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Kou (2002)7} Alghe Azatibz o] o 2ela, Ba-22 59 4% Koudl Ra74& A7)
Az} ulmeto] Kouol &4 7170 A7 20] 6 A718-€ Berh. £, Geman (2002)& SPX A4
o 21 40189 $E/L AFRERG COMY 230l o 2URS it 22l 72440 249
& eSER RS ol gdlel Rzt B Aol SHRULTot §47172) A4 B2 3l (closed
form)9) WENE EAIEA S A7 Brke Bo] ok Tl dulREs) 3% oz g4 7
Ag 2R A By AT ALke] o H A= Aol i1t Variance Gamma R A= &
15 gs g9 A0l BE Se FelE BATRE wae 243 ALl tha A AL
Madan % (1998)2 71244t &R 9 o] Variance Gamma 2 3-g M-ETH 7MYkl 21 &Y
SEUTest 244 714 284S D9 o) FelE ANSTh £, SEP500 NESAARE o
&80} Variance Gamma E37170] #al-¢2 2871410 A7 40 o 7900 2490, Bal¢
= waslAT RS A7 B, W12, Teln Bahael AT fold Aua) e
Hksle] Variance Gamma 232 o] s AAIAAE ZAA D 5= & T

oo & =FolA= Variance Gamma 23 o] Fuf FAAZAE 7|22 A UES EH-&=
ol nl3te] B 243 APHYEA Sopr] 9

Al Rzt sivt. AAGESELd APFHER Stollx] EH-&= BYPT} Variance Gamma 2 F ol A
o AU EFes Fota $2v] FAE AASth AAGESEE AN ASHE FESE
£ Yuistnz o] Fxoxe ¢xH] AL FAAGANAN BSH = 712AEY A do] ofF 2o
9 & A= 7HE Rk} o= Ao, ARFASE AAGESES TXolWA A 7%
Ao ZHAE nREAYGRE BhEo] 549 HEAR S H ARRE = SE0BE o] SR S|
ARL HFEHE F47H4 0] o' By 710 © 7RIS EQlstaizt s Zoltt. =3 Ao
FA S o] 83lo] Variance Gamma 233} B#d-&= 1Mol FX714S F3la1 APE(average
absolute error as a percentage of the mean price), AAE(average absolute error), ARPE(average
relative percentage error) A %S AAFSte] Variance Gamma 23 0] E3-&= 2Rt} 34 714
< O & FAs=AE RISt npA e g AATHAS RY A e FEHUSE s, 53
3, TFAY Alg 28 WdS AHHSE ke R4S Al Variance Gamma B3 ol A
s ankd dAbo] A =AE AHE ST
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I /A (stationary)olH FEAHOR ALY AL Btk o uFELEL FIEsvH
5 (infinitely divisibility)3slth= A o] Jow 2] (2.1)9] Fo]R Lévy-Khintchine &2

Y(u)E FREEHA ] SA A4 (characteristic exponent) 2kl 3Hc}.

oo

Y(u) = log Elexp(iuX)] = iyu — %UQu2 +/ (exp(iuz) — 1 — iuxl |y <1) k(dz). (2.1)

S 4oIA] 4 € R, 0% > 0017, k= R\[0}IAS ZE2A [, (1A22)k(ds) < 00 BE@Th ol 1)
(v,02, k(dx))ZE @H] tripleto] gt 3tv, 2% k= gu]SEely Rac)

257} 0,1,09 Variance Gamma 742 ¥ triplet (7,0, k(dz))S 2t Qom, v k(dz)e] e
+ 4 (2.2), (2.3)3} 2t}

= —C(G(exp(=M) — 1) — M(exp(=G) — 1))
MG '
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& C=1/v,G=(/1/40202 +1/20%2v — 1/20v) "', M = (\/1/40202 + 1/202v + 1/26v) ' o]}

kx(x)dx = M exp <'2/V:r_92/02|:v|> dz. (2.3)

v|z|

2l (2.3)91A4 6 =091 A-f-ol= AMESE7} 00l thaliA thF o] Hm, o]+ Madan} Milne (1991)°] A
=3 ) Z A<l Variance Gamma ZA3} E Y3}
I, Variance Gamma 74 X (t;0,v,0)2 FA7F 0013 WEA0] 0 Behke &% b(t;0,0)3 ol

