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Abstract: This paper studied the perception of European option which is geared towards valuation of financial assets at a prescribed
time in the future. In particular, the analytic formula of Black-Scholes model was considered for share prices of Fidelity and Access
banks which gave closed form prices of call options. The explicit price on the variations of maturity days is found accordingly. The
closed form prices of both banks were compared. The simulation results show that: the share price determines the value of call option
prices. An increase on the maturity days dominantly increases the value of call option for both Fidelity Bank, Access Bank and their
future merger Bank. Merging of the two banks improved the value of call option prices. Fidelity bank has a good maximum value of
call option prices during the period of investments, Kolmogorov ?Smirnov (KS) test shows that the two call option prices (Fidelity and
Access) do not come from a common distribution, the normality test of both banks are not significant. The results presents to the Banks
management, a basis for taking vital decisions, depending on the levels of their investments.
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1.1 Introduction

The modeling of financial quantities or variables has
recorded increased admiration, due to its copious
submissions in the new emergent field of science and
technology. Such applications include the following:
valuing of financial derivatives which strengthens the
financial power of every investment and enhances
efficiency for option traders, the stock volatility which
helps investors to measure rise and fall of stock prices,
insurance of risky investments, etc. The case of option
pricing, requires some estimation in day-to-day activities
in the financial markets, with respect to time of maturity.
Scholars who have dealt comprehensively in financial
markets who obtained interesting results, include [1]-[4].
Understanding  financial  variables, its dynamic
relationships and how it affects investors or traders is of

great importance. It has therefore become imperative to
understand the dynamic nature of the physical problem to
be solved, and also know why such method is good.
Physical problems of this nature need analytic approach,
which can give exact solutions. This is necessary for
proper mathematical predictions. On the general note, it is
essential to study financial market related problems, well
formulated and accurate analytical solutions in order to
stimulate realistic results; therefore, the analytical method
is adopted based on Black-Scholes model for European
call options.

There is enormous interest in financiers, mathematicians
and statisticians over the Black-Scholes (BS) model
discovered by [5] to analyze the European option on a
stock market (which does not pay a dividend during the
option’s life) as well as solving PDEs in Sobolev spaces.
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For instance, [6] studied implied volatility and implied
risk- free rate of return in solving systems of Black-
Scholes equations. In their research they established that
option prices provide important information for market
participants for future expectations and market policies.
In the same vein [7] analyzed Black-Scholes formula for
the valuation of European options; Hermite polynomials
were applied. They concluded that BS formula can easily
be achieved devoid of the use of partial differential
equation. In another study of BS [8] considered the BS
terminal value problem and observed that their proposed
method is better, and simpler than the previous methods.
In the work of [9], time varying factor was incorporated
in the explicit formula for different aspect of options with
the aim of providing exact solution for dividend paying
equity of option. Details of more financial models can be
seen in the works of [10]-[15].

This study is targeted at solving BS model for estimation
of call option prices which can be used for investment
decisions for Fidelity and Access banks. To establish its
effects in financial market; therefore, different variations
of maturity days and other comparisons were made. Some
statistical tests were done to adequately understand the
dynamics of financial market as it affects Fidelity and
Access banks. This is a novel contribution in this
dynamics area of mathematical finance.

The paper is arranged in the following ways: Section 2.1
Mathematical framework of Black-Scholes model, results
and discussion is seen in 3.1. This paper is concluded in
Section 4.1.

2.1 Mathematical Framework of Black-Scholes
Model

The Black-Scholes model is made up of seven
assumptions: the asset price has characteristics of a
Brownian motion with and as constants, the transaction
costs or taxes are not allowed, the entire securities are
absolutely divisible, dividend is not permitted during the
period, riskless arbitrage opportunities are not acceptable,
the security trading is constant, the option is exercised at
the time of expiry for both call and put options.

