooboobbboobooobbooobboobo
googogo

000000000000 EGARCHOOOOODODOOOODOoODOooooooooooooo
0o0ooooooooo, 0o, very-deep-out-of-the-money O deep-out-of-the-money O 0O O O
0000oO0O00oo0O00oO000O000O00000000,0000 EGARCHOOOOOOO
0o0o0oo0oo0o0o0oo0oo0o0,100000000,000000000000000000O
oooooooooOo0oO0OoooOoO,bo0o00o0boo0o00o0 BSoooooooooo,o0n
ggdoooooboboooooobobobD.

IChristoffersen et al. (2006) 000000000000 000000000O00O00O0 (Inverse Gaussian) 00
0000000000000 0O0000000000000O000000 GARCHOOOOOOOOS&P50000000
ooooooooooocooooooo



g0ooooooooooOoCoo0oOoOooD 200000000 EGARCHOOOOOOGOoooO
gbboobooobooobooboooooooooooboobooobooooooooobooon 3
gboooooobobooobooboboooooboboooooboobOooooboobOobooOooon
gboooobobo 400000000 00000000

2 Joouod
21 0000 EGARCHUOOUO

0000 X0 KODOOOOODOOOOODDO000000000000000000
K

f@) = pid(x; i, 07) (1)
i=1

00000000000000 p;0p; € (0,1)0i=1,2---,KO0Y X pp=10000000
QS(CU;NMO"?) U ’

. 2\ _
(b(xmu/iao'i) - 202

2mo B

exp [_M} @)

<o)

goooooooobuooooo,
X ~ NM(pla yPK;5 1, ,,LLK;O'%,"' 70—?()

ODO0000D0O0O0ONMO normal mixture DO O OO O

gooo0ooo0ooooooOoooOooo0ooOoooOoooooooooooooDoon
00000 EGARCHUOOOOOUOOOOOOUOODOOOOOOOOOHHaas et al. (2004) O
Alexander and Lazar (2006) D0 OO0 GARCHOOODOUOOOOOOOOOOOODOOOODO
0 EGARCHOOODOOUODOOOODODOODODOOODOODO ReODOOODOODO EGARCH
oooo,

Rell_1 ~ NM(p1,- DRI, KGO > Ok)s (3)
ln(TiQt =w; + G;In Ji2,t—1 + in,t,1 + (|Zi,t—1| —F (|Zt,1|)] , (4)
Zit—1 = [Ri—1 — E(Ry—1|li=2)] Joit—1, i=1,2,--- K (5)

0000020L,0¢—100000000000001L—1 ={Ri—1,Ri—2,---}00004)0
0 E(lz-1])0 /2/s00004)0()0000:000¢+000000000062000000
i000100062,.,000000 Ri—y—E(Ri—1|li—2)0 04,-1 000000 2,,0000
0000000000100000000000000 6%, 4,054.1,-"+,0%,_,0000¢t000
00000000000000000000000000D0000000000000000Haas
etal. (2004) 000000000000 000O00O00O0O0OOO0DOODOOOOOODODOOO

2000000000000000000000000M4) 0000000000



010000 EGARCHOOOOOOOOOOoOoooOo

oo | o0 Uft
P Ha Ugt

1

2 | p2 Ha O
3 ps Wb Oa
4

2
Da  Hb Oy

gogboboooboobobboboobooobobooboboosobobo«gbd aﬁt_l
00001000000000000000000000000030

0000000 t¢00000000 1, 00000000620 2000000000000000
220000000000000O00DODOOODOOOODODOOODOODOODOODOOO
gboboooboooboobooobooobOoobooooooooooooobooboboooooon
000000000+2000002000000000000000000000000000
gbobooobooobooooooboooboobooooooboboobooooooboboOoooaoon
000200000 4000000@B)00000 K=40000000w0w;0p;, 0000

M1 = 2, M3 =[4, Wi1=w3, wr=uwys, [(1=0 Bo=/p
DDDDDDDDDDDDJtiiD@DDDDDD

U%t = U?%ta J%t = Uit
000D000000000000000 e = pr, u20 py = ps, a0 we = wi, w30 wp = wo,wy
Bo = 51,830 By = Bo, Bl 02, = 03,023,002 = 03,05, 000000000 10000000
000000000000 000 pi+p 0000 p,0ps+pa 0000 1000000000
p1+ps 0000 02,0p+ps 0000 04 0000000000000D0000O0OO0OOO0
00000000000000000000000000000000000000000000
00000000000000000000000

