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1 û�

Black-Scholes ²Ï�Çg_�2š�4 (volatility) ¡bÑ�ìíqìDõÒ

hôƒíÛï§ˇ� �Ò>q6êÛ’ßÑ{0�š��Õ (volatility cluster-

ing) D volatility smile1 íÛï� ÇÕ, ’ßÑ{0}º6×.ú˚4, ¤Êd

.2\T£Ñ’ßÑ{0¸š�4íŠóÉ, ˚Ñ’C^‹ (leverage effect)�

�I7¥<½bíÛï, Jf$ Black-Scholes Çg_�£ú@í¿Öš�4

F�|ífÔ0VªWfÔÍTø}û_Ã½¸Ü, Wà Dunbar (1999) 2N

| Long Term Capital Management Ê1998��ú�íÍT� Ê‹�l¾ç

2, generalized autoregressive conditional heteroskedasticity (GARCH) _�

\qlVj„š��ÕÛï; N¬ªø¥í¡bqìy?j„’C^‹� Duan

(1995) ø\�˜Uàí GARCHl¾_�D²Ï�Çgj¶T!¯, T| GARCH

š�4-í²Ï�Çg_�J^£ Black-Scholes _�Q,Qš�4„‰Fð

Þ²Ï�gMíÛï� Í7ÊõÒ�Ò,ÍT, !¯ GARCH š�4^‹í

²Ï�Çg_�u´ò?Çg� fÔœ Black-Scholes _�ÑÄüá� Dumas,

∗‹ÀF, çU D90723008�
1ø¿Öš�4 (implied volatility) 0k Y W, ²Ï�ÏWg�0k X WFå|íÇ$×Û U

��
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Fleming and whaley (1998) �eÊ S&P500Nb²Ï��Ò2, çZªí_�

É?�šƒš�óÉ4 (correlation)7.?ÖQ˜�óÉ4 (path-dependence)

v, wš…ÕíÇgÏÏ×kcâf$ Black-Schole _�í!‹� Ä¤ql.

ú˚4í GARCH Çg_� (e.g. NGARCH _�) J°v�š’ßÑ{š�

íóÉ£š�2í˜�óÉ4v, @ªÓª.ú˚4 GARCH Çg_�Êõ}

,í[Û� Heston and Nandi (2000) íõ}!‹6@}7.ú˚4 GARCH

Çg_�íÊ S&P500Nb²Ï�,š…ÕÇgÏÏ[Û±ik Black-Schole

_�í!‹� J.ú˚4 GARCH í_�V�š’ßÑ{0š��ÕÛï¸’

C^‹, ø¤qìÑp²Ï�Çgj¶(, Ä¤ª×)úš�4œÜ>í²Ï�

í£üÇgt�£óÉfÔ0�

…d”-íı�-Zà-: �ù��Ü GARCH _�� augmented GARCH

£w”Ì4”��ú��Ü GARCH ²Ï�Çg_�£d.,TXÇgt�b

Mjíj¶� �û��Ü Heston and Nandi (2000) �}&jíÔy GARCH

Çg_�� |(ø��Üd.2£ÊªWí�Él¾j¶D²Ï�Çgj¶�

ó!¯ídı, 6ùJÑ25hû˝æñí�Ÿ�
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2 GARCH _�

5?’ßúbÑ{vÈå� (pÎ	Ìb()rt,Jrt‘K‰æbÑ GARCH(p, q)¬

˙, wÅ—

rt =
√

htεt, εt | �t−1 ∼ D(0, 1) (1)

ht = α0 +

p∑
i=1

αir
2
t−1 +

q∑
j=1

βjht−j , (2)

w2�tÑtvõím7Õ¯ (σ-field) /DÑ/}º� (2) �¹Ñ^š‘Kš��

ÕÛïí¡b�� ¤Õ, Óœíš�46ªâ (2) ��â’ßg�°|� .°

GARCH í_�íÏæÉÊkú (2) �T.°�G¡b�íqì, Wà,non-

linear asymmetric GARCH(1,1) (NGARCH) _�:

ht = β0 + β1ht−1 + β2ht−1(εt−1 − c)2, (3)

