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whEba] o] ko] A A E2-2- Generalized Autoregressive Conditional Heteroskedasticity
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3R] 4l Z2]4201 50| GARCH-type ZE2N|AE wh2 11 294 AAS 714

st
o,

L HAFHEA A 712 A= Al AFEE]= equivalent martingale measure=
L o] 2T 4= Qe o] A E he] HA2 o]t ZAIE sjEsH] ¢
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BEE FYotal o] HpEEo 23hS ol AU 28 A5k o] AREE%L
=t o3 WA E & 7P & A A A8 Wilkie 2 @(Wilkie, 1986, 1995)0] 12
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F4o gaed o
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Schwert(1990) 2} Engle and Nq(1993)- 22} v]=-2] S&P 5003} Y =2] TOPIX Index
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A& Astol uet Auielx) fate] FEaheich 1 Ak 19904 o] 2012
6d71A] KOSPIO|A] elHe]#] ay5 whdstglon Hdo] Ay A5 §3
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8 KOSPI 21520 Fo] A3t BEE Rk ARHE 7|2HE ),
E3F (OF DY F WA J=E 2H GBMo| 7HASIAL Q= FEAM
(homoskedasticity) ZH= &2] KOSPI 2125 2] HgAdo| A|7tof ule}l A}o]sl

ofF 7|7 ¢ A FHo visde Holtprh AR 23t 7|Zte] o]

W Eo] & 5o Eo] WAool A AP FA A Q1 ARt of] th= A Wh-g-3F
th= Y ¥ 2] R & M(everage effect) ©] T},

FoR% modol B B4 wrh WEs] Totelr] Qe RS 2
o)) A7) oj et BAre] UL BT B} ek, (1Y D T}

A 21550} 2 149E Al E-2] ACF(autocorrelation function)S VFERHTE
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F= 127 Yol EAF o2 2 142E 9] X7 A (autocorrelation)S Ho|A] o

Tt SEAINE = WA L Zo A 2IO401E Al ACF 32 A F2 A=A
7He Hloyal Qe o= FUHR|4 R4 Eo| o] B A (heteroskedasticity)
< Eltk= A& oJu|gich
o]&jst A= (3 1) 9] Ljung Box Pierce Q-Testo| A= 18 4= Ql=tf HA
KOSPI 21¢]E-9] Ljung Box Pierce Q HIAE AIME B HE lago A p 4ol
S0Z 2] 240l 80) Ap7|Ake] Giths FRAFE 7148 4 gl vt
KOSPI 2 14%1& A9 Ljung Box Pierce Q HIAE Q| pfh2 214959 HE
Aol FHigh x}7] A& Aol 52 HojFal Qlrt
(# 1) KOSPI 2a4elE1 2042158 HFZ2| Ljung Box Pierce Q—Test
KOSPI 2142E9| Ljung Box Pierce Q—Test
Lag 1 5 10 15 20
P-value 0.132624 0.721842 0.824427 0.333034 0.316949
KOSPI 2142E X|lZE2| Ljung Box Pierce Q—Test
Lag 1 5 10 15 20
P-value 0.710703 0.000000 0.000000 0.000000 0.000000
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A M 3 e = 9
© TR Y 5 7P 32 Q) S GARCH-type 22 0|t} GARCH-type 222
< 3 e 2AR BAbe mYsistil o535 93] aotE mygow

TG0 BARS O B A 59 HeE SR BT,
D, 7} 1 A7 Y] BE AR E 253 AR Fhinformation set)2 20| $H

W 250180 AR HAY F, o] = €18, | 9] GARCHRM) 2H- &

2=d+ Zlaot_7+ Zﬂet_] 6]

RS GARCH &9] A28 18|31 M ARCH &2| A& oJu|dith &3t o=
GARCH 9] A5, ;5= ARCH 9] Al4= 12|13l di= o= e

o - A Fe Ao Bd = GARCH(1,1) 2. & o] RAMS s as 4= 3]
© B g KOSPI 214259 GARCH(1,1) &2 &850 Hkc)

