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Abstract: Empirical evidence indicates that asset returns adhere to an extended normal distribution
characterized by excessive kurtosis and non-zero skewness. Consequently, option prices derived from
this distribution diverge from those predicted by the Black-Scholes model. Despite the significance
of option price sensitivities for risk management in investment portfolios, the existing literature lacks
a thorough exploration of these sensitivities within the context of the extended normal distribution.
This article addresses this research gap by deriving the Greeks for options based on the extended
normal distribution. The Greeks under consideration include Vega, Delta, Theta, Gamma, Rho, Vanna,
Charm, and Vera, all of which are crucial for informed financial decision-making. Furthermore, this
study provides a detailed analysis of how these option price sensitivities vary with different levels
of kurtosis, offering valuable insights for various market applications. This contribution not only
enhances the theoretical understanding of option pricing under non-standard distributions but also
presents practical implications for portfolio risk management.
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1. Introduction

Traditionally, the famous Black-Scholes option pricing model assumes a normal
distribution of the given asset returns (cf. [1]). But empirically, it has been observed that
the probability distribution function (pdf) of returns possesses non-zero skewness and
kurtosis as depicted by [2,3] and others. This leads to the deviation of the market option
price from the theoretical option price given by Black-Scholes. Several assumptions of the
famous Black-Scholes option pricing model are not followed in real life, as noted by [4].
The non-Gaussian nature of the asset returns, and volatility smile from implied volatility
have been observed in the financial market (cf. [4] and others [5-10]). This motivated
authors [11,12] to propose different option pricing models satisfying the aforementioned
observed properties of the asset price generally encountered in high-frequency trading. In
this context, studies including [13-15] and others have managed to propose a new option
pricing model under stochastic jumps. However, these models are not always acceptable,
as the market becomes incomplete due to the presence of various stochastic components.
Some authors [16-18] have also used higher moments of the corresponding stock returns
to provide different option pricing models. It has also been noticed that different assets
are influenced by various information and news, and hence exhibit different properties
that cannot be statistically observable. These types of properties across various stocks are

Mathematics 2024, 12, 2346. https:/ /doi.org/10.3390/math12152346 https://www.mdpi.com/journal /mathematics


https://doi.org/10.3390/math12152346
https://doi.org/10.3390/math12152346
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com
https://orcid.org/0000-0001-8921-8353
https://orcid.org/0000-0003-0637-5666
https://doi.org/10.3390/math12152346
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com/article/10.3390/math12152346?type=check_update&version=1

Mathematics 2024, 12, 2346

20f 18

very common and are termed stylized facts [19]. Volume correlation, volatility clustering,
leverage effects, and heavy tails are some frequently observed stylized facts in financial
time series [19]. Various authors [20,21] have observed the heavy tails of the underlying
return distribution through a power law. Such types of behavior of the return distribution
give rise to an extended normal distribution. This particular distribution is subject to
different values of kurtosis and skewness [4]. Ki et al. [4] have defined the extended normal
distribution as a linear combination of two Gaussian distribution functions. Thereafter, it
is necessary to derive the option price for high-frequency trading under the said returns
distribution. Thus, Ki et al. [4] have managed to provide the European option price
under a risk-neutral measure and satisfy the moment restriction condition. They have also
examined the validation of the proposed pricing model with the empirical KOSPI 2000 data
sets. However, this paper does not deal with the factors associated with option price such
as stock price, time left for the option maturity, interest rate, and volatility.

In this paper, we address some of the issues associated with the option price and risks
associated with the financial markets. These can be modeled by computing the exact option
price sensitivities, which are also referred to as the option Greeks. These option Greeks
play a pivotal role in analyzing the uncertainties observed in financial derivatives with
respect to different underlying market parameters like the stock price, volatility rate, time
of maturity, and interest. Furthermore, several option traders are keen to analyze the option
Greeks for hedging the risks associated with the option price. In this context, we provide
the applicability of the extended normal distribution for the management of option price
sensitivity. We compute some of the well-known options Greeks that play an essential
role in determining the decisive measures for financial markets. Thus, the proposed work
provides a good understanding to the option traders as well as the investors for the smooth
management of asset prices, volatility, and portfolio risks.

