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 We compare empirically with european option price and american option price 

estimated from the same parameter sets of exponential Lévy models. We use 

the S&P 100 index option data for recent three years. First, we calibrate the 

parameter sets for four exponential Lévy models : Merton, Variance-Gamma, 

CGMY, and Kou model. Second, We predict the european options by using 

Carr-Madan's Fourier transform method. We also estimate the american 

option prices by using numerical method. Lastly, we perform analysis of the 

difference true price and estimated price. In very short time to maturity, 

american option pricing reveals better performance than european option 

pricing. However, it's performance shrink fast by increasing time to maturity. 

Call option pricing is more accurately than put option pricing over all. Out of 

the money (OTM) options have larger error than the error in the money(ITM) 

and at the money (ATM) options have. In time to maturity's point of view, 

Longer time to maturities options have poor estimation performance. 
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1 Introduction

Financial modeling with jump process (i.e. Lévy processes) have been widely em-
ployed in finance literature. It represents stylized facts of underlying asset returns
and volatility smile effects of traded option prices [6]. Besides, Financial model
with jump process can explain the frequently opserved steepness of the skews for
very short expirations in contrast with stochastic volatility model [5].
Option pricing is achieved in two ways : nonparametric approach [8,7,9,12,18],
and parametric approach. Nonparametric model which have no specified underly-
ing dynamics is not available to path-dependent exotic option pricing. On the other
hand, the Lévy processes make it possible to generate the paths of underlying and
to estimate the price of path-dependent exotic options. Therefore, the parameter
sets has significant meaning for the financial model.
In real market, investors make decision according to individual preference to risk.
Under the no arbitrage assumption, Option price which is measured under the risk-
averse measure(P measure) is same to Option price which is meaured under the
risk-neutral measure (Q measure) by Girsanov’s theorem. Because real market is
incomplete, the option price is different from the option price estimated by model.
In this paper, The aim of our work is to compare with european option price and
american option price estimated from the same parameter sets of exponential Lévy
models. Under the no arbitrage assumption, All options from same underlying asset
can be estimated using the same parameter set of the underlying asset’s model. We
do research empirically the European/American options of S&P 100 index. When
the actual price and the estimated price are different, we’re trying to analyze and
investigate the cause.
Among various jump processes, exponential Lévy processes have been very popu-
lar because they belong to a tractable class of risk-neutral models with jumps and
allow direct application of the fast fourier transform (FFT) method to the option
pricing formula. On the other hand various numerical methods to solve the LCP for
pricing the American options are developed. There is the implicit method coupled
with the operator splitting method suggested in [11] to preserve the second order
accuracy in the time and spatial variables.
We use the S&P 100 index option data for recent three years. S&P 100 index is rep-
resentative index. Furthermore, It is only index options which have both European
style and American style expiration. First, we calibrate the four exponential Lévy
models and acquire the parameter sets for each models. Second, We predict the
european options from these parameter sets. We also estimate the american option
prices in accordance with the calibrated parameter set at the same time. Lastly, We
compare the performance of each options.
The paper is structured as follows. In section 2 we describe the widely used ex-
ponential Lévy models and present briefly the FFT methods to evaluate European
option prices using the characteristic functions of exponential Lévy models. In sec-
tion 3 we represent a a numerical method to evaluate American options. Then we
show the simulation results in section 4 and conclude this paper in section 5.
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2 Calibrating Lévy models

In this section, we briefly represent exponential Lévy processes. Next we state the
closed-form characteristic functions and four statistical moments of each exponen-
tial Lévy model. Lastly, we refer to Carr-Madan’s Fourier transform methods for
European option pricing

2.1 Parametric Lévy models

Let us consider a probability space (Ω,F ,P). A Lévy process Xt on (Ω,F ,P) is
a cadlag stochastic process with X0 = 0. It is stationary independent increments
and continuious in probability. The characteristic function ΦX and characteristic
exponent ΨX are presented as follows by the Lévy-Khintchine formula.

ΦX(z) = E[eiz·Xt ] = etΨX(z)

ΨX(z) = −1

2
z · Az + iγ · z +

∫
Rn

(eiz·x − 1− iz · x1|x|≤1)ν(dx),

where γ ∈ Rn, A is a nonnegative-definite symmetric matrix and ν is a Lévy mea-
sure on Rn\{0} with∫

|x|≤1
|x|2ν(dx) <∞,

∫
|x|≥1

ν(dx) <∞. (1)

The triplet (A, ν, γ) is called Lévy triplet of the process Xt.

Exponential-Lévy model suggests a manageable classs of risk neutral models with
jumps generalizing the Black-Sholes model as in

St = S0 exp(rt+Xt), (2)

where (Xt)t≥0 is a Lévy process on R with Lévy triplet (σ2, ν, γ). In order to
guarantee that e−rtSt is a martingale, we should impose additional restrictions on
the Lévy triplet (σ2, ν, γ) of X that EQ[eXt ] < ∞ , i.e.

∫
|x|≥1 e

xν(dx) < ∞ [17]
and EQ[eXt ] = etΨX(−i) = 1 for all t under a risk neutral martingale measure Q
[4], i.e.

ΨX(−i) = γ +
σ2

2
+
∫ ∞
−∞

(ex − 1− x1|x|≤1)ν(dx) = 0. (3)

In this paper, we consider the following risk-neutral stock price process given by
St = S0 exp((r − q)t + Xt(θ) + ωt) where r and q denote the constant contin-
uously compounded interest rate and dividend yield respectively, and Xt(θ)t≥0 is
a parameterized Lévy process on R with parameter set θ. Here ω is introduced to
guarantee the martingale property for the price process too[3], i.e. EQ[eXt(θ)+ωt] =
etΨX(−i)eωt = 1, giving ω = −ΨX(−i).
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Four widely used homogeneous exponential Lévy processes are used in this paper
and their statistical and computational properties are briefly summarized in the each
subsections.