E(Ri|Ii—1) = (p1 + p2)tba + (3 + Pa) i, (6)
V(Ri|Ii—1) = (p1 + p3)oay + (p2 + pa)og, + (p1 + p2)pl + (s + pa) i

— {(p1 + P2)tta + (p3 + pa)}’ (7)

gooo
glb0oooboooboooooooboooboooboooobooooooobooobobooon

00000000000 U00O00000UO0OD ()OO0 UDOOo0DoOoOoo0Ss000OUDOOO

2000000 N(0,1)ON(0,9) 0000000000000 000DOO0O0UOUOOOOUD

otobgsbuoooboobooboobobooboobobooboobooboboon

3 Alexander and Lazar (2006) 00000 GARCHOODOOODOOOOO0OO0O0O0OO00000000000000
oooooooooooo




() 000000000000

P 0.50(x;0,1)
b |——-0.50(x;0,9)
t | —— Normal Mixture
0.2+ |— N(0.00, 5.00)

0.1

(b DODOOODOOOOOOO

[ R 0.5¢(x;0,1)
b |——-0.50(x;1,9)
t |—— Normal Mixture
0.2 |— N(0.50, 5.25)

0.1

(c)ODOOUODOODOOO

[ 0.95¢(x;0,1)
[ |——-0.050(x;4,0.25)
0.3 |—— Normal Mixture
[ |— N(0.20,1.72)
0.2F
0.1f
| ol | L o
-7 -6 -5 6 7

U 10000od

000000o00o0oU00oo0oOoUooUoO0O (h)OOOUDOODODOOUDOOODDOOUODOOOO
000000000O00ON(0,1)0N(L,9 0000000000 DOO0OOOOODOOOOo0s00O0
0525000000 (q)U000000000O0O0OO0O0DO0OOOOODOOUODOOODOOOOOO
goboooboboooooooooooooboooobooooooooooooooobooobooboo
0000000000 000O0o00D0U (0000 2000000400000 100000
oooOobO0O0bOoOobOoOobOoOoboOoOoooOob 20000000000 DOObODOOO 3000
gboooooobooooboobobooooobobOooboobooboOoboooooboOobooon
00000000 EGARCHOOOOOOOOOoOoooooooooooooooooooooo
gbobooobooboooobooooboboobooboooooboOoooooOobooonoa
gbobooooobooooboboboobooooooobobob¢oboooobobobon



gobgobobobooboobobooboboooboobobooboooobooobeboboo
gboooo+«oobooooboobbooboobooooboboooy0obOob0oooobon 4
gbooo<:oon

Rt|It—1 ~ tM(pla yPas 1y - - 7/’1/4;0-%t5"' aUZtQV)

oo0o0oOo0o0oDOoOdMO tmixtwre 0DO0O00000O00D0OO0O0¢t0D000O00O0ODDO¢tO00DO
00 ¢30i=1,---,4000000000¢t00000000D0O000¢0O0DO0O0O0O0OOO
0O EGARCHOUOOOOODOOOOOOOOOOO +EGARCHOOOODOOOOOODDOOO

00 4900 E(lz—) 00 2vv=2T((v +1)/2)] /[(v = DI'(v/2)y/m) 000 O

22 Jd0o0obobbuoooobbbooon

t0gdooooogoooofooooD s;,g0ooooooopootooo0oooooOooboD RO

_ Sy — St-1

R
‘ Si—1

(8)

00000000000000000000000000040000000000000000
gooooooooobooooooot«tOooboooobooobooo obO00¢t—-1000
o000 0000000000 ¢t0OO00OO0OO0OOOO0 E(Rek-1)0 0000000
00000oO0o0oOoooo (6)o0ooo

(p1 + p2)tta + (P3 + Pa) o = 14

gogboooboboooooboon,

re — (P1 + D2

iy = L= (P E P2l (©)
P3 + P4

ggoogooooooboooooo n000o0dbD w0 ey oD ODDOOO0OODO

godooooboooooooooooooooooooooooobooooooooo (9)|:|

00o00ooooooooooooG)oo,
zig—1 = (Re—1 —re-1) [oig—1, i=ab

0ooo
00000000000000000000000000 LO0OO0000000 EGARCHO

ooooooono,

T

L= [p16(Ri; ptar 02y) + p20(Re; fta 03y) + D3S(Ri por, 0oy) + Pad(Re e, o3|

t=1

{00000000000000000000 Re=InS:—InS,—; 0000000000000000000000O0
0000000000 ¢t000000000000000000000D00000D0O00000000O0O0O0OOO (2003)
ooooooo



gobgoobon

1
G(Ry; pi, 03y) = ———=exp

A/ 27T‘7]2't

000000 t+EGARCHOOOOOOOO

T[(v +1)/2]
72T (v/2)

