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ABSTRACT

This paper analyses the effect of different interest rates on two Option Pricing
Models, Black-Scholes’, and Heston. Here, the parameter interest rate is focused, and
a comparison is done amongst the two models. An error estimator, UMBRAE
(Unscaled Mean Bounded Relative Absolute Error) is calculated for pricing various
European call options. The real market data is collected from NSE (National Stock
Exchange). Moneyness (percentage difference of stock price and strike price) and
Time-To-Maturity are used as the base for comparison. All the mathematical
calculation is done in MATAB software. We observe that Black-Scholes’ model is
preferred for lower interest rates than Heston options pricing model and vice-versa.
This study is helpful in derivatives market.

Keywords: European Call Option, Black-Scholes’ Model, Heston Model, Moneyness,
Time-To-Maturity, Interest Rate

1. INTRODUCTION

Financial markets are one of the most demanding and considered to be
quick source of income nowadays. It is the place where various securities are
traded like - stock market, bond market, derivatives market etc. The
derivative market is the market for financial instruments like - futures
contracts or options. The value of financial contract depends on an
underlying asset. Prices for derivatives derive from fluctuations in the
underlying asset. Options are a type of derivative product that allows
investors to contemplate against the volatility of an underlying stock.
Options are of two types, Call and Put option. Call option - the option holder
purchases an asset at a specified price on or before a specified time. Put
option is vice versa of call option. In this, option holders sell an asset at a
specified price on or before a specified time. It is again divided among two
styles European and American. European options are traded in both NSE and
BSE in Indian stock market. They can be exercised only at the time of
expiration. Black-Scholes’ model is a well-known basic option pricing model
for determining the theoretical premium value for a call or a put option with
six parameters such as, volatility, underlying stock price, type of option, strike
price, time, and risk-free interest rate.

Since 1960’s, large number of mathematicians are working on the
valuation of options. In 1973, Fischer Black and Myron Scholes Black F. and
Scholes M. (1973). The Pricing of Options and Corporate Liabilities, Journal
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0Ojo-Omoniyi, O. A., Oziegbe, O. and Ahuekwe E. F.

of Political Economy,81(3), 637-644. gave the theoretical closed form
solution for pricing

European call options. With several assumptions, this is more convenient and
easiest model for calculation of theoretical premium values. In 1993, Heston Heston
S.L. (1993). A Closed-Form Solution for Options with Stochastic Volatility with
Applications to Bond and Currency Options, The Review of Financial Studies,
6(2),327-343. came up with a stochastic volatility model which assumed that the
asset variance v, follows a mean reverting Cox-Ingersoll-Ross process. Stochastic
volatility is favourable with the practical market and also it removes excess kurtosis
and asymmetry of Black-Scholes’ model. Sisodia, N. and Gor, R. (2021). A Study on
the effect of historical volatility using two option pricing models, IOSR Journal of
Economics and Financce (IOSR-JEF), 12(1), 19-26..

Interest rate is one of the important parameters in market fluctuations. It is the
amount alender charges a borrower and is a percentage of the principal- the amount
loaned. The risk-free rate is used in both mathematical models Black-Scholes’ and
Heston option pricing model. It is the zero risk investments, theoretical rate of
return. However, a truly risk-free rate does not exist because even the safest
investments carry a very small risk.

An error estimator UMBRAE (Unscaled Mean Bounded Relative Absolute Error)
Chao C, Jamie T. and Jonathan M. (2017). A new accuracy measure based on bounded
relative error for time series forecasting, Tianjin University, China, 12(3), 6-7. is
used in the model. It helps in elimination of symmetric and bounded error that
occurs in forecasting. Naive method is used as the benchmark for forecasting. The
performance of Heston Model and Black-Scholes’ Model is observed for three
different health companies. The comparison is done for the parameters like time-to-
maturity and moneyness (The percentage difference of stock price and strike price)
for European call option. Sisodia, N. and Gor, R. (2021). A Study on the effect of
historical volatility using two option pricing models, IOSR Journal of Economics and
Financce (IOSR-JEF), 12(1), 19-26.

