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Abstract

In the time series analysis of asset prices, the stochastic volatility models have
recently attracted attentions of many researchers since it clearly describes time-varying
variance of asset returns. However, 1t 1s difficult to evaluate the likelithood and obtain
the maximum likelihood estimators of parameters for such models. We take Bayesian
approach and use Markov chain Monte Carlo (MCMC) method to overcome such a
problem. We first describe MCMC method and conduct a survey of the literature for its
application to the stochastic volatility model. The empirical analysis of stock returns

data is also given.
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(Null hypothesis supported)
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O0D000000000000000000000000 (Raftery (1996)). 0000 7(6;)
00000 f(y)OODOODODODODOOODOOOOD, 000000000 0000000
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0000000000000000000000,00000000 ¢g@)000000000
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Z 90 (5)

0000000000000 00000000000000000000000000000
000 ¢g00000000000000QGelfand and Dey (1994) 0000000000000
0000 n@ly)oooooo e, ..., ooooon

11 9(6)
Feo@) 1 2 Fy00)m(e0) o

0000000000000 bO0O0U0b0g@ OO0 m(@)DODODOODLODOOODOOOOO

-1
n

N 1 1
mNR(y) = n;f(yw(j))

000 (Newton and Raftery (1994)). 000000000000 f(y/e¥)0 00000000
00000000000000000000,,0000000000000 (Raftery (1996)).
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m@%fjmmﬁf (7)
D0000000000000000
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00000000000000000000000000000 (Chib (1995))1. 6 =6* 0
00000000 #(0%y) 0

p

w(6%ly) = [[7(6ly.¥i1), i =(67.....60 1),

i=1

000D0«4;0000000)00000000000

p
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i=1
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00o00o0o0o0,000000000000 #(6f|y, v )0

M

~ * * 1 * * 7 m

(07 ly, i) = Mzﬂ(ei|¢i—1»¢+l’( \y),
m=1

G = () o),
m * m m m m—1 m—
Gl(c )~ 7T<9k‘ya¢i—1>9§ )701(+1)7""01(cf)1’91(c+1 )""’91(7 1))
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y = exp(ht/2)e, €~ i.i.d. N(0,1), (10)
hist = pt @(he —p) + e, e~ dd.d. N(0,07). (11)

000,y 0¢t00000000000000000000000000. (10)00, 400
000000000000000000 exp(h/2) 0000000000000000000O
00000000000, (11)00,00000000200000A000100000
000 (AR(1)000)000000000000.7 000,000000000000 0,
006200000000, (s=1,...,7)000000000000.000000,00

SMHOODOOOOAR-MHOOODOOOOODOOO Chib and Jeliazkov (2001, 2005) 00 0. 00000
000000000000 (Friihwirth-Schnatter (2004), Frithwirth-Schnatter (2006)). 00000000000
000000000000000000000000000000000 (Han and Carlin (2001)).

7(11)00 20000 AROOOO ARMAODOOODOOOOOOOOOOO.
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000000000000000000000000000000000000000000
00000000,00000000000000000000000000, ¢0 7 000
0000000000000,00000000000510000000.00,A0000
0O KR O0D0D0O0D0O000O00O0,000%/(1-¢?)000000000000000. 00
0000000000000 DDO0 (ue,e?)000,000,00000,A0000000
0000000000000 ¢000. 0000,A 0000000000, |¢<10000
o000 0000,¢0 100000000000000000000000000000
000D0D0O0D. 000000,0000000000 (00)00000000000000
000 (00)0000000000000,0000000000000000000000
(volatility clustering) D0 0. 000000, 000000000000000000000O0
000000.00,sv000000000,¢00000010000000000000
oo.w

00000000 (ueé,0?) 00000 0, y=(y1,...,y7), h=(h1,...,hy) 0000, SV
0000000000O0ooooooo.

L(O) = [f(ylo)

- / f(ylh) £ (h|6)dh,

T T
- [ [Hﬂytrht)] [f(hnmﬂf(htmt_l,e)] dhy ... dhr.

t=1 t=2

gogd,
S S N
flyihe) = 2 oxp(hy) P [ 2exp(ht)} 7
1 {hi — pp— p(hy—1 — p)}?
f(he|lhi—1,0) = Wexp [_ : 202 - ]’
- 1 __(n—pw?
Ilo) = ia=a) exp[ 202/<1—¢>2>]'

gooooobooooboogooo,Ssvoooooooboooooooooobogoo,oo
gobooooooogoooo.

8,=0,¢=100000000000,00000000000000000 SVO0D0OOOD. 000000
000 SvO0OooOoooOoooog, Harvey, Ruiz and Shephard (1994) O Ruiz (1994) DO0O0OO0O0O0O. OO, SV
0000000,¢=10000000000000000, So and Li (1999) O Wright (1999) D00 O0OO.

ngacquier,PolsonandRossi(1994)D,DDDDD SsvOoOoOoooooooooooood,e0OOooOoOoQd
0800 099% 0000000DO0ODODOODODO.
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4 SvOooooMcOMCOOOOOOOOOO
41 00O00O0OO0ODOOOOO

JdodddddOo,d0,00oooboboennooooooa 7T(0)|:|D|:||:||:|. godood
ogoooo,0o0oooooooon
£ (467 ()

TOW) = 5y 16)(6)d0 12)
oooodoobyOoooooooooa f(e’y)DDDD,DDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDD.DDD,DDDDDD(12)|]|:|[|D|:||:|D f(y]@)
Joddddo,oo0o00a,svooooooooooooooooooboooooo,oon
gooooooooooooooooooooooooo. 0oo0oooooo0,0000000
JoddddooobDboooOooo il DoDDbOO,0bbObO0000000Ooon
goodogdoodoodoogooooogD. 0o oooonooooogogno
Jdoooooooooooo McMCcOooodg.

SVDDDDDD,HZ(M,¢,G2)DDD.DDD,2.2|][||:|DDD gogoogoggno oo
00000000 f(ué,02y)00000000000000,000,k=3,6, =4, 62 = &,
03 =02000,

flulg. o y),
f(lp, o, y),
f(o®|u, é,y),

gbobobooobooobooobooobooboob.oobo,0booob,0booobooboaon
00000000oooDO.0ooo,0o000 h=(hy,...,hp)DODODODOOO

f(ulp, 0% h,y), (13)
f(@lu, o h,y), (14)
f(o®|u, é, b, y), (15)

0ooooooooo. oo, (ue,02)0SVOOODO (1)0000000000000O0
0000000000, yO (10)000000000 ADDOOOODODOOOODODO,D0000
hODODOOOOOOO, (ueé,0?) 0000000000 yO (10)00000000,kRO0
0000000,y0 (10)00000000,A0 (11)0000000000DOOO0OO. O
000,(11)00 A00000000D0D AR(1)OOOOOOOO,ARO0000000000
0000 (13)«(15)00000000000000. 00,A0000000,y000000
000,0000000 (13)-(15)0,0000y00000000000.

0000000, 00,p000000,¢200000000000000.2

w~ Npo,o8), 0% ~IG(/2,80/2).

Y;2000000000000000,00 1/.°00000000000000000.
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¢000000D0,0000000000000000D000, |¢<10000000000
00000,000 (1+¢)/200000000000.00000000000000001
000000000000, (14¢)/2000000000000000,0<(14¢)/2<10
O0,|¢|<1000000.
000000000000, 0000000 (13), (15 000000000000000.2

plg, 0% b, ~ N (u1,07) (16)
02|M7¢7h ~ Zg(yl/2751/27)’ (17)
goo,
0'80'2

(%KT*DG*¢V+1*W}+H

_ 2
p = 01{(10_¢) th+1 Pht) + }
t=1 7%

v = T+

T-1

01 = b0+ (ha— (1= ¢+ > {hupr —p— ¢(hy — )}
t=1

00000000000000000000000000.22
00000000 (4000000000002

log f(¢|u, 0%, h)

_ DDﬂJ%¢WW—£§§:Um4—M—MM—MHa —“1<¢<1.  (18)
t=1

O00,7n(¢p)0 o OOODOOOODOO,

(= =¢%
202 2

O000.00000000000000000D000000O, Acceptance-Rejection (AR) OO

obobo23000000MHODOOOOOOO.