¢R;/'[/iao'2' =
(& J) UJQ't(V_Z)

_ 2] 7 1 .
—I-(Rt ﬂz)] (02) *(v—2)"2, i=uabt, j=a,b

gooo

23 U0O0O0obboboooon

00000000000 EGARCHOOOOOOOOODO t+-EGARCHOOODODODOOOO
gbobobobooboobooboboooobooboboboboboobobobobooo
ubwmbp, 02000000000000000000000000 100000000000

Rilli—y ~ NM(py,pa; pa, piar; 07),

Ino? =w4 Bno? |+ 0z 1+ (ze-1]| — E|z-1])],

21 = (Ri—1 —14-1) /01,

Mot = (Tt—ulpl)/pQ
J00d0000000000bO0b000000o0o0o0b0000D0D0ob0O0o0O0n EGARCHOO

0000000000000 000000000NM(m)0000¢t0000tMm)OD0OD0OOOO
goboooobooboobg 20b0booboobo

Ri|I—1 ~ NM(p1,pa; i 034, 051),
oy =w;+ Bilno?, 4021+ (zie1| — Ellz-1l)],
Zig—1 = (Ri—1 —re—1)/0ip—1, =12,
e =T
0000000000000002.1000 (a)0D00O0O0O0OO0O0O0O0OONM(v)ODOOOtODO
00 +M(v) 0000000
000 EGARCHODOO,
Rylli—1 ~ N(u,07),
o? =w+ oy ; +0z1+7 (21| = Eflze-1)],
21 = (Re—1 —74-1) /01,
Mt =Tt

0000000000 N-EGARCHOODODOtOOOO +-EGARCHOOOOOOOOOO BSO
gbooooboooooooboooobobooooaon



3 Uuobuoobooonbd
3.1 Ugogbbboodgobboadn

gbboooooobooobOoooboobooobOOoobO0oooOooooboOoooboOooboOooon
gbooooooboooboobdoo-roobooboobooobooboorooooboT+700
ooocroOOOO0OO0 KOOOOUOOOOOOOTOOOOOOP,OOOOOODOOOODO
oooooooccro PrO

Cr=(1+7r)"E[max (Sr4+r — K,0)], (10)
Pr=(01+7r)""E[max (K — St4,,0)] (11)

00000°00000Sr4,00000000000000000000000 EGARCHOO
D0000000000000000000000000000000000000000000
00000000000000000020000k0000000000 Sr4,0000000
DDDDDD(ﬁaﬂﬁaﬂ”wﬁgJDDDDDDDDqumiDDDDDDDDDDDDD
000000000000000,00000000000000000 (10)0(11)000000
0000000000000000000

Cr~ (1+71)" E:nmx( yiT—Jao), (12)

Pr=~(1+r)" ZmaX(K ST+T, ) (13)

3.2 Uouoobbbuoooobbbooan

gboboooooboooooboooboobooooboobooboooboboooooooOooon
00000 EGARCHOOOOOOOOOOoOoo

1100 {R1,Re,... ,Rp}000000000 EGARCHOOOOOOOOOOOOOOOOODOO

n
MDDDDDDDDDDDDDDDDDD{#Lﬁﬁyn.#L} 000000

§

[&DDDDDDDDDDDDDDDDDD{@%M#QVHJ#L}ADDDDDD
400 [1J0000000000000000 200000000 3000000007 +1

DDDDT+TDDDDDDDDD@#LJ#Q,”J#L} 0ooooo
i=1

1 2 n
[@DDDDDDDDDDDDDDDT+TDDDDDDDDDDD(%¢ﬂ$¢ﬂ“w$¢JD

ggodg

s, =se [T (1+RY). i=12.. 0 (14)
s=1

5000000000000 TOO0000000TO0000 T+1000000000000000 rpy; 00000
pooooooooooobooooooboooobooTOOOOODOOOOT+700000000000000O0O0O0O00
r=rry1,rr42, .t 000000000000 O0O0O0OCOCOO



Y

| | |

T T+1 T+2 e T+7
|
|

| |
" oooooooooo |

I Br Sfhy Sih, o S§%r
|
1
|
|

oooooooo

g20000000b000b0b0o0bo0o

(0000000000000 D000O0 CY 0000000000000 PPO0O0OOODOOOOO
Cr~(1+7r)" Zmax( ”Efz-)i-f KO)7 (15)