2.1.1 Lévy processes via jump-diffusion model

A Lévy process of jump-diffusion type has the following form:

Xt = γt+ σWt +
Nt∑
i=1

Yi, (4)

where (Nt)t≥0 is the Poisson process counting the jumps ofX and Yi are jump size.

1) Merton model[14]: In the Merton model Yi are Gaussian distribution with mean
mJ and variance σ2

J . There are 4 parameters θ = (λ,mJ , σJ , σ): λ-jump intensity,
mJ -mean jump size, σJ -standard deviation of jump size, σ-diffusion volatility. The
characteristic exponent Ψs(z) of st = ln(St/S0) is

Ψs(z) = (r − q + ω0)iz +
{
−1

2
σ2z2 + λ

(
e(imJz− 1

2
σ2
Jz

2) − 1
)}

(5)

where ω0 = ω + γ = −1
2
σ2 + λ(1− exp(mJ + 1

2
σ2
J)).

2) Kou model:[10] The distribution Yi of jump sizes is an asymmetric exponential
as follows:
pY (x) = pλ+e

−λ+x1x>0 +(1−p)λ−eλ−x1x<0, where λ± > 0 determine the tail be-
havior of the distribution of positive and negative jump sizes and p ∈ [0, 1] represent
the probability of an upward jump. For this process, the probability distribution of
returns shows an exponential tails. Due to the memoryless property of exponential
random variables, analytical expressions for expectations involving first passage
times can be obtained. There are 5 parameters θ = (λ, λ+, λ−, p, σ): λ-jump in-
tensity, λ+, λ−, p-parameters of jump size distribution, σ-diffusion volatility. The
characteristic exponent Ψs(z) of st = ln(St/S0) is given by

Ψs(z) = iz(r − q + w0) +

{
−1

2
σ2z2 + λ

(
pλ+

λ+ − iz
+

(1− p)λ−
λ− + iz

− 1

)}
, (6)

where ω0 = ω + γ = −1
2
σ2 + λ

(
1− λ+p

λ+−1
− λ−(1−p)

λ−+1

)
.

2.1.2 Lévy processes via infinite activity models

Let Tt be a subordinator, i.e. its trajectories are almost surely nondecreasing. Us-
ing the subordinating Brownian motion An infinitely activity Lévy process can be
represented as follows:

Xt = γTt + σW (Tt), (7)
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3) The Variance Gamma model[13]: The variance gamma process is a finite vari-
ation process with infinitely but relatively low activity of small jumps obtained by
evaluating Brownian motion with drift γ and volatility σ at an independent gamma
time, i.e. Xt = γTt + σW (Tt), where Tt is a gamma process with mean rate t and
variance rate κt and the density function of the gamma time change g over a finite
interval t is given by
pTt (g) = e−

g
κ g

t
κ
−1/(Γ( t

κ
)κ

t
κ ). There are 3 parameters θ = (γ, κ, σ): γ-diffusion

drift, κ-variance of the subordinator, σ-diffusion volatility. The characteristic expo-
nent Ψs(z) of the log prices st is given by

Ψs(z) = (r − q + ω)iz − 1

κ
ln (1− iγκz +

1

2
σ2κz2) (8)

where ω = 1
κ

ln
(
1− γκ− 1

2
σ2κ

)
.

4) CGMY model[3]: The CGMY process (also called “truncated Lévy flights”) is
an infinite activity tempered stable process with no Gaussian component given by
ν(x) = c

(−x)1+α
eλ−x1x<0 + c

x1+α
e−λ+x1x>0 It is of finite variation if 0 ≤ α < 1

and of infinite variation if α ≥ 1. There are 4 parameters θ = (c, λ−, λ+, α): c
determine the overall and relative frequency of jumps, λ−, λ+ determine the tail
behavior of the Lévy measure, α determine the local behavior of the process (how
the price evolves between big jumps). The characteristic exponent Ψs(z) of the log
prices st is given by

Ψs(z) = (r − q + ω)iz + cΓ(−α){(λ+ − iz)α − λα+ + (λ− + iz)α − λα−}, (9)

where ω = −cΓ(−α){(λ+ − 1)α − λα+ + (λ− + 1)α − λα−}.

2.2 Carr-Madan’s Fourier transform methods for option pricing

Carr and Madan [2] proposed pricing methods for European options which is ap-
plied where the characteristic function of the risk-neutral stock price process is
explicitly known. In the previous section, we illustrated the closed-form charac-
teristic functions of the risk-neutral stock price for the four Lévy process, e.g.,
Merton, Kou, Variance gamma (VG), and CGMY models. Let α which allows to
use Fast Fourier Transforms(FFT) is a positive number. In our simulations, we’ve
used α = 1.6. The European call option price CT (k) of T maturity and log strike
price k is generated by following as

CT (k) =
exp(−αk)

2π

∫ +∞

−∞
e−ivkψT (v)dv, (10)

where

ψT (v) =
e−rTΦs(v − (α + 1)i)

α2 + α− v2 + i(2α + 1)v
(11)
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and Φs is the characteristic function of the log price st. Using Fast Fourier Trans-
forms (FFT), we can calculate the European call option price within a second.

2.3 Calibration

Let an exp-Lèvy model (σ(θ), ν(θ), γ(θ)) parameterized by θ and Ci the observed
prices of call and put option data for maturities Ti and strikes Ki, i ∈ I . We will re-
sort to finding a parameter vector θ which solves the following nonlinear problems:

minθ
N∑
i=1

wi|Cθ(Ti, Ki)− Ci|2

where Cθ denotes the estimated option price by model for the exponential-Lèvy
model with triplet (σ(θ), ν(θ), γ(θ)) and wi is the weight of the difference of the
option prices. From the calibration problem the calibration algorithm consists of
following steps.