00,000000 f(z) D000O0OO0OOOO0DOO,000000000O0OOOOOO
0000000o0ooooD. 00O, f(x)0,00000 (BOODODOODODODOOODODOOO
(normalizing constant) D 0000000000000, 0000000000.

AROOOODOOOO, 00, f(x)DO00ODD0OOOO,00,00000000000D00O0O, O
0000000 00000 (dominance condition) f(x) < cg(x) OODOOOOOOOOO
00000 (proposal density function) g(x) O0OO0O ¢cO00O000. OOOOOOODODO

log p(¢) = log m(¢) — l%(—ﬁ) (19)

2l00pDo0o00, 00 (205 000000.
217)0000000000000000000000,0000000000000000000000d. O

00000000000000000000000000000000000, Ripley (1987)000000.
20000000,00 (2005 000000.
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AROOO0ODOOOOOOOUOO, f(x) 00 100000000000 ODO.

AROODODOOO:

(11000000 g(x) 0000000000,00000 Peresa) QOO0 0000 p0O

gooooodoon.
f (:L' (proposal) )

p= Cg(m(proposal))

2] j0o0Oooog Peresa) OO0 pOO0O0,00 1-p00000%. 000000
ODo00,z=<Peresa) OO 00, 000000000 1000,

000000000 100000000000000000000000, MCMCOOOO
0,00000000000000.00,0000,0000 p= f(xPoposal))/cq(gproposal))
D00 100000000000000,0000 f(x) <c¢g(e) DDO0DOO0. DOOOO
00000000000000000,000000 ¢g(x) 000 ¢c00000000000
0Dp01000000000000000. 000000, [20000000000,000
00000000000000. 0000000000,00000000000 pO0100
000000 g(x)0 ¢0000000000000. 000,00000000000 pO1
00000000 ¢00000,0000000000000000000D000DOOO0O0
000000,000 MHOOOOOOOO,000000000.000,00000000
00,00000000000 p0 100000000 g(z)0 ¢000000000000O
MHOOOOOOOOOOOO.

MHOOOODODO,OO, f(zx)0000000,00,000000000000000
00000 AWe) 0OOD0. 000,00000000,000,ARODOODOOOODOOOO
00000000. 00,A()0100000000000000000000000. OO
00,000000 2 00000000,000MHODOOOOOOOOOOO, f(2)00
NOOO (x,...,ey) 0000000000,

MHODOODODO:

[1]n=1000.

[2]000000 h(z) 000000000, 00000 z®ere2) goOOOO00 ¢ O
gooogoooon.

f(m(proposal))h(wnil)

F (@) (@)’

¢ = min

[3]zlProposal OO ¢UOO0,001-¢00000. 000000000, 2, = Proposal
000. 000000000, 2z, =2, 000.

240,11 0000000000000000, 000000 w000,uw<p000000,000000000
ooooo.
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[4)n<NODODOO,n=n+1000,[2]000.,=N0O000,0000

00010000000000000 «,.,000000000000000000, MCMC
0000. MHEDOOOOOOOOOOOOOO,AROOOOOOOO,000000 h(x) O
000000000000.25 0000000000, ([30000000 100000000
00000000000000,0000¢0000,000000000000000000
000.000,000,000000 ¢0100000000000000 h(z) 00000
oooo.

0000000 (18)00000000000000, @=¢,logf(x) 0 (18)0000 MH
00000000000000. O0O0DD0D00000 k(¢)00000000000000
000,0000 Chib and Greenberg (1994) 00000000 0000000. 000, (18)
00000loge(¢) 00000000 OO0 +logh(x), 0000,

log f(¢|u, o*, h)

1 T—-1
~ OO -53 > Aheyr — = ¢lhy — )} (20)
t=1
2
(ht — htJrl t )}
= 00O - 21
20° { ; i ht 1) 2y
= 00 +logh(g), —-l<o<l, (22)

000002 00000,A(¢) 000 pg =35 (hepr — w)(he — 1)/ 30 (he — ), OO
v¢:a2/{2t21(ht—u)2}DDDDDD (-1,1) 0000000000000000000
0.00000000000000000000000.00,0000 N(ug,ve) 00000
0000,|4<10000000,000000000000000.%7h(e)0000000
0000,0000 q0, ¢g=g@(x®Peresal))/p(e, )OOOODO0. 000, e(x)0 (19)00
ooooo.

4.2 00O00O0OO0OO0OOO0OOOO0OOO

SsVOoOoooooooooo (ue,e?) 000000000,0000000 AOOOOOO
00,00,00000000000000D00000O0. 000,000000000 00O
oooo,0000 RO, (uee?) 00,000000000000000.000,0000
O,h000000000000000000000O0ODOOO. hOODODODOODOTOO0DOO
00,000000000000000000,000000000000000000000
gooo.ooo,MCMCOOODOOSVOODOODOOOOooOOoDo,Ah0O0D00D0O0D0O0DO0OO
000000000000, 00000 bO0dbOo0o00 hOO00OO0O0O0OO0DOO0 single-move
sampler, multi-move sampler, mixture sampler 0 30000 .

PMHOO000000000000000000000000, Chib and Greenberg (1995) 000 000.

%(20)~(22) 000000000000 0O00O0.

00000,|¢ <1 000000000000000,000000000000.000000000,00
(2000, p97) DO OCOOO.

17



4.2.1 single-move sampler

svOooOooMCMCOOOOODOOOOOOODOOOD Jacquier, Polson and Rossi (1994)
0,00000000,

f(ht’M7¢7027h17'"7ht—17ht+17"'7h’T7y) (t:17 7T) (23)

00 10000000000D000,00000 singlemove sampler 0 O0O0O. OO0OOO
0000000000000000000000000000000,2 000000000
o0oooo.30b0ooooog,0odooooooooooooooooooooo, kO
00oOO00oo000o00. 000bo0b0oo0bOobDo0obOoo0bOOobDo0ooDOO0o0o oooooo
000 0000000 00oooooooog. 00, Shephard and Pitt (1998) O, ¢ 0 10
doo0doOdDO0o0dbOooDodbOoDodbOooDoobooDOoooooopoooooooan.

4.2.2 mixture sampler

SsvOooOoOo (100000000 A 00000000000000000000000, ¢ =
logy?, e =loge7 000000,

yy = hi+ €

oooboooo pO0OODODOO0OOOD ggoOobOobObbObOOoOoooooboboDDboo
0000000000000 000000000000000000000000 (simulation
smoother) 00000000000 (de Jong and Shephard (1995), Durbin and Koopman
(2002)). DOO0O0D00O0O0O00000 ¢ 000000000000000 logy? (3000
010000000)0000000oooooo

€4

1 ; —exp(ef
f(ef):\/%exp{zp(t)}, € € R.

