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Rt AT HNIIRIC K B4 T 3 VEHlDES
AARFARG AT =71

1. ZL®IC

AR TlX, ARCH (Autoregressive Conditional Heteroskedasticity) &7 /L Z&F]H L
TI—mE7 Y« A7 a ViHlDOIEEMZE 21775 5 BRI E % Duan (1995) A
KUY A7 Wik (Locally Risk-Neutral Valuation Relationship; LRNVR) ICB L
THHEIS 5. aiiie ) X7 iz RE L7 E7)UICX LT, Duan (1995) (&Y A 7 H
VI GARCH (Generalized ARCH) Z2Z5#iX % Z LIc kD GARCH €7 /VIc k5
=7y - AT g UMD HEZRETET2. GARCH £7)V2T Th Ao
ARCH BIEF)VICB L T EISHATHEY TH 0, BT — 2 Z{fiH L7z Realized Volatility
*® Realized GARCH EF/WIC KB ATy 3 VAHMHICBI L TCHEHT 5 N TE B2 .

2. ) A7 itk

Duan (1995) &, BEFIRF O TR ¢ TOEEMSZE S, &35 & &, 1 HR OIS
H In(Se/Si—1) DNEDHERENE P O N THRHNMNET (HH Qi BEZ5NDB) IEHD M
WD EARE LT ET WV ER W, RTT 14U T« of OilfRIE, GARCH E7I/VICHES
9%,

In Sfﬁl =7+ Aoy — %O’? + €, (1)

€|Q—1 ~ i.i.d.N(0,07), (2)
q p

ol =w+ Z el + Z Biot ;. (3)
i=1 i=1

TTT,r XY X 7GRN TR GEGHER), e I$HERNE P O T 0, &M478 o?
DR, ME—EDHN ) AT« TLIT LZZTNTNET. Q1 ERE -1 258 t-1
KX CORATRERERES THS. $72,0,=0(i=1,--,q), B;=0(G=1,--,p)
&9 % &, GARCH E7)VIEERRFE T D Black-Scholes €7V EHEL L5 5.

GARCH # 7' 3 &I ET IV TDOY A7 i FiE, BN R EIE D HR
— MRS B DI —RE LR IR 5750, T T, Duan (1995) (& LRNVR ZF]
ML,

DARCH BIEFIIC KB A#F 225 & 7Y 3 VHED IR ZEDY— A & LT, =H (2014) ZBIR.
DFEL <&, Ubukata and Watanabe (2014), Takeuchi-Nogimori (2017) ZZ#.
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EF 1 L Q DE PICBIL THAICHSER TH 545, WL Q 13, S¢/Si—1|Q—1
A I Q O FT) FEUERICIL,

EQ [ Sf: QH] _ e (@)
Var? [m <%> ‘ QH] =Var® [m (Si) ‘ Qt_l} (5)

THIE PICBIL TiE & A LHEF (almost surely) 72 51&, Locally Risk-Neutral Valuation
Relationship (LRNVR) %Z{ifi/29 5.

TTTC, B9 BHERNE Q O FTOMRMEZERL, VarQl], Varl [ &, ZNZNihE
RKHE Q, PO TN TOHEZZT. LRNVR O FRdDEK T, BHllAEx E ORI
P O FCHEMHIECHREZHEE T 5728 2 DORED N TORMI T EIEFE LN &N
FOREND . pHE—WEIERIRR OGS, 97505 p=0, ¢ =0 DHAEIS, SFRMATH
WEFE—DEHE 752D LRNVR (&HIC Risk-Neutral Valuation Relationship (RNVR) & 7%
%. LRNVR & i & 0 L DA EDED T TY AT HIFHIAKAL S 5 C & ZFEH
L 7z Rubinstein (1976) & Brennan (1979) ORERDILRTH B EHEZ B LMW TES.

EM 1 LRNVR B3REXNTEEDMGIHEAIE 2175 £ DT, RhHBED Kl i n]he
(time separable) THNEM (additive) TH D, LD 3 DOFKMAfOWT N 1 D2tiilzd
AoV 4D AVAC IS

(i) FHABEBUE—E DM Y AT T H O, MEUEROERH S NI IHE O 2L IR
P O R CT—ED &7tz fF D IEBIT RIS HES |

(i) SHABEEIE —E DR ) A7 CTH O, K7l ENIHEDZLAHE P DO FT—
FEDN &2 FED IR HE S .