In this paper, initially we discuss the basic terminologies, Black-Scholes’ model,
Heston Model and then Methodology. At last, the result is discussed regarding
comparison of the two models for real market Indian stock data.

1.1. LITERATURE REVIEW

It was in early 1960’s study of financial market started, many mathematicians
like Ayres, H. F. (1963). Risk aversion in the warrant markets., Samuelson, P. A.
(1965). Rational theory of warrent prices. Indust. manag. Rev., 6, 13-31., Boness, A.
J. (1964). Elements of a theory of stock-option value. Journal of Political Economy,
72(2), 163-175., Baumol, W. ], Malkiel, B. G., & Quandt, R. E. (1966). The valuation
of convertible securities. The Quarterly Journal of Economics, 80(1), 48-59. etc..
worked on this concept. In Black F. and Scholes M. (1973). The Pricing of Options
and Corporate Liabilities, Journal of Political Economy,81(3), 637-644. developed
the formula which gives theoretical premium value for European call Options. This
also works with corporate bonds and warrants. With large number of assumptions
this formula is widely used all over stock market in India. Sisodia, N. and Gor, R.
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(2021). A Study on the effect of historical volatility using two option pricing models,
IOSR Journal of Economics and Financce (IOSR-JEF), 12(1), 19-26.

Many other mathematicians worked on the modified Black-Scholes models.
Recently, Singh, A. Gor, R. (2020a). Relevancy of pricing European put option based
on Gumbel distribution in actual market, Alochana Chakra Journal, 9(6), 4339-4342.
worked on the model where underlying at maturity, stock returns follow the Gumbel
distribution Singh, A. Gor, R. (2020a). Relevancy of pricing European put option
based on Gumbel distribution in actual market, Alochana Chakra Journal, 9(6),
4339-4342.. Also, Singh, A. Gor, R. (2020b). Relevancy of pricing European put
option based on truncated Gumbel distribution in actual market, IOSR Journal of
Mathematics, 16(5), 12-15. compared the basic B-S model to a new model in which
stock returns follow truncated Gumbel distribution Singh, A. Gor, R. (2020b).
Relevancy of pricing European put option based on truncated Gumbel distribution
in actual market, IOSR Journal of Mathematics, 16(5), 12-15.. Chauhan, A, and Gor,
R. (2020b), A Comparative Study of Modified Black-Scholes option pricing formula
for selected Indian call options, IOSR Journal of Mathematics, 16(5), 16-22. worked
upon the modified truncated Black-Scholes model and compared the result
Chauhan, A, and Gor, R. (2020b), A Comparative Study of Modified Black-Scholes
option pricing formula for selected Indian call options, IOSR Journal of Mathematics,
16(5), 16-22.. Sisodia, N. and Gor, R. (2020). Effect of implied volatility on option
prices using two option pricing models, NMIMS ManagementReview, 31-42. worked
on the relevancy of option pricing model. They have used various error estimators
for relevancy check Sisodia, N. and Gor, R. (2020). Effect of implied volatility on
option prices using two option pricing models, NMIMS ManagementReview, 31-42..
orked on the comparative study of oprion pricing models. They have compared the
B-S Model and Heston model for various option of moneyness Sisodia, N. and Gor, R.
(2020). Effect of implied volatility on option prices using two option pricing models,
NMIMS ManagementReview, 31-42.. worked on the effect of implied volatility on
two option pricing models and compared the result Sisodia, N. and Gor, R. (2020).
Effect of implied volatility on option prices using two option pricing models, NMIMS
ManagementReview, 31-42.. worked on the historical volatility and its effect on
option pricing model and compared the result of error estimation Sisodia, N. and
Gor, R. (2021). A Study on the effect of historical volatility using two option pricing
models, IOSR Journal of Economics and Financce (IOSR-JEF), 12(1), 19-26..