0 0 0 0 Kim, Shephard and Chib (1998) 00 0000000000000 OOOOOO0O

K
g(gtk) = ijfN(Eﬂmjavjz): 6? € Rv (24)
j=1

(000 fy(eflmy,v?) 000 my, 00 »?2000000000000000) 0000000
0200000000 0 KOOOOOO1000000000000000000000
0000,s000000000000000000000000000000000000
00000000000000000000000000000000000Kim, Shephard
and Chib (1998)00 K =7000 p;,m;, v 00002 (00)000000000000 1
000000000000000000000000000(00)000000000000
0000 Kim, Shephard and Chib (1998) 000 00000000000000000000
000000 Omori et al. (2006)0002(00)0000 K=1000000000000
0000001000000 (00)00000(00)0000000000000
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Kim et al. (1998) Omori et al. (2006)
J Dj m; 0]2- Dj m; v?-
1 | 0.04395 1.50746  0.16735 | 0.00609 1.92677 0.11265
2 | 0.24566 0.52478  0.34023 | 0.04775 1.34744 0.17788
3 | 0.34001 —0.65098  0.64009 | 0.13057 0.73504 0.26768
4 1 0.25750 —2.35859 1.26261 | 0.20674 0.02266 0.40611
5 | 0.10556 —5.24321 2.61369 | 0.22715 —0.85173  0.62699
6 | 0.00002  —9.83726 5.17950 | 0.18842  —1.97278 0.98583
7 | 0.00730 —11.40039 5.79596 | 0.12047  —3.46788 1.57469
8 0.05591 —5.50246  2.54498
9 0.01575 —8.68384 4.16591
10 0.00115 —14.65000 7.33342

0 2: (pj,my,v7,a4,b;) 000,

0000 0000000000000000000000000000Pr(s; = 1) X
fn(€f|mi,v?) 0000005, 000000000

i

*_

hy — m;)?
m(sy = i|lh,u,0,y*) o Pr(s, = z')vi_1 exp {—(yt t =) } , 1=1,2,..., K,

2
2v;

(000 y*=(yf,...,yy)) 000000000 s, 000000000000 O00O0ODOOO
goooogo
UbbDs;000000b0boobogbooonoobooooboon

y;fk - mst +ht+uta Ut NN(O7U52,,5)7

hipr = p+olhy—p) +m,  me~N(0,0%)
000000u é,0%s=(s1,...,s7) 000000 h=(hy,...,hr) D0000000000
0000D0000D000000000 de Jong and Shephard (1995) 0000000000

oo0oo0oO0O0o0O0000000D000O0O0OO0O0U000D0 (D00 KODODOODOOOOO
Durbin and Koopman (2002) 000000 0)0

(1) 0000000000000 00{e;, Dy, Ji, Ly}, 00000
(a) a1 =p, PL=0%/(1-¢*) 0000
(b) t=1,2,...,7T—1000
ary1 = (1— @)+ ¢ar+ Keer, Pry1 = ¢P Ly + 07, (25)
00oooooong

2
ee = Y —ms —a, Dy=P +v;, Ky=¢P/Dy,
Lt = ¢—Kt, Jt:(O,U)—Kt(’USt,O).
#8Shephard and Pitt (1997), 00 (2000, pp.98-100) 00O 000
0000000000 Kim, Shephard and Chib (1998) O O
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Density: Logarithm of?

0.25

0.20

0.15

0.10

0.05

U l.gboboobooobog.
O00:000000,00: Omori et ol (2006)00000,00: Kim at ol. (1998)00000.

(2) 00000000000 D0000D0D00{&), 'o000o0.
(a) rp =00 Up=0000,t=T,T—1,...,1000

Ct = 0'2 — O'4Ut, K¢ ~ N(O, Ct), V}/ = O'2UtLt,
Ti—1 = D;let + Lyry — chlﬂt,
U1 = D'+ UL} +C7'V2

000000000000 {k}l,{r}i,00000
(b) 000 ke O

o? ot

C() = 1_¢2 — (1_¢2)2U0, HQNN(O,C()),

gooo.
(¢) (a)(b) 00000 {ki}i—g {r}i—g OO
gt = 0-274254”{1‘/7 tzl?"'vT_L
o2
o = 1_7¢27“0+/€07

000000000 €= (6,é1,-..,6r-1) 0 0 = (mo,01,-..,nr—) 0000000
goooooon.
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(3) ¢0000 h=(h,...,hy) 0000000000000

hiv1 = (1=)p+ohe+&, t=1,...,T -1,
hi = ,LL+§(),

goooooo

(¢,02,0)0000000000000000000D0000OO000O00O0O0OO00O00
00000000(¢,0%,s,y*) 000000 (h,p)00000000000000000O00O
00000000000MHODOOOOOO (1) ¢,0% ~ (¢, 0?|y*,s) (2) p~ w(ule, 02, y*, s)
0000000000000 000000000000000000000. 0000000
0000 de Jong (1991) 000000000000 (augmentated Kalman filter) 0 0 0O
integration sampler 1 0 0000 000000000000000SVOOO000000O0O
ooo

00000000000 (00000000)0000y =logy?000000000y, ~0
000y 0000000000000, Kim, Shephard and Chib (1998) 00 y; = log(y? +c¢),
c=0.0010000000000c000000000000000000000000cO000
0000000000000000000000000000000000Omori et al. (2006)
000000000000000000000000000000¢=0.00000000000
0000000000000 000

000, mixture sampler 000 000000000. 00,2 0000000000,00
000000D000000000000D,0000000000000000000000
0.000000000000000,000000000000000000000000
000.000,00000000000000, (1000,

yr = a + bexp(hy) + exp(he/2)e;

gooooooobOo,0b0o00oo0obDobobooboOooDOobobo. svooooooo
0000000000000 000002000000000054000)0000,000
0o0ob0oooonooDoobob. mixturesampler 0, 00000 0O0OOO0O0OOOOO. O
00o0000oo0ooO0obO0bOOo,00000000b000000O0O00ODdO multi-move
sampler OO OO QOODO.

4.2.3 multi-move sampler

(24)00000000000,(10), (1) 00000,0000000 f(hl,é,0%y) 000
000 phO000D0ODOOO0O00O00O0OO,O00TOODODDOOOOOOO.OOO,AO00
ooooooooooooboo,boogooooooooo, 10000000 oooooo
goooooooooooooo. oo, (h,..., )0 1000000000O0CO,00
oo,

Flhay oo bk it &, 02 hue 1y Rkt 1 Yt - - - Yerk) (26)
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000000000000000000000.2 000, (h,...,ky) 000000000
000, (26 0000000000000000. 000, Shephard and Pitt (1997) O, 0O
00 (hy...,huyy) D000, (1) 00000 (1, ern1) O,

f(nt—la o 7nt+k—1‘,u’7 ¢7 027 ht—h ht+k+17 Yty - 7yt+k) (27)

000000D0O00000oO00o0ooooog. (uw,e,0%) 0 .y DOOO0ODOODOOO,
(-1, eap_1) 00000000000, (11)000, (hy.... k) 0000000000,
00000, multi-move sampler 0 O O O block sampler 0 OO0 0.

00000 (27 000000000000 000, Shephard and Pitt (1997) O, Tierney
(1994) 0000 O Acceptance-Rejection Metropolis-Hastings (ARMH) 000000000
0003 000000000, 000000 MEOOOOOOOOO z®opesa) 0 ARO O
ggboboooboodobbooobboobbo0o. obbooobL,MEODDOODO
00000000000000 f(z) DODODDDOOOOOOOOOOOOO,MHOOOOO
0000000 DO0O0O. 000000000 oO,MHODODODOODODO,AROODOOOODOO
Oo0ooO0oO0OO0OO0OO0OO0OD0. OD0,ARO000O0O0O0O0O0O0O0OO g(z) 00000 ¢cOOO
0,000000 2o 0O00OOOODOO,0000000000D00000, f(x)00 NOO
0 (z1,...,zy) 0000000000,

ARMHOOOOOO:

[1)n=1000.
[2)000000 g(x) 0000000000, 00000 200000000 p00000

goooo. f( )
p = min Lg(m> ’ 1]

[3] 21000000 2000 pO000,001-p00000. O0DOODOOOOO,
geroposal) — o 00, [4000. 000000000 [2J000.

[4]0000¢0000O00O0OODODOO.

