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Abstract

We consider several methods to approximate option prices with correction terms to the Black-Scholes op-
tion price. These methods are able to compute option prices from various risk-neutral distributions using
relatively small data and simple computation. In this paper, we compare the performance of Edgeworth
expansion, A-type and C-type Gram-Charlier expansions, a method of using Normal inverse gaussian dis-
tribution, and an asymptotic method of using nonlinear regression through simulation experiments and real
KOSPI200 option data. We assume the variance gamma model in the simulation experiment, which has
a closed-form solution for the option price among the pure jump Lévy processes. As a result, we found
that methods to approximate an option price directly from the approximate price formula are better than
methods to approximate option prices through the approximate risk-neutral density function. The method
to approximate option prices by nonlinear regression showed relatively better performance among those
compared.

Keywords: asymptotic option price, Gram-Charlier expansion, Lévy process, variance gamma, normal in-

verse gaussian
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wegz wajo) A ARl A A etk Aol Wuelth SjEizke, 2 A2 Wiol H)
¢ QRsEAE 2N 230l ol 4 T A9olE £ 2A%E AT ol ol v
o) AP SIEk A AN B O AN B2 A DA WAL S
AT a8 gulold, Bagx A4S Bl B 1489 2AE ok ¥ £ 9
Aot} o]|H 3t WetoA], Bal.a= 7}7ﬂ S AZ3(leading term)O.Z 3t I A5 B A= w4
o7 249 7188 AAs= HPtQO] oy 7R Z A|=H o] gt} A& 59, Jarrows} Rudd (1982),
Madan} Milne (1994), Corrado2} Su (1997), Rompolis®} Tzavalis (2007), Song 5 (2011) 59 9
ToAA S B8 TAMCE FA 7HES AR sk EES AlAls T
Jarrow$} Rudd (1982)+= 24989 Ad5E FELUETTE 493} Edgeworth i oz &
A3te] A-type Gram-Charlier?] WS S429] 71424 o] 8319 th. Corrado$} Su (1997)+= Jar-
row®} Rudd (1982)2] F4874S S&P500 index option®l] ZE3FA+=d], 34 7HES 53] a5+
AE5E SEEZ7T 29 A=} Fo] 23T (excess kurtosis)E 7AW Jarrow2} Rudde] ZARY
Mol WEA 2vkd A4S BT UL BIBAG Madans} Milne (1994)5 =02 cha}Ag
ANAF7IA R AR FA7FE tid F54E8784S dojlidtt. Rompolis$} Tzavalis (2007)+&
C-type Gram-Charlier 358732 o]83lo] Edgeworth FEjo] F487 0] S92 FE7S weojul
T #AE 2l o] & o] &3t 349 7HAAA S el sklth o] Whell= Ait-Sahalia (1999,
2002) 2 EH L Ao FEUE Gl BT FHe) Al Bl Yout PR ARFY FEE
SolAZ} oz A BESE FESEE DHRT Qo] 21 49E AAE A2 o] FAB
S g4 227 BAG] dolAE ABFY FRIEE Aok 7] HEol Age] g4/}
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oleiat B ule AdsEE Aolon B & Atk 21 4olEe RN ool f3b
(finite-activity) &} F3F W5 (infinite variation)& Zte= ¢4 F= dv] FEIAHF S sHe2 ¥
AF7L olFolA i, WAHE e antd dAdolv 21 95 2x9 FAL 1 F 7|etHe}
T eTor AWE 5 Qe B Rl g FEAEeR AE 5 sl WA vk (Madan}
Seneta, 1990; Geman, 2002; Carr 5, 2002; E).
AEANS 23 el B A REHAOL T QYA SFeTHE 1S RS A
qoz o3l d9 ez AR gerthe
Al 9 A4 G449 23 A% wa 245 Al oPAAE AT] oLt Variance
gamma(VG) Ey A= FEU =49} 3*47}75‘-/] 2740l 23l 9] Fejr EA 67 wfEell ALt
o] tkA ¥Rtk Madan (199 ) A= 7|22 21 989 BEFE Variance gamma 23
o2 SR FEATE FUA T A 2348 D0 Aol P AN, 2
A ANRARE Fote] BA-gz= RYAART H AT ARA 28 4 2= BAck
EUE =4 Az gh) 5.}%31}7&?] Normal inverse gaussian(NIG) R AT F-EHLT 71 23l 3
o] HElz ZABIT; o] AL mo] 714*7} A7)z BEAT o] WA SR F31, Eriksson S (2009)0]
A=)