This paper consists of five sections. In Section 2, we provide a brief discussion about the
generation of extended normal distribution for skewness and kurtosis different from normal
distribution. In the next section, we present the corresponding option price for different
values of skewness and kurtosis along with its absolute error. Section 3 portrays the
matching of the Black-Scholes option price with the option price computed by Ki et al. [4]
for kurtosis equal to 3 under the extended normal distribution of the returns. Finally, we
derive the higher order (up to two) option Greeks under the extended normal distribution
in Section 4. The paper ends with the conclusion and future scope in Section 5.

2. Computation of Option Price under Extended Normal Distribution

This section deals with a unique concept provided by Ki et al. [4] for the underly-
ing stock returns distribution. Suppose h,, represents the Gaussian distribution with
mean (y), standard deviation (¢) and involving other parameters viz., g, A2, w? given by

q=3/2-9/p

A2 —1—;\/q(1—q)(ﬁ/3—1)-

w? = 1+11q\/q(1 —q)(B/3-1).

Ki et al. [4] have managed to design a density function /1, ; , 5) as given below, for a
random variable having non-zero skewness and desired level of kurtosis,

1 Z—U
h(y,o,a,ﬁ) (Z) = U¢a,ﬂ< o )

where

o

¢a,ﬁ(x) = q{l + A6 (x3 — 3)\2x) }gm(x) +(1-9){1+ % (x3 — 3w2x) }80,w(x)
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where g ) (x) is the normal density function with zero mean and A standard deviation
and go,,(x) is the normal density function with zero mean and w standard deviation.
This above-defined density function is treated as an extended normal distribution, with
u,o,n, and B as the mean, standard deviation, skewness, and kurtosis, respectively. Thus,
Ki et al. [4] have provided an option pricing formula whenever the underlying stock
price moves according to the above-discussed distribution, and using the moment re-
striction property:

c = SO{PEQN(D?AZ)+P—%QN<D+wcw2)}_Ke_rt{qN(l)?)
N (D)} + gake {1 (PN (D) + (1= )

(N (D))

w? w
where Sy is the current stock price of the underlying stock, K is the strike price of the
underlying stock, r is the risk-free interest rate, t is the time to maturity, and N is the
standard normal density function.

The work of Ki et al. [4] is pivotal in advancing option pricing models by incorporating
higher moments of skewness and kurtosis into the pricing framework. This approach
addresses the limitations of the Black-Scholes model, which assumes a normal distribution
of returns and fails to capture the observed fat tails and asymmetry in financial markets.
By extending the normal distribution, Ki et al. [4] provide a more accurate pricing model
that reflects real-world market conditions. This extended model has gained significant
attention and validation in the recent literature, such as in the works of Wang et al. [22],
who explored similar extensions to account for leptokurtic and skewed distributions, and
Bakshi et al. [23], who examined the empirical performance of alternative option pricing
models under different market conditions. These studies support the robustness and
applicability of incorporating higher moments in option pricing, making the contributions
of Ki et al. [4] crucial for both theoretical development and practical implementation in
financial markets.

The values of P and Q are given by

P =gexp ()tzcz/Z) andQ = (1 —gq)exp (wzcz/Z)

The value of D is given by

D = [In(Soe" /K) = In|(P+ Q) ((6+ac) [6) || fovt,
where ¢ = o/t

3. Graphical Interpretation

The call option price under extended normal distribution along with Black-Scholes is
plotted in Figure 1, with skewness (x = 0) and kurtosis (8 = 3).

As stated in Ki et al. [4], the logarithmic of future asset price follows the extended
normal distribution with non-zero skewness and kurtosis greater than three, resulting in
fat-tailed distribution. For this context, we take kurtosis f = 4 and skewness & = 0.6 for
the extended normal distribution in Figure 2. It is revealed from Figure 2 that the option
price shows deviation from the Black-Scholes price.

In order to have greater insight, the absolute error of the option price given by Black—
Scholes and that of Ki et al. [4] is shown in Figure 3.
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Figure 1. Option price under extended normal distribution for « = 0 and g = 3 along with Black-

Scholes price.
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Figure 2. Option price under extended normal distribution for « = 0.6 and B = 4 along with
Black—Scholes price.
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Figure 3. Absolute error between extended normal option price and Black-Scholes option price for

B=4

Furthermore, we take kurtosis values of p = 5 and B = 6 and a skewness value of
« = 0.6 for the extended normal distribution in Figures 4 and 5, respectively. It is revealed
from Figure 4 that as the kurtosis increases, the option price shows a significant deviation
from the conventional Black-Scholes price. Specifically, with § = 5, the deviation becomes
more pronounced, indicating a higher sensitivity to changes in kurtosis. This trend is
further accentuated in Figure 5, when B = 6, where the proposed extended pricing model
demonstrates even greater divergence from the Black-Scholes price. This illustrates that
the Extended Normal Distribution model captures the impact of higher kurtosis more
effectively, highlighting the limitations of the Black—-Scholes model in accurately pricing
options under conditions of increased kurtosis.
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Figure 4. Option price under extended normal distribution for « = 0.6 and B = 5 along with
Black—Scholes price.