19 2wy (¢ 1, v) ol &3t
X(t;0,v,0) = b(y(t;1,v);0,0)

9} Zro] HE 4 Qlrh. o] wf, o] poli Fato] vl Ut A (t; p, v)Z AIZHEZE (¢ + h)ollA
o] & ZAuatge] EYSEoR A g =yt + h;u,v) — y(t; p,v) FELDEITFE FFo] phol
3 BAto] vhol Zhul Wxskeel ettt &, Variance Gamma A2 Bl 58 ol
5l FolA = ATkl A B RN dojd 4= glon, Heke 59 WEA o, AR HIAATE
AES o= AtA ] B4 v, Bl 259 FA| 0gke Al B4E A "k o] Al B F 0 &
29 I E RFE, vE HEE ZAe}
AlZE to| Al Variance Gamma 34, X (1)9] SEEETTE A7t #sE =& 240 gAY =
A5 B2l AR xe Avige] 2 U= T5E goll tigh Z82E B30 ot} 2ol d& 5 Qi
ey e (D)
r—vg v
= — dg. 2.4
fro@ = [ e (<2000 g (2.4

oA, FEAIZNAL 7| 2R BESIE A H AL 7|2 A4 &F Qo] Variance Gamma 7
= Fﬂ~ o, 7 FEHRF2 E-&2 B A Hefe 259 JEE Variance Gamma I 02 thA|
o 2H th3 2ol & 4 Uth

S(t) = S(0) exp (mt + X (¢t; 05, vs,0s) + wst) , (2.5)

A7NA AR s& AAFESEAANY B4E 9u|stal, m2 o] FESEAAMY Fd F4] FdE0|th

3wy = 1/vsIn(l — Osvs — 02vs/2) 22 o= E(S(t))E S(0)exp(mt) 2 HEo]FE S i}

ARFHSE StolAe TUd F7H7} v A Y (martingale) o] HH, o] S stollA= B 71 79
o] £ o]A& ro] Hrh

S(t) = S(0)exp(rt + X (t;0rN, VRN, OrRN) + WRNT), (2.6)

o714 FA RN 9859 242 Indt, wry = 1/van In(1 — OrnvrN — 0RNVRN/2) 2B 0=
E(S(t))E S(0) exp(rt) 2 wHso]=t}.
71Z2AHke] Variance Gamma A4S W= wf, 27 £ 89 WEdre 4 (24)5 AdTezA &

oA ol thxe] A2 2.1 A YTt

A2l 2.1 (Madan S, 1998) 7]%Ate] 74 9] Variance Gamma 32 W ul, 27 g9 2 =
In(S(¢)/5(0))°l thst H=ghrt oh33 2ok ojuf, S(1)<F S(0)+= A (2.5)914 A=A vkel 2t}
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AN K& £A39 A 2% WATson, o =2 —mt — t/vin(l — v — o?v/2)olth. o, 99 =3
o)l A19] Variance Gamma B4 AA|SEST oA Raolt],

YA K, B1e] T 8% 2§49 AL g4 o]& B4 (payoff function) max(S(t) —
K002 985AT0IN AUge Aok, A% Bl o|ag r2 Tl sho] THALH Variance
Gamma 344 Sl A2 2 g4 717 AL thee] Fe) 2.20] AAE oA UL

A2l 2.2 (Madan S, 1998) 7|ZA4ke] g2 Qo] 9] SFolA] Variance Gamma I3
s o, 898 F 349 7142 o33 o] 29 9 ez 2d"h o, S)t S(0)= A
(2.6)014 )9 s} ).