Pr~1+r)" Zmax (K S:(FZ_H, ) . (16)

g2g0ogobobobooooboboboboboboboobobobooooooboobg
OO0000o0oopoooooOooobobooOogdg n=200000000000000000 CrO0Pr0O
0000000000000 (2003)000 (DOD)ODOO (2008) DOODOO0ODOODOOOOOO
000000000000000Do0o00o0%o

4 0O0OOO
41 000

gboooobobooooooooooboooooo 2000o0ogbobooooooboboooon
gobobooboobobooz2050 60000 2010010000056 0000000000
JodbdbOr=3000000000000000000000DO0000O0O00O0OO0O0 7410816
00000000000000000000000000000000 CbOO00O0o0o0oo0O
0000000 000000000000D0 100000000000CDO000 100000
gbooooboooooobooooboobooboobooboobooonog

0000 EGARCHOOOOOOOOOOOOOOODDOoODoOOoODODODOODOODODODOOOO 30
000000350 0000000000000000000°0000000000000 2005
geboobooboobooboboobgoobsobob 20050 50 110000 3,500000
19910 20 2500000 0000000000000 0O0O00000 19910 20 26000
20060 50 1100000000O00DOOOO0 T=35000000000000O00DO0O0O0O0OOC
gbooooobooobooobooobooooobooboobooboobooobooooobo32000n
gbobooobobobooobooooboobobooobooooooooobobooobooooon

60000, Satoyoshi and Mitsui (2011) O Appendix BOOOODD.

00 225 000000000000000000000000000000000000000000000000
gooooooooobooooooooooOOOoOoOO00oOooooOooOoooO0ODOOOOb00O0O0OoOooOooOoOOn

80000000 CDODOO0O0OOO NEEDS-FinancialQUEST OO O0OOO

‘D0000000000000000000000 OxMetrics 5.00 (http://www.oxmetrics.net/) 00000000



02 0000000000000%0000000

ooooo 00 0000 00 OO0
3500  —0.014 1461  0.180  5.208
(0.025) (0.041)  (0.083)

000000000000020050 600000000000 1991
0202600020050 501100000000000000
00000000000 NOOODOOO 600000000000
00000000000006/vNO/6/NO+/24/NOOODO

[ [—— N(-0.014, 1.461?)) Mo
0.3F

0.2

0.1F

03:0000000000000%00000000

gbooooboooooooboobobobobobobobobooboboobobobo
20100 10000030000 20090 120 9000000000000 000O00O00DO0ODOODO
gobooboboobelg 2026000 20090 120 900000000

g20b00b00b00boboboboboboobnooooooboon20050 60b00bOonDO
gbooooooooboboobo 199102026000 20050 50 110000000000
gboboobooooboooobooooubooboooboooboooboooobobooboooooon
gboooooobobooboobOooboooooogos208b00bonoo3ouoboonboon
gbooooooboboooobobobobobobob 3sboobooboboobobobobg
gobobobobooboobobobobooboobobooboobobbobobobo
goobooboooboboobobobooobd

4.2 0O0O0O0OOOO

03000000000000000000000000O0O0O0ONMOOOO0O EGARCHOO
O0«MO0O0O+EGARCHOOOOOOOODOODOOOOODODOOOOO0DO0oOoOoOoo20050
6000000000 19910 20 260002005050 1100000000 302000NMO
gboooobobooooboooooobooobobooob 4000000001 0D0O00D00O0 p0O
0942000000000000O00OOUDOUOO u, 000000 YYOOODOUOO weOOO
gbooooobootobop,,00b000obbo0obobo0ooboooon p, 000b00p, 000 —0.020