Consider a market where the underlying asset price v,
0 <t <T on a complete probability space (L2, f, £) is
governed by the following stochastic differential
equation:

dS(t) = aS(t)dt+cdW(t).0 <v < oo (1)

Theorem 1.1 (Ito’s formula) Let (2,3, 0, F(B)) be a
filtered probability space. X = {X;,# > 0} be an adaptive
stochastic process on (2,B,a,F(f)) possessing a
quadratic variation (X) with SDE defined as:

dX(t) =g, X(¢))dt+ f(¢,X(t))dW ()

t € % and for u = u(t,X (t) € C"2(IT x 0))

du du 1 ,0%u du
du(t,X(t)) = = +g=—+=f> = |dt + f=—dW(t
u(t,X (1)) (8t 85t f 8x2) +fo dW()
Using theorem 1.1 and equation (1) comfortably solves the
SDE with a solution given below:

S(t) = Spexp <GdW(t) + (o — %62)t> Vrelo,1].

In mathematical finance, an arbitrage arguments show
that any derivative V(S,7) written on v must satisfy the
partial differential equation of the form of option pricing;
hence we have the following:

2
V(S.0) | 1 00V(S.0) | AV(S.)

1
% 2 952 o5 V=0

)
where r represents interest rate, ¢ represents volatility of
the underlying assets and ¢ represents time of maturity.

With boundary conditions:

V(S,t) > 0as S —oon[0,7).. 3)

V(S,t) >0asS—0on[0,7).. )

and final time condition given by :
V(S7.T) = (St —k)" = f(Sr) on[0,0) (5

Equation (4) is the value of asset and is worthless when
the stock price is zero [19]. The details of the above
option model can expressly be found in the following
books: [17]-[19] etc.

To eliminate the price process in (2) slightly gives the
Black-Scholes analytic formula for the prices of
European call option is given as follows

C= SN(d[) 7K€7rIN(d2)
ln(%) + <r+ %2) T
d =
! oVT
dz :d] — G\/T

(6)

where C is price of a call option, S is price of underlying
asset, K is the strike price, r is the riskless rate, T is time
to maturity, 02 is variance of underlying asset, o is
standard deviation of the (generally referred to as
volatility) underlying asset, and is the cumulative normal
distribution.

However, this study will effectively and adequately
analyze Fidelity, Access banks and their future merging
according to [16] in order to realistically assess the value
of share prices.
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3.1 Results and Discussion

This Section presents the simulated results for the
problem stated in Section 2.1. The Table results are
implemented using Matlab programming software

Table 1 describes the variations of maturity days as it
affects the value of Fidelity bank share prices. An
increase in the maturity days increases the value of the
call option prices. That is to say, that share prices is time
dependent in time varying investments. This situation
informs the management of Fidelity bank, PLC on the
proper ways of taking decisions in order to manage their
investments.

Table 2 portrays call option disparities of maturity days in
the value of access bank share prices. It is clear that
increase in the number of maturity days increases the
value of the option prices. This remark is encouraging in
every investments because it is profit maximizing which
will guide the management of Access bank, PLC, the
ways of taking decisions based on the levels of their
investments.

Table 3 shows the value of Fidelity and Access banks
share prices as they merge in future. It can be seen from
the variations of maturity days that increase in the
maturity days increases the value of call option prices.
Careful looking at the call option prices as they merge;
one will understand that it is more profitable for the two
banks to merge because the value of their assets will
increase tremendously as seen above.

3.1.1 Goodness of Fit test

Hy : The call option prices of Fidelity and Access banks
comes from a common distribution
H; : They are all not from a common distribution

In Table 4, the alternative hypothesis of KS was
obviously accepted; hence, the p-values are
non-significant. The result shows that at «=0.01, the
values of two call option prices does not come from the
same distribution which has financial inferences in
respect to asset returns; with this result traders or
investors will be well informed on how to take some vital
decisions based on the levels of their investments.

In Table 5 are the initial share prices of Fidelity and
Access banks with their respective call option prices. This
means the value of each asset in both banks in their
corresponding years of trading. Within the period of
trading, Fidelity bank has good maximum number of call
option prices than Access bank; which implies that
Fidelity bank is profit indexed in terms of investments
plans, see column 6.
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Fig. 1: The normality text of Fidelity bank, PLC call option
prices