(iii) FNFIBEIEIE T 5 .
AEE AR A B

EM 2 fiERWE Q O FTW, LRNVR &,

S, 1
In Stjl =r— 503 + &, (6)
|1 ~ i.i.d.N(0,0}), (7)
q P
Jt2 =w+ Z Oéi(ft_i — >\0't—i)2 + Z ﬁiO'?_i. (8)

=1 i=1

Ths.
ALl (e B B
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T T T, VRZIEHERNE Q O FTRAICHNIEENTWSD, iU X7 - L7
LANEARTT 4T 1 ORISR Z RIFLTWa. U, RFiia)) A 7 it (local
risk neutralization) [ KEHI7ZR 1) X 7 HT7{b (global risk neutralization) &% L <1375
BN EREEWRT S, i, FEdoEM 2 1B LT, GARCH £7)VLNCE EGARCH
(Exponential GARCH) €7 )V, GJR (Glosten Jagannathan Runkle) 7/, FIGARCH
(Fractionally Integrated GARCH) €7 )V, FIEGARCH €7 )V, ZDfhiod ARCH BE7
WCH L TEBRRITHET 5T ENTES.

3. A7 3 Vi

T a ik KD B2, B2 FERR R OBER T CTOEEFENMG Sr ME L35,
WK D S04 ARG Sp (LA FOFRA ST NS,

%1
1 T T
St = Stexp (T—t)r—§ Zag—l— Z{s . (9)
s=t+1 s=t+1

Y X7 EPERITERIC K O BUEGEICES [h N 2 BRIk E, <I)VF 27 —)b (martingale)
DOEZFD.

% 2 BGIEPEMBERE S, &, Q— IIVF U=V TH3Y.

L7zh 5T, GARCH (p,q) DEXMELD R T, MHIH T, AT K 03—n ¥
T aA—)b - ATV g Uik O i, LFD XSRS,

3

}N

Cy = e T EQ[Max(Sy — K,0)|€]. (10)

Tabb, I—nE7 Y - )b - T TV 3 Uik, WEHH T KR T OREEAMRE D
SHERATHERS 25 W 0 & DRKEZ IR A 7 BFER] I K O BIEmECES [y
Tlierss.

KA T g Mg ZHEE T Bl (10) RIS L T, €T Hba - Ialb—vg
>, Duan and Simonato [1998] ORRERY~ILF > —)b « &2 2L — 3 ¥ (Empirical
Martingale Simulation; EMS), Duan et al. (1999) ORI~ )V F 27— )VHEE > T 7))V
1 (Empirical Martingale Quasi-Monte Carlo; EMQMC) ZFFic & O gz 845 2 &
WCTES.

EM 2 XOAWATH 5.
DR 1 & & DHERRE Q DFTEY 0, 5 00 DEMEATERIHICRES T EHSHEBHTH 5.
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4. LB

ARild, Duan (1995) O LRNVRIC K24 7 3 VAHBICBE L TH—A 21775 -5 7%
DTH%. ARCH BETFTNEFHLIzA 7Y 3 AMikEHHTH LT LRNVR I3E#ITH %
Y, BRFEIED ¢ AT IEFR 2 UV % & 2SN N 7R C & %> Markov-Switching
(MS) Z#LFAATE ARCH BIE7)L5) 19 % D LW EORENSH 5.

{8k A: EBE 1 DFEA

g pEMmAS I, BEENRIARI R AKILIC K OO A F— AR K> TEZ 5
ns.

U'(ct)
U’(Ct_l)
CCT,U() WLt TORNHBIEL, o 3HF ¢t TORIHEZKRT. Xz, 8T X—% p
(X5 [HER (impatience factor) 29 T T T, 2 DOHHiRE (intermediate lemma) %
T 2. WEPORCTY, =v+Z, v Ed—EDV, Z, ~ N(0,0%) £33, Fz, #ll
£ Q ZLFDXIICEHKTS.

St—l = EP |:€_p St

QH] |

dQ = =PT+E Yegp

COEE, JE Q EHIE P ICBL THAEICHHERTH 5.