10



0300000004

NM tM NM(m)  tM(m)  NM(v)  tM(v)  N-EGARCH +EGARCH
1 0.942 0.972 0.989 0.994 0.927 0.951 - -
0.026 0.030 (0.003)  (0.002)  (0.024)  (0.034) - -
P2 0.052 0.022 - - - - - -
(0.027)  (0.030) - - - - - -
ps 0.006 0.006 - - - - - -
(0.005)  (0.005) - - - - - -
lia —0.020  —0.020 —0.040  —0.018 - - - -
(0.012)  (0.011)  (0.010)  (0.008) - - - -
Wa —0.003 0.001 0.009 0.006 —0.004  —0.001 0.018 0.008
(0.003)  (0.004)  (0.003)  (0.003)  (0.003)  (0.005) (0.004) (0.003)
wp 0.135 0.258 - - 0.124 0.182 - -
(0.076)  (0.340) - - (0.055)  (0.165) - -
Ba 0.987 0.986 0.977 0.984 0.988 0.987 0.976 0.984
(0.004)  (0.004)  (0.005)  (0.004)  (0.004)  (0.004) (0.005) (0.004)
Bo 0.952 0.896 - - 0.957 0.929 - -
(0.042)  (0.166) - - (0.028)  (0.084) - -
0 —0.074  —0.074  —0.083  —0.076  —0.074  —0.073 —0.076 —0.075
(0.010)  (0.010)  (0.010)  (0.010)  (0.010)  (0.010) (0.010) (0.011)
v 0.120 0.127 0.149 0.136 0.118 0.124 0.153 0.136
(0.015)  (0.017)  (0.016)  (0.017)  (0.015)  (0.017) (0.016) (0.017)
v - 19.710 - 10.193 - 22.871 - 8.406
- (12.773) - (1.706) - (21.090) - (1.054)
0000 —5981.67 —5980.74 —6010.69 —5983.71 —5984.55 —5984.00  —6044.37 —5988.54
AIC 11983.34 11983.48 12033.38 11981.42 11983.09 11984.01 12096.74 11987.08
SBIC 12044.95 12051.25 12070.34 12024.54 12026.22 12033.29 12121.38 12017.88

000000000000000 19910 20 26000 20050 50 11000000000000000000O

000000000000000000000 p,00000 p14pe 0 0.942+0.052 = 0.994 0 0
00000000000000000000000000000000000000000000
0000000000000000000w 00000000000000 400000000
e 00000 ps+p,00.006000000000000000000000000 100%000
00000000000000000000000000000000020000000(w,, )
000 62,0 (wy,B) 000 620000 (wa, B,) 00000 (—0.003,0.987) 00000 py +ps O
0.942 +0.006 = 0.9480 0 0 O (wp, 3) 00000 (0.135,0.952)0000 0.052000000 00
00063 0000000000000000000000000000000000006%,0
00000 10000000000000000000000000000000000 p,0
00000 0994000000000 024 000000094800000000 10000 02,0
00000000000000000000000000000000000000000000
00020000000000000000000000000000020000040000
0000000000000000000000000006000 0074000000000
000000000000000000
03030000¢t00000000:MO00000000000 4,00000 —0.0200 g
00000 pr+p200.972+0.022=0.9940000NMO00000000000000000O

11



Ha

o o CD_min.
o o CD_mean
s o CD_max.
skewness

0.175}

0.150}-

0.125f
0.1oof
o.o75f
o.osof
0.025;

==============§§§EEEE§§§§§§§§§§EEEEEEEEE&&;E&&&&&ﬁﬁ&éééé

-0.025}

04 NMOOOO g, 0CDOOOOOOOOO

00000000 (wa,B,) 00000 (0.001,0.986)0 (wp, 3) D 0000 (0.258,0.806)0 02, O O
000 p1+ps0 0.972+0.006=0978 0 000NMOOOO00000000000000000O
00000000000000000000000000000.80600NMOOOO00000
000000000000000000NMOOO00000000000000AICOSBICOO
0000ONMOOOOOOOOOO000000000000000¢+000000000000
000000000000000000000000000000000000000000000
00000000000000000000000
00020000000000000001000000 NM(m)OtM(m)000000000
0000304050000000p, 000000000000 100000000000000
0000000000000000000000 tMm)0000000000000000AICO
SBICOOOOD tM(m)00000000000000 NMO/MOOODOO000000000
000000000000000000000010000000¢0000000000000
0000
0306070000NMMIM(v)I0000000000000000000000 200
000000000000000000000000000AICOSBICOO000O000 NM(v)O
00000000D0O0ONMOtMOOOOO0OO0O0O0000¢t000000000000000000
EGARCHOOOOOOOO 2000000000000000000000000000SBIC
00000000000000 +EGARCHOODOOOOOOOO0O0O0O0000000000AIC
00 tMm)00000000000000000000000000000000000000