w2cªj„ÑêÔÈ{ (risk premium) 1�š’ßÑ{0¸š�4íŠóÉ

4�

d.,�Ö�.ú˚ GARCH _�\T|, S�_�u_¯àkGib}

&í™í’ßá� Duan (1997) T| augmented GARCH _�, w‚àéN

Box-Cox �², ø (2) ��ÑÖQd.2�\T£ GARCH _�íøO�� J

augmented GARCH _�TÑú�cqªW LM specification �ì(¹ª²

¦_çí_�� J NYSE NbÑW, Duan (1997) ªW�ì(FRŠí_�Ñ

NGARCH _�� Ê°¹dı2, Duan‚à Duan (1996) 6}p augmented

GARCH ¬˙í difussion limit ¨Ö bivariate difussion models, Wà Hull

and White (1987)D Heston(1993)�FT|í_�� Ê²Ï�Çg,, Heston
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and Nandi (2000) 6‚à NGARCH í‰$j|�}&jí.ú˚4 GARCH

²Ï�Çg_�� .°k©/vÈíÓœš�_�, ÈivÈ GARCH š�4

_�Ê,lD@àÊ²Ï�Çg,œÑ�À� ÄÑÊ©/vÈÓ�š�_�í

ql-, š�4uÌ¶hôƒí, .°k GARCH _�-í (2) ��

3 GARCH ²Ï�Çg_�

Ê’ßÑ{0‘K‰æbÑ GARCH ¬˙-, Amin and Ng (1993) N|f$

íêÔ2�Çg¶ (risk-neural valuation) Ì¶Ê GARCH ²Ï�Çg_�

,Uà� Duan (1995) ÊÌ©-Z-T|
¶êÔ2�Çg¿� (locally risk-

neutral valuation relationship; LRNVR), U GARCH Çg_�ªÊ LRNVR

-ÍT� ��à-� 5?ÈivÈ%ÈñÍ, éStÑtvõí’ßg�� ÊP¿�

-, -�Ñ‘Kúb�G}ºÓœ‰b:

ln
St

St−1

= r + λ
√

ht − 1

2
ht + εt, (4)

w2rÑÌêÔ‚0,λÑêÔÈ{, ÇÕcq

εt | �t−1 ∼ N(0, ht) under measureP (5)

ht = α0 +

p∑
i=1

αiε
2
t−1 +

q∑
j=1

βjht−j . (6)

ìg¿�Q\˚Ñ LRNVR à‹wÅ—-�‘K:

• ¿�Qú¿�P7kÑ�óË"ú©/ (mutually absolutely continuous);

• St+1

St
| �tÊ¿�Q-Ñúb�G}º;
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• EQ
[

St+1

St
| �t

]
= er;

• V arQ
[

St+1

St
| �t

]
= V arP

[
St+1

St
| �t

]
a.s. ú¿�P �

Duan (1995) ìÜ2.1}pçH[4_AJ°‚
^à”×, /^àƒbx�v

Èª‹4£}×4 (time additive and separable), †Ê-�Lø8”-,LRNVR

A�:

• ^àƒb5óúêÔ�f[bÑ�b/úb,¸¾‘í‰“¾Ê¿�P-

Ñ	Ìb£‰æbîÑ�b5�G}º;

• ^àƒb5"úêÔ�f[bÑ�b/,¸¾‘í‰“¾Ê¿�P-Ñ	

Ìb£‰æbîÑ�b5�G}º;

• ^àƒbÑ(4�

Ê LRNVR £¿� Q -,Duan (1995) ìÜ2.2}p

ln
St

St−1
= r − 1

2
ht + ξt, ξt | �t−1 ∼ N(0, ht), (7)

/

ht = α0 +

p∑
i=1

αi(ξt−i − λ
√

ht−i)
2 +

q∑
j=1

βjht−j . (8)

Ä¤ÊQ¿�-, êÔÈ{λ�àƒ‘K‰æb¬˙� Ê GARCH(p, q) _�-,

ÏWg�ÑX� ƒ‚nÑT , ÊvÈõtvír�	�g�Ñ

CGH
t = e−(T−t)rEQ [max(ST − X, 0) | �t] . (9)
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ÄÑ�tuâ{St, εt, . . . , εt−p+1, ht, . . . , ht−q+1} FÞAíσ-field, FJ GARCH