¢

Fr1

o3t theFst 7| xAke] B2 E A3 AT 4 9Jon F4 7HEE o) 83le] AE5H FEEEE
A A = Uk E olg2 NIG B2 E o)g3hd Auldgoz 7tdst AES 53 C-type Gram-
Charlier2} H|238t 202 FAZMES ZAE 5= IS5 Bk

Song 5 (2001)°4E APEH FESE dolA E-&= BPoz £H¥3= 7|3 Fu] ZFES 1
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3171 913 olet 22 o) 7kA] 244 7HAZAA S waskazt
ot fEA 349 A0l 23 o] PR EAshs VG S AAst 2 714 A%
vl aka, AA KSOPI200 gAAtg A2 A3 Attt 280 ngstust s

Hol A58
H o o= =

= SAFES 27he, 38olME RelAEn 2 Ane AUtk 48olNE 3holA Aule A3t
= KOSPI200 A% A#Ale S 53 F9lslch

2. A

2.1. A-type Gram-Charlier

Jarrow$} Rudd (1982)= 349 714 245 98] o534 2ol A-type Gram-Charlier *(©]
GOA)E Avsisich AT e ABEY I sl SALEE ok A SAgE
SAFeL7] A8t 71AR2E Azt skt T R29 UeEert 26k 47 foF et EEE fe
AR F O] =g (cumulant), k;(F)9} ZAREY] F&, k;(A)S o]&5 o] TSI} o] & 4 9},

(k2(F) — ra(A)) Pa(x)  (ks(F) — r3(4)) da(x)

Jj e ot

f(x) = a(x) + 2 dz2 | 33
+ 3(!’62(F) ; HQ(A)) ddam(f) + (x)’

017]/\'1 e 7‘}01;#* s, BE Ao AEol Stk BF B ATt soluHA 027 1

= BT AdrFse 2] 7t E 0]
FAREATY] 95 J)r Zrhs x70] leng od Ex &5 2rete 14 482 2 7HEE 5 3
) WEOITH (F) = ra(A)). B2 mR9) A9 21 40189 REE AFEEZ AT g
B8 JARREE AR EE 25 o] Adager, o] A AGFEEY BTt F fojnE ARG
24 fx Z2AsloF sh=tl, Jarrow et Rudd (1982)= Al 7HA % Al<bstal Stk o] & A HA
W9l ko (F) = ko(A)Z F= A o] Rompolis?} Tzavalis (2007)7} Eriksson 5 (2009) 52] =-&oj|A]
AP S vlasks ol 3] AR glen® ) o] =RoAE T S AMSS = St
Eriksson 5 (2009)°|A+= GCAS} ##H ZAPHCSZ Edgeworth 3% 3 A=, ke (F) =
ro(A)E 7H838te] TRt Ze] & 4 Ytk BRe] p, ®BAke] o, W=7t S, 2 E (excess kurto-
sis) 7} Kl &5 Xol tisll Z = (X — p) /ot 314, X9 FEUETr=

J“a

o} o] B 4 9L, o] wl g() Bl pol Hare] 0?9 BFLES] HBVEFS, Hy()L
20 E Tk, Ex e S20E A8(Exn = E(Ha(2)olth m = 47142 GCA 2AHE 3h8l

S(z3—3z) —|—i (z4—622—|—3)
24
o] ¥ 11 Edgeworth ZAFS 3}1A

f(x) =g(x) (1 + %S (23 —3z2) + 2—14 (z4 —62% + 3) + %52 (26 — 152" +452% — 15))
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o] Ft} (Barndorfl-Nielsen3} Cox, 1989). B4 Edgeworth 2AR= WY FHo] 35314 3o B
A7) YA AR E 3, TR 7|7 B2 2wl 2 A3e] Z27)7) Ao A uk of 7] A ALRE
Fdgeworth A= AWA 02 459 2718 Alojsh] o Hck

Edgeworth®} GCA+= AAbo] w2 1 FASHA|qF AFEE ZXE ZAFH] wj &l AA B3 7 A
FREI} 2 Aol7k & A9 2Ae) Beaol Mol 4 9w, Axeh hEst BRI A7 W)
o] ol Zo] FEIE3Fho] Uehg & Utk ©xlo] ‘213}.