12



U4 000000000000000

gooad ggo goo
S/K < 0.85 very-deep-out-of-the-money (VDOTM) VDITM
0.85 < S/K < 0.91 deep-out-of-the-money (DOTM) DITM
0.91 < S/K < 0.97 out-of-the-money (OTM) ITM
0.97 < S/K <1.03 at-the-money (ATM) ATM
1.03 < S/K < 1.09 in-the-money (ITM) OTM
1.09 < S/K < 1.15 deep-in-the-money (DITM) DOTM
1.15 < S/K very-deep-in-the-money (VDITM) VDOTM

googo

gboo3souooooobobobobooobooooboobobobobobooooon
gobobooooboooobooboobooooooogboooooooboooobooD4000NMO
ugdbp, 00booboboobobboobbooboobb 30 w, 0000 —0.0200000
2000000000 g, OO0OO0OO0OO0DOODOOOCOODOO0DOOOCD min.OCD_meanl CD_max.
ooooooooooo cboooooooOoooooooooooooooo cecbooooo
gboboobooboooooooooooooboboboD e OO00O0200700000000
gbooboobooooboboobobooobobooboobod0e, 00000 p1+p 00
gbooooobobobobolooboboboobobbobobooooobobobobg
gbogoooobobobobobooboboboboboboooobobobobobobobo
ggo

4.3 0O0O0OO0OO0O0ODOOOO0OOn

NMOOOOOOOODOOOOOOUOO0OO0 BSOODOOOODoODoOOoOoOooooooooog
0000000000000 00000000 (mean error rate; MER) 000 20000000
O (root mean square error rate; RMSER) 000 0000000000000

N 000 oooo

1 X; - X;

MER = N ( %0000 >’ (17)
i=1 i

N 2
XDDD_XDDDD
i i ., X=C,P. (18)

N
1
RMSER = NZ( xD000
i=1 i

ooooXP"? 0000000000000 000000000000000000000BSO
DooooooooooXx) """ 0o0000000000C00000000000000PO
000000000000 0000ONOOOODOOOOOOMEROOOODOOODOODODOOOO
0000000000000 000000000000000000000000000 100
RMSEROOODOOODOODOOOOOODOOOODO

00,0000 (moneyness) 0, 00000 70000000000000 (04000)0(1)
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gs5 0o0obooooobooooooan

VDOTM DOTM OTM ATM ITM DITM VDITM  Total

oooogo (N) 160 128 123 108 84 42 96 741

MER
NM —0.005 1.112 0.688 0.163 0.021 -0.008 —0.002 0.330
tM 0.182 1.196 0.676 0.157 0.021 -0.007 —0.002 0.382
NM(m) —0.083 1.654 0.890 0.188 0.023 -0.010 —0.003 0.444
tM(m) 0.173 1.021 0.608 0.149 0.020 -0.006 —0.002 0.338
NM(v) 0.018 1.143 0.690 0.165 0.022 -0.008 —0.002 0.342
tM(v) 0.195 1.251 0.671 0.154 0.020 -0.007 —0.002  0.393
N-EGARCH 0.124 1.386 0.810 0.197 0.030 —-0.006 —0.002 0.432
t-EGARCH 0.321 1.120 0.607 0.152 0.022 -0.006 —0.001 0.387
BS 11.449 2.225 0.735 0.149 0.023  0.008 0.006  3.004

RMSER
NM 1.198 1.886 1.031 0.269 0.079  0.061 0.036  1.055
tM 1.390 1.972 1.002 0.255 0.078  0.061 0.036  1.125
NM(m) 1.106 2.682 1.366 0.315 0.086  0.062 0.036  1.353
tM(m) 1.427 1.783 0.894 0.239 0.078  0.062 0.036  1.063
NM(v) 1.209 1.956 1.020 0.268 0.080  0.061 0.036  1.077
tM(v) 1.422 2.073 0.998 0.254 0.078  0.061 0.036 1.164
N-EGARCH 1.324 2.256 1.168 0.306 0.087  0.062 0.036  1.225
t-EGARCH 1.545 1.889 0.883 0.238 0.079  0.062 0.036  1.127
BS 23.125 3.721 1.185 0.299 0.111 0.090 0.050 10.868

S/KO 0850000000000000 very-deep-out-of-the-money (VDOTM)O O OO OO0
0000 very-deep-in-the-money (VDITM) DO 0OOO0O0O(2) 0.85 < S/K0O 09100000
00 deep-out-of-the-money (DOTM)0 U0 O O deep-in-the-money (DITM) D OO0 00O O(3)
091 < S/K00.970000000 out-of-the-money (OTM)00 00 O in-the-money (ITM) OO
0000D(4)0.97< S/K <1.0300000000000 at-the-money (ATM) 000000 0(5)
1.030 /K <1.090000000 ITMOOOOO OTMOOOOOOO(6) 1.090 S/K <1.15
000000ODITMOOUOOO DOTMUOOOOOOO(7) S/KO 1150000000 VDITMO
gooo vborTMOODOooOoooDoOo