(a) f(wn—l) < Cg(xn—l) ooo , 4 = 17
(b) f(@n1) = cgl@n-1) OO faroposad) < co(aloroposad) O,

cg(®n-1)

= f@n )’

000, (ha,. .., hi—2), (hexkya, .-, he), (1, .., ye-1), (Years1,...,yr) 000000000000 0OO
000000, (11) 000, R 010000000000000, he—1 O ke 0000000, (R, hetr)
DDDDDDDDDD,(hl,,ht_Q)D (ht+k+2,...,hT)DDDDD.DD,(yl,...,yt_l),(yt+k+1,...,yT)D
oooood (hiy,...,7-1) O (Reyrs,...,hr) 00000000, 00000000.

SIARMHOODO00O00000000O0, Chib and Greenberg (1995) , 00 (2000 3.5.30) 00 .
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(C) f(xn—l) > Cg(mn—l) 00 f(x(proposal)) > Cg<w(pr0posal)) 000 7

f(m(proposal) )g(mn—l )
f(@y—1)g(zoroposal)y’

q = min

[5]xProposa) OO0 ¢0000,001-¢q00000. 000000000, @, = aProposal)
O00.000000000, z,=2,_; 000.

[6]n< NOOOO,n=n+1000 (2)000.n=NOOOO,00.

ooo, 2,80 ARODOOOOO,[4, [0 MHODODOOOOOODO. 000000000
0,0000 f(zg)<cg(x) 000D0000,00,2000000000000000000
0000,MHOOOOOOOOOOO ¢=1000,AR000000000000O0DOOO
0000000000, ARMHOOOOO0OOOOO AROOOOOOOOO.

00000 2700 (N—t1,....,Mk—1) 0000000000000, 2 = (N1, Desk—1)s
(27)0 f(x) 000, ARMHOO0O0000000O0OOOO. OOO,000000 g(x) O
00 ¢c0D00DD000000DDD,00000000000000000,g¢(xz)00000
¢c0 ARODOODOOOMHOOOOOODOO p,¢q000000 10000000000000
00D0. 0000, Shephard and Pitt (1997) 0, g(x) 00000000 (27) 0000000
0000 k+100000000000000.00,000¢(x)000000000000
000000000000o0o0oOooooog.

00,t+k<TO000000D.0000,0000000 (2700000000000
0ooooooo.s2

10g f(77t—17 cee 777t+k—1|/"’7 ¢a 027 h’t—la ht+k+la Yty oo 7yt+k)
t+k t+k—1

= 00+ log f(yslhs) +1og f(heyriali, 6,07 hiyr) + Y log f(nslo?),
s=t s=t—1

asl hs yz 1 2
= 00 - Z - t 5 exp(—hs) p — 292 {hirrr1 — = (P — 1)}

2 2
s=t
i
2
) Z M- (28)
s=t—1
Shephard and Pitt (1997) O,
hs Y2
(k) = =5 = 2 exp(—hy) (29)

0 h, 0000 20000000000000000 (28) JO0OO0OO0O0OO0U0DOOOOOO

20p00000,00 (2005 000000.
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log(cg(Mi—1,...,m+x—1)) DO OO0,

108 F(Mi—1s -+« s Mkt |ty By 02, Bty ki 1y Yty - - » Yitk)

t+k R R R 1 R )
~ 00+) {l(hs) + (hs — hs)l' (hs) + 5 (hs = hs)%”(hs)}
s=t

t+k—1
oy g{ht+k+1 = ¢(hirr — p } —@ Z 775,
s=t—1

t+k—1 1 t+k—1

= 00 -3 50~ o >
20,

s=t s=t—1

= log(cg(Me—1,- -\ Migk—1))- (30)

000,v, 9000000000000, s=¢,...,t+k—10000,
1

Vs = —m, (31)
Js = hs+ vl (hs), (32)
s=t+k<T0OO0D0DO,
vy = ”—2 (33)
¢2 _ UQZ"(hS)
~ _ 7 1(1 ¢ 7
Ys = hs + Vg |:l (hs) + ; {ht—l—k—l—l — U — d)(hs - ,U,)}:| . (34)
ooo,
. 1
I(h) = 3 {y exp(—hy) — 1} (35)
~ 2 A
"(hy) = —%sexp(—hs) (36)
ooo.

b, t+K=T000,0b00,0000000DLO0L0O00.D0D0O,000 hggksr O
0000000, (2)ooooopoooooooooooog.

log f(ne—1, -\ Negk—1lp, @, 02>ht717yt7---7yt+k)
t+k h y t+k—1
i S
_ um_z{2+2exp< } ey (37)
s=t s=t—1
000,000000,s=¢,...,t+k0000, v, s 0 (31),(32)0000000.
00000000, v, §s0,s=t,....t+k—10000 s=t+k=T0000 (31), (32)
D,S:t+k<TDD|:||:|(33),(34)DDDDDDD.DDD,DDDDDDDDDDDD Us
oood, A, 0000000DOOO00000OO0O0O0OO
s = hs+&, & ~ii.d N(0,vy), (38)
hs = p+d(hs_1 —p) +ns, ns~ii.d. N(0,0°) (39)
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000003 000000 g(p-1,...,m4k—1) 00000000000000000000
oooooo

f(nt—la o 777t+k—1‘,u’7 ¢7 027 ht—h ht+k+17 Yty - - 7yt+k) (40)
0003 00,0000000000000000, de Jong and Shephard (1995), Durbin
and Koopman (2002) 0000000000000 simulation smoother 000000 .

0000000000 (hy,..., k) 0, (28)00000000000000. 00000
ooooooo,

Oty et [y @y 02 Bty Bty Yt -+ s Yetk) =2 CG(TH—14 -« o et

000, ARMHOOOOODODOOOOO p¢O00000000000D0 100000, O
00000, (h,...,hy,) 00000000000, (hy,...,huqy) 0000000000
oooo, (32),34)000 (4,....0) 000000, 00O, 000000, (38), (39)
000000000000 00000000000000000000000000000,
E(hirilit, &,0%, he—1, hisrst, Y, - yerre) (1= 0,...,k) 0000, 000 (32), (34) 00
(hty... heyr) 0OD0D0D0O0O00 (§,...,04) 0000, OO0, 00000, (38), (39)
000000000000 0000000000000000000000000000, 0
00 E(hsil it ¢ 02, hi—i hagiests Yo yerr) (6=0,...,k) 0000. 000000000
0,000000 (h,...,hs,) 0000000,000000000000000

Dooooooooo, (n,...,nr) 00000000000000000000. k =0,
kg1 =TOO0O0,K+1000000 (e,_,41,--->m%,) (i=1,...,K+1) 00000000
000. Shephard and Pitt (1997) O, (k,....kxg) 00000000000. 000003, U;
0 [0,]00000000000000,

ki:int[Tx{(z’+UZ~)/(K+2)}], 1=1,...,.K

O0000.000,intjz]0,200000000000000.00000,0000000
doodoo,n000000000000D0000000O000O00O0O000O0O0O00,n+1
00000000000, 0db00doo0oOodoOooD, o000 oooooooooag
00dDO00oOooooooooooo.

000 multi-move sampler 0000000000 ODODOO, 0000000 Shephard
and Pitt (1997) O, (28) 0 O

1
log f(heski1ltty 0% hik) = _T‘_Q{ht—i-k—i-l — = sk — )}

000000000.0000,v,9,0,s=t+K<T00000,(31),(32)000000
O0.0000000000, Watanabe and Omori (2004a,b) O O O, Watanabe and Omori
(2004a) OO, 00O 0O, Shephard and Pitt (1997) 000000000000, 0000000
ooo0oooooboooooobooooooboooaa.