GARCH(1,1) & A8 & KOSPI 214957} 2495 Alg-S o3 (19
3)oll A & = 3k

(I 39 A A =5 HH (C1F 2) 9 B-5-2F F-AFSHA KOSPI =14
°] & 9] ACF gto| thii9] -9 95% 412 %= 7F Woll EAsh= A& & 4= T
HFH GARCH(1,1) A& o] ZI14=98 A9 ACF g Uetll= = WA 12
LS A ET (717 2) o] 7ol Blasl| Hot EW-S Lagof| A ACF gho| Al=|43t
oJufo] ZFFE|GITt. o)== GARCH(1,1)0] F7FA| 4 214015 #AF] 342 o]
T Sl A Yu)et ShA|NE o 8] U lagof| 4] ACF gre] Al

1) ARCHE Engle(1982)0] 93l AA|=21aL, Bollerslev(1986)0] 2]3l GARCH(Generalized
ARCH)Z kst Q]
2 diol B W )k et Zol mAH,
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GARCH(1,1)©] KOSPI 212015 HEA o EAS ¢Hd3]

oyt AEL (E 2)9 Ljung Box Pierce Q-Test?] ZAIet= AX|gict,

GARCH(1,1) &8 0] KOSPI 21425 Al52] Ljung Box Pierce Q HIAE A}
2 29 th9] lagoll A pgtol swE 2atsl A7)Akde] gtk HRrbdS 712

4 QAXIT DR lag®] p gL 5% o] S T o] 712} H G,

(E 2) GARCH(1,1) H& 0|& KOSPI 2a42E1} MZ2| Ljung Box Pierce Q—Test

KOSPI 2 1421&9| Ljung Box Pierce Q—Test

Lag 1 5 10 15 20
P-value 0.154515 0.6505 0.084760 0.255881 0.267155
KOSPI 2142% HF2| Ljung Box Pierce Q—Test
Lag 1 5 10 15 20
P-value 0.491137 |  0.040149 0.135512 0.416159 | 0.596791

20 GARCH(LD B9e vle) 2150l8e] MEAS F3shad o]
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GBME| AL 7PHY] WAL T AHAH O KOSPI 2150189
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A A& ¥ S 4= Q)= B dl8 EGARCHY¥E o}y 2} Quadratic GARCH (QGARCH),
Threshold GARCH(TGARCH), Asymmetric Power ARCH(APARCH) 13]il
Glosten-Jagannathan-Runkle GARCH(GJR-GARCH) 5-¢] 1oL} &8]&= o] = 717+
17180 Edolr 7]& Aol ofsf $-Ado] USHY Nelson(1991) 2] EGARCH
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KOSPI 27149} E-9] EGARCH(1,1) 4§ A] ACF gk th5 (18 4 oA &

4) EGARCH W92 off] =ioA FA5EY ¥Eds 9557 S8 AME AT
(Brandt and Jones(2006), Cumby et al (1993))., -Z|Uzte] A -ol= 278 33} A%
(2000 o] AF-eE FARRE 7171990 1hFE 2005 9¥)7FA] 9] KOSPIE thito=
ol A uljAE WSKE WY 4 9l ®Y F EGARCH, APARCH,
GIRGARCH 54 ¥|iLg 23} EGARCH o] 714 Agehe gelale)
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(a3 4) EGARCH(1,1) & 0|&F9| KOSPI 2a1E0 2a42UE XMiZ2| ACF

03 0.3
0z 0.2
01 b y——— 01 |—F—— ——
o a

53 5 o f11 13 1517 o 3 5 7 oMl 13 15%17
0.1 i 0T —
0.2 0.2

KOsPI 21 22 Z9| AcF KOSPI =71 =28 HI2| AcF

(18 4y o] T HA) 1YL 242015 A|lF2| ACF Zro] HE lage]l 9lo]A] Al
297 el fixskaL QUthe A& HolFedl o= KOSPI 21l g0
EGARCH(1,1)& A-83F 749 GBME 7} 3FA WL EH 2) GARCH(1,1)S #4843t 7
(2" 3o Hls 2140 E Y oA o] Ko AgshA vtgEH Tt Ae
BT