0000000000 MERORMSEROOOOOODOO 500000020000 80000
000000000000 000000D00000DbD 20000000000 TotalODOOO
0000000000 MEROOODOOOOOOTotal OO NMOODDOOO 033000000
gboboooboboobooboboobobooobooboobOoooooooobOoobooobooon
gooOoBSOOOOOOOOOOOOOOOOOOOOOOOO3O000DOTMOO 8OO
vDITMOOOOOOOOOOOOoOoo2000 vboTMOOONMOOOOOO —o0.0056000
0000000000 0ONMOODD Total OO0 ODOO0ODOODOOODOOOODOOOOOOO
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g6 00000000ooo0ooooan

VDOTM DOTM OTM ATM ITM DITM VDITM  Total

oooogo (N) 324 85 95 108 101 92 o1 816

MER
NM —0.053 0.522 0.326 0.114 0.014 0.017 -0.014 0.088
tM —0.018 0.503 0.305 0.107 0.015 0.019 -0.014 0.097
NM(m) 0.013 0.619 0.381 0.134 0.016 0.015 —0.016 0.134
tM(m) —0.009 0.482 0.292 0.101 0.014 0.019 -0.014 0.096
NM(v) —0.006 0.567  0.341 0.116 0.014 0.017 —0.015 0.114
tM(v) 0.044 0.568 0.320 0.105 0.014 0.018 —0.014 0.130
N-EGARCH 0.148 0.744 0.433 0.148 0.021 0.018 —0.015 0.209
t-EGARCH 0.121 0.543 0.312 0.106 0.016 0.019 —0.013 0.157
BS -0.722  —-0.313 —-0.006 0.084 0.069 0.069 0.015 —-0.295

RMSER
NM 1.462 1.161 0.652 0.240 0.077  0.055 0.033 1.023
tM 1.476 1.126 0.614 0.224 0.075 0.056 0.032 1.024
NM(m) 1.701 1.352 0.762 0.276 0.085 0.056 0.034 1.191
tM(m) 1.483 1.103 0.589 0.212 0.074 0.056 0.032 1.023
NM(v) 1.573 1.236 0.678 0.244 0.077  0.055 0.033 1.097
tM(v) 1.626 1.246 0.654 0.230 0.075 0.056 0.032 1.127
N-EGARCH 1.923 1.520 0.816 0.280 0.083 0.056 0.032 1.341
t-EGARCH 1.702 1.194 0.615 0.217 0.075 0.056 0.032 1.162
BS 0.890 0.632 0.464 0.237 0.149 0.126 0.068 0.627

oo BSOOODOOVDOTMODOTMODODOOOOOOOOODODOODODODOORMSERODODOOO
O000Total OO NMOOOOODO 1.0550000000000VDOTMO000O0O NM(m)
0000 11060000NMOOCOOO0O0O0O0O0O0O0O0O0OONM(m)000O0 NMOOOOODO
0000o0o0ooooooOooobOTMOO tM(m)O 1.7830000000000000O0OOO
0o0ooooooooooooooooMEROOOODOOOOBSOODODOOOOOOOCOCOO
goooooooooooooooOoo0oOoboOoooooobooOoooboooNMOOOODO
o0ooooOO0o00ooOoO00O0OoOoOoOOoO00oOOooOoOOO0D EGARCHODOOOODOOO
gooooooooooooovborMoboTMUOOOOOODOOOOOODOOOOOODOD
gobooooooo
ge00000000O0OOCOOOOOOOOMERODODOOOOTotalOODOO NMODOOOOO
00880 00000000000 ODOO0O0O0O0OOO0ODOOOCOOOOODOOO0O0O0OORMSERO
Total OO0 00000000000 BSOOOOOOO06270000000000000000
gooooOoO0oO0OoOoOoOoooooOoOoOoOoOoBSOOOO VDOTMO MEROODO —0.72200
ooooooooooooooooooogg borTMOd OTM O MER OO0 VDOTMO DOTMO
OTM O RMSERODOOOOOOOOODDOOOOOOOOOOOODOOOODDODODDOO
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gbooooNMOOOODOOOOODOOODODODOOOODOO

grOosboboobooooooobooboobooooogybobooboboooooon
00 EGARCHOOOOOOOOOOOOOOOMERORMSEROOOOOOODODO 200500
t+-EGARCHOOOOOOOOO20060000¢tM(m) 0000 MERO 0.6860 RMSER O 1.275
gobooOoooobooboooooboooooboooooooboboobooOoooobooooobooobooono
000000 MERO RMSEROOOODOOOCOOOOBSOODOOOOOOODODOOOOOO
gboooobooooogoooo