(1) Choose the exp-Lévy model.
(2) Choose the initial parameter set randomly which matches the constraint of the

exp-Lévy model, damping parameter α and the weight of the option prices wi.
In this paper we settle α = 1.6, wi = 1.

(3) Using a derivative-free constrained optimization method, find the parameter
set. In this paper, we use the Nelder-Mead Simplex method which is derivative-
free nonlinear optimization method.

3 Numerical Methods for Pricing American Options

In this section, we describe a numerical method to evaluate American options when
the underlying asset follows the Lévy processes. The linear complementarity prob-
lem (LCP) for pricing American options under the jump-diffusion models isuτ (τ, x)− Lu(τ, x) = ψ(τ, x),

ψ(τ, x) ≥ 0, u(τ, x) ≥ h(x), ψ(τ, x) (u(τ, x)− h(x)) = 0,
(12)

in the region (0, T ] × (−∞,∞), where the integro-differential operator Lu is de-
fined by

Lu(τ, x) =
σ2

2

∂2u

∂x2
(τ, x) + (r − d− σ2

2
− λζ)

∂u

∂x
(τ, x) (13)

− (r + λ)u(τ, x) + λ
∫ ∞
−∞

u(τ, z)f(z − x)dz,

6



and the initial condition h(x) is one of the payoff functions of the put and call
options given by respectively

h(x) = max(0, K − S0e
x) and h(x) = max(0, S0e

x −K).

There are various numerical methods to solve the LCP for pricing the American
options. In this paper, we use the implicit method coupled with the operator split-
ting method suggested in [11] to preserve the second order accuracy in the time
and spatial variables. The numerical method called the implicit method with three
time level has the advantage that it avoids the iteration we need to solve the dense
linear system at each time step. The operator splitting method, which are used to
deal with the constraints in the LCP, consists of two steps. Fist, the intermediate
approximation Ũn+1 of un+1 at the (n+ 1)-th time level is computed by

Ũn+1
m − Un−1

m

2∆τ
− L∆(Un−1

m , Un
m, Ũ

n+1
m ) = Ψn

m,

where the discrete integro-differential operatorL∆(Un−1
m , Un

m, U
n+1
m ) with the bound-

ary condition g(τ, x) is

L∆(Un−1
m , Un

m, U
n+1
m )

=
σ2

2

(
Un+1
m+1 − 2Un+1

m + Un+1
m−1

2∆x2
+
Un−1
m+1 − 2Un−1

m + Un−1
m−1

2∆x2

)

+ (r − d− σ2

2
− λζ)

(
Un+1
m+1 − Un+1

m−1

4∆x
+
Un−1
m+1 − Un−1

m−1

4∆x

)
(14)

− (r + λ)Un
m +

λ∆x

2

Un
0 fm,0 + 2

M−1∑
j=1

Un
j fm,j + Un

Mfm,M


+ λ

∫
R\(−X,X)

g(τn, z)f(z − xm)dz.

In the second step, the approximate solutions Un+1 and Ψn+1 for un+1 and ψn+1 is
obtained by updating the intermediate value Ũn+1 as follows

Un+1
m = max

(
h(xm), Ũn+1

m − 2∆τΨn
m

)
, Ψn+1

m = Ψn
m +

Un+1
m − Ũn+1

m

2∆τ
.

Then we can evaluate the prices of the American options with the computational
complexity of O(MN log2M) operations where M is the number of spatial steps
and N is the number of time steps.
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4 Empirical Results

In the current section, We calibrate the exponential Lévy model parameter set by us-
ing the Nelder-Mead Simplex Algorithm(NMSM).Based on the calibration result,
we compare the empirical performance of European option pricing and American
option pricing of the four exp-Lévy models.

4.1 Data

We used the market data from S&P 100 index options. The S&P 100 index is a stock
market index of United States stocks maintained by Standard & Poor’s. The S&P
100, a subset of the S&P 500, includes the largest and most established companies
in the S&P 500. The S&P 100 index option contract has an underlying value that is
equal to the full value of the S&P 100 index. There are two style options : S&P 100
options with American-style exercise(ticker symbol OEX) and S&P 100 options
with European-style exercise(ticker symbol XEO). Since 1983 investors have used
OEX to adjust their equity portfolio exposure. More than one billion OEX options
have been traded. In July 2001, the CBOE introduced cash-settled S&P 100 op-
tions(ticker symbol XEO)with European-style exercise.
We use the every Wednesday data covering the range from September 2010 to Au-
gust 2013 to calibrate the parameter set. Because Wednesday has the lowest possi-
bility of being a holiday and of being affected by day of-the-week effects. Thus –
total estimations for each model are obtained. We provide the risk-free rate as con-
stant,the time to maturity weighted average risk-free rate. We used the annualized
dividend yield used for implied volatility calculations on index options.
Summary statistics are reported for option prices, implied volatilities, and the num-
ber of observations. Options are categorized into four levels on the basis of time
to maturity and four levels of simple-moneyness. There are summary statistics in
table 1, 2: S&P100 index European options,S&P100 index American options.
In table 3 and 4, annual information of option prices and implied volatilities are
provided.