00000 (38)000 v, 0 (31)000 (33)00000000, (31), (33)00000 ”(h:) O (36) 00

000000,0 000000.000,@6)000,y,=000000,1"(hs)=0000,(31)000, vs=o00
0000000. 00o0,000000000000000D0O00O0ODOOOOODO, BH)ODOODOOODDO (30)0

"(hs)O,c0 00000000 (DDD,-0.00001)DDD7min[l”(h5)7c]DDDDDDDDD.

34(38), (39) 0000000000000 O00OOOD,000000D0 (40)0,(28)000000000O0,
(30)00000.
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5 SvOooooono

MCcMCOOOODOOOOOOOODOOOODOOOODOOOO,0O0bDoOsvOoOO
O,ARCHOOOOO0ODO,000000O00C000DOO000DOOO00OO0O0DOOO. 0goo,o
ooosvooooooooboooooooooo.

51 0OO0OOSvOOOo

o0, oobbbobbbbobobdddddooooo oo
0000000000000000 (Black (1976), Nelson(1991)) . 000000000
(asymmetry) 0000000000 (leverage effect) DO OO0 O0O0000O0OO0OOOOOOO
00000000000 bO0bO0D000oO00ooDoooOOoD. svooooooooopoooo
gobobooobgoooobooboo,booboobob g0 pyOO00DOO0OOODOO
ugd.

Y = €& exp(ht/2), = 17 st 7T7 (41)
ht+1 = M+¢(ht_u)+77ta tzl?"'aT_L (42)
hi ~ N(0,0%/(1 - ¢%)),
“) < iid N0y, 000 n=| . (43)
Uz po o

god,bdp<obbbod, bbb bbdoobbooobbbooobboogoo
00,p=00000,0000000000S8SvO00OoOoon.

Yu (2005), Omori and Watanabe (2003), Omori et al. (2006), Nakajima and Omori (2006)
00,0000000SvVvOo00ooMCMCOOOOOOOOOOOOOO. Yu(2002)000
U000o0o00bO0ogDOod singlemovesampler OO0 00O, 000000 0OOO0O0ODOO
000000.0000000 multi-movesampler 0000 SVOOODOOOOOOOOOO,
Omori and Watanabe (2003) 0, 000 SV OO OO multi-move sampler 00000000
003, 00, Omori et al. (2006) O mixture sampler 0 0 0000 0. Jacquier, Polson and
Rossi (2004) O, ¢ 0 n, 000000, 0, 00000000000000 single-move
sampler 0000000000000, Yu (20050 ¢ 0 n 000000 OOOOOOO
gobooboobooobooboooon.

O000SvOoOooOOooOOooOOooOOooOooOooOoooooooo, Melino and Turnbull (1990) O
Harvey and Shephard (1996) O O O . Melino and Turnbull (1990) 0000000 (generalized
method of moments; GMM), Harvey and Shephard (1996) D0 0000000000000
0000 (quasi-maximum likelihood estimation; QML) 000000 .37 GMM O QML O
MCMCOUOOOUOOODODOODODODO0ODODO0OO0OO0O0DODO0O000O0O0O0 (Jacquier, Polson and Rossi
1994).

¥00D000D0000D00000000D000000000, Christie (1982), Wu (2001) 000 .
300000 mixturesampler 0 00 0000000000000O0O0000000ODOO0OOOO0OOOOODO
0000000000000 DOoOoOooOono

SvoO00D0 QMLOODOOODO, 00 (20003.40)000000
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5.1.1 mixture sampler

0000 Omori et al. (2006) 0 200000000000000000 mixture sampler
000000000 41)-(42)0000000000000 4)ODoooooooooooo
0000 /0000000000000 O0Kim, Shephard and Chib (1998) 00000000
ooo0o0ooooooo0o0o0oooooOo0o0ooooooOoO0O0O0obooO,00000y 000
o0000oooO0o000ooo0O000oooOo0o00oooooooooooOooBDoo
oo0000

dy = I(EtZO)—I(6t<O), (44)
y: - IOg yt2 = ht + 8:7 E;fk - lOg 6?7 (45)

00200 (dy,y;) D0O0OO0DOOOOOO0OODO O

yr = diexp(y; /2).

00000000000. 0000000000000 0 Y0 /000000000 (4500
(42)0000000000000000O0O0000DODO0O00O0ODO0O0 0000 K=10
ooooooooooooooooooooDoo,g 000000 p000000D

nelde, € ~ N (dtpo' exp (€5 /2) ,02(1 - p2)) , (46)

obood000noooooogn e?DDDDDDDDDDDD?’S.DDDDdDDDDDDD
gobod200bogobooboooboboooboo

K
g(er,mlde) =Y pif(erlmy, v3) i [meldipo exp(m;/2) {a; + bj (e —my)},0?(1 = p?)] .
j=1
(47)
03000exp(ef/2)0000000000000000000000000O0 (aj,b;)00
00000000. 00000000000p=-09000000000000000000
000000000 dO000 2000000000000000000000000000

goboobboobooobboobooaobobooog.

D00DO0OMCMCOODODOODODOO0ODO0O0O0O s=(sy,...,s7)0 {0 =(¢,02%,p),u,h}
020000000000000y*={y},, d={d}_,,000000000 7(8),n(u)
000.00 0000000 p~N(uo,05) 000000

Step 1. 5|0, pu,h,y*,d0 0000
Step 2. (6,u,h)|s,y*,d0 00000000000

(a) Ols,y*,d0 00000

®¥QpoopoooDoood (p=0)0C000np 0000000 wOOOdOOOUODDOOOODODDOOUOOODO d: O
y; 0000000000000 0000000 y;y 0O0OOODODOOOOO
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j Dj m; 1}]2- aj bj
1 | 0.00609 1.92677 0.11265 1.01418 0.50710
2 | 0.04775 1.34744 0.17788 1.02248 0.51124
3 | 0.13057 0.73504 0.26768 1.03403 0.51701
4 | 0.20674 0.02266 0.40611 1.05207 0.52604
5 | 0.22715 —0.85173 0.62699 1.08153 0.54076
6 | 0.18842 —1.97278 0.98583 1.13114 0.56557
7 | 0.12047  —3.46788 1.57469 1.21754 0.60877
8 | 0.05591 —5.55246 2.54498 1.37454 0.68728
9 | 0.01575  —8.68384 4.16591 1.68327 0.84163
10 | 0.00115 —14.65000 7.33342 2.50097 1.25049

0 3: (pj,mj,v7,a;,b;) 00 0. Omori et al. (2006)

(b) pl0,s,y*,d0 0000
(¢) hlp,0,s,y*,d00 D000

gooooooooooooooooooooooooa

Step 1. , 000000 0, u,h,y*,d000000000000000
W(St:i|h¢ua0>y*ad)

s {jﬁ—m—wf

x  Pr(s; =i)v;, " exp 52
7

Jwﬂmmmmmmmeme+m@mmmf}
o?(1 - p?) '

gobooboboooboobboooboobobooboon

Step 2a. s,y*,d 0000000000000 g(y*|d,s,6) 00000000000 (p,h)O
0000000000000

m(0]s,,y", d) x g(y*|d, s,0)m(0),

O0MHOOOOOOOOOOOOOOOO0O000000000000000000 #(6]s,y*,d)
00000 (00)0000000006 = (4,62,5) 0 7(8]s,y*,d) 0000000000
00000000000 A~*000R={y:|¢|<1,02>0,]p/<1} 0000000000
TNg(6,>,)00000000000

w1 _ _ 9?logg(y*|d, s,0)m(6)

* 0006’ 0=6
D000000000000000000 6; = log(l + ¢) — log(l — ¢),0; = logo?, 65 =
log(1+p) —log(l—p) 000000000000 00000000O0O00O0O0O0O0OO0O0
00000000000000000000000 (0000 |pl~1000), 00000
TNgr(0,c0l) (0 000O000000)00O000OO

00 ¢g(y*|ld,s,#) 00000000000000000000000O0O00O00O0O000
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(1) ag=p, PL=0?/1-¢>) 0000
(2) a} =0, A1 =1, 1 = 0,5, Q1 =0, 0000
(3) t=1,2,..., 7000

(a) DOODOODOOO

air1 = (1 —@)u+ dipoas, exp(ms, /2) + das + Kiey, (48)
Pi1 = ¢PLi+ HyJf, (49)

ugboboooboogan

et = Yy —ms —ay, Di=P+v2, K= (6P + HG,)D; !,

Ly = ¢—-K;, Ji=H;— KGy,
Gy = (vs,0), H;= (dtpabstvst exp(ms,/2),04/1 — p2> .