2.2. C-type Gram-Charlier
Rompolis®} Tzavalis (2007)-2 Charlier (1928)°] 2]3l 1 9FH C-type Gram-Charlier F584-2 o]
4319 AET Y FESEINA FELEIFE ZARR=E (o8 GCC)E tha3 2] ALt
o},
> 1
exp ( > —6mHm(z)>

m=1 1

f(z) = ~ ;
/exp (Z m5mHm(z)>

m=1

Ime FTEFe AF-EZA I Hel+ Rompolis?} Tzavalis (2007)0 A3 U9ty GCCy &2
FEA T 7o) YeEhE= A8 U3ty SHE X7 AFEEA B BojA = A GCARLT £
2 A5S Bk 28y Alste] B3stal 48] of sk AE ko] Wk ©E o] it

. NIG 2%
YRIFE R 3112 Generalized Hyperbolic(GH) BE3AL £719] 408 HAL v|a A BEst
A ZFE 4+ vk LA Qe (Eberlemﬂr Keller, 1995), 7 % 593 3¥]9l Normal inverse
gaussian(NIG) FEHAL A9 BE CH FEHA 9 FEYS n|=sHA RAE

st 4= Qth (Barndorff—
Nielsen, 1998). NIG EHEdF¢E B, £4h 95, A= 3AE 4 B4 7Y, g9 &
Az Jod ZAEEE 7HAsHA 48 4 ). Eriksson 5 (2009)2 NIG 22 13859 &
WE4E 2= AL A 9skar, A4 742 o] Heston model (Heston, 1993)2 w= uwj 9] D-/] Ag
oA NIG x| o 2AF GCART 9=34E o & 48 GCCe= vRe A5 qdEs
gttt AdEH dEST dtollAY AE FAH2 Bakshi 5 (2003)9] WS wet ﬂﬂzﬂw (out-of-
the-money; OTM) Z-&AF} E84 71AL o] g3ttt 389 Ro|AF oA o] ¥hEL NIGE: o
207 ®7|5Igth

2.4. HIMH 2|74

Song 5 (2011)& AASH FESEONANY 7HEAH e &
274 AARRAE
Qe atol 214
AlA F731H9tE. Gram-Charlier ¥ o] U NI
AL TAAZIE Pl A EE Song 5 (2011)
A 91 o] PHE Asympeh B L oI5,

g sHEAH e s Zpstal, F4d
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3.1. Variance gamma SE31H

Ao FEFAL AgeE Be A 7122 7149 SRS T 2L Jeta) 2gow A3
At X = {X,, t > 0}7} dl¥] BEHHES w2 o)

St = S() exp(Xt).
15(}%! gu] FEAH L EA Eg|Z2 (characteristic triplet) == 8] E2]Z8(Lévy triplet) ]ﬂ—_]_
R2E (y,n,k(dz))ol o3 ==, o 8] EgjFAS 7le"’ X9l EATSTE ol y(u) B
+E aﬁ A etz T3 4 9rh(Lévy-Khintchine 34]).
1 Feo

P(u) = iyu — 57721&2 +/ (exp(iuaz) —-1- iuxl{|$|<1}) k(dx),

17|14 v € R, n* > 0011, ki 02 A3 AgollM o= SE2A4 v 22 428 et
+oo
/ (1 A 2®)k(dz) < oo

A7IA k(de)+ A=t B2 X9 J= RES FA8HA At

247} o, v, 621 Variance gamma 32 4] EF/]%%‘] (7,0, k(dx))E 7™, v} k(dz)2] Fej=
C=1/v,G=(/[1/4)022 + (1/2)02v—(1/2)0v)", M = (\/(1/4)0212 + (1/2)02v+(1/2)0v) " ol
sl o9 Al 2t

—C(G(exp(=M) — 1) — M(exp(=G) — 1))

MG ’
Oz /0> \/2/v + 02 /52
kx(xz)dr = %ﬁ'ﬂj)exp < %/| |) dx.

