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An Empirical Analysis on Price Formation
in NIKKEI225 Options Market
Using Diffusion and Jump-diffusion Models

HirosHr KoBayasHr, ! Korcur Mryazakif!
and KENTARO TANAKAT!

This research first of all empirically examines the price formation in
NIKKEI225 options market, in more detail how the slope of options’ smile
and skew depends on the options’ maturity and the underlying equity mar-
ket condition. Second, we discuss whether the jump-diffusion model is able
to rationalize the price formation comparing with the case of BS model. For
the discussion, we derive the probability that the estimation error falls on the
bid-offer spread of options trades using the estimation error distribution. The
empirical results tell us that the jump-diffusion model is in general rationalizes
the price formation in NIKKEI225 options market and the role of the jump
part becomes essential in the turbulent market condition.
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Fig.1 Distribution of equity return in maturity.
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Fig.2 Illustration of implied volatility.
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Fig. 14 Estimation-error distributions of BS model and MJD model in a stable period.

0.4

0.3

0.2

0.1

0

4__* BS -=MJD

;

J
Jl

g

0.4

0.3

0.2

0.1

—+BS -=MJD

\
Hl&

Jﬂ

A [/ T
AR / d
{ A a )
A‘:’:l" 3—'\‘ln.- 0 ’A"/ \;“!“-
-5 0 5 10 -5 0 5 10
R [iZ:Et

b. ATM(2H B i#E#A)

i

05

04

03

0.2

0.1

0

- BS = MJD

T
|
4

e

0.4

0.3

0.2

c. ATM(3H A i&HA)

- BS = MJD

[ o {
% 0.1 T
e \’\. ;M {/ 1 X
2 N h,
el o o " 2
-5 0 5 10 -5 0 5 10
iRz misRE

e. OTM500(2 5 B i#&EA)

i3

05
04
03
0.2

0.1

h.

—~BS -=MJD

f
i

|

| &

f. OTM500(3 4 B i#&#A)

0.5

0.4

0.3

0.2

-+ BS = MJD

\ I
-"//’ S e o b 4"/ \- e
-5 0 5 10 -5 0 5 10
MERE iRz
OTM10002H Bi&#A) i. OTM1000(3 4 A &HA)

(© 2010 Information Processing Society of Japan



41 O0O0O0OO0OO0OO0O0OOCOOOOOCCOOOOO0O0 220000000000000G0C000O

=

0.4 2 BS = MJD

0.3

0.2
il

0.1 §a\¥

\‘x

e
M "52-

‘

=

0.4 - BS = MJD

0.3

0.2

|

t]
it
W

.

Eﬁ

0.1 A
7

o

0.4 ——BS = MJD

0.2 Tﬂ\

o
o1 )i ‘1

J

-10 -5 0 5 10
fHiERE

a. ATM(15 B i&#A)

0.4 ——BS = MJD

0.3

0.2
IR
{

4‘7

d. OTM500(1 4 A #&HA)

wx

-10 -5 0 5 10
figRE

b. ATM(24 Bi#HA)

c. ATM(34 B HA)

wE

04 M| = BS = MJD

03
n
0.2 (L

0.1 Tl
B,
/ ™
0 Y. P:..-T S .Y |
-0 -5 0 5 10 15 20
fHiEERE

e. OTM500(2 4 B #&#A)

FEE

04 —— + BS = MJD

0.3 {I
0.2 T
o1 J &\,
. ‘F‘ m/\ 2, ﬁ» %’(W%x

20

-10 10
(ﬂﬂéé%

g. OTM1000(17 B i#&#A)

0.4 =~ BS = MJD
03

"
0.2 T

0.1 I l‘ &
.

f. OTM500(3 B i&#A)

0.4 ——BS -=-MJD

0.3 h

1

P m...v.ﬂ_f

|
0.1 (
.
I

®
0.4 ——BS = MJD

0.3

0.2

0.1

—-10 -5 o 10 15 20
fﬂﬂ%%‘iﬁ

h. OTM 1000275 B #&#A)

0
o
g RE

i. OTM1000(3 B iiE#A)

015 0000000 MJDOODOO BSOOOOOODOOOD
Fig. 15 Estimation-error distributions of BS model and MJD model in a turbulent period.
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Fig. 16 The probability of estimation-error distributions of BS model and MJD model fall on bid-
offer spreads.
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