²Ï�Çg_�}D™íÓg�¸‘K‰æb�É, ¢Ä‘K‰æbªâ�G

¡b�£vÍg�°|, FJ GARCH ²Ï�Çgt�}ÑÛÊ£¬ ’ß

g�íƒb� ¥U)õÒ,ÍTv¦)’e�Z, O6ÄÑà¤, ˜�óYí

½æ6é GARCH Çg_�Ê¤Ì¥£j, û__Ò°jvÛªW×¾«�,

ÝB.ßSà_�‰æ‹Á (variance reduction) íxX� SàùjbVl�

GARCH ²Ï�Çg_�, 6}`Xs_½æ� �ø, Ä‘K‰æb}ÓFÊí

ÕGZ‰, FJ}��õ.½¯í½æ� ÇÕ, Ê©ø_�õ, âkv�õª?

VA‡ø‚íb_�õ, FJø_�õ}æÊb_.°í‘K‰æb,ÓFvÈ

Ó‹, �õ,.ßlæí‘K‰æb6}.iÓ‹, ¨Al�,”×íŠV� Ä

¤,Ritchken and Trevor (1999) T|újcVj²�õ.½¯í½æ, 1Sà

|×|ü‰æbªWq�, G-�ì_bí‘K‰æb, U)Çg GARCH ²

Ï�_�íbMj¶0§'Ö�

Ê GARCH -í delta fÔª0, ¹²Ï�ú$gíø¼�}, wt�à-

∆GH
t = e−r(T−t)EQ

[
ST

St

1{ST ≥K} | �t

]
. (10)

âk Put-Call Parity íA�u‚àµ`I’ õíxÍ}p, Ä¤Ê GARCH

²Ï�Çg_�-,Put-Call Parity ?A�� Ä¤ GARCH -ír�“�g�

£fÔª0¹ªN¬ Put-Call Parity û|�

Bbø GARCH Çg_�íø<Ô4¦Ñà-:

• Ê GARCH(1,1) _�-, m7Õ¯�tâStDhtÞA�
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• Black-Scholes _�ÊêÔ2�Çg¿�-, $
£²Ï�g�ÌDêÔ

È{ÌÉ; O GARCH ²Ï�Çg_�Ê LRNVR ¿�-, êÔÈ{}

*‘K‰æb�à$
g�¬˙�

• LRNVR b°‡‚í‘K‰æb%¬¿��²(\M.‰, Ä¤ÊP¿�

-,l‘K‰æb1.°¥Ü��

• Ê¿�P-, ‘K‰æbD‡‚’ßÑ{ÌóÉ; ¿�Q-, à‹êÔÈ{

Ñ£, ‘K‰æbD‡‚’ßÑ{}×ŠóÉ�

4 �}&jíÔyGARCH ²Ï�Çg_�

Heston and Nandi (2000) 5?J-_�:

ln
St

St−1

= r + λht − 1

2
ht + εt, εt | �t−1 ∼ N(0, ht), (11)

ht = α0 +

p∑
i=1

αi(εt−i − γi

√
ht−i)

2 +

q∑
j=1

βjht−j , (12)

w2αi£γi}��š}ºí¼G£RG� J5? GARCH(1,1) _�qì, Bb

ªû|‰æb¬˙htD’ßÑ{íóÉ4à-

Covt−1[ht−1, lnSt] = −2α1γ1ht. (13)
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Êα1£γ1Ñ£b-, ¤�[ý’ßÑ{D‰æb×ŠóÉ, ¹’C^‹� N¬

LRNVR �²(, Ê¿�Q-, $g_�Ñ

ln
St

St−1
= r − 1

2
ht + ξt, ξt | �t−1 ∼ N(0, ht), (14)

ht = α0 +

p∑
i=2

αi(ξt−i − γi

√
ht−i)

2 +

q∑
j=1

βjht−j + α1(ξt−i − γ∗
1

√
ht−1)

2,

(15)

w2

ξt = εt + (λ + 1/2)
√

ht, (16)

γ∗
1 = γ1 + λ + 1/2. (17)

%â‘KÞAƒb£rÖb$xÍ, ª)ƒÊ¤Ôì_�-ír�	�g�Ñ

C = e−r(T−t)E∗
t [max(ST − K, 0)] (18)