It has been seen that modified B-S model gives better output than the original
B-S model. In continuation to this, a stochastic volatility model was developed by
Heston in 1993. He proposed a stochastic volatility model which gives a closed form
solution for calculating theoretical premium value of European Call options. It
assumes underlying stock price and volatility as stochastic quantity. The stochastic
volatility models help in removing excess of skewness and kurtosis and asset
variance follow a mean reverting CIR process. Sisodia, N. and Gor, R. (2021). A Study
on the effect of historical volatility using two option pricing models, IOSR Journal of
Economics and Financce (I0SR-JEF), 12(1), 19-26.

In the paper of Shinde A.S. and Takale K.C. (2012). Study of Black-Scholes Model
and its Applications, International Conference on Modelling, (38),270-279., basic
terminologies of option pricing model are explained in a simplified manner. Zhang,
J.E. Shu, ]. (2003). Pricing S&P 500 index options with Heston's model, IEEE
International Conference on Computational Intelligence for Financial Engineering.,
Yuang Y. (2013). Valuing a European Options with the Heston Model, Rochester
Institute of Technology,25-28., and Crisostomo R. (2014), An Analysis of the Heston
Stochastic Volatility Model : Implementation and Calibration using Matlab, 58, 6-14.
derived the Heston characteristic function and graphically compared the B-S model
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and Heston option pricing formula on the basis of different parameters of
moneyness and Time-To-Maturity.

In the paper of Santra A. and Chakrabarti, B. (2017). Comparison of Black-
Scholes and Heston Models for Pricing Index Options, Indian Institute of
Management, 796,2-6., Matlab software is introduced for all kind of mathematical
calculation. An accuracy measure UMBRAE is used as provided in the paper of Chao
C, Jamie T. and Jonathan M. (2017). A new accuracy measure based on bounded
relative error for time series forecasting, Tianjin University, China, 12(3), 6-7.. The
two models are compared for real market data with this error estimator.

1.2. BASIC CONCEPTS AND THE MODELS Hull J. C. (2009).

Options, Futures and other Derivatives, Pearson
Publication, Toronto., Sisodia, N. and Gor, R. (2021). A
Study on the effect of historical volatility using two
option pricing models, IOSR Journal of Economics and
Financce (IOSR-JEF), 12(1), 19-26.
Option: An option is defined as the right, but not the obligation, to buy
(call option) or sell (put option) a specific asset by paying a strike price
on or before a specific date.
Call option: An option which allows its holder the right to buy the
underlying asset at a strike price at some particular time in the future.
Put option: An option which allows its holder the right to sell the
underlying asset at a strike price at some particular time in the future.
Stochastic Process: Any variable whose value changes over time in an
uncertain way is said to follow a stochastic process.
Strike Price: The predetermined price of an underlying asset is called
strike price.
Stochastic Volatility: Volatility is a measure for variation of price of a
stock over time. Stochastic in this sense refers to successive values of a
random variable that are not independent.
Expiration Date/ Time-to-maturity: The date on which an option right
expires and becomes worthless if not exercised. In European options, an
option cannot be exercised until the expiration date.
Moneyness: It is the relative position of the current price of an
underlying asset with respect to the strike price of a derivative, most
commonly a call/put option.
Geometric Brownian Motion: A continuous time stochastic process in
which the logarithm of the randomly varying quantity follows a
Brownian motion.
Black-Scholes Inputs:

Black-Scholes model uses following six parameters in option pricing model.

Underlying stock price
Interest rate

Time to expiration
Strike price

Volatility
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Risk-Free Interest Rate is measured in percentage per year. In a particular trade
it is the rate at which cash over the life of the option is deposited or borrowed. Call
option value increases with the risk-free rate. Put option value decreases as the risk-
free rate increases. Its sensitivity with option price is termed as RHO.

MIBOR (Mumbai interbank offer rate) is the rate at which a bank lends loan to
another bank on short-term. For a continuous developed market of India, a
reference rate is all required for its debt market, which evolved MIBOR. It is used in
conjunction with forward rates and the Mumbai interbank bid (MIFOR and MIBID).
NSE (2022).