C(5(0); K, 1) = S(0)w (d 1;“,(a+5) 1_”01,5>

1—co v t
— Kexp(—rt)¥ (d sy / = o V) . (2.8)

@ d=1/s[In(S(0)/K) +rt +t/vIn((1 —c1)/(1 — 2))], @ = (s, c1 = v(a + 5)?/2, c2 = va®/20]H

¢=-0/0% s=0/\/1+(0/0)2v/20|T}. E3

U(a,b,y) =
cta exp(sign(a)c)(1 + u)” ( 1+u )
K 1 (0)® (71—~ 14y % i 1+
Vot () 1 (@ (7 1= 14y ——, —sign(a)e(1 +u)
. ias exp(sign(a)c)(1 4 u)' ™7 14+u .
— sign(a) V2T (7)1 + ) K. 1 ()@ <1 +v,1=7,247; —5 —sign(a)e(l + u))

v+3 i 1 2t 1
+ sign(a) e"pf’;r;((‘%‘j( K, (o0 (7,1—v,zﬂ;%,—sign(a)c(uu))7

I 714 ®(a, B,7; z,y) = T(7)/{T(@)T(v=a)} fj u (1 = u)" ™" (1 — uz)~? exp(uy)du, sign(a) =
-1, a <0,
{ 0, a=0, ¢1 = la|vV2+b% 283 u= b/\/molD}.
1, a >0,
3. MEE4

3.1. Variance Gamma 230AS] B4 FH

7122 7HAe] old FEHA S U I mEEA AFR7] fJstel 23 AFEE, A FA Vari-

ance Gamma 12|31 Variance Gamma?] YWE3F-E o] f3to] HYLEFAHS 731, 58] 7
< AAEALE ARRE AEE 20089 195E 20093 129712 & 503 7k

—/r:-/] Z7IA8 0|t} 7] ZAAbo] Variance Gamma IS w2 Aol 4] (2.

g o]&3le] BE4E FAE e, thAF Al Variance Gammas W=
ol 65 002 F2 T FAHBALE Al 7IA] BYoA B4l 211 L5 =

7+ mgol sl - AAS sk pvalue7]— 01040l 051 2ke] ZHS Zh= S

p-value7} .010]3}¢1 F$-ol&= *+x BA]E 3T
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f

3.1. 2. &= [JAA Variance Gamma 2|7 Variance Gamma ol0|AM2] U 27 £oES 0|2t Z|NREFH 2k

BH &= ] 3 A ¢l Variance Gamma Variance Gamma
m 0.068 0.253 0.272
s 0.335* 0.327** 0.328**
v 0.0037** 0.0037**
0 0.0839
InL (EZ—?—E_) 1221.292 1267.626 1267.47

%31 %%H E $ 5o] 5 AL o A A <l Variance Gamma2} Variance Gamma 7} 0.327~0.328 2
won Ed-427} 03352 =52 A T 5 ). Hro ¥ FE EFve EH%”—*."J Variance
Gamma<} Variance Gamma2] 2% 2% .00370]2 AA A 04 Fu]|5HA thES e 4 A
t}.

23 EE o83 & AAEAI, FoEE < 0012 EY-&= BFPH A QA Variance
Gamma 23o] 4 221 $dEd ¢ HFgIS B £ Al;{il:]- &3}, Variance Gamma®] 21 ¢
E7F A A Q1 Variance Gammad] H]3}e] 3= =] ofkom, 24 071 03 o) u|sHAl th2A] Qkrh

o]ZHE] KOSPI 200 A47F AR R Bal.&= wynrct qwa Variance GammaZ ¢ 2 w2
o & £ 9o, thA A QA Variance Gamma E-E IR T} Variance Gamma E3A S ¢ 2 o}
2= 222 Yy 4 0‘1:}_

AUSRET Sl 24 92 250 Adprd e 0050, DAFESEAAE 49 2
9 5718 0|88 R dlelels] o) WA Phorl, AVFAZEANE 4 (31)3h Po] FANAE o
So1 SES AQHEE BU B P AolNE ABHA Ao 2e4 129 DAL Helels 3

F2 Jacquier®} Jar-
—n?/2)9 o2} 2§
é*ﬁ% o]-g-sto] a3
AFETE B2r Az
e

28 dlolEl7F EASHA Hol 24T AL FEHE NSt AU =F4
row (1995), Elliott 5 (1995)3} Madan 5 (1998)o|A AFE-E w; = w; exp(ne
< APt Foigden, oA wiw iAlA FA 7HFelAL, w2 4 744 2
AR 2Y7rAelth. Ed, M A5A9] il ¢ ol 0, F4ke] 1<
=Y FgEWsolth. f9 oA P orHH Ao g e A
(AHA1 3 AARS Madan 5 (1998) Z%).

k= i Z (In(w;) — In(w;))2.

olw, wi,...,wne BILEE theH 2

M M

lnL——;i_Zl(ln(wi)nln(mi)—ﬁ—g) —]\/[lr;@ﬁ)—Mlnn—i_len(wi), (3.1)

1714 n = 2T TR — 1)eleh.