(3 3) 9] Ljung Box Pierce Q-Test A3} AA] HE lag®] pgho] 10% 2] 42329

T

A PAEIAE 7)12FeE 42 ¢lo] 1990W 1Y 0] KOSPIE Aoz B3t Ao
EGARCH(1,1) BLdllo] 7} 23t moleh= & A A8kl Qlet. 2 H|o]E
7F ARG 713k MR date] AudS HESH] 918 1990 o] % 20129 6
ZHAIRE oky 2} 2000 2 20051 ] - Hlo]El & o]-&-3f 2 A9k de HE s
1A 20001 o] wloE AR Al 93] #lH e A AtE sl EGARCHZ} 7}
& Agsk ot 20008 o] % 7] Hlo]E AR§- Al GBM £ GARCH(1,1) AH-8-°]

et Aoz g =l

uheba] o] dAtoll A HFA o2 ARG HEE EGARCH(,)O= F4F o

E2 T (E 2T,



BN =szses mpsd rus

(H# 3) EGARCH(1,1) & 0|%

KOSPI 271

SolETt HiZe

| Liung Box Pierce Q—Test

KOSPI 2 142&9| Ljung Box Pierce Q—Test

Lag 1 5 10 15 20
P-value 0.138491 0.360723 0.074448 0.230557 0.169577
KOSPI 2142E H&F2| Ljung Box Pierce Q—Test
Lag 1 5 10 15 20
P-value 0.125593 0.243273 0.377740 0.661211 0.397386
(& 4) EGARCH(1,1) 289| m
=R = EZMERt i @l p ot
d -0.4956 0.1946 -2.5466 0.0109
a 0.1802 0.0803 2.2431 0.0249
Jé] 0.9315 0.0299 31.1296 0.0000
v -0.1686 0.0407 4.1431 0.0000
-2+ B]aLE 913l EGARCH(1,1)H of 2} GBMI} GARCH(1,1) -8 A] &
& =A33H GBM 714 A KOSPI 21420 829] 9 B2 0.276%0]| 11 ¥ HAL
2 0. 758%% 2.1 GARCH(1,1) A8 A] =4 H B < (3£ 5) o YERSIT
(& 5) GARCH(1,1) 23ie| =4
L =7k HZMRt L A p ot
d 0.0005 0.0003 7.7620 0.0781
a 0.1140 0.0416 2.7423 0.0061
J&; 0.8203 0.0721 11.3805 0.0000
|f | |6t—*‘ €
5) Ing? =—0.4956+ 0.1802 X Ing?_ ; 40.9315 X [——==— E(——==)] — 0.1686 X —==
t t— B) f_o'fij
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ITI. Risk Neutral Measure (Q-measure)

o] Qo)A AHESHE AL WolelF BE S 5 Ak Aol H AR

=5 X Z3)3F= GMDB(Guaranteed Minimum Death Benefit)@} G A] A& 3} B3t

o|\

.

SHA dAa FHAl AL ABE Al F AT Ao A e RS = AAE
222 HZ(GMAB: Guarnateed Minimum Accumulation Benefit)o]t}, o] &3t B2
49 7HAE 7EAke] AEE T AutE o] AhEE =T AEES AFlA A
%] 2] ¢F7] w0l (non-tradable) Aol A A== AAHES] ZEEH L FA4S
o HE S AT 4= Qlvh whebA] o] Ao A= M AT 2SS A A
S5 FI8l B9 AES 7 skelet

o
Aot 249 7HA= TR 7] A1E 34 422 (payoff)- risk neutral measureS

o-g3to] 7|k Fata &elst 7| dArt2 @ H L Wi AJFfo] BehHsict

™ 317} o]A+e] risk neutral measureZ} 2R = Q17| W FEo &AL 7FEo] &
SHAl A EA| = = ek wWEbA Al o2 A/ AL Bl 2 A RS0
= AFES §3ll A+ equivalent martingale measure 2] 4] o] A 8§ &] oo} 3}