In order to gain greater insight, the absolute error of the option price given by the
Black-Scholes model and that of Ki et al. [4] is shown in Figure 6. For kurtosis values
of B = 5and B = 6, the absolute error values exhibit a rapid increase as the stock price
rises. Specifically, when § = 5, the absolute error between the two models starts to increase
significantly, demonstrating a clear divergence as the stock price escalates. This trend
becomes even more pronounced for § = 6 in Figure 7, where the absolute error witnesses
a sharp rise, indicating a greater discrepancy between the Black-Scholes model and the
extended model proposed by Ki et al. [4]. This rapid increase in absolute error with higher
kurtosis values underscores the limitations of the Black-Scholes model in accurately pricing
options under conditions of increased kurtosis and highlights the improved performance
of the extended pricing model in capturing these effects.
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Figure 5. Option price under extended normal distribution for « = 0.6 and f = 6 along with
Black-Scholes price.
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Figure 6. Absolute error between extended normal option price and Black-Scholes option price for

B=5.



Mathematics 2024, 12, 2346

6 of 18

C L
10 20 30 40 50 60 70
Stock Price

Figure 7. Absolute error between extended normal option price and Black-Scholes option price for
B=6.

Figure 8 shows the behavior of the option price for a fixed skewness but for different
values of kurtosis. It is observed from Figure 8 that the option price goes on increasing
with the increase in kurtosis values.
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Figure 8. Option price under extended normal distribution for g = 4,5, 6.

4. Computation of Option Greeks

Since the market price of various assets seems to fluctuate randomly, it is quite difficult
to guess the option price of the underlying asset. Option Greeks are of utmost importance
for maintaining a huge portfolio smoothly. These are also known as sensitivity measures,
defined as the change in option price corresponding to various underlying parameters
like stock price, time to maturity, volatility, and interest rates [24]. It helps the trader to
have a brief idea regarding the portfolio’s current position. This suggests whether to take
more or less of a particular option contract for an underlying asset. To have a better profit
with minimum risk, traders must have precise knowledge about the values of each option
Greek.

(i) Delta

This sensitivity represents the variation in option premium corresponding to the
change in stock price [25]. More clearly, if Delta for a particular stock is 0.35, then each
one-unit increase in the stock price results in a 0.35 increase in the option price. It has been
observed that Delta always provides positive and negative values for call and put options,
respectively. The minimum and maximum values of call delta are 0 and 1, respectively,
whereas that of put delta are —1 and 0. The sum of absolute values of call Delta and put
Delta always gives one. This shows the minimum and maximum values of call delta are
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0 and 1, respectively, whereas that of put delta are —1 and 0, which satisfies the put-call
parity relationship. Thus, under extended normal distribution, Delta is computed as

A= P+QN(D+M> +%N(2+cw)
+SO{P£QN/(Q+CA>/\S \/+PSQN’(Q+cw m}

e (8) e - () »
+LaKce™ ’{7( —%)N (%)Asi\/ qN/( )(AZSO}M)
() o) + 26 B (B

Figure 9 represents call Delta under extended normal distribution with different
kurtosis values. The Delta values are quite different from the Black-Scholes Delta. The
values of the given Greeks from 51 to 61 and for three different values of the kurtosis are
shown in Table 1. The extended Delta for T =1, Sp =10, o = 0.3, ¥ = 0.05 and K = 50 is given

in Figure 10.

Delta

30

0 0 20 30 4 5 60 70 0 2 30 4 5 6 70
Stock Price Stock Pricce

40 50 60
Stock Price

Figure 9. Option Delta under extended normal distribution for T =1, Sy =10, ¢ = 0.3, r = 0.05 and
K=50and g =4,5,6.
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Figure 10. Extended Delta for T =1, Sy = 10, ¢ = 0.3, r = 0.05 and K = 50.