1.3. THE BLACK-SCHOLES’ MODEL Santra A. and Chakrabarti,
B. (2017). Comparison of Black-Scholes and Heston
Models for Pricing Index Options, Indian Institute of
Management, 796,2-6., Sisodia, N. and Gor, R. (2021). A
Study on the effect of historical volatility using two
option pricing models, IOSR Journal of Economics and
Financce (IOSR-JEF), 12(1), 19-26.

This model has number of assumptions.

e Random walk.

o Interest rate remains constant.

e Stock pays no dividends.

e No transaction cost.

e Option can only be exercised upon expiration.

e Stock returns are normally distributed; thus, the volatility remain
constant throughout.

In Black F. and Scholes M. (1973). The Pricing of Options and Corporate
Liabilities, Journal of Political Economy,81(3), 637-644. proposed a European Call
option pricing model which is based on Geometric Brownian motion.

dS; = uSidt + 0.S;dW;

S; - asset price,

u - drift (that is constant),

o:- return volatility(constant) and
W, - Brownian motion.

Black F. and Scholes M. (1973). The Pricing of Options and Corporate Liabilities,
Journal of Political Economy,81(3), 637-644. makes use of the risk neutral
probability instead of true probability to compute option price.

The risk neutral dynamics on asset is given by.
dS; = rS;dt + 0. S:dW,

Here, r is the risk-free rate and Geometric Brownian Motion is the solution to
the above stochastic differential equation.

o2
S¢ = Sy exp [O’Wt + (u - 7) t]
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Geometric Brownian Motion (GBM) model is the lognormal of the above
equation for stock prices.

Se o’
ln(§>= oW, + [.1—7 t

2
. . . . o
Here, R.H.S. equation is a normal random variable whose mean is ( — 7) t

And variance is o%t.
The Black-Scholes Formula for European call price is,

C = SO N(dl) - Ke_rtN(dz)

2
Where, d; = m(SO/K);/(;M D and d, =d, — ovt

K - strike price, Sy - current stock price, t - time to expiration, r - riskless
interest rate (constant), o - volatility of stock (constant). Sisodia, N. and Gor, R.
(2020). Effect of implied volatility on option prices using two option pricing models,
NMIMS ManagementReview, 31-42.

1.4. THE HESTON MODEL Sisodia, N. and Gor, R. (2021). A
Study on the effect of historical volatility using two
option pricing models, IOSR Journal of Economics and
Financce (IOSR-JEF), 12(1), 19-26., Ye, Z. (2013). The
Black-Scholes and Heston Models for Option Pricing,
Waterloo University, 23-25.

In Heston S.L. (1993). A Closed-Form Solution for Options with Stochastic
Volatility with Applications to Bond and Currency Options,The Review of Financial
Studies, 6(2),327-343. developed a Stochastic Volatility option pricing Model.
Consider at time t the underlying asset S; which obeys a diffusion process with
volatility being treated as a latent stochastic process of Feller as proposed by Cox,
Ingersoll, and Ross (CIR): Sisodia, N. and Gor, R. (2020). Effect of implied volatility
on option prices using two option pricing models, NMIMS ManagementReview, 31-
42.

dS; = rS,dt + [V, S dWi
dV, = k[ — V;]dt + o[V, dW?

Here, W} and W2 are two separate Brownian motion which are correlated
with a correlation coefficient p > 0:

AWLdW? = pdt
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Here, S; - asset price, r - risk free rate, ; - variance at time ¢, 8 > 0 is the long
term mean variance, k >0 is variance mean-reversion speed, o = 0 is the volatility
of the variance.