5 Uoodoooon

gbobooooboboooobooboooboooooooboobooboooobooobobooon
0000000000 0O00O000O0Oo0O0000oO0O EGARCHOODOOOOOOOO 22500
goo0o0OO0OO0O00O0OoOoOoOooooOoOO0OO0OU0U0OoOoOoOOOODOD,0000 EGARCHO
gboooooobooobooobooobooooooog, o0, 000000000 0b0bo0obooDg4
gbooobooooobooboobobo.oboooooooooobbooobobooboooboobonbo NM
go0oooodooopooOooOoOoO0O0O00O000ooOooODOOCOO0O EGARCHODOO
gooooooooooooooooooovboTMODOTMOODOOOODODOOOOOODOO
gbooooooooo.oboobo,oo0ooooooboobo,oboooboooboboooooon
ooo0oONMOOOOOOOOOODOOOOOODDOOOODOOOOOD.

0000000000000 000O000000000O000O Engleand Ng (1993) 0000
GARCHODOUODO Glosten et ol. (1993) 0 GJROOOO0OOOOO0OO0OODUOOOOOOUOOOOOO
000000,000000000000000000000Duan (1995) O Siu et al. (2004) O
gooooooobooooobooobobooooboooooobooboooooobooboo. o
00,000000000000000000000000000000 EGARCHOOOOOO
gbooooobooooooao

HEN

gbooooboob2200b00oooboooooobooooboobooobo. oo, o
gbooooobooobob,201200000000000000000O00000O00DOOOODOODOd
goboobobo.obooboobooboobob
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U 7o0b00boobOoobooobocooobooooon

20060 20060 20070 20080 20090 O0OO

ooooo (N) 65 119 130 205 222 741

MER
NM 0.570 0.740 0.674 0.297 -0.129  0.330
tM 0.571 0.781 0.713 0.418 —0.112  0.382
NM(m) 0.939 0.938 1.048 0.167 —0.062 0.444
tM(m) 0.393 0.686 0.621 0.415 -0.101  0.338
NM(v) 0.492 0.761 0.728 0.307 —0.121  0.342
tM(v) 0.566 0.807 0.765 0.436 —0.135 0.393

N-EGARCH 0.666 0.849 0.873 0.338 —0.031  0.432
t-EGARCH 0.321 0.747 0.689 0.487 —0.054 0.387

BS 0.362 0.713 1.143 8.789 0.753  3.004
RMSER
NM 1.156 1.377 1.383 0.986 0.535  1.055
tM 1.151 1.449 1.438 1.150 0.531  1.125
NM(m) 1.740 1.827 2.024 0.843 0.619  1.353
tM(m) 0.906 1.275 1.355 1.181 0.548  1.063
NM(v) 1.032 1.407 1.487 0.994 0.541  1.077
tM(v) 1.124 1.495 1.547 1.183 0.511  1.164

N-EGARCH 1.336 1.544 1.728 1.072 0.628  1.225
t-EGARCH 0.827 1.359 1.443 1.270 0.584  1.127
BS 1.205 1.709 3.184  20.362 1.848 10.868
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U8 dbooboobooboooboooobooooon

20060 20060 20070 20080 20090 OO0
ooOoogog (N) 73 137 149 206 251 816
MER
NM 0.716 0.907 0.099 -0.174 -0.332 0.088
tM 0.695 0.927 0.093 -0.147 -0.327 0.097
NM(m) 0.968 0.997 0.168 —0.190 —0.334 0.134
tM(m) 0.606 0.937 0.076 —0.127 —-0.315 0.096
NM(v) 0.791 0.998 0.121 -0.175 —0.333 0.114
tM(v) 0.865 1.033 0.116 —0.148 —0.341 0.130
N-EGARCH 1.150 1.194 0.206 —-0.143 -0.311 0.209
t-EGARCH 0.729 1.126 0.120 -0.102 —0.302 0.157
BS -0.336 —-0.123 -0470 -0.078 -0.451 —0.295
RMSER
NM 1.803 1.687 0.900 0.393 0.547 1.023
tM 1.807 1.713 0.860 0.390 0.541 1.024
NM(m) 2.317 1.844 1.110 0.437 0.550 1.191
tM(m) 1.819 1.715 0.847 0.393 0.531 1.023
NM(v) 1.908 1.843 0.981 0.396 0.548 1.097
tM(v) 2.010 1.906 0.965 0.389 0.541 1.127
N-EGARCH 2.657 2.162 1.162 0.426 0.537 1.341
t-EGARCH 1.993 2.055 0.923 0.422 0.527 1.162
BS 0.721 0.505 0.658 0.591 0.665 0.627
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