(i) Gamma

This sensitivity is defined as the rate of variation of Delta corresponding to the stock
price [26]. It is also obtained by taking the double derivative of the option price under the
stock price. Unlike Delta, Gamma always provides positive values for both call and put
options. However, both call and put have the same Gamma values. Gamma attains its
maximum when the stock price reaches the strike price.
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Figure 11 shows the extended Gamma for T =1, Sp =10, o = 0.3, » = 0.05 and K = 50.
Figure 12 represents the call Gamma under extended normal distribution with different
kurtosis values. We have also given the values of the particular Greeks from 51 to 61 in

Table 1 for three different values of the kurtosis.

0.035
—©—Extended Gamma

* Black-Scholes Gamma| ~  _2&8gq

0.03

0.025 -

0.02 -

0.015 [

Gamma

0.01

0.005 -

Stock Price

Figure 11. Extended Gamma for T =1, Sp =10, 0 = 0.3, r = 0.05 and K = 50.
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Figure 12. Option Gamma under extended normal distribution for T =1, Sy = 10, ¢ = 0.3, r = 0.05 and

K=50and B = 4,5,6.

(iii) Theta

This sensitivity measure gives an idea about the price change for change in time re-
maining towards the expiration. It has been noticed that whenever expiration approaches,
both call and put Theta decrease. Therefore, this measure always reflects negative val-
ues [25]. Keeping the stock price, interest rate, and volatility of underlying assets constant,
Theta will show the number of options declined. Option Theta behaves differently at
the money, in the money, and out of the money option. If the expiration approaches to-
wards in in-money or out-of-money option, the option premium increases. However, if the
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expiration for out of the out-of-the-money option is far away, the option premium goes
on decreasing.

N %N’(% —i—)tpc 2]%:24- ﬁ) + PJFQQN’<BP+ Zuc>2 (Ej + 2“’—\%)
(R 41 T (B s ) S
+ke " {qN'(R) B+ (1 =N (2) 2} —kre{gN(R) + (1 - 9)N(B) }
pn] Bl B () 2) 0
6 +(lzjz)Df c %)NN g>+1w;qN/ g)(%ﬂf%)
D

_KaceT" fq(. D\ny(D

o {1(e- )V (8)
Figure 13 gives the extended Theta for T=1, Sp = 10, o = 0.3, ¥ = 0.05 and K = 50.

Figure 14 depicts the plot of call Theta under extended normal distribution for different

kurtosis values. It is quite obvious that the obtained Theta values are different from the
Black—Scholes Theta. These values for different kurtosis are shown in Table 1.

0 PES OBV Reg —O— Extended theta
* Black-Scholes theta

Theta

@
&Y™

e

@

o ®
o>
® o DO®
P B-oooa-aD®

10 20 30 40 50 60 70
Stock Price

Figure 13. Extended Theta for T=1, Sg =10, 0 = 0.3, r = 0.05 and K = 50.

Table 1. Values of Delta, Gamma, and Theta for kurtosis = 4,5, 6.

Delta Gamma Theta
Stock Price B=4 B=5 =6 B=4 =5 =6 =4 Bp=5 B=6
51 0.6460 0.6836 0.7615 0.0199 0.0096 0.0054 —4.6460 —6.9710 —8.8440
52 0.6655 0.6931 0.7699 0.0191 0.0092 0.0052 —4.6900 —7.0410 —8.9300
53 0.6843 0.7021 0.7720 0.0183 0.0089 0.0050 —4.7240 -—7.1070 —9.0140
54 0.7022 0.7109 0.7770 0.0175 0.0085 0.0048 —4.7480 —7.1670 —9.0960
55 0.7194 0.7193 0.7817 0.0167 0.0082 0.0046 —4.7620 —7.2230 —9.1750
56 0.7358 0.7275 0.7863 0.0152 0.0077 0.0044 —4.7680 —7.2740 —9.2520
57 0.7514 0.7353 0.7907 0.0144 0.0074 0.0041 —4.7660 —7.3210 —9.3260
58 0.7662 0.7429 0.7949 0.0137 0.0072 0.0040 —4.7560 —7.3640 —9.3980
59 0.7803 0.7502 0.7990 0.0130 0.0069 0.0038 —4.7400 —7.4020 —9.4690
60 0.7937 0.7573 0.8030 0.0123 0.0067 0.0037 —4.7170 —7.4370 —9.5370

61 0.8064 0.7642 0.8067 0.0098 0.0051 0.0032 —4.6890 —7.4680 —9.6030
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Figure 14. Option Theta under extended normal distribution for T =1, Sy = 10, 0 = 0.3, r = 0.05 and
K=50and B = 4,5,6.