European call option price is given by.
C = Sonl - e_rtKHZ

Here, I1;- delta of the option and I1, - risk-neutral probability of exercise (i.e.,
when S; > K)

Heston characteristic function for j=1, 2 is given as; Indian Institute of
Management Calcutta (n.d.). Website -

fj(x; v, T;0) = eC(T0)+D(T;0)v+idx
Were,

, a ) 1— ged‘r
C(t;0) = r@it + ?{(bj — po®i +d)t — 2In [ﬁ]}

D(t;9) =

bj —po@i+d[1—e?"
a? 1—ged
_ b; — po®i+d
g b; — po@i —d

d= \/(pa@i —b)* — 02(2u;0i — 92)

1
u, = E;uzz _E,azke’b1=k—p0',b2 =k

The required probabilities can be obtained by inverting the characteristic
functions Indian Institute of Management Calcutta (n.d.). Website -

do

1 1(° [e"®WKlf(xpT:p
I;(x,v,T; In[K]) = _+_f Re[ ]?( )
2wl o

2. MATERIALS AND METHODS

Data: The live market data has been gathered from NSE India website Indian
Institute of Management Calcutta (n.d.). Website -. Five different companies are
considered randomly for calculation of European call option.

Aurobindo Pharma limited, Biocon limited, Cipla limited, Zydus Cedilla
Healthcare limited and Glenmark are considered for the period from January 01 to
January 31, 2021. February 25, 2021 is considered as the maturity date.
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Parameter Sisodia, N. and Gor, R. (2021). A Study on the effect of historical
volatility using two option pricing models, [OSR Journal of Economics and Financce
(IOSR-JEF), 12(1), 19-26.

Moneyness - Percentage difference between the current underlying price and
the strike price:

e Moneyness (%) =S/K+1

The result has been bifurcated in terms of moneyness option and maturity time.

e [TM (In the money) - In call options if the strike price is lower than the
underlying stock price.

e ATM (At the money) - In call options when the strike price is similar to the
underlying stock price.

e OTM (Out of the money) - In call options if the strike price is more than
the underlying stock price.

e An error estimator UMBRAE (Unscaled Mean Bounded Relative Absolute
MBRAE

Error) = 1-MBRAE

n
1
MBRAE = EZ(BRAE)
t=1

|7¢
BRAE = —————
7| + [
=Y~ [t
=Y ft

Where, y; is observed price of the model, f; is the actual forecasted value of the
market and, f;" is the forecasted value of the market from Naive Method.

e We have used MATLAB software to run the Black-Scholes model for
calculation of European call option value.

e Risk -Free Interest rate: During the life of an option, the amount of money
lends or borrowed at the particular rate is called Risk-Free Interest rate.
Value of call option increases with increase in rate.

e Volatility: It is defined as the standard deviation of the continuously
compounded return of the stock. Value of call option is high for the higher
volatility.

e We have used MATLAB software to run the Heston model for calculation
of European call option value.

e Initial Variance bounds of 0 and 1 have been considered.

e Long-term Variance bounds of 0 and 1 have been considered.

e Correlation: Correlation takes values from -1 to 1 between the stochastic
processes.
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e Volatility of Variance: It gives positive value. As the volatility of assets may
increase in short term, a broad range of 0 to 5 has been considered.

e Mean-Reversion Speed: This is dynamically set with the help of a non-
negative constraint (Feller, 1951). The constraint 2k — o2 >0
guarantees that the variance in CIR process is always strictly positive.

e Initial Variance = 0.28087

e Long-term Variance = 0.001001

e Volatility of Variance = 0.1

e (Correlation Coefficient = 0.5

e Mean Reversion Speed = 2.931465

Interest rate is the supreme parameter in the overall study of the paper. To
observe the effect of change of interest rate in option pricing models, two different
rates have been considered, R1 = 10 % (arbitrary) and R; = 3.47% (MIBOR- Mumbai
Interbank offer Rate)

3. RESULTS AND DISCUSSIONS

Randomly five different stocks have been chosen and its theoretical premium
value of European call option is computed for B-S model and Heston model Sisodia,
N. and Gor, R. (2020). Effect of implied volatility on option prices using two option
pricing models, NMIMS ManagementReview, 31-42.. Two different interest rates i.e.,
R: and R; have considered for different option of moneyness i.e. In-the-money
(ITM), Out-of-the-money (OTM) and At-the-money (ATM). Error estimation
UMBRAE is evaluated and compared for both the models.