HE 1 S, = BY [e7 Pt 8|04 ] %51, WE Q EHERNETHD, Wnikd Q- 1l
IR W, ISR LT,

EQ (Wt‘Qt—l) = EP |:Wt€(r_p)+yt)|9t_1
TH5.
*ﬁ% 2 5 1= EF [€_p+YtSt|Qt_1] 736@,

(0) Su/Si_1|u_1 WEHIEE Q O FCHEGERICH T 5.

(b) E? <Sfj1 Qt_1> —_—
(c) BRI Q ICBIL TIE & A PHERIC,

St St
Var® ( In Q) =Var® (ln— Qi >
( 2 q ) 2y

Lo T, flE P OF T, SHEOBFRCERIIER &S 0, 28— DIEH 1R
WD TVBFRADHITER T EMNTES.
Dl z1E, MS-GARCH EF/)L® MS-EGARCH EFIWVETH 5.

Ve, U[,](C(Ct)) _ D, Sy = BP eS| ] BN,
t—1
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—(u- (-

) > A&, MR R 27 [BlEEEEFREN (relativerisk aversion coefficient) %
< ) W P O F TR FeabHLY B,

Ct—1

(ii) In U(’]((EC )) —Ao(ct—ci—1), Aold, HONHYY R 7 [AEEREY (absolute riskaversion coefficient) %
t_

ﬁ—é‘ Ct — Ct—1 7‘3‘@”}# P @TTIE%@ \¥ﬁchﬁé“) tb)ﬁi@—%

(iii) FRFPEDHMD 1ICHELWDTHRILT 5.

FERDBRED N TR, FITFRIE—ETH 2 T LICHERT ZL0END S,

% B: 8 2 DL
Se/Se—1] Qi1 FHRE Q O N THBUEMITHICH S DT,

In :'Ut-i-ft

t
S
LR ENTES, v BRI, & & QIERMEREHTH Y, & ORI 0
TH Y, K ERERITH S,

EQ ( St Qt—l) — EQ (evt-i{t

Si—1
2
= evt—"—%

Q1)

LRNVR IZ &P,

St
= Var® <ln —
St—1

St
Q1) =Vart (1
t 1) ar <nSt_1

EQ< St Qt 1>:€T

St-1
THEDT,vy=r—02/2 £755%. XoT,
1 2 1 2
r+)\Jt—§Jt—|—et:r—§0t+£t

b"ﬁﬁb, €t :£t —)\O't &73%2_’. &73‘%,

Qt—l) )

q P
o} =w+ Zai(ft—i —Ao—i)® + Zﬂﬂf_i

i=1 i=1

Lx5.



e e A7 a Y LR—F 20194 HS 6

Sk

(1] =HFHE (2014), TARCHBIETIIC K S HIF 225 4 7> 3 V OFGEHHZEICET 50— A ],
HAAREZSREIIFEAT TREZSEFNIFES | 25 87 %5, pp.41-60.

[2] Brennan, M. (1979), “The Pricing of Contingent Claims in Discrete Time Models,” Journal
of Finance, 34, pp. 53-68.

[3] Duan, J.-C. (1995), “The GARCH Option Pricing Model,” Mathematical Finance, 5, pp.
13-32.

[4] Duan, J.-C. and J. -G. Simonato (1998), “Empirical Martingale Simulation for Asset Prices,”
Management Science, 44, pp. 1218-1233.

[5] Duan, J. -C., G. Gauthier and J. -G. Simonato (1999), “An Analytical Approximation for
the GARCH Option Pricing Model,” Journal of Computational Finance, 2, pp.75-116.

[6] Rubinstein, M. (1976), “The Valuation of Uncertain Income Streams and the Pricing of
Options,” Bell Journal of Economic Management Science, 7, pp. 407-425.

[7] Takeuchi-Nogimori, A. (2017), “An Empirical Analysis of Nikkei 225 Options Using Realized
GARCH Models,” The Economic Review (Keizai Kenkyuu), Institute of Economic Research,
Hitotsubashi University, 68, pp. 97-113.

[8] Ubukata, M. and T. Watanabe (2014), “Pricing Nikkei 225 Options Using Realized Volatil-
ity,” Japanese Economic Review, 65, pp. 431-467.

ARERNCBT T 2 E1EHE, RNEALRIING [ATcH 0 £
ARERO—HS EHRZ W T, BRI D LI TEELA.
ARERIONAIE, MASHRBIG [FrOER - B2 R80T LA
ARERNE, TYVNRT 1 THmOHG [ DO#EEZ HNE L7 DTIEH D T A.