8
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Table 3
Annual information of S&P 100 index European option data

CallOption Price Implied Volatility Observ.

mean median max min std mean median max min std

2010.09 2011.08 38.458 22.700 306.400 0.025 43.552 0.248 0.206 2.998 0.091 0.213 9745

2011.09 2012.08 44.043 25.900 288.150 0.025 48.804 0.274 0.232 2.963 0.098 0.195 10662

2012.09 2013.08 29.319 14.050 334.200 0.025 37.610 0.196 0.155 2.959 0.086 0.198 11237

PutOption Price Implied Volatility Observ.

mean median max min std mean median max min std

2010.09 2011.08 24.5613 7.6 286.3 0.025 36.5839 0.3025 0.2648 1.7948 0.0635 0.1653 14192

2011.09 2012.08 30.7316 13.95 223.75 0.025 38.3938 0.3068 0.2723 1.5317 0.0546 0.1616 13388

2012.09 2013.08 22.2291 4.8 243.4 0.025 35.8138 0.2502 0.2079 1.8225 0.0488 0.1717 18178

Table 4
Annual information of S&P 100 index American option data

CallOption Price Implied Volatility Observ.

mean median max min std mean median max min std

2010.09 2011.08 24.561 7.600 286.300 0.025 36.584 0.303 0.265 1.795 0.064 0.165 14192

2011.09 2012.08 30.732 13.950 223.750 0.025 38.394 0.307 0.272 1.532 0.055 0.162 13388

2012.09 2013.08 22.229 4.800 243.400 0.025 35.814 0.250 0.208 1.823 0.049 0.172 18178

PutOption Price Implied Volatility Observ.

mean median max min std mean median max min std

2010.09 2011.08 31.3487 11.05 314.4 0.025 43.4484 0.3083 0.2648 1.9521 0.0968 0.1695 11885

2011.09 2012.08 35.3286 17.075 224.55 0.025 41.6205 0.3184 0.2796 1.613 0.099 0.1643 11222

2012.09 2013.08 24.0726 5.4 215.3 0.025 36.6678 0.249 0.21 2.1175 0.0743 0.1531 15759

4.2 Calibration Result

Using the S&P 100 index European options data described above, we estimate the
parameter set for the four models: Merton model, The Variance Gamma model,
CGMY model, and Kou model. We employ the S&P 100 European option data
the trading volume of which is more than eight. The calibration result are analyzed
based on four measurements. Let εn = Cmodel

n −Cmkt
n denote the errors. Calibration

performance is evaluated by :

(1) The root mean squared error (RMSE),
√

(
∑N
n=1(ε2n))/N , represents the volatil-

ity of the difference between the model prices and the market prices.
(2) The mean percentage error (MPE),(

∑N
n=1 εn/C

mkt
n )/N , measures the direc-

tions of the percentage errors.
(3) The mean absolute error (MAE), (

∑N
n=1 |εn|)/N , measures the magnitude of

the errors.
(4) The mean absolute percentage error(MAPE), (

∑N
n=1 |εn|/Cmkt

n )/N , represents
the magnitude of the percentage errors. where N is the total number of obser-
vations.
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Fig. 1. The European call option prices according to the moneyness Merton and Vari-
ance-Gamma model : blue line is call option prices estimated with calibrated parameter
sets and dots are true option prices. : Oct.13. 2010

Fig. 2. The European call option prices according to the moneyness CGMY and Kou model
: blue line is call option prices estimated with calibrated parameter sets and dots are true
option prices. : Oct.13. 2010

We calibrate the parameter set of the four exp-Lévy models. First time, we start
from the randomly chosen initial parameter sets. For the next Wednesday calibra-
tion, we select the initial parameter sets that have the top three best performance
in the before Wednesday. There are the European call/put option prices according
to the moneyness for Merton, VG, CGMY, and Kou model in figure 1 - figure 4.
Following table 5 and 6 shows the Calibration result of call option and put option.

12



Fig. 3. The European put option prices according to the moneyness Merton and VG model
: blue line is put option prices estimated with calibrated parameter sets and dots are true
option prices. : Sep.15. 2010

Fig. 4. The European put option prices according to the moneyness CGMY and Kou model
: blue line is put option prices estimated with calibrated parameter sets and dots are true
option prices. : Sep.15. 2010

From figure 1 to figure 4 displays the true european call/put option prices and the
estimated european call/put option prices which is calculated by the FFT method
with an calibrated parameter sets for Merton, VG, CGMY and Kou model. Accord-
ing the above figures, we may assert that the calibration of the European option
prices estimated using the four Lévy models is reasonable. We observe that the
Merton, CGMY and Kou model describes the market prices better than VG model.
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Fig. 5. European and American Options Pricing Procedure by Using Calibrated Parameter
Sets

Through the table 5-6 we can check that the european call is explained better than
european put by calibrated parameter sets. From the moneyness point of view,the
stably good performance were obtained at ATM and ITM. The longer time to ma-
turity, the lower performance is obtained. On the whole, RMSE has higher value
than other measures. It is caused by the range of option prices which is from 10 to
100. Because the calibrated parameter sets stay in small range, we can assert that
the calibrated parameter sets are in stable. We used the calibrated parameter sets to
pricing next Wednesday European and American options.

4.3 Pricing European options

We next estimated S&P 100 index European option prices to show the performance
of calibrated parameter sets for real market data. We use the same range of the days
with the data for calibrating. Like Figure 5, We use the calibrated parameter sets in
the present week for pricing the next week’s options. In figure 6 - figure 13, There
are estimation results for the European call/put price for the one day and different
time to maturity.