Aurobindo Pharma limited (K=5800) ITM

premium

50

1 2 3 4 5 3 7 3 9 |10 |11 |12 | 13 | 14 | 15
== Market Price 153.6184.15175.3180.1{173.4173.2952 55140.3(144.6120.8138.2204.95167.8(153.6(118.3
=f=B|ack-5choles’ model 2t R1162.24%6.43 86.9390.9234.27182.6162.9350.44 155 129.6847.1210.6975.21159. 18 26.34
Black-5choles’ mode at R2 167 8450.7961.64859979.24 77.9458 4946.4451 1326, 2143. 2006 9171 6456.00 23.52
===Heston model at R1 141.2477.33 68.4%.?5 3168.5268.73146.2134. 2‘?.39.7413.1& 33.13 DS.EILEE.WISI.S#M.?!
==Heston model at R2 13417035 61.9459 2462 4163.1840.8 29.4*34.8109.DE].ES.BFUI.DELE?..TI 147.9|111.5
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Aurobindo Pharma limited (K = 900) ATM

premium

1 2 3 4 5 3 7 B 9 | 10| 11|12 |13 14|15
i Market Price 85.35112.150103.55/106.15[100.45 9945 | 83.2 | 725 | 75.1 | 58 | 65.8 [120.4|8955| 76.6 | 576
== Black-Scholes’ model at R1|106.07]127.71117.48 119.4 114.63Fl11.?9 96.41|85.35|8B6.91|68.55 | B1.21|129.361100.62 86.1 |62.85
== Black-5chales’ mode a1 A2 [101.45 122 8[112.97/115.08/110.411107.87) 928 | 822 |85.60|65.98 | 78.35 [125.98] 97.64 | 8361 | 608
wye=Heston model at R1 60.71|BB.48 | B1.26|86.73 |B1.26| 814 |64.22|55.77|55.57 [42.05|54.56 111,92/ 79.75 |67 92 | 42 54
=== Heston model at R2 55.45|82.39|75.82 |8151|76.21|76.74 |60.14 |52 33| 55.99 |39.46|51.B8 | 10.97 |76.35 |65.17 |40.76

Aurobindo Pharma limited (K= 1000) OTM

premium

1 2 3 4 5 6 7 g S |10|11 |12 |13 |14 |15
=f=NMarket Price 46,85 61.5 5485 54 |50.95/ 4585|4285 36.2(324523.35 288|608 424|306 [20.75

==de=Black-Scholes’ model at R1 | 62.7 |77.42(69.75/69.91(65.18/61.94{51.43/43.01/45.29) 31.5 33.13/69.52(49.95/39.07|25.21
=>=Black-5choles’ mode at R2 |59.31{73.66| 66.4 [56.12|52.0959.11(48.9540.93/43.1429.9537.31/67.02/47 9437 5124.08
=#=Heston model at R1 17.41/30.73|26.99(29.81(26.99/27.06/18.94 15.36/16.94/10.23(15.04/44.1326.23{20.59/10.46
=#—Heston model at R2 15.2527.55(24.28(27.09(24.46/24.72/17 1715951545 9.3 |13.81/41.6424.52/119.33) 8.7

Biocon limited (K=350) ITM

00
80
60 \
40
20
0

1232567 8o [w[11][12][13]14]15

=B Markez Price 120.3121.19.09.0924.24.24.65.19.23110.1104.39102.5(94.85 52.1 |42.55| 38 | 40 |33.55
s Black-Scholes’ model at R1125.24125 59113 49.27.79.28.24.22 43113 6107 68.05 9897 61/56.29|45.36(42 5542 84|36 89
i Black-Scholes’ mode at R2 122 27122 7810.89425 73125 74201311 37105, 5403 4195 75| 54.8 | 45 1 |41 3541 74[35 87
—¥—Heston model atR1 120.94.21.84109.3425.42125.91.20.28 10.89105.1103.3195.15]48.62|38.68[34.45(36.2529.71
—8—Hestan madel atR2 Ll?.5£113.5*05_31| 22 6812318 17_?drns_3q|n:l 8201.0393.1 [46.82 3?.21|33.06|35.Dl 28,57