I, Variance gamma 34 X (t;0,v,0)= FM7F 0] M50 o B %5 b(t;0,0)2 HH ol
1o] 31 Bate] vQl 7w (t; 1, v)ol o 5}e]

X(t;0,v,0) = b(v(t;1,v);0,0)

o} o] BEE 4 A1, Ho| pola EAke] vl Zug A(tu,v)dl sl g = v(t + hyp,v) —

vt p,v)8 FELESFE FFo] pholdl EAko] vhl Zul Axdhaeel et A7 to| A Vari-
ance gamma 74, X(t)9] FEUETT+ X9} g9 2 UETFE goll tisl| D3] ot} 2o
adEs 4 ok

_ [T 1 _(@—09)*\ g "exp(~g/v)
fx@ (@) = /0 o/27g exp ( 202g T dg
71Z2Ae] hA el S18FE EESE StollA TlstEe RYE e u, 34 E549 HEL 23l
3le] Pej2 I} (Madan 5, 1998). Variance gamma¥}gS £33 #u] &, EHE3s
oA AHEE = #H] i‘%ﬂ-’ﬁ o tigt zpAISE A2 Cont2} Tankov (2004) &
23 4 913, B} gukA el o] 2o tha)A= Sato (1999)2 Fxd 4 Qlth
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B Aol 7 Aol Atk @ AL ARFUREe) &
W, 1 WEFSE ol§3te] FAW £AAF S FHOEA FA
Jo] 3 (o] RNM hgo)eh 47@) SR S AR g AAANE
ol g-3o] AFBHE R (ol3F OPTIM whgjolet E713h)eleh. A Wl A2 o
Aol §H7k4e) At 2AE WTP 5 AS B ohlet WS FEY FrEs
st =% Qlt}. Edgeworth, GCA, GCC, NIGE =% RNM W o=z Ajto] 7153}
£ 2APHAA el fEHo] lerg OPTIM A4S 7hs3itt. Asymp2
754 ASHHY B2 E 2 §al ZAPHAA R RS EE OPTIMO 2 A
oA 283k GCA, Edgeworth, Asymp®] ZAPIAAL R Bal.&= 7148 AT
dFEol gl FEE 2=t
273K 2APPEe) 49, 2384 A9 e 2ol Bakshi 5 (2003)014 A4
g3to] 4B 2R RES 24T 4 Yk o] FHFAL of
e OTM §47H 0] YAl ofs) A% o EAste 2S 7HdsH
) = &7 A9 o= AV M——i AR o2 AL 4 vk
AHAN el A RESE 9ole Beg 23] A8 &4
Zﬂ;a"tg% o] g3ttt GCAY Edgeworth./] OPTIM < A-g3
JotAl HE #4419 Bes A4 o] GEERETE A F
W OPTIM ¥ = Z-9-oll thsl] 257 222 2A S 2 E gl
3.323} 3474 OM NzApde] AARA O] 185 Y FEEENA Variance gamma 742 G2}
AR THA A ARE BYAALL. FFA AL F-E A $AL o183 T3k
G BANEE AR AAE 5 — N00F ST, PAY AL r = 005, WAIITE ¢ =
02469022 itk WAAA T2 [1,400]o1r) BAAAE & B4 12 stel SANHAS Akt
R, Bee 52 A58} 29 A=E 2+ 22 JHE BAIES 0 =03, 0 = —0.6, v = 0.32%
4B oleld ARolM 2a5AE, F log(51/50) 9 AVFH FEZ=AAY 2E
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SAREY AREE wass) A BTLeAY BIATA L, L°F e 2ol Aelshy
(Eriksson 5, 2009), Table 3.1 4 Z35 vl 2 3}A T}