(iv) Rho

This sensitivity measure is associated with the interest rate, which is defined as the
rate of change of options value corresponding to the change in the value of interest rate [27].
It generally does not have any serious impacts for the shorter periods options, whereas it
has a significant impacts on the long-term options.

P:SO{%N/ %—i—/\c)%—k%N’ %—Q—wc)g—‘{ﬁ}
{3 e R (2] + (- B (e)
wt(._ D\nv(DY) _ 0=Vt (D
+%K06c3*rt —/\:t(rlwzgfﬁﬂc 52)/\]\)]”(55,3;, %N:z)? 4
gen] AN D) —aN'(R) ¥

Figure 15 is the extended Rho for T =1, Sy =10, 0 = 0.3, r = 0.05 and K = 50. Figure 16
represents the graph of call Rho under extended normal distribution for different kurtosis
values. These Rho values for different kurtosis are shown in Table 2.

50
—O— Extended Rho

* Black-Scholes Rho

a0 H p=3]

30

Rho

20 -

10

10 20
Stock Price

Figure 15. Extended Rho for T =1, Sy =10, 0 = 0.3, ¥ = 0.05 and K = 50.

40 50 60 70 30 40 50 60 70
Stock Price Stock Price

10 20 30 40 50
Stock Price

Figure 16. Option Rho under extended normal distribution for T =1, Sg = 10, ¢ = 0.3, r = 0.05 and
K=50and g =4,5,6.
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(v) Vega

This Greek corresponds to the implied volatility of the underlying stock price. It
represents the variation in option price corresponding to the variation in the implied
volatility of the stock price [25]. The difference between stock price and strike price is
independent of this option Greek. However, it has a significant impact on the time value
of money.

pLoN (R +2c) (5 + VAA) + p&oN' (B + we) (2 + viw
%+/\C>+N(%+wc)(w2—)\2)}
D +(17q2)D(, C—%)N" g
w w
(22 (B ()
i~ (R (B} -1 BN D

©)

D,—_D_ _1_ {at(P/\2+Qw2) 3u023/2 D —_D_ L[ B Uz(p/\ersz) B 39«73%}
T 0 oVt P+Q (6+acd) | "5t = T2%A T 4 F ¥ 2(P+Q) 2(6+ac)
Dyy = D 1+ 1 ot (PA*+Qw?) s 6002 (6+ac®) —9n204

00— 52 o2t P+Q (6-+ac®) U\/f(6+ac3)2
7(7t3/2[t(P+Q)(P)\2+Qw2)(P)\4+Qw4)7(P/\2+Qw2)2] D,
(P+Q)° 7

where Dy is the derivative of D with respect to ¢ parameter. Figure 17 xtended Vega along
with Black-Scholes Vega for T =1, Sg =10, 0 = 0.3, r = 0.05 and K = 50. Figure 18 represents
the graph of call Vega under extended normal distribution for different kurtosis values.
One can note that the Vega values are quite different from the Black-Scholes Vega. We have
shown the Vega values in Table 2 for different kurtosis.

20
—S— Extended vega - OO0 g
* Black-Scholes vega
15

S
>
5k
0 o
10 20 30 40 50 60 70
Stock Price
Figure 17. Extended Vega along with Black-Scholes Vega for T =1, S = 10, o = 0.3, r = 0.05 and
K =50.

25
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10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70
Stock Price Stock Price Stock Price

Figure 18. Option Vega under extended normal distribution for T =1, Sg = 10, 0 = 0.3, » = 0.05 and
K=50and g =4,5,6.
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(vi) Vanna

Vanna may be defined as the rate of change of Delta corresponding to the fluctuation
parameter volatility. This Greek is generally applicable for the generation of the Delta—
hedge ratio or Vega-hedge ratio. Basically, portfolio holders use such types of option
Greeks. This sensitivity measure relies on the affinity between the price change and
volatility change. Figure 19 Extended Vanna along with Black-Scholes Vanna for T =1,
So=10,0=0.3,r=0.05and K =50. Figure 20 represents the graph of call Vanna under
extended normal distribution for different kurtosis values. We have shown the Vanna
values in Table 2 for different kurtosis.