premium

Biocon limited (K =370) ATM

—

—

aB58888

premium

11234 5|67 |8 |5 1011|112 13|14]|15

= Market Price 102.5103.1591.4 105.7406.05100.7) 51.8 |B6.05| 84.2 |76.8538.1 | 29.7 25.75| 27.9 [21.65
=== Black-Scholes’ model at R1 [108.4108.48 95.7 110.07110.46.04.6356.15/50.25(88.65/80.32|42 8533 93(30.77|30.52|25.63
=== Black-Scholes’ mode at R2 105.4205.6594.14107 48.07.9302.3493.93| 88.2 |86.62| 78.5 41.55/32.85(29.74/20.50) 24.8
==t Heston model atR1 013102 1'?'39.]‘1 105.7/106.2000.5651.23|85.48(83.71/75.67 32.46(24.28120.97|22.37 17 41
====Heston model atR2 57.72 98.84|86.ﬁ3 102.8103.3197.92|B8.61|83.12/81.35/73.58/30.91| 23.1 |19.89|21.37|16.56
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Biocon limited (K = 450) OTM

premium
&

1 23| 4]5 6|7 | 8 9 (1011|1213 | 14 | 15

il Mark et Price 455 45.25| 36.6 45.05(44.55/40.7 [34.55/ 258 | 30 (237|B.35|555| 46 |475| 34
e Black-Scholes’ model at R1| 54.2 |53.37|44.25(52.07| 52.4 |47.22141 46|36.46/35.45(28.81) 10.9 | 693|593 | 524|394
=== Black-Scholes’ model at R2 [51.87\51.15\42.36(50.07|50.38|45.44(30.81/35.03|34.04(27.64/10.33| 656 | 5.6 | 4.56 |3.72
= HESTON MOdEl 3TR1 31.64{32.24(24.0434.71|35.07|31.04/24.53)21.51|20.51|16.31| 2.64 | 149 | 113 | 1.27 | 0.73
== Heston model atR2 28.04/25.68(22.0532.35(32.74{29.03[23.18/20.05) 19.1 |15.22/ 2.3% | 1.36 | 1.02 | 1.17 | 0.73

Zydus Cadila Healthcare limited (K=400) ITM

preminm

eBEZEBEE

1(2|3|4|5|6 |7 |8 |9 (1011|1213 |14|15

wllle Mark et Price 83.2P0.33 86 B6.5593.2105.890.5|87.6|B3.572.3503.8509.8504. 504 6504 45
== Black-Scholes’ model at R1|BB.755.1480.24100.257.07108.903.9900.7701.7175.3%67 1672557 6466 9757 .19
i BlaCk-5chioles’” model at B2 B5.3591.9 B7.287.3254.159106.191. 2988 3480. 2873.2285.1270.655. 7865.3155.61
== Heston model atR1 B4.7392.2\87.7 38.6495.33lD?.EB2.4-#9.4930.4'?3.3555.32?1.@6.4255.2556.32
=== Heston model atR2 R0.97R5.6484 4185 5602, 26105, ‘IRQ_E;PE_ME?_92?1.6153_1?59_5@_45 64 66471

Zydus Cadila Healthcare limited (K = 450) ATM
70

50

30

premium
&

10

12|34 5|6 |7 8% 10|11 1213|1415

il [Vark et Price 43.5|48.7|44.7(52.745.7560.1547. 1 84.1544.6532.0525.85¢9.35 25.2| 25 (18.25
== Black-Scholes’ model at R1 51.2?55.3550.9653.4?55.3655.1]‘52.6649.3q50. 1436.6430.7633 7830 2228.7922.3
=i Black-Scholes’” model at R2 48 4753.06 48 45588533362 ﬁ:"i0_3-14?_2*8.0334_9829.2637 2628 8527.5721.25