Figures shows that the European call prices have a better performance than the
European put prices. Additionally Put price is sensitive for increasing of the time to
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Fig. 6. The European call option prediction according to the moneyness Merton model :
blue line is call option prices estimated with calibrated parameter sets and dots are true
option prices.: Apr. 27. 2011

Fig. 7. The European call option prediction according to the moneyness V-G model : blue
line is call option prices estimated with calibrated parameter sets and dots are true option
prices.: Apr. 27. 2011

maturities.The Variance-gamma model has the worst prediction performance. We
observe that CGMY and Kou model have better performance than Merton and VG
model. We can infer that the different jump size for jump direction describe the
market better than same jump size. We can make sure of these observations by the
table 7 and 8.
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Fig. 8. The European call option prediction according to the moneyness CGMY model :
blue line is call option prices estimated with calibrated parameter sets and dots are true
option prices.: Apr. 27. 2011

Fig. 9. The European call option prediction according to the moneyness Kou model : blue
line is call option prices estimated with calibrated parameter sets and dots are true option
prices.: Apr. 27. 2011
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Fig. 10. The European put option prediction according to the moneyness Merton model
: blue line is put option prices estimated with calibrated parameter sets and dots are true
option prices.: May. 30. 2012

Fig. 11. The European put option prediction according to the moneyness V-G model : blue
line is put option prices estimated with calibrated parameter sets and dots are true option
prices.: May. 30. 2012
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Fig. 12. The European put option prediction according to the moneyness CGMY model
: blue line is put option prices estimated with calibrated parameter sets and dots are true
option prices.: May. 30. 2012

Fig. 13. The European put option prediction according to the moneyness Kou model : blue
line is put option prices estimated with calibrated parameter sets and dots are true option
prices.: May. 30. 2012

20



Ta
bl

e
7

Pr
ed

ic
tio

n
R

es
ul

to
fS

&
P

in
de

x
E

ur
op

ea
n

C
al

lo
pt

io
ns

ve
r1

.
C

al
lO

pt
io

n
Ti

m
e

to
m

at
ur

ity
≤

3
0

3
0
<

Ti
m

e
to

m
at

ur
ity
≤

6
0

6
0
<

Ti
m

e
to

m
at

ur
ity
≤

9
0

9
0
<

Ti
m

e
to

m
at

ur
ity

A
ll

R
M

SE
M

PE
M

A
E

M
A

PE
R

M
SE

M
PE

M
A

E
M

A
PE

R
M

SE
M

PE
M

A
E

M
A

PE
R

M
SE

M
PE

M
A

E
M

A
PE

R
M

SE
M

PE
M

A
E

M
A

PE

κ
<

0
.9

9
11

.4
85

4
0.

06
99

3.
60

99
0.

45
44

4.
94

81
0.

00
94

3.
88

6
0.

21
26

11
.0

52
-0

.1
07

7
9.

26
53

0.
33

29
29

.6
63

8
-0

.2
38

6
24

.9
09

6
0.

31
08

12
.5

25
1

0.
01

22
5.

84
52

0.
36

35

M
er

to
n

0
.9

9
≤
κ
<

1
.0

1
3.

19
27

0.
52

02
1.

96
6

0.
86

26
6.

46
73

-0
.0

20
3

4.
46

13
0.

28
15

7.
90

83
-0

.2
36

6
5.

45
41

0.
23

66
22

.3
59

7
-0

.4
04

6
16

.4
23

0.
40

46
5.

19
27

0.
36

67
2.

85
12

0.
71

23

1
.0

1
≤
κ

2.
49

04
1.

90
23

1.
36

44
2.

24
4

6.
30

92
3.

05
21

4.
28

87
3.

32
51

12
.8

70
4

19
.7

96
6

9.
95

05
20

.0
43

7
5.

09
55

0.
31

27
3.

92
38

0.
54

72
4.

81
08

2.
94

58
2.

63
89

3.
26

1

A
ll

5.
53

04
1.

27
31

1.
90

96
1.

62
3

6.
05

72
1.

95
89

4.
22

31
2.

22
05

11
.7

07
5

9.
43

34
9.

21
31

9.
78

44
22

.6
40

6
-0

.0
41

2
15

.9
64

8
0.

41
14

7.
29

11
1.

84
28

3.
38

01
2.

17
13

κ
<

0
.9

9
13

.5
29

0.
32

75
5.

13
07

0.
55

8
10

.1
27

5
0.

26
95

6.
51

4
0.

28
65

34
.9

35
3

0.
35

3
15

.8
12

2
0.

42
08

20
.2

41
6

0.
19

16
14

.2
99

8
0.

21
67

16
.7

23
6

0.
30

35
7.

26
22

0.
44

24

V
G

0
.9

9
≤
κ
<

1
.0

1
5.

41
95

1.
21

25
3.

07
7

1.
44

89
17

.9
43

9
0.

73
79

11
.2

64
4

0.
76

55
11

.7
63

0.
50

87
9.

40
46

0.
56

22
11

.3
71

3
0.

34
05

9.
22

38
0.

34
21

9.
84

05
1.

07
56

5.
11

75
1.

25
79

1
.0

1
≤
κ

5.
15

52
7.

03
3

2.
69

26
7.

24
27

19
.1

98
4

9.
32

79
12

.7
85

9.
33

34
36

.0
44

2
64

.0
12

4
25

.0
44

9
64

.0
20

5
19

.5
03

4.
78

62
15

.6
09

4.
79

26
13

.7
02

8
10

.0
07

1
6.

87
64

10
.1

43
6

A
ll

7.
51

49
4.

57
28

3.
22

9
4.

79
19

17
.4

16
1

6.
14

95
11

.1
89

6.
16

06
33

.9
12

3
30

.9
25

1
19

.6
03

1
30

.9
62

8
19

.2
67

1
1.

98
46

14
.3

15
4

2.
00

01
13

.8
46

6
6.

28
72

6.
64

77
6.

43
24

κ
<

0
.9

9
11

.4
00

9
0.

01
74

3.
42

59
0.

38
79

4.
63

12
-0

.0
45

3
3.

76
11

0.
20

03
8.