(b) OO (augmented) 00O O0OODOOO

fi = yi —ms, —ai, aj = dipoas, exp(ms,/2) + ¢pa; + Ky f,
F = —Aj 1= —(1—¢) + oAy + KiF,
gooono

Gr+1 = Gt + Fyfe/ Dy, Qip1 = Qi + F2 /Dy,
goono

(4) D000 loggO
logg(y*|d, s,0)

T T
1 _
= DD—2{;S%MM+memn+§iﬁﬂ%+%%§—éHﬂhﬂ}.

goo.

Step 2b. d,s,0,y* 000000000 000000 N(Qphyar+1,Q7L,) 000 (00
0 gr41,Qry 00000000 000000 Step la000000000). DOOOO
p~N(Qriari1,Q7L,) 000000000

Step 2c. (,p,s,y*,d)0 0000000 ADO0000O0000O0O0D0O00000000OC
0O00000000000O00O00

(1) 0000000000000000({e, Dy, Ji, L)L, 00000.

(a) a1 =p, PL=0%/(1-¢>) 0000

29



(b) t=1,2,...,7T—1000

atr1 = (1 — @)+ dipoas, exp(ms, /2) + dar + Kiey, (50)
Py = ¢P.Ly+ HpJj, (51)

gooboooboogn

e = yi—ms, —a, Dy=P+v, K;=(¢P+ HG,)D;
Ly = ¢—-K;, Ji=H;— KGy,
Gy = (vs,0), H;= (dtpobstvst exp(ms,/2),04/1 — p2) )

(2) 00000000000 D000000D00{&), 'o0000.
(a) rp =00 Up=0000,t=T,T—1,...,1000

C, = H(I-v:D;' = JUJ)H], & ~N(0,C),
Vi = H(GiD;'+ J{U;Ly),

ri1 = Diley+ Lyr — ViClky,
U1 = D'+ LiU + VG,

00000000000 0{k},,{n}, 00000
(b) 000 ko O

o? ot

nDooo.
(c) ()(b)00000 {r}/ Sy {r} o OO

Hy(G'D; ey + Jiry) + ke,  t=1,...,T —1,
2

&t
o
o = WTO‘F/@Oa

DDDDDDDDDSZ(gmgh7‘ST—1)D n:(77077717"'777T—1)DDDDDDD
ooobooobog.

3)¢0000 h=(hy,...,hp) D000 OOOODOOOOO

hivi = (1= ¢)u+ dipoas, exp(ms, /2) + dhy + &, t=1,...,T -1,
hl = M+§07
goooogdg
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5.1.2 mixture sampler 00000000

mixture sampler D 0000000000
&=y —hl, =0l ) =& — ).

000000000000 f(&4,n]d,0) 000000000 g(&,md,0) 00000000
0ooooo0ooo
hJ?/’L]70]7 ]: ]‘?27"'7M7

000000000 g(h,p6ly*,d 00000000000. 00000000000000
0000 f(h,p6ly*,d) 000000000000

T
]
v = S (& ni|di, 67) j=1,2,.., M,

=19 ftamldtﬁj)

ooodood w; O

ES
w;

M * )
Zi:l w;
00 (k,/,0’)0 w; 00000000000000D00000000O0O0ODOOO0AOO
Og@)000000

wy; =

M .
0) = w;g(6).
j=1

0000000000000000 p=-04~-05000000w; 00000 1/MODB00
doboooodgoodoodooooooooodboo w,doodoodooagooog
goboooboooobooobooo

5.1.3 O00O00O0O0OO0O0bOoOOooobOooobooOon

gobobooooobooooobooooobooooobboooobobooooboooooobogoo
ooboOo0o0ooOo0o0oDbOo00oDOoOoO0oOOoOoOoDOOoOoO0oDOoOoooOOd Chib and Jeliazkov
(2001) 000000000 OOO0OOO0OOOOOO0OOO0OODDOOOOOOOOOODOOO
(auxiliary particle filter) 00 0000000000000 0OO0O0O0OOOOOOOOO

uboboobooobooobboobooonboo

Pt = —exp {3~ i espl-no) | (52)
B 1 (hey1 — pey1)?
f(heglye, he, p, 0) = 27r(1_p2)geXp{_2(1—p2)02}’ (53)

(000 g1 = p+ ¢(hy — p) + poexp(—he/2)yt)

31



gobbobooboobooobooboobobooboobboobooobooo

9(hesr, hilyesn, 1, 0) o f (Yo |pir) f(heslye, b, i, ) f (Rilye, 1, ©)
X f(ht+1 |yt> hffa M, e)g(h%’yﬂrb H, 9)

goooooo

F el ) f(Rilye, 11, 0)
Ejl'zl f(yt+1‘ﬂi+1)f(hg|}’t; 1, 0)

g(hi|Yt+1aM, 9) =

. 1 1 . 1 .
f(yt+1|/ﬁ+1) = E exp {—2/~L;+1 - §?Jt2+1 eXP(‘N%H)} )
pisy = i+ (ki — p) + po exp(—hy/2)yy,

Yt = (yh v 7yt)a

00000000000 0000000000000000000000000000
(1) t=1000 h ~N(u,02/(1—¢?)i=1,2,.,1000000.

(a) w; = f(u|h) O W; = F(au|hl), (000 FO R, 000000000 30000
0)yooooo

1< 1<
wlzj_;wi, Wl:IZlWi'
1= 1=

ogoood.
(b) f(hilyr,p,0) =7 =w;/ > I _jwj,i=1,2,...,7000.

(2) (54) 000000 g(het1, ke|Yes1,1,0) 0000 (R, AL,) 000000 (i=1,...,1.)

(a)
Fyesa W) F (R [ye, hiy 1, 0) F(Bilyes 11,0)  fyes|hisy) f(Rilye, 11, 0)

)

b g(hi+1’h%|Yt+17M>0 B g(hi\}’tﬂ,uag)
F(yt+1|hﬁ+1)f(hi\yt, 1, 0) i=1 I

Wi = , ,
' 9(h§|}’t+1aﬂ7 0)
ogoooo
1< 1<
i=1 i=1
ooooon

(b) f(hiylyesrp,0) =iy =wi/ i jwj,i=1,2,..., 70000

(3) t0 10000 (2)000.
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I —oco0000w 1, Wy 000000000000 000D0D00OO0ODODOO0OO

Tip1 = e |Vir 1, 0), Wisr 2 F(yrralye, i, 0)

goboobooooboooboooboonooo Zthllog@tD

T T
> logwy B> log f(ylye-1,1,0),
t=1 t=1

oo, dobbooooooooon Q‘Wt—l/Q‘DDDDDDDDDDDDDDDDDD
0000000000000 000000000000000 (000 Kim, Shephard and
Chib (1998), Shephard (1994b), Smith (1985), Rosenblatt (1952), Diebold, Gunther and Tay
(1998) 0D O).