:/‘f(x)—f(ac)‘dx, LQ:/(f(x)—f(m)fdw

Table 3.1 B, RNM oA GCCe NIG7 GCAL} Edgeworthol B]&] 2135 B& &3z 717}
¢ Ao® Uehdth ot 7 R2olAE OPTIM Whioz A4 GCAY AZPEr} =t} Hg &
Zog A [-0.2,0.2] FIHE w|2je] FA71F o @ZHW%‘QI oF 80%°l Al 120%7HA] =& A2 A,
KOSPI200 524 Al7dellAl Z|7F 200 24 L w Azf7t vlisA o] Fo) 2= FAHE [160,240] +3F
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Table 3.1. Mean absolute error and mean squared error for the approximate density function

Range Type Approx. method MAE(L') MSE(L?)
Edgeworth 0.7737 0.7180
RNM GCA 0.9516 1.0786
All GCC 0.4748 0.4181
NIG 0.4350 0.4386
OPTIM Edgeworth 0.5829 0.4470
GCA 0.5290 0.3142
Edgeworth 0.4032 0.5267
A 4 7721
RNM GC 0.4859 0.77
Vicinity of GCC 0.2273 0.2646
1c1n1 mean
CHty of mea NIG 0.3341 0.4257
Edgeworth 0.3430 0.3921
OPTIM
GCA 0.2166 0.1947

Vicinity of mean: [—0.2,0.2]
MAE = mean absolute error, MSE = mean squared error, GCA = A-type Gram-Charlier,
GCC = C-type Gram-Charlier, NIG = normal inverse Gaussian.

I A Ao 3ug SHA7AL AA
Figure 3.1¢] 3 F 3142 RNM ®§
AHREZE [-05,0.2] #2H} [0.25

Ao A] Bf 7ol vls) Ao g a3 & ZHet)

o 93 FHE ZAEEZE Ho=Erh. GCA, Edgeworthe] &
,0.5] FZHAA Fo FEUEgre] vehta gtk GCCe &9 &
Ero] UEhA] ol A er BARE o Zkeu vt FAL mele] FEjolA AolE
Bolt} oo ud] NIG 9L Agjroz wmele Fee 2 BARIY Qo] AAZR =g
o RS ZASH=H oA £2 AFE Btk AWA g2 OPTIM A4bdgel] gk GCAS)
Edgeworth ZARZZo|tt. RNM whyol] wlal ExE 29} RS th228 F7 3 FELEZL 2]
£ £tk RNM Azbigel vis) B¢ £ AFErt 24 24 Yepgtow (Table 3.1) 29 &5
T A=t QT AAFR] YT FXRxe}) IA 2ot AES FxFH o} 7|+ ofHh

3.4. JHAZAL 22

2yr1Ae] AHAJEE EA37] 915l APE, AAE, RMSEE U533} Zo] A3t} (Schoutens,
2003). AAE: F#ddieatelil, APEx B ddeas $419 Bw7H4el digh vz vepd A
olw, RMSE+ A& Xﬂ*"ﬂolr/‘r

_ 1 N7 - 2 a7
APE= o e 2 gaas
N - BRi7
AAE = ,
2 g

Table 3.2% Zt ZAMIHES AYJEE AlLbet Zlolty. AL & A (160, 240] FHe = A
7} vl st p7kelth. Eol Uehd AFe] osld BE 2% oA RNM Al4bH Rt OPTIM A4y
o] AYETt &2 As ¢ + AUtk Edgeworth?t GCAE ¥

ol ¥F OPTIMOI A= 11%, 2% 22 FoE Jon the Sroix &g d4e] vehdrh. RNM
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Distribution by RNM
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Figure 3.1. Estimated density by RNM/OPTIM.
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Table 3.2. Errors in approximating option price

Type Approx. method APE AAE RMSE
Normal 0.2618 4.8335 5.2773

Edgeworth 0.1177 2.1740 2.4716

RNM GCA 0.1396 2.5785 2.9532
GCC 0.0699 1.2909 1.5056

NIG 0.0917 1.6936 1.9263

Black-Scholes 0.1002 1.8506 2.0133

OPTIM Edgeworth 0.1072 1.9798 2.1374
GCA 0.0203 0.3751 0.4174

Asymp 0.0184 0.3404 0.4080

GCA = A-type Gram-Charlier, GCC = C-type Gram-Charlier, NIG = normal inverse Gaussian.