71
46

-0
.1

58
8

7.
46

16
0.

29
33

24
.7

23
2

-0
.2

51
2

21
.0

18
0.

27
29

11
.4

12
-0

.0
38

3
5.

25
69

0.
31

64

C
G

M
Y

0
.9

9
≤
κ
<

1
.0

1
2.

53
68

0.
19

57
1.

71
17

0.
58

85
4.

92
18

-0
.0

98
9

3.
54

33
0.

23
15

8.
08

58
-0

.2
15

8
5.

68
02

0.
25

75
18

.3
15

6
-0

.4
01

2
14

.7
0.

40
12

4.
21

67
0.

10
94

2.
45

19
0.

49
83

1
.0

1
≤
κ

2.
23

1
1.

10
12

1.
17

95
1.

56
56

4.
05

38
1.

07
4

3.
03

26
1.

50
62

6.
66

9
4.

24
53

5.
21

93
4.

49
07

6.
91

38
-0

.2
03

5.
21

85
0.

31
14

3.
29

08
1.

20
33

1.
97

54
1.

64
97

A
ll

5.
37

72
0.

70
71

1.
71

54
1.

13
88

4.
31

84
0.

65
83

3.
26

8
1.

03
43

7.
73

19
1.

94
94

6.
20

72
2.

30
45

19
.7

08
4

-0
.2

50
1

14
.9

16
3

0.
29

95
6.

21
77

0.
72

96
2.

79
18

1.
14

53

κ
<

0
.9

9
3.

24
32

-0
.0

54
8

2.
09

42
0.

29
04

3.
60

36
-0

.0
51

2.
86

6
0.

12
52

7.
19

33
-0

.1
71

8
5.

02
73

0.
18

94
23

.2
95

-0
.2

47
4

19
.2

48
4

0.
24

74
7.

44
72

-0
.0

79
9

3.
89

78
0.

23
04

K
ou

0
.9

9
≤
κ
<

1
.0

1
1.

96
12

0.
03

52
1.

26
42

0.
37

57
4.

30
26

-0
.0

44
2

3.
15

8
0.

21
89

7.
16

75
-0

.1
64

1
4.

18
2

0.
20

45
19

.4
29

5
-0

.4
62

7
16

.2
69

4
0.

46
27

3.
85

18
0.

00
38

2.
01

38
0.

33
87

1
.0

1
≤
κ

1.
38

02
0.

52
72

0.
89

58
1.

11
73

3.
81

86
1.

12
28

2.
77

47
1.

49
78

3.
93

54
0.

76
41

2.
84

94
1.

01
4

6.
96

25
-0

.0
01

4
4.

56
65

0.
26

56
2.

68
1

0.
70

32
1.

61
01

1.
20

88

A
ll

1.
97

73
0.

31
69

1.
19

51
0.

80
98

3.
84

25
0.

70
36

2.
84

73
1.

01
93

5.
85

69
0.

27
81

3.
89

74
0.

58
67

18
.3

13
4

-0
.1

73
13

.2
76

8
0.

27
53

4.
37

06
0.

40
73

2.
18

21
0.

83
98

21



Ta
bl

e
8

Pr
ed

ic
tio

n
R

es
ul

to
fS

&
P

in
de

x
E

ur
op

ea
n

Pu
to

pt
io

ns
ve

r1
.

Pu
tO

pt
io

n
Ti

m
e

to
m

at
ur

ity
≤

3
0

3
0
<

Ti
m

e
to

m
at

ur
ity
≤

6
0

6
0
<

Ti
m

e
to

m
at

ur
ity
≤

9
0

9
0
<

Ti
m

e
to

m
at

ur
ity

A
ll

R
M

SE
M

PE
M

A
E

M
A

PE
R

M
SE

M
PE

M
A

E
M

A
PE

R
M

SE
M

PE
M

A
E

M
A

PE
R

M
SE

M
PE

M
A

E
M

A
PE

R
M

SE
M

PE
M

A
E

M
A

PE

κ
<

0
.9

9
16

.5
44

2
7.

79
11

5.
86

03
8.

02
82

16
.5

39
5

6.
95

31
7.

74
36

7.
09

41
41

.4
59

8
89

.2
64

6
18

.1
47

89
.4

54
.8

18
7

28
.1

31
2

36
.7

41
9

28
.4

42
5

21
.0

14
2

10
.1

80
4

8.
27

09
10

.3
89

M
er

to
n

0
.9

9
≤
κ
<

1
.0

1
3.

80
06

0.
40

61
2.

24
24

0.
98

93
10

.4
36

5
0.

15
43

6.
20

37
0.

41
22

4.
90

56
-0

.3
04

6
4.

35
71

0.
30

46
20

.2
80

6
-0

.3
64

2
17

.6
94

3
0.

41
07

6.
08

69
0.

34
27

3.
19

16
0.

87

1
.0

1
≤
κ

3.
64

12
-0

.6
06

8
1.

87
74

1.
47

6
8.

13
39

-0
.6

48
4

5.
34

79
1.

20
87

16
.9

20
9

-0
.1

55
8

9.
75

47
0.

87
12

25
.6

81
9

-0
.0

33
18

.1
89

5
1.

15
26

7.
49

92
-0

.5
84

4
3.

51
02

1.
38

27

A
ll

7.
80

93
1.

12
28

2.
67

51
2.

57
55

11
.2

16
1.

44
19

6.
08

21
2.

64
99

22
.7

45
4

15
.4

81
5

10
.8

18
5

16
.3

21
2

36
.8

55
3

8.
53

69
23

.8
16

9.
42

8
11

.5
05

1
1.

79
25

4.
43

67
3.

15
09

κ
<

0
.9

9
17

.1
41

7
7.