Table 2. Values of Rho, Vega, and Vanna for kurtosis § = 4,5, 6.

Rho Vega Vanna
Stock Price B=4 f= B= B= B=5 B=6 B=4 B= B=
51 2399 2016 16.81 2298 39.75 5335 3518 1965 —0.541
52 2499 2064 17.09 2294 40.06 53.84 3,525 2114 —-0.470
53 2598 2112 1736 2283 4034 5431 3498 2257 —0.401
54 2694 2159 1762 22,67 4059 5477 3441 2394 —0.334
55 2246 4080 5521 2246 40.80 5521 3355 2526 —2.267
56 28.78 2250 1814 2219 41.00 5563 3.245 2652 —0.201
57 29.66 2294 1839 21.88 41.16 56.05 3.115 2772 —-0.135
58 3052 2338 1863 2154 4130 5646 2962 2.885 —0.070
59 31.34 23.81 1887 21.15 4144 56.83 2797 2993 —0.005
60 3214 2423 1910 20.73 4150 5721 2618 3.095 —0.058
61 3290 2464 1933 2029 4157 57.58 243 3.190 -0.122

2 = o' (B +n) (% 4 Vi) + paon (8 o) ()

+ % (B +cw) (% +Viw) + PQItN (B + cw) ((‘;’:5;)

PN (B +c )(mm)m N (B ) PR ()

sl () R (24 ) (3 )
+

S (P+Q)*
/\) /\SO;Z\/ PEQN’( +cw> —1
000" \r(D 1 ) o

)
(% Dy _N/(WJFC)‘)L (6)
C

3
N
VS

T () ) B

2l V() s (- B ()

)\3500'\/?
9 _Q)N// DY _ 9Ds N//(Q)

+ LaKce A2So02\/t A2 A MSov/t A

6

oo () + o (B B
+ o (Vi )N (8) - s (B

w?

l»]
~—



Mathematics 2024, 12, 2346 13 of 18

Vanna
o

|

—6— Extended Vanna
| ) * Black-Scholes Vanna
0 10 20 30 40 50 60
Stock Price

70

Figure 19. Extended Vanna along with Black-Scholes Vanna for T =1, Sg = 10, ¢ = 0.3, = 0.05 and
K =50.
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Figure 20. Option Vanna under extended normal distribution for T =1, Sp =10, 0 = 0.3, ¥ = 0.05 and
K=50and 8 =4,5,6.

(vii) Charm

This sensitivity depends on the underlying stock price and the passage of time for
options maturity. For the computation of Charm, Delta is first computed, and then the rate
of change of Delta corresponding to the time remaining for options maturity is evaluated.
At the end of a weekend, this Greek observes the situation of a Delta-hedging position.
Charm may also be defined as the rate of change of Delta corresponding to the time
remaining to maturity. This Greek provides a more precise result when days remaining
to options maturity are more in number. Figure 21 is the extended Charm along with
Black-Scholes Charm for T =1, Sg =10, 0 = 0.3, r = 0.05 and K = 50. Figure 22 represents
the graph of call Charm under extended normal distribution for different kurtosis values.
We have shown the Charm values in Table 3 for different kurtosis.

0.3
—6—Extended Charm
02 * Black-Scholes Charm
0.1
£ 0r€ -
<]
ey
O -0.1 i
-0.2 -
-0.3 -
0.4 I I I I I I
0 10 20 30 40 50 60 70
Stock Price

Figure 21. Extended Charm along with Black-Scholes Charm for T =1, S =10, o = 0.3, r = 0.05 and
K =50.
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Figure 22. Option Charm under extended normal distribution for T =1, Sg = 10, 0 = 0.3, r = 0.05 and
K=50and g = 4,5,6.

(viii) Vera

This sensitivity deals with interest rates and volatility associated with the underlying
stock price. This may also be defined as the rate of change of Rho corresponding to volatility.
This is generally used to know the behavior of Rho hedging as volatility fluctuates.
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Figure 23 presents the extended Vera along with Black-Scholes Vera for T =1, 5S¢ = 10,
0 =03, r=0.05and K =50. Figure 24 represents the graph of call Vera under extended

normal distribution for different kurtosis values. We have shown the Vera values in Table 3
for different kurtosis.