5.2 U0OO0OOOO

0000000000000 00O0O0O000ODO00O0OO0 (Do s30ooono)ooooo
00000000 (Mandelbrot 1963, Fama 1965). OO0 OO0,y 0 SVOOOOOOOOO
00,000 (10)00000 000000ODODOOO, wwOODOODO 300002 000, 0
000000, 000000D000000D000DODO0OD. 00000 O0000O00DOOO0
oo, 0o oooonooooooooooooog.

006000, 00000000000D0 ¢t0000000OO00ODOOO0O%Y.

000000000 SVOOoO0oo0oD ¢ 000000D000D00DO00D00ODO0O0ODOO,
Liesenfeld and Jung (2000) DO O. 0000, 00000000000000 (simulated
maximum likelihood estimation; SML) 0O 0O0O0O0O. O00,SvO0O0OO0O0O0OO, ARCHOO
000000000000 0000000O, Bollerslev, Engle and Nelson (1994), Watanabe
(2001), 00 (2001,24.20)000. 00000000, 00000000,t00,0000
000 (generalized error distribution; GED), D0 000000000000 0000000O
gbot+tgoooboooooo, bbb boooooooooa.

Chib, Nardari and Shephard (2002) OO0, 00000000000000,0000000
O0oooMCMCOOOUOOOOOOOOOOO. 00O, Jacquier, Polson and Rossi (2004)
go,0o0o0obboboooog,gggdooooooooboggoooooooboobn
dopoooMCcMCODDODOODODOODOODDOO.

53 UDOO0O0OO0OOOODOOSvOOO

So, Lam and Li (1998), Kalimipalli and Susmel (2004), Shibata and Watanabe (2004) O
0,0000000000 pODO0ODODODOOODO,00000S,=1)0000O0 (Sy=0)0

®0poDo,00 (2005 000000.

Ve, 0ODODDOODOOOO¢t000SVOODOOMCMCOOOOOOOOODOO0OOO0O, 0O (2005)
000000.00,0000,t00000000000000000000000000000,¢t000000
O0000000000000000, Watanabe (2001) 000000,
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0000000, (2)oo0o0oooooUoooooo.

he = po + p1Se + ¢(hi—1 — po — p1Se—1) + ns- (56)

000, Hamilton (1989) OO0, S, 00000000000 OOOOOOOO.

00000000O0oO0oO0oo0oo0ooO0ooOobOooOooooooooog, Sr=(51,...,57)
O f(Srlhp,0) 000000000000 OUCODOOOO,D0000C0DOO. y, 000000
0, (56) 00 Hamilton (1989) 00000000000 ODOOOOOOO, Carter and Kohn
(1994) O Chib (1996) O multi-move sampler 0 00 Sz = (S1,...,57) O f(Srlhr,0) O
ggoooooooboobooo.

O0oooooo, (6) 0000000, ¢0000000000O0O0ODOO. U0, Kalimipalli
and Susmel (2004) D00 O00000000O0000OO0O, Shibata and Watanabe (2004) O O
000000bOO00OO00bOO0oOOo0obOOoDOOo0oO, 000 SsvooOoooooooooDon
0dooSsvoooooooooooobOobobobooon.

54 000000

0000000000000 0D00000000000000000 (Karpoff 1987). SV O
000D00000000000000000, Tauchen and Pitts (1983), Andersen (1996) [
0000002000000 (dynamic bivariate mixture; DBM) 000000 . OO00O0OO
ug,10dddug 101 booboobobot0odddugg,1oooooo
oo, 00oobobbbobbbobobddddddooooooooo
O0000000. Tauchen and Pitts (1983) 00O OO, 0 ¢t000000 , 0000000,
goood w0 »wooooooooobbbboooooa.

ye| Iy ~ N(0,021;),  ve|Iy ~ N (poly, 021).

Andersen (1996) 00000, 000000000000,0000000000000000
gooog.
vt|ItN73(’)I(m0+m1It).

0000,logl, 0 AR()0D0O00O0O00O0O,»wO0OOOOO,SVOOOODOOOO, O
goooooosvooooooooopoopbpoopopoopboopoooo.ggg,ooo
ggoboboooooobdoooboboooboboooboboa,bb,oobbooobboaon
00000000000000000, mixture sampler 0000 0. Watanabe (2000a, 2003)
0 multi-move sampler 000000000000, 00 2250000000000, Tauchen
and Pitts (1983) 0000000000 2000000000000, Andersen (1996) 00O
0000000000000000000000000. Lamoureux and Lastrapes (1994) O
000 (method of moments; MM), Andersen (1996) 0 O 0O 0O O (generalized method of
moments; GMM), Liesenfeld (1998, 2001), Lisenfeld and Richard (2003) 000000000
000000 (simulated maximum likelihood estimation; SML) O 000000000 O0O.
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6 JOoooboooooon

00000 SVOO0OO000OO0O000O0000000000000000000 TOPIX (O
00000, Tokyo Stock Price Index) 000000 0000 p, 000000 100000
0y = 100 x (logp; —logp,—1) 0000000000000 00000 19980 10 500
020020 120 300000 1,23200000000000000000040000000
000000000000000000000 SVOOOO mixture sampler 0000000

TOPIX (1998/1/5 - 2002/12/30)

good NN gboog oObo goo goooo boood

1,232 —0.0255 1.2839 5.3749  —5.6819 602 630

0 4: TOPIXOODODOOOOOD (Omori et al. (2006)).

0400000000ooooo

1
o~ N(0,1), %N Beta(20,1.5),

o’ ~ Ig(i,ogf’), p~U(-1,1),
0000000 Beta(a,b) 0 (a,5) 00000000000, Z6(a,b)0 (a,6) 0000000
00000, U(-1,1)000 (-1,1)0000000000¢0 ¢2000000 Kim, Shephard
and Chib (1998) DO 0OO0O0O0O0O0O0O0O0OO (burn-in period) JOOO0OO 50000000
gos,o000ddddddddoddo 200000000000 oooooon
gddobddodoouooudouoooooooboooooooooooooooon
oddooobooododoooooooooooooooooooooooooooooa
O50000000000000000009%% 0000000000, 000000
04 000000000000 00oooo 1000000O0singlemove 00O OOOONO
0 100 ~ 2000 (Omori et al. (2006)) 00 0000000000000 OO0OOOOOOOO
goo. pdbbod —03600b00b00O0b0bO0ObOOU0ObOUODDbOUObDbUOODO
O0p0 9%% 00000 [-0.59, —0.11]0000,000000000009%000000.
0000000b0000d o0 c000OD0O0OODOODODOOODOOODOOOODOOODOOO
O integration sampler 0 0000000 DOOODOOODOO

OebOw; 0000000000000 0000O0O0O0O00O0000O0O0O0O00O0000A0
0000000000000000D000D000000DO0leg(w; xM)ODDOODOOODOO
oooooo30ooo,oonobooooooboonobooooo o340boooooa.
gdboobooboooouooooooooooooooooooooooooooon
000000000000000oooooO()0oooooooooD (2)oooooooo

mixture sampler 00, (24) 00 y; O v = log(y7 +0.0001) 000D D0O0O.
200000000000 00O0000O0O 100000000000, 1000000000000000000
00 00000000000000000000000000000000.
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1. @ 1.0 1. P 1. expW?2)
O Pelytrrhyippebybpibliid ot 0 W 0 W 0 m
L L L L L L L L L L L L L L L
0 400 800 1200 0 400 800 1200 0 400 800 1200 0 400 800 1200
0 o P L4 SPW2)
[ 0.00
0.95 r s
021 -0.25 1.2
0.90¢ ‘ -0.50
0.1 1.0
L L L L L L
0 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000
) o 3. P exp/2)
20+ /\ 15 75
/ \“ 2 A
[ 10 5.0 / \
101 / “\ / \
// \\ 50 ) \ 1 2.5 / \
L,_qf/‘ [N A = R_g L
0.85 0.90 0.95 1.00 0.1 0.2 0.3 1.00 1.25 1.50

02 TOPIXOOOOOOOOOOOO. (¢,0,p, 8 =exp(i/2))
00000000000000000(00)000000000 (00)

oooono oo ooood 95%0000 ooooog oooo
0] 0.9511 0.0185 [0.908, 0.980] 9.3 1 —-66 —-.30 -—.06
o 0.1343 0.0262 [0.091, 0.193] 13.0 1 19 —.08
p —0.3617 0.1265 [—0.593,—0.107] 6.8 1 13
B 1.2056 0.0573 [1.089, 1.318] 2.7 1

O 5 TOPIXODODOOODOOODODOO.