97
84

6.
12

57
8.

16
06

18
.4

44
1

7.
89

34
9.

26
87

7.
90

86
47

.7
63

2
10

0.
89

73
25

.6
73

7
10

0.
89

73
50

.5
57

5
26

.8
31

9
33

.6
76

8
26

.9
78

6
21

.5
21

6
10

.7
55

6
8.

90
65

10
.8

79
9

V
G

0
.9

9
≤
κ
<

1
.0

1
3.

22
75

0.
58

66
2.

04
05

0.
89

1
7.

76
48

0.
45

59
6.

13
05

0.
50

16
10

.0
06

6
0.

55
67

8.
64

35
0.

61
25

45
.6

03
-0

.3
82

8
28

.0
79

7
0.

64
55

6.
97

18
0.

54
94

3.
20

34
0.

81
44

1
.0

1
≤
κ

2.
73

42
0.

74
71

1.
52

29
1.

85
56

6.
99

22
-0

.2
25

7
4.

40
59

1.
15

06
6.

31
03

0.
03

15
4.

78
95

0.
59

22
40

.3
78

9
-0

.6
65

3
22

.3
68

7
1.

17
02

8.
64

62
0.

44
09

3.
04

02
1.

62
45

A
ll

7.
76

34
2.

03
44

2.
46

36
2.

81
65

11
.2

50
5

1.
98

49
5.

89
45

2.
83

86
20

.8
95

1
17

.7
22

4
8.

73
33

18
.1

47
1

44
.0

82
8

7.
74

28
26

.2
05

8
9.

00
84

12
.2

60
7

2.
58

51
4.

27
7

3.
39

32

κ
<

0
.9

9
15

.8
46

8
7.

59
31

4.
89

7
7.

84
02

14
.6

42
3

6.
63

95
5.

38
58

6.
80

4
39

.8
77

6
85

.8
11

17
.6

05
1

85
.9

21
1

46
.5

12
7

25
.2

58
9

29
.2

10
8

25
.6

11
19

.0
69

3
9.

74
51

6.
54

25
9.

96
89

C
G

M
Y

0
.9

9
≤
κ
<

1
.0

1
2.

46
84

0.
23

75
1.

52
66

0.
65

51
4.

93
85

0.
00

35
3.

74
42

0.
27

02
4.

33
43

-0
.0

01
9

3.
81

55
0.

20
55

18
.3

02
3

-0
.4

13
4

18
.1

20
2

0.
41

34
3.

74
46

0.
18

38
2.

17
77

0.
57

76

1
.0

1
≤
κ

3.
00

64
-0

.8
33

4
1.

53
09

1.
19

35
6.

03
61

-0
.8

77
3

4.
35

94
1.

08
51

6.
76

83
-0

.4
28

9
5.

40
51

0.
60

07
18

.8
68

9
-0

.4
78

14
.2

49
4

0.
74

73
5.

36
47

-0
.8

20
4

2.
77

01
1.

13
49

A
ll

7.
25

3
0.

91
28

2.
14

39
2.

30
01

9.
02

87
1.

20
06

4.
55

12
2.

48
04

17
.7

21
6

14
.6

95
7.

42
09

15
.5

02
1

30
.1

00
1

7.
37

83
19

.0
76

3
8.

31
02

9.
76

02
1.

52
86

3.
44

62
2.

86

κ
<

0
.9

9
16

.0
89

1
7.

78
22

5.
38

16
7.

94
41

14
.8

77
8

6.
72

5
5.

46
48

6.
81

71
39

.9
27

7
85

.9
80

3
17

.5
36

6
86

.0
43

1
51

.2
05

27
.7

64
7

30
.5

26
6

27
.8

07
4

19
.8

50
5

10
.0

19
4

6.
93

1
10

.1
51

3

K
ou

0
.9

9
≤
κ
<

1
.0

1
2.

74
08

0.
52

57
1.

69
51

0.
86

06
6.

86
55

0.
18

4
4.

08
93

0.
28

04
2.

92
46

0.
14

39
2.

30
84

0.
17

25
9.

32
03

-0
.1

31
3

9.
06

18
0.

20
45

3.
97

15
0.

45
1

2.
23

51
0.

73
96

1
.0

1
≤
κ

3.
13

43
-0

.6
19

4
1.

53
76

1.
29

62
6.

13
69

-0
.7

25
4

4.
09

32
1.

06
23

10
.9

68
2

-0
.2

29
7.

39
24

0.
75

48
12

.8
33

8
-0

.2
77

3
10

.6
46

0.
66

69
5.

00
84

-0
.6

22
4

2.
64

08
1.

20
21

A
ll

7.
40

16
1.

13
68

2.
26

94
2.

42
32

9.
32

38
1.

33
87

4.
45

18
2.

47
11

19
.2

31
6

14
.8

85
5

8.
78

64
15

.6
36

6
30

.1
51

2
8.

28
77

16
.6

03
9

8.
91

57
9.

97
61

1.
75

41
3.

45
55

2.
96

72

22



Fig. 14. Prediction measure plot and S&P 100 index time series

Like Calibration results, We identify that the performance go from bad to worse
according to increasing of the time to maturities. We expected the bad performance
from the mispricing. Because the calibrated parameter sets using for prediction are
gained under the risk-neutral measure, the parameter sets couldn’t reflect the risk
premium for long time to maturity and other risks. we observe that the middle time
to maturity ( from 30 days to 60 days) has a better performance than the short time
to maturity (Under 30days).Estimation result is widely available at two points of
view: Moneyness and Time to maturity. When compared to in the money(ITM)
and at the money(ATM) options, an out of the money(OTM) option isn’t accurately
estimated. We can infer that the three cause of the observation. First, the OTM
options are usually used for speculation. It exhibits the needs for pricing according
to investor’s utilities. Second, there is a limit to be small due to tick trade. Lastly,
relative error is large due to OTM option price is small. In the second perspective
time to maturity, The longer the time to maturity, The greater estimation error is
acquired. The arbitrage trades are still seems to be present for the imbalance of
information.

