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Calibrated Parameters with Consistency for Option Pricing in the
Two-state Regime Switching Black-Scholes M odel

Gyu-Sik Han

Chonbuk National University

Among a variety of asset dynamics models in order to explain the common properties of financial underlying
assets, parametric models are meaningful when their parameters are set reliably. There are two main methods
from which we can obtain them. They are to use time-series data of an underlying price or the market option
prices of the underlying at one time. Based on the Girsanov theorem, in the pure diffusion models, the
parameters calibrated from the option prices should be partially equivalent to those from time-series underling
prices. We call this phenomenon model consistency. In this paper, we verify that the two-state regime switching
Black-Scholes model is superior in the sense of model consistency, comparing with two popular conventional

models, the Black-Scholes model and Heston model.
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Table 1. True Parameter Set and Option Condition for Each Underlying Process Model(.5, = 100, &": Strike Price, 7°: Timeto Expiry,

r; . Risk-free Interest Rate)

Model True Parameter Sets

Option Conditions(K/S0, T(year))

Two-state RSBS otrue,rsbs = (Tf’ /’Ll, Hos 015 095 Pros p21)

=(0.04, 0.04, 0.04, 0.2, 0.4, 0.1, 0.1)

HeStOn etrue,h(’,smn: (Tf7 My W,y Ky 57 P> U0>

(0.00, 0.00, 0.15, 10.0, 0.03, —0.5, 0.01)

K75, =108, 0.9, 1.0,1. 1, 1.2}
={0.1, 0.2, 0.3, 0.4, 0.5}

0 = (r L U)
BS true,bs FE
=(0.02, 0.02, 0.1)

Table 2. The Optimized Parameter Set from the Initial Parameter Set Given for Each Underlying Process Model(r; : Risk-free

Interest Rate, 3= 0.05)

Model Initial Parameter Set

Optimized Parameter Set

Two-state 00.shs = (va Hiy Moy 015 095 Pros p21)

RSBS =(0.04, 0.04, 0.04, 0.175, 0.375, 0.075, 0.07)

*

0

rsbs

(Tf His Moy 015 Og Pros p21)
=1(0.04, 0.04, 0.04, 0.2,0. 4,0. 1,0.1)

Heston 90J1Hstml :(rﬂ My W, Ky 57 P UO)

(0.00, 0.00, 0.149, 9.9, 0.029, —0.49, 0.009)

*
heston

=(rp s @ Ky & ps )

=(0.00, 0.00, 0.1486, 9.9001, 0.0304, —0.4901,

BS |0y = (rp 1o 0)=1(0.02, 0.02, 0.01)

i = 10 0)= (002, 002, 01)

Table 3. Optimized parameter sets according as the weight 3 decreases from one half to zero when the given parameter sets are as

follows:

00, heston = (0-00, 0.00, 0.149, 9.9, 0.029, —0.49, 0.009), Oy, 1eston

=(0.00, 0.00, 0.14,9. 0,0.02, —0.4, 0.005)

900,/“‘3317()“ 901. heston

ﬁ ezo,hesmn ﬁ G;;L heston

0.5 [(0.00, 0.00, 0.4034, 27.734, 0.0736, —0.4601, 0.006) | 0.5 [(0.00, 0.00, 0.3534, 24.248, 0.0746, —0.4042, 0.007)
0.4 [(0.00, 0.00, 0.4026, 27.678, 0.0722, —0.4679, 0.006) | 0.4 |(0.00, 0.00, 0.3523, 24.175, 0.0709, —0.4241, 0.007)
0.3 [(0.00, 0.00, 0.1593, 10.670, 0.0108, —0.4881, 0.0099)| 0.3 |(0.00, 0.00, 0.3506, 24.056, 0.0656, —0.4557, 0.007)
0.2 {(0.00, 0.00, 0.3986, 27.394, 0.0692, —0.4834, 0.006) | 0.2 |(0.00, 0.00, 0.1705, 11. 3486, 0.0014, —0.4157, 0.009)
0.1 [(0.00, 0.00, 0.3987, 26.780, 0.066, —0.4967, 0.006) | 0.1 |(0.00, 0.00, 0.3353, 22.987, 0.0477, —0.6016, 0.007)
0.05 | (0.00, 0.00, 0.1486, 9.9, 0.0304, —0.4901, 0.01) 0.05 |(0.00, 0.00, 0.1358, 9.0, 0.0349, —0.4007, 0.01)
0.01 | (0.00, 0.00, 0.1486, 9.9, 0.0304, —0.4901, 0.01) 0.01 {(0.00, 0.00, 0.1358, 9.0,0. 0349, —0.4007, 0.01)

0 [(0.00, 0.00, 0.1486, 9.9, 0.0304, —0.4901, 0.01) 0 [(0.00, 0.00, 0.1358, 9.0,0. 0349, —0.4007, 0.01)
EABL Y 5k Te olv] LA vigh ol BS R WHE T 7P 2404 MCSE ANt el 71 2A 714

e UAH o E A °ﬂA1 H2E = WAEEA 220k (Implied
Volatility Smile) @72 THEAZ 4 gle 23 o]7] wf ol i
AW 54 20t (Implied Vol-Smile) /744 THAl 7] = Two-
state RSBS & o] Hla B8 Fo A= /M 43 Y S &

4= 2 th(Bollen, 1998; Hull, 2009). 3+, 3| 28 =& o] A <Table
2>} <Table 3> A= o 28 mHo] A2 o7 7|24
7HA Ws7h B tiste] b RS B oA v #
He 02 fAdd, o] & dopry] 93k oﬂéEd 23
Two-state RSBS B8 77}l A 45 245 nith. 187 8o

ADE I3 WET, ol | RUSE ¥ 88 FoHe AL #712
A AT 1 AT <Tabled> ~<Table 6>l QITh.
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Table 4. Sensitivity of Log Underlying Price to Parameters in
Stochastic Volatility Part of the Heston Model
(S, =100, 1 =0.03, At = 1/250, v, = 0.04)

Parameter Value RMSE of Ratio
(w, k) (0.04, 0.5)/(0.06, 0.725) 0.0012
(& p) (0.09, 0.5)/(0.04, -0.5) 0.0013
RMSE of Ratio Between Parameter 6, and Parameter

1 & InS,(6,) 2
2 V 721~ w567
1n.5,(0) : Log Underlying Price Generated by Parameter Set ¢

Table 5. Sensitivity of Log Underlying Price of the Heston
Model(We use the true parameter set(6,, ... 1o.0n) @D

the parameter Set(6,,....,,) OPtimized from the condition
B=0.2 of Table4) (.8, =100, 1x=0.03, At =1/250)

Parameter sets to be compared RMSE of Ratio

*

GOO,hfstonletrue,heston 7.0464 X< 1074

Table 6. Sensitivity of Log Underlying Price to the Transition
Probability in the Two-state RSBS Model(.s, = 100,
p, =0.03, p, =0.03, 0, =0.2, 0, =0.23, At =1/250)

Value RMSE of Ratio

(0.01, 0.01)/(0.03, 0.03)

Parameter Set

(P1g» Pon) 0.0185
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