(superposition model) 000 0(1) 0000000000000 O0OO0OO0OOOOOOOOO
000((R2)00000000000000000000000 (000 Shephard (1996), Engle
and Lee (1999), Barndorff-Nielsen and Shephard (2001), Chernov et al. (2003)).

() DooOoooooon.

ye = 00 exp(he/2)V/ Mer, e ~ ivid. N(0,1), (57)
hepr = p+ ¢(he — p) + e, me ~ id.d. N(0,0%). (58)

000 000000000000 G(v/2,»/2)0000000000000 ¢ = VA&
O0000y0¢t00000000OO0OO0OO0OO0COOOvOODOOOO G(16,0.8)0000
020,0020000
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goooon
googo g good

b 0.9512  0.0185
o 0.1341  0.0264
P —0.3578  0.1257
I 1.2052  0.0571

U6 o00b0bobobobobobobobobo

log-weights

1.50] [— N(s=0.343 [

1.25-

1.00

0.751

0.50-

0.25-

I 7 | I I
-2.5 -2.0 -15 -1.0 -0.5 0.0 0.5 1.0 15

0 3: TOPIXOOOOOOOODO log(wy, x M)ODDODOOOODO.
gobodboobobooboobobooboooboo.

(2) OO0O0D0OOOO (superposition model).
ye = exp(he/2)e,
hi = o1+ gy,

gog , Ot = (au,ag,t)’ O

gooooo

. 1 pior p202
"~ iid NO,S), = pior o2 0
™ 2

pP202 0 lop

000. ¢,uo2,p 0000000000000 (¢1 4+ 1)/2 ~ Beta(20,1.5), 1 ~
N(0,1),0% ~TG(5/2,0.05/2),p1 ~U(-1,1)0000¢, 00000 ¢ < ¢ 00000
0000000000000 (¢2+1)/2~ Beta(10,10)00p, 00000 0 < p2+p2 < 1
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00000000000000 (p2+1)/2~ Beta(10,10)0 00000000000 o2
00000 o2 ~76(5/2,0.05/2). 0000

00000000000000005000000000000000000000000
Model 1 (SV)OOOOOOODOSVOOO.
Model 2 (SVt)0 0000000 SVOOOOOg O t00000.
Model 3 (ASV)OOOOO0000SVOOO
Model 4 (ASVt)0 0000000 SVOOOOOg O ¢t00000.
Model 5 (SP)OOOOOOOOO.

070500000000000080000000000000000000000O0OO
Model 4 (ASVt) 0 0000 Model 3 (ASV) O Model 5 (SP)0 3000000000000
0000000000000000000000000000000000 Model 1 (SV)O
Model 2 (SVt) 00 Model 3,4, 50000000000000000 0500000000
000000000000000000000000000000000000000000
000000000000000000

SV SV-t ASV ASV-t SP

gooo -2038.95 -2038.21 -2036.71 -2036.59 -2036.65
(Mooo)  (0.16)  (0.28)  (0.10)  (0.14)

70000

SV-t  ASV  ASV-t Sp

SV -0.32 -097 -1.02 -1.00
SV-t -0.65 —0.70 —0.68
ASV -0.05 —0.03
ASV-t 0.03

08 ugoooooooo.
(ODODU0OO0OU0OOoO0OUOOOOOOOOoDUOOoDOOoOoOn).

Nakajima and Omori (2006) 0 0000000000000 00000O00O0O0O GARCHO
O0,EGARCHOOUOUOOODODOOOOUOOUOOooOoDoOooOOooooooDooo 19700101
00020030 120 31000000 S&P5000 0000019920 106000 20040 120
jo0boooob TOoPIXODOOOODOOOODOOOOooOoOooOoooooooooooDo
goopboOoooooogoooSsSvooooooooboooooooboosvooooooo
gobooboogoobooboobooboobooobo
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7T Oooog

goobooobooooo,Ssvoooo,oo,0b0bobobobo,0ob0ooo,000
00000000000 bOOo0odD. 0000, ARCHODOODODODODOO,0000o00ad
gooobooogobooogoboob. oo, 0b0oboobooboSsvuooooboooo
0000000 ARCHODODODOOODOODOOODODOOooOooooOooooooooooo, ™
gooooooooooo.

OO0o0oooooo,0o0,svooo,ARCHOOOODO MCMCOOODOOOOOOO
0,000000000000000000000%. ARCHOOOOO MCMCOODOOO
0000000, Bauwens and Lubrano (1998), Nakatsuma (2000), D OO 00O (2003) OO
0000ooo0oooo. 00, ARCHOOODOOOOoOooooooooooo,svoooo
gooooouoooboooo.

0000DO0000D,000b000bbO00o0oob,o0booOoon, Value at Risk
(VaR) 000 00000000000%. Deb (1997) 0, SVOO0O0O0000O0000O0
ggoobbobtoooooobbobtbdooooubobooooobbbboooooooboooo
o0oo,SsvOo0ooOoooooUo (GMM)O 00000 (QML)ODOODOOooOoooOoooo
000000000000000,ARCHOODODOOOOO00ODoO00oooooooooon
I A O 6 O A R B I R

oo0,00,0000000000000D00000D0OO0O0ODO0O0OODOO Realized
Volatility (RV) OO0 0. 000,0000000000C0OOO0O0OO0OOOOO0OOOOOOO
gob. RvOOoooooooobooooboobooobo,0ooooobooboobon
ARFIMA (autoregressive fractionally integrated moving average) D 00000000004,
0000 RVOODOO ARCHOODOOO SVOOOODOoOoDoOooooo,o00,0000
00000 (Giot and Laurent (2004), Koopman, Jungbacker and Hol (2005), 0 00000
(2006)). RvOOOOO0OU00O0O0OO0O0OO0O0DO0O0OOU0O0OOO0DOO0DOO0OUOUOOOOOOO
DDDDDDDDDDDDDDD.DDD,y?DDDDDDDDDDDDDDDD(DD (2000
2330)00),(10)000000000,420000 exp(hy) 00000000 &0000
0000000, Andersen and Bollerslev (1998) 0,42 000000000000 ARCHO
gooosvoooooooooooooooboooOobooooobooboooooooo,
nyl:ll:ll:l,DDDDDDDDDDDDDDDDDDDDD RvOOoOooooooooo. O
0, Hansen and Lunde (2006) 000000 ¢?0000,0000000000000000
gdboboobuooobboobobuoooboobobuooob,boo RVOUOUODDOOODOD
goggd.

“¥000000000000000, Kim, Shephard and Chib (1998), Nakajima and Omori (2006) O 0O .

“goooo (2003) O, GARCHOUOOO MCMCOOOOOOOUOOODOO,0000000000000O.
VaR 00 O0O, Giot and Laurent (2004), 000 D000 (2006) 000000,

0000000 ARFIMAOODODODODODDO, OO (2003), 000000 (2006 0O0O0O000. RvOOO
0000000 Corsi (2004) O HAR (heterogeneous interval autoregressive) 0 O 0 O Barndorff-Nielsen and
Shephard (2001, 2002) O UC (unobserved component) 000000 00.
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