In figure 14, When the S&P 100 index drops sharply or increase sharply, the pre-
diction measures have a extreme bad performance. Therefore, We reestimated the
price of options after revising the days which have a index’s sharp move.
After revising, the total estimation scopes are reduced slightly, but hold the obser-
vations before the revision.
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4.4 Pricing American put options

We next use the calibrated parameter sets from the S&P 100 index european options
to price the S&P 100 index american put options at the same date with calibration.
Numerical method in section 3 is used for american put option pricing method.
There are the American put option prices according to the moneyness for Merton,
VG, CGMY, and Kou model in figure 15 - figure 18.

Through table 12 American option pricing is better performance than European op-
tion pricing for the options which have the short time to maturity(T¡30days). Every
model is better performance than european options pricing except the Variance-
Gamma model.

We can guess that the observations from the difference with european options and
american options. American options can be exercised at any time before the ex-
piration date in contrast with european options. Therefore american option holder
rarely bears holding risk in the shortest maturity. However, American option pric-
ing performance more decreases rapidly according to the increasing the time to
maturity than the European pricing. It is based on the liquidity of the expiration
date which makes holding risk lower. Besides,Trading dexision of longer time to
maturity options goes left or right largely by investor’s utilities.

Other observations of result are same for european options. Estimation result is
widely available at two points of view: Moneyness and Time to maturity. When
compared to in the money(ITM) and at the money(ATM) options, an out of the
money(OTM) option isn’t accurately estimated. We can infer that the three cause
of the observation. First, the OTM options are usually used for speculation. It ex-
hibits the needs for pricing according to investor’s utilities. Second, there is a limit
to be small due to tick trade. Lastly, relative error is large due to OTM option price
is small. In the second perspective time to maturity, The longer the time to maturity,
The greater estimation error is acquired. The arbitrage trades are still seems to be
present for the imbalance of information.

Following table 11,there is american option pricing performance after revision as
above european pricing section.
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Fig. 15. The American put option prediction according to the moneyness Merton model
: blue line is put option prices estimated with calibrated parameter sets and dots are true
option prices.: May. 02. 2012

Fig. 16. The American put option prediction according to the moneyness V-G model : blue
line is put option prices estimated with calibrated parameter sets and dots are true option
prices.: May. 02. 2012
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Fig. 17. The American put option prediction according to the moneyness CGMY model
: blue line is put option prices estimated with calibrated parameter sets and dots are true
option prices.: May. 02. 2012

Fig. 18. The American put option prediction according to the moneyness Kou model : blue
line is put option prices estimated with calibrated parameter sets and dots are true option
prices.: May. 02. 2012
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5 Conclusion

We compare the prediction performance of european and american option prices
from the parameter sets acquired by calibrating european options. Estimated pa-
rameter are stable for each day. We may assure the parameter that is locally op-
timal. For comparing option pricing performance, we used four error measure :
RMSE,MAE,MPE, and MAPE. In very short time to maturity, american option
pricing reveals better performance than european option pricing. However, It’s per-
formance shrink fast by increasing time to maturity. Call option pricing is more
accurately than put option pricing over all.
Estimation result is widely available at two points of view: Moneyness and Time to
maturity. When compared to in the money(ITM) and at the money(ATM) options,
an out of the money(OTM) option isn’t accurately estimated. We can infer that the
three cause of the observation. First, the OTM options are usually used for spec-
ulation. It exhibits the needs for pricing according to investor’s utilities. Second,
there is a limit to be small due to tick trade. Lastly, relative error is large due to
OTM option price is small. In the second perspective time to maturity, The longer
the time to maturity, The greater estimation error is acquired. The arbitrage trades
are still seems to be present for the imbalance of information.
the gap of performance may be based on the time to maturity, moneyness and the
type of expirations. Reasoning of the pricing performance differences and the pric-
ing method considering investor’s utilities will be undertaken in future research.
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초    록 

 
본 논문은 3년간의 S&P100 인덱스 옵션 데이터를 사용하여 지수 레비 모형의 모수를 

추정하고 동 기간의 일주일 후의 유러피안 옵션 및 아메리칸 옵션 데이터를 예측하여 

실증적으로 비교하였다. 머튼, VG, CGMY, Kou 네 가지의 지수 레비 모델의 파라메터를 

캘리브레이션을 통하여 추정하였다. 이를 바탕으로 하여 Carr-Madan 의 푸리에 변형을 

통한 유러피안 옵션 가격 추정, 및 아메리칸 옵션 가격을 추정하였다. 마지막으로 같은 

모수로부터 추정된 아메리칸 옵션과 유러피안 옵션의 가격 예측 결과를 비교해보았다. 그 

결과 매우 짧은 만기에서는 아메리칸 옵션의 가격추정이 유러피안 옵션의 가격 추정보다 더 

좋은 결과를 나타냈으나, 만기가 증가함에 따라 빠른 속도로 오차가 증가하는 결괄르 

보였다. 콜 옵션 가격의 경우 풋 옵션보다 전체적으로 좋은 추정결과를 가져왔다. 

일반적으로 알려져 있듯이 OTM 옵션의 가격예측이 ITM이나 ATM 옵션 가격 예측보다 

어려운 것을 확인할 수 있었다.  

 

주요어 : 옵션 시장, 지수 레비 모델, 모델 캘리브레이션 및 선택, 지역 최적화. 
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