100
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-100
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* Black-Scholes Vera
200 | | | | |

0 10 20 30 40 50 60 70
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Figure 23. Extended Vera along with Black-Scholes Vera for T =1, Sg =10, ¢ = 0.3, r = 0.05 and K = 50.
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Figure 24. Option Vera under extended normal distribution for T =1, Sy = 10, 0 = 0.3, ¥ = 0.05 and
K=50and B = 4,5,6.
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Table 3. Values of Charm and Vera for kurtosis p = 4,5, 6.
Charm Vera
Stock Price p=4 Bp=5 p==6 p=4 Bp=5 p==6
51 —0.151 0.001 0.113 185.4 134.1 77.11
52 —0.154 —0.006 0.105 185.9 143.1 81.36
53 —0.154 —0.013 0.097 184.2 151.9 85.60
54 —0.153 —0.020 0.089 180.6 160.5 89.84
55 —0.150 —0.027 0.082 175.2 168.8 94.09
56 —0.146 —0.033 0.075 168.0 176.9 98.35
57 —0.140 —0.039 0.069 159.4 184.8 102.6
58 —0.133 —0.045 0.063 149.4 192.6 107.0
59 —0.126 —0.050 0.057 138.2 199.6 111.3
60 —0.117 —0.055 0.052 126.0 206.6 115.7
61 —0.108 —0.059 0.047 112.9 213.2 120.2

The plot of Delta, Gamma, Theta, Rho, Vega, Vanna, Charm, and Vera under the
extended normal distribution, along with Black-Scholes Delta, Gamma, Theta, Rho, Vega,
Vanna, Charm, and Vera, are shown in Figures 10, 11, 13, 15, 17, 19, 21 and 23, respectively,
for B = 3. It is observable that all of the corresponding plots are in close agreement
with each other. The results provided in this study are numerical simulations; however,
researchers can exploit actual data (which can be expensive) by applying web-harvesting
algorithms as deployed by Agrrawal [28] to add empirical tests to these results.

5. Conclusions

All of the derived Greeks under the extended normal distribution differ significantly
from the Black-Scholes Greeks. It is quite interesting to note that our proposed Greeks
coincide with the corresponding Black-Scholes Greeks for zero skewness and a kurtosis
value of three. However, as we change the kurtosis values from four to six, it is observed
that all the proposed Greeks vary monotonically. In particular, Delta, Vega, and Charm
increase with higher kurtosis values, while Gamma, Theta, Rho, Vanna, and Vera decrease
as kurtosis increases. The extended normal distribution was chosen over the Black-Scholes
model to better capture the effects of skewness and kurtosis in financial data, which are
often present in real-world markets, but not accounted for in the Black-Scholes framework.
By incorporating these higher moments, our model aims to provide more accurate pricing
and risk management tools.

However, there are certain limitations and potential caveats to our approach. One key
assumption is the stability of skewness and kurtosis over time, which may not always hold
true in dynamic markets. Additionally, the sensitivity of our results to parameter changes
needs careful consideration. While the extended normal distribution provides a more
flexible framework, it also requires more complex estimation and calibration procedures,
which can introduce additional sources of error. Understanding the differences between
the derived Greeks and those from the Black-Scholes model is crucial for option pricing
and risk management. The increasing Delta, Vega, and Charm with higher kurtosis suggest
that options become more sensitive to changes in the underlying asset’s price and volatility,
potentially leading to higher hedging costs. Conversely, the decreasing Gamma, Theta,
Rho, Vanna, and Vera indicate a reduced sensitivity to second-order price movements,
time decay, interest rates, and other factors, which may affect portfolio adjustments and
risk assessments.

These variations highlight the importance of considering higher moments in financial
modeling, especially in markets characterized by fat tails and asymmetry. By understanding
these differences, risk managers can better prepare for potential market shocks and adjust
their strategies accordingly. In conclusion, while our research provides valuable insights
into the behavior of Greeks under the extended normal distribution, it also opens avenues
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for further exploration. Future work could focus on the computation of third- and higher-
order Greeks, as well as the real-world applicability of our model under varying market
conditions. By addressing these aspects, we can continue to refine our understanding and
improve the tools available for option pricing and risk management. The computation of
third- and higher-order Greeks can be taken up by researchers as future work.
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