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Abstract

The Black-Scholes model assumes log-normal stock returns with constant volatility, yet empirical evidence reveals significant deviations,
including skewness and excess kurtosis in financial markets. To better capture these characteristics, extended models incorporating jump
processes and non-normal distributions have been developed. This study evaluates the pricing accuracy of four option pricing models—the
Black-Scholes model, the Merton jump-diffusion model, the Kou double-exponential jump model, and the Gram-Charlier expansion model—
with a focus on their performance under varying degrees of skewness and kurtosis. Our findings indicate that the Gram-Charlier model
outperforms the Merton and Kou models in scenarios with negative skewness and leptokurtic distributions. Conversely, the Kou model
demonstrates superior accuracy under conditions of low skewness and kurtosis. These results highlight the importance of selecting appropriate
pricing models based on the underlying return distribution characteristics.
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Introduction.

The Black-Scholes model assumes that stock returns follow a normal distribution with constant volatility. However, empirical evidence
in financial markets shows that stock returns exhibit significant non-normal skewness and kurtosis. To better capture these
characteristics of asset return series, several models have been developed to generalize the Black-Scholes framework for more accurate
option pricing. The Merton jump-diffusion model and the Kou model extend the Black-Scholes approach by incorporating a compound
Poisson jump process, which allows these models to account for skewness and kurtosis in asset price distributions. An alternative
methodology, the Gram-Charlier expansion, addresses skewness and kurtosis effects through a different approach - it uses Hermite
polynomials to approximate the probability distribution of asset prices. This study systematically examines and compares the pricing
accuracy of four key models: the standard Black-Scholes model, the Merton jump-diffusion model, the Kou model, and the Gram-
Charlier expansion. Our analysis specifically focuses on how these models perform under varying conditions of skewness and excess
kurtosis, providing insights into their relative strengths and limitations.

Materials & Methods

This study analyzes historical closing prices for three major Iranian financial instruments: (1) Iran Khodro Company (ticker: Khodro)
from May 16, 2020 to August 28, 2024; (2) Social Security Investment Company (ticker: Shasta) from March 2, 2022 to August 28,
2024; and (3) Charisma Equity Fund (ticker: Aharm) from December 20, 2021 to August 28, 2024. Volatility estimates for all three
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securities were computed using historical volatility methods based on the price series. We then calculated European call option prices
using four distinct pricing models: the standard Black-Scholes model, Gram-Charlier expansion, Merton jump-diffusion model, and
Kou double-exponential jump model. Finally, we conducted a comparative analysis between the model-derived prices and actual
market prices to evaluate model performance.

Findings

This study incorporates the effects of skewness and excess kurtosis into various option pricing models. Our comparative analysis
reveals that the Gram-Charlier model demonstrates superior pricing accuracy, exhibiting lower errors compared to both the Merton
jump-diffusion model and Kou model under conditions of negative skewness and leptokurtic distributions. Conversely, the Kou model
outperforms alternative approaches in markets characterized by low skewness and kurtosis. These findings make two significant
contributions to the option pricing literature. First, they provide empirical evidence for model selection criteria based on distributional
characteristics of underlying assets. Second, they demonstrate that optimal model choice depends critically on specific market
conditions. Our results suggest that practitioners should carefully consider the statistical properties of asset returns when selecting
pricing models, rather than relying on a single universal approach.

Discussion and Conclusion

The results of this study indicate that for the Shasta symbol, option prices calculated using the Gram-Charlier model significantly
outperform those derived from the Kou and Merton models. This superior performance stems from the presence of negative skewness
and excessive kurtosis in the data. We conclude that the Gram-Charlier model produces better results than the Merton and Kou jump
models when applied to datasets exhibiting negative skewness and high kurtosis. For the Khodro symbol, the Merton model
demonstrates greater pricing accuracy compared to both the Gram-Charlier and Kou models, a result attributable to the high kurtosis
present in this dataset. Regarding the Leverage symbol, the Kou model provides more accurate option pricing than the Gram-Charlier
model, owing to the relatively normal skewness and kurtosis characteristics of the data. These findings lead to two key inferences:
First, the Kou model proves particularly suitable for datasets displaying normal characteristics or for cases where normality has been
rejected by statistical tests but without significant abnormal skewness and kurtosis. Second, the Merton model serves as an appropriate
option pricing model for non-normal datasets characterized primarily by high kurtosis without accompanying skewness.
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Figure (1): Chart of price and daily logarithmic returns of the symbols of the khodro, Shasta and Ahrom
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! Shapiro-Wilk Test

2 Jarque Bera Test

3 Augmented Dickey—Fuller test

4 Kwiatkowski—Phillips—Schmidt-Shin (KPSS) tests
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Table (4): Initial estimation of parameters

B 8 m 1 P A a p Lrbles ek
C/QYYS +/PANY _ _ _ v/er Q¥ +/*YVO ARG 05 o o
0057
VO v/ee\Y /ey v/ee Q¥ /OYVO ey }sJ_),
+/VPAA AN /e FR0 VYR EAREA 05 Jde
— — - . s
_ _ o/ ¥Y AR 2/ ¥00 AN Z4N o/e\YF —v/ven¥ S Jdde
/2 OAN v/eQe g _ _ _ YLD o/eYeY VAR 05 o
ol
o/eYVE DAAAR V)Y Y v/ ¥V o/eYeY VAR S Jdde f

b gyl olg omesd 1(0) Jgdr
Table (5): Final estimation of parameters
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Table (6): European call option of the khodro symbol with historical volatility with a share price of 2452
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Figure (2): Chart of khodro symbol option price with Black Scholes, Gram Charlier, Merton and Kou models
compared to the market
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Table (7): European call option of Shasta symbol with historical volatility with a share price of 1140
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Figure (3): Shasta symbol option price chart with Black Scholes, Gram Charlier, Merton and Kou models compared
to the market
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Table (8): European call option of the Ahrom symbol with historical volatility in the share price of 16860
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Figure (4): Option price chart of the Ahrom symbol with Black-Scholes, Gram-Charlier, Merton and Kou models

compared to the market
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