Figure 1 is the normality test of on the values of call
options prices for Fidelity bank; it shows that call option
prices do not come from a population with a common
distribution. This also have the same interpretations in
Figure 2.
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Fig. 2: The normality test of Access bank, PLC call option price
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Table 1: The value of Share price of Fidelity Bank, PL.C and variations of maturity days with the following parameter values:

r=0.03,6 =0.25k=450and ¢ =1

Initial Share  Call Option Price  Call Option Price  Call Option Price
Price (Sp) when time r =4 when time r = 6 when time r = 12
415 79.6936 100.3379 140.2049
62 6.9477e-004 0.0156 0.445
138 0.4181 1.6534 8.0033
61 5.9530e-004 0.0139 0.4165
121 0.1713 0.8520 52318
81 0.0076 0.0877 1.2679
139 0.4384 1.7127 8.1878
80 0.0069 0.0812 1.2099
384 61.8659 81.0953 118.9472

Table 2: The value of Share price of Access Bank, PLC with variations of maturity days with the following parameter values:

r=0.03,6 =0.25k=450and ¢ =1

Initial Share  Call Option Price  Call Option Price  Call Option Price
Price (Sp) when time r = 4 when time 1 = 6 when time r = 12
410 76.6809 97.1219 136.6974
80 0.0069 0.0812 1.2099
126 0.2269 1.0494 5.9757
79 0.0062 0.0752 1.1537
98 0.0360 0.2706 2.5420
92 0.0219 0.1880 2.0277
127 0.2396 1.0925 6.1316
91 0.0200 0.1764 1.9490
378 58.6580 77.5702 114.9730

Table 3: The value of Share price of Fidelity-Access Merged with variations of maturity days with the following parameter

values: r =0.03,06 =0.25,k=450and t = 1

Initial Share  Call Option Price  Call Option Price ~ Call Option Price
Price (Sp) when time r = 4 when time 1 = 6 when time r = 12
825 428.2075 449.4113 490.8146
142 0.5036 1.8997 8.7561
264 14.4793 24.9310 49.8843
140 0.4594 1.7735 8.3748
219 6.0058 12.5047 30.7737
173 1.6856 4.7180 159111
266 14.9692 25.5976 50.8306
171 1.5756 4.4827 15.3788
762 367.5961 389.3919 431.7473

4.1 Conclusion

This paper investigated the effectiveness of Black-Scholes
analytical solution on the share price of Fidelity and
Access banks from 2016-2022 retrievable from [16].
From the study the following results were obtained: (i)
the higher the share price determines the value of call
option prices (ii) an increase on the maturity days
dominantly increases the value of call option for both
Fidelity, Access and their future merging (iii) merging of
the two banks improved on the value of call option prices
(iv) Fidelity bank has a good maximum value of call
option prices during the period of investments (v) KS test
shows that the two call option prices (Fidelity and

Access) do not come from a common distribution (vi) the
normality test of both banks are not significance. To this
end, studying the delay in the valuation of call option is
an interesting area to explore.
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Table 4: Goodness of fit test for assessment of Fidelity and Access banks

Fldeht.y Acces§ -call Mean STD KS Stat  P-value Decision
-call option option
394.5317 389.5317 392.0317  3.5355 1.0000 0.2890 Accept
41.5305 59.5317 392.0317  3.5355 1.0000 0.2890 Accept
117.5317 105.5317 111.5317  8.4853 1.0000 0.2890 Accept
40.5302 58.5317 49.5310  12.7290 1.0000 0.2890 Accept
100.5317 77.5317 89.0317 16.4853 1.0000 0.2890 Accept
60.5317 71.5317 66.0317 7.7782 1.0000 0.2890 Accept
118.5317 106.5317 112.5317  8.4853 1.0000 0.2890 Accept
59.5317 70.5317 65.0317 7.7782 1.0000 0.2890 Accept
363.5317 377.5317 370.5317  9.8995 1.0000 0.2890 Accept

Table 5: The value of Share price of Fidelity-Access banks with yearly comparisons of maximum call option prices r =0.2,0 =

0.25,k=25and =1

Initial Share Fidelity-call

Initial Share

Access-call

. . . . . . Maximum

Price option prices Price option prices

415 394.5317 410 389.5317 394.5317 *F
62 41.5305 80 59.5317 59.5317 ** A
138 117.5317 126 105.5317 117.5317 *F
61 40.5302 79 58.5317 58.5317 ** A
121 100.5317 98 77.5317 100.5317 * F
81 60.5317 92 71.5317 71.5317 ** A
139 118.5317 127 106.5317 118.5317 *F
80 59.5317 91 70.5317 70.5317 ** A
384 383.5317 378 377.5317 383.5317 *F
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