=
1

2
St +

e−r(T−t)

π

∫ ∞

0

Re

[
K−iφf ∗(iφ + 1)

iφ

]
dφ

− Ke−r(T−t)

(
1

2
+

1

π

∫ ∞

0

Re

[
K−iφf ∗(iφ)

iφ

]
dφ

)
,

w2f ∗ÑêÔ2�¬˙(14) £ (15) �íÞAƒb,E∗êÔ2�-í‚
M, ReH

[ƒbíõ¶, ƒbq¶¯Uì2óçµÆ,~¡© Heston and Nandi (2000)�

¤Çgt�Ñç‚’ßg�,St ,D‘K‰æb,ht, íƒb� .°k©/vÈÓœ

š�_�š�4Ì¶òQhôƒ,GARCH _�í‘K‰æbhtÑ¬ ªhôƒ

’ßg�˜�íƒb, FJÇgt�ÑîªhƒíÛÊD¬ ’ßg�íƒb�

¤}&jªú@ Black-Scholes t�:

Ct = SN(d1) − Xe−r(T−t)N(d2). (19)
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O (10) �l�	�fÔª0Ñ:

∆t =
1

2
+

e−r(T−t)

πSt

∫ ∞

0

Re

[
K−iφf ∗(iφ + 1)

iφ

]
dφ. (20)

Black-Scholes_�-í delta fÔª0ÑN(d1)�

�7 Heston and Nandi ²Ï�Çg_�(, ªY¤dÑÜ�_�YW, 1

D@àcÕ¶F)íbM!‹dÑªœJ�ecÕ¶íY¹4�

5 l¾%ÈD²Ï�Çgj¶í!¯

âJ,®�n�×_ªõ|, ‚à‹�l¾2ê�|Vj„’ßš�Ûïí GARCH

_�‹p²Ï�Çgj¶(, ÿªj² Black-Scholes Çg_�2Äcq’ßš

�4Ñ�bFû_íÇgDfÔÏÏ� Êl¾%Èç2, �rÖ_�¨Ö%È<

Ö, J?6¸²Ï�Çg_�!¯, @6}ßÞóçíßT� Duan and Pliska

(2001) øuc¯ (co-integration) íl¾%È–1Hp²Ï�Çg_�2� F

‚íuc¯uNÊÖ_ÝìG (non-stationary) vÈå�ÈæÊø CÖ (

4É4, U)¥<ÝìGívÈå�%¤ (4 ¯(AÑìGvÈå�� ¥Ê

%È,6¿Ö¥<‰bÈæ�Å‚Ì©íÉ[� Ê‹�d.2|�\Tƒíu

ÛŒg�D‚Œg�ÈæÊuc¯íÉ[� Jø’ß ¯2, ó�’ßg�È

æ�uc¯íÉ[, Cr@5??·H¤uc¯É[íl¾_�‹pú@í²

Ï�Çg_�2� ÉbæÊuc¯É[ÿæÊøÏÏœ£_� (error-correction

model), N¬¤l¾_�¸²Ï�Çgj¶¹ªÇg5?uc¯É[(í²Ï

�gM, ¥ÿu Duan and Pliska (2001) FþtT|íh–1�
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ÕG�²_� (regime switching model) Êû˝,ñ�−�=2«àóç

�Z, worÊ.°íÕG-, �.°í�GWÑ (�−õ•D„‘í%ÈWÑ

.°)� ÊÀ¢�Ò,, BbªøòêÔDQêÔeÑs�.°íÕG, Êòê

ÔÕG,’ßíš�4ú’ßÑ{í�àªÊQêÔÕGvVí×� J.°ÕG

-, ®�ø GARCH _�Vj„’ßÑ{íš�Õ”, †5?xÕG�²í

GARCH ²Ï�Çg_�, øªÀÓ5? GARCH -íÇg_�VíøO“�

Duan, Popova and Ritchken (1999) Ê¤–1-T|!¯ÕG�²í²Ï�Ç

g_�� FbRû|Ê¤øO“í_�-, w‰æbí�Gœ„.d GARCH

Çg_�2É§’ßg�í�à, ´¨�w…ªj„ÄÖí�à� ¥6U_�

Ê�š’ß‰æb4”vª‹x�	4�

¡5d.
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