ARFTHEE A B4 Had BEAAE £ 3.20 AAFHAULE F7 A¥TH M9
O ARz ALo: 0.3190]9, thF A< Variance Gamma$} Variance Gamma?] Z-$ol= 2z
Z+ 0.3073} 0.31101211’/}. AIA=HEE oA 71 ZxA o] BEF-&=, A Al Variance Gamma 1
2|3l Variance Gamma Al 28 & o= B3 wa =X A E7] —r]B]—O:] 241 (3.1)& o]&3te =
vl AAE AAsnt. 1 A3 & 3.390 Zﬂ’\]ﬂ‘ﬂ Atk AFIMEE EY-e=, P/ E A A
9l Variance GammaZ 3= 58] AALS £ 10539 dlojgof ths] AAIsE A 1% FolFo A

=z
zr



T 3.2. YHFYUST 5l0IMO AR =FH 2
m BT EEAA
Ba.H= o 0.319 0.133
0.307 0.125
o} A A ¢l Variance Gamma, Z 0.007 0.001
o 0.311 0.129
Variance Gamma v 0.040 0.111
0 0.483 0.280
I 3.3. YEEEUST SloAMe =8| A Zat
77 7HA
o 7ha e A .
B &= o} A A ¢l Variance Gamma,
o} 3 A ¢l Variance Gamma, 63.54%
Variance Gamma 97.92% 95.83%

H3.4. WH=20M 22| 452 Hluot)| flet SAHA

Fi

ARPE APE AAE
Ed-&= 1.263 0.122 1.713
Variance Gamma 0.694 0.098 1.376
63.54%7}F 714= ek =3 AFMEE B2 UY7HEE Variance GammaZ 3= 54| 7
A AT 1% FoFolA 97.92%7F 714= k. E3], AF7HEE A A Q] Variance Gamma, T 9§
7}4€ Variance GammaZ dh= AR S 3 2
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I 1% So5FqA 95.83%7F 712D L & & £ 9
71

BYoA A 7HFAe deS vasty] fste] 2A F 7HAE aLeste] Holkth 4, Sl
= =2 29 BaE $3le] ARPE, APE, AAE

1 N4 - 29
ARPE= cxors 2 agtd
1 4714 - 287
APE =
sHAT gE Y gAS &

3}, Variance Gamma _._53 o] B &= =
A gQls] fste] 7HE g S5, R oA, S84, %ﬁl—"éf’/] Alg2 ‘:&71 ds APHSE e
3 AEAE AAsHAT lﬂ LB A =
20094 129 "R 2] 2pF A FAHH E4E o]§3te] 20109 10J &VH +9
1, 23] HjuE 5t oA AFE A FADFS
105748] B4 4% ]“9“3]'04 105 F<ke] 49 B¥74E
AA=E o] dtt. ARPE EA39] A9 Variance Gamma 282 Zd.-&
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2 3.2, UZ20AM 28-£2x 23 (21%)1} Variance Gamma 28 (2EZ)UH A2 MAPDIIAO W2 FHALO| 2™ &

o}gom, APES} AAE EA3F 9A] Bl &= T 3o| u]3te] Variance Gamma2] 73S0l gro] o =t
AdFo] 9lott. o2 Hol Bal.&= 13T} Variance Gamma B A] o UL A3lo] o] R

o
= =2
a7 312 % 4192979 ¥4 7HE F 10048 9] 359 F 2997 ARt a5 YA,
%l

AAL e T, AR (O)F AME Bd A4A(+)0] BAFO] Atk §doz sl

g 4 %ol Al B 71E BFE AIRZVHEY 2HEE B 4 k. 28y E3-e= By FA
7} 2000 4] 220 AFo]Ql Ao Al 7HA R} thh H}AZAE = FoFo] Qo™ Variance Gamma &