Edgeworth(APE 12%)%2} GCA(APE 14%)e°l vlal £ttt 22y OPTIM GCA2} Asymp2 2Rt}
T 953 A4S BAth. 259X E Asympo] APE 1.84%E 7P 953 A2 & eyt

4. KOSPI200 M JHEAt=2

B AdPolA A57F AbEQ AR RIYES sl o, AA AFelAE A
AR foug ol A ARE A st 2o 5 drk & "ollAs
HEE a7t diides ARxet Az B 2XR G Wt 2 AGEREES 28N, 2
el A5 A AFer Aofsta, 7 FE ET = JE F AR KOSPI200A44+ E54 A
2 vt B9 AgerE Yo 20089 10Y 179 3298, gRRozE e A
d 42 ARE ARSIl o] A7l BAIde] dZEd Al7l2 KOSPI200 A4+ 373
A Zpol7} Atk dHHA, 20099 11€ 18Y &
H-gz 7HAF Aozt A W-QjF B T FA7HA Afol= ol b Al
&2 A5 E AR HaL, 9
37 S ALY AmE B4 FASA O B4E VPN FA7ME Abske Aotk A%
PE, AAE, RMSE®] Axtoll glojA, siddoll A" BE AAZHA L vhrlof] thsto] F42] F7b
£ AREEFSITE 2008 10€ 170l w71 Dol 28, 58, 81, 1474|311, 108 20¥ell+= w71 o] 25,
55, 78, 144%, 2009d 119 18¥ofl= wh7] Y] 23, 58, 86, 114, 19Y ol = uk7] o] 22, 57, 85, 113<Y
ol FHH olAE r2Ex diBde] A 39 FYES AL, EE-a2 HES ALE o
23 B2 WEAL 3.2800A A5 viek 2ol o OPTIM WHEAH 4744 AR E o83t
of MY HaAFHoE FA AT
S A ARl A OPTIM el o3 7h4& AR 237t Table 4.1} 4.2 Yehd gl
th RNM 2 Albell dAZ Aleko] 331 ZojdolA 2Q1gh nie} o] 742 A7t EolA]
AejstArt. FGAR (Table 4.2)9] Yx2oA E8-&2= 7149 APEZF 4.8%% %74 A% (Table
4.1) 19.61%0°ll vlsh #A3] 2ttt 22X Ao WEE 7ML As AvEd o d oA A vt
o} o] GCAZ} 7P o WH(APE 10%), &EgollA the AR F Sl vis) APEZ} 34| A3t
WaEaihe w2 7P A7 ARTH22%). 922 A ASkol WaE Al Rl vlsl s o A
Ball-g= 7149 a7} FAstal JSoE GCA+ 2471 AR el ol GCA "y 3}
Fe Hojethr & & 9tk Asympol Afolle vaEelA A7 $4 ke HAPE
) dEEAME 52 AFEE HATH16.21%). ol £-&= 7149 i AR (2.6%)
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Table 4.1. Errors in approximating option price(KOSPI200 option, Oct. 2008, unstable market)

Type Approx. method APE AAE RMSE
Black-Scholes 0.1961 1.6822 2.3059
In-sample Edgeworth 0.1700 1.4582 1.8647
GCA 0.1079 0.9259 1.0765
Asymp 0.2025 1.7371 2.2110
Black-Scholes 0.1700 1.6080 2.2965
Edgeworth 0.2186 2.0681 2.7766

Out-of-sample
GCA 0.2227 2.1070 3.1410
Asymp 0.1621 1.5339 2.3673

GCA = A-type Gram-Charlier.

Table 4.2. Errors in approximating option price(KOSPI200 option, Nov. 2009, stable market)

Type Approx. method APE AAE RMSE
Black-Scholes 0.0480 0.6144 0.8182
In-sample Edgeworth 0.0460 0.5880 0.6908
GCA 0.0317 0.4053 0.5622
Asymp 0.0318 0.4062 0.5296
Black-Scholes 0.0367 0.5162 0.8042
Edgeworth 0.0341 0.4800 0.6311

Out-of-sample
GCA 0.0247 0.3478 0.5145
Asymp 0.0285 0.4006 0.5121

GCA = A-type Gram-Charlier.
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