Equivalent martingale measure 2] A1 HMHO th4=0] o L2LE0f Q)| A A|A]E]
ojgt=t B ool ARE-E= thEA QL HH 5 Sk Esscher(1932)0f] &J3ff &
70 = Esscher transform©] T},

Buhlman et al (1996)-2 Esscher transform2 TEEZ Ao UHISI5}o]
conditional Esscher transform<=- A~7[|8}93.31 ©] % conditional Esscher transform< T
2] Lo o] &% =1 Siu et al. (2004) 7] ZAAF 422]E-0] GARCH 2§ u}
Er}= 71435} conditional Esscher transform2- ©]-8-3f A AE 9] 71X & H 7}
shaich

o] Aol -2 Siu et al, 20092] AT Zato] ket BEAA A gt
conditional Esscher transform<& ©]-83}4] equivalent martingale measure S 4]H3

Ao,
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HA (Q, £, pE &3 &5 Ftolgkal shH of7]A4 P& P-measure
(data-generating probability measure)E 2Ju|3tt}, ESF = A2 P17} Al -
(1E ol MR AT A b= (3], & 2 A7) (A ER
£ A A8 ML olge,
KOSPI &714=2]&90] EGARCH(1,1) X GARCH(1,1)2 wEct1 7}AS A&

P-measure 3Fof|A] 21420 (V)= thah o] 24 4= Qi

Yo, ”N(Mz’of) 3

Al 3o A Hat p, i 24952 ACFR} Ljung Box Pierce Q-Test A}t

KOSPI 2150l E o= A7) A 2He 4= gigloma Ay = ), =c & 7}
t

E
=
A3E 4= ol wh 278 B! = Bld, | |)- GARCH(1,1) E-& EGARCH(1,1)
A

Ql sequence {Z; ), 0.1, 1)

o] Helsht,
= f[ —_— (4)

Buhlmann et al. (1996)0]] W= & A= AL\, ..., A, SOl A Z, += martingale
ol

6) S A 7= v d7F EA5H=T| conditional Esscher transform< AR8-5}
2

A3 equivalent martingale measureE ©]-83 ZH$- 1 = U9 E AET

It} Siu et al.(2004)9] AF o]QJoE 7|& ﬂ‘?%% Aol E9d 7HEstlA siE

271 S8 okt HEs AlAsHlETE Schweiser(l996)L A & Ak FHa
3}5l= equivalent martingale measureS A1H3FH S Davis(1997)+= AF52A Q0 ZAA|sHA
Aoz A A& (marginal rate of subst1tut1or1),—:. o]-gsto] B Al 714 Blof|A]
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Abstract

This research studied the effects of stock return estimation model on
the minimum guarantee reserves. Investigating KOSPI log return data
since Jan 1990 and onwards, we were able to observe heteroscedasticity
such as volatility clustering and leverage effects. To identify models
which most clearly reflect these properties, we used GBM, GARCH(1,1)
and EGARCH(1,1) models of which EGARCH(1,1) was found to be the
optimal one. Under market incompleteness assumption, we used the
conditional Esscher transform to find an appropriate risk neutral
measure and the Monte-Carlo simulation method to compute the
minimum guarantee reserves. Computation of the minimum guarantee
reserves using GBM, GARCH(1,1) and EGARCH(1,1) models
demonstrated that GBM and GARCH(1,1) models resulted in lower
minimum guarantee reserves than when using EGARCH(1,1) model. In
other words, we proved through this study that for sound computation
of minimum guarantee reserves, one must thoroughly analyze the
properties of returns of wunderlying assets in question prior to
computation. Without such analysis, the computation may lead to

underestimation of the minimum guarantee reserves.

% Key words: GARCH-type model, geometric brownian motion,
conditional Esscher transform, variable annuity, GMAB
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