4 AL Baga Rolne o|eid Ao ol A% AAHYLE FAT & Ak
a9 3.2+ BRFY AN AAVME-EE 7)) AREER 252 JAHE, yEF2 IAE UERdh
WA © 2 Variance Gamma 232 Zxprl 8342 1ol 7
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08 3.3. UHE20AM 3-8= 23 (21%)2} Variance Gamma D8 (2EZ%)0|A2| SstA0l 2 ZHAte] AtE &

=, ol FelA AdFS iz 2 H:“’ﬂ/‘i 2371Ao] AA A7V wlste] HAaFFH Aot
ol2gt Aol Variance Gamma R ZojmS AHEE B3l €A AT + AUtk o]=27H
Variance Gamma = & ol 4] %%ﬂ.-gé EL%EE} o & AstE S o 4 ittt

w49 71222 KOSPI 200 A5 JAVME 02 e B3p4o] i R3] s AFREE 37
t}. Buraschi®} Jackwerth (2001)& #aste] B34 1 e 7|22 57X 2 FE3IG T &3
230] 0.94~0.97 AFo]Q TS 27HA, 0.97~1.03 AHo] 2 WS S7HA, 1.03~1.06 Abo] wjS 714,
106014 Y W& AU7H4, 0.8~0.94¢Y W& A7t olgtal Aottt 17 3.32 A By T34
w2 ZEAF ARt 39S BEA B & o), Al BY BEF AL7HE b4 FHE o] A F2
HF=A= = o] vehdth. Ae7td FIellA 3ol 0.9K T 2 Afolle 7Hd o] HiEA H
ZAgko]l won, 09X T} FL Ao 1A o] FAaFAE = Aol W, Variance Gamma 23
olF et Aol tha FolHS B 5 AUtk 2E L WrHE M E EY-&2 2P 714
3k A gFo] W Hhdo Variance Gamma 282 183 F¢S 1:]—_,_ 292 & 5 Uk

& u]F o] Ko} Variance Gamma E%E o]-&3H= 7ol &= B39 H|3t] 73}
S ~uld FAbo] tha FolE AL 7)hE 4 Utk AA) 574] A O 2 Variance Gamma
oflA] o]g} T2 HAAfo] EA=EA] 9l 5}7] st B39 IAE THATE sk, B33, 35
AF 283 Y AR o AFIARAS APt Bates (1995)& ¥54 2t
| AeS BAFa, g o=z 714, WrkE F3ollA 1ejal w7 gol
5 HF Ao AAE AR dA 7] wiiel T34, o@r“«] AFT 7S APHER
L ARATRA 23} 7 A5 IAAGI FLloA Qrhd, Begz 2 lA 24

2}
@%/‘é 2uld FAro] Variance Gamma 23S =Yoo 2R tha dldo] A & 4= 9l
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a1 .05WRRe) e 2= RS, o EAE p-value7} 010]6}4 %}\
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3.5. 2|F24 2hH

HEH &= Variance Gamma
A4 —8.999 —4.475
w714 8.280** 4.315%*
(£3}4)? —0.583** —0.332%*
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Abstract
Option pricing models using Lévy processes are suggested as an alternative to the Black-Scholes model since
empirical studies showed that the Black-Sholes model could not reflect the movement of underlying assets. In
this paper, we investigate whether the Variance Gamma model can reflect the movement of underlying assets
in the Korean stock market better than the Black-Scholes model. For this purpose, we estimate parameters
and perform likelihood ratio tests using KOSPI 200 data based on the density for the log return and the
option pricing formula proposed in Madan et al. (1998). We also calculate some statistics to compare
the models and examine if the volatility smile is corrected through regression analysis. The results show
that the option price estimated under the Variance Gamma process is closer to the market price than the

Black-Scholes price; however, the Variance Gamma model still cannot solve the volatility smile phenomenon.
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