== Heston model at R1 4108472 45_4652.5‘49.3250.3647.31!4_84145_6932_5526_61 3090373927 290.79
=== Heston model at R2 3?.954-4_[JE4D_5449.3247.0358.0q44.3142_ﬁ!143_4430_94 251994375 9726 0419.77
Cipla limited (K=750) ITM

140

120

!

g 80

& 60

AW

0

0

1|23 |4 |5|6 |7 |8 |9 10|11 12|15 |14 15

il Mark et Price @5.15)98.6 | 52.7 | 117 |104.7) 102 |B7.2 |84.75| 93 | 76 | 72 [34.75/595.1|58.2| B3.7
=== Black-Scholes’ model at R1 [106.2008.74.02.3324.8113.1208.8454.52/62.32100.7/82.51/79.05100.2105.1202.6785. 85|
=i Black-Scholes’ model at R2100.92103.7 97.67119.5208 51104.5520.87) BB.6 | 96.9 |79.24/75.84/06.85101.8299.7386.07
=== Heston model atR1 B2.8657.23| 516 LlB.S#DS .7.[03.0@?.94 B6.27/95.24(77.5773.95(87.51102.5901.41 87 4
=i Heston model at R2 8391.43 86.33“._13.0#&].6‘8&42|83_55|82.5191.11 74.15/70.61/54.16/95.18/98.43/84.59
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Cipla limited (K = 800) ATM

=

premium
oEBB8E5858E58

el [\iark et Price 61.7|63.95/58.6 [77.85 674 |64.7 527 50 | 61 (4255 48 [56.45[6.05/58.3560.15
=ir=Black-5choles” model at R1 [73.81(75.36 £9.4 87.13/77.27)73.41 61.B5/58.67)55.47)50.12147.47/63.14/57. 16/64.07/53.01
i Black-Scholes’ mode at R2 [9.3371.02165 4782 8573 25 69.73/58.55(55.63/62. 23147 54144 97/60.42/64 36/61.5850.75
=== Heston model at R1 B5.37|38.85/54 3876.37|65.78/63.58/51.51/50.22/57. 2443 6440 58/55.04/63.15/62. 1851 .07
i Heston model at R2 50.62{54.2250.26[71.7661.5159.72) 48.1 |47.1453.2941.0938.53| 56.3 |50.31) 59.7 |48.86

Cipla limited (K = 850) OTM

g

2

:

B

0
1 2 3 4 5 5] 7 B 9 10 11 |12 | 13 | 14 | 15

el [Vl Tk L Price 37 |38.2|33.8|47.3|35.3|365.95/ 354 34.9535.35/26.4| 259 | 37.7 | 40.5 |35.4535.25
=== Black-5choles’ model at R1 48.72/45.39)44 27/56.55(45.3 |45.67|37.11/34 12|35 0427 47/25.68\35.71) 38.6 [35.3827.75
i ST 254 45.1545.97/41.23/53.5446.15(42 B4{34 5431 52|36 63(25.6523.99)33.73|36.53/33.58(26.22
B = [28.8731.22|28.22143 68(36.03(34.48{26.34| 25.5 |30.14[21 34{19.71|31.36/34.15/33.51(25.06
i SET RS 6 125.76(28.12|25.53140.28/33.04/ 31.8(24.13(23.52| 27.8 |19.76(18.22\20.45 32.2 | 31.7 [24.51

Glenmark(K=430) ITM

1,234 |5 |6 |7 |8 |9 |10|11|12|13|14 |15
=l Mark et Price 69,2577 B376.6082.977.4579.5|72.264.6568.0358.256.2552.247.25 43 (361

=== Black-5choles’ model at R1 ?B.34FE.CI533.339.5884.5535.?2?8.99?1.25?’4.9263.5151.935?. 3353.277.50%1.22
= Black-5choles’ model at R2 [75.4153.1381.07 86.9 £2.0483.2476.6169.1372.7561.6360. 1355 7151 68452330 06
=e=Heston model atR1 B1.5372 187155 79.6 73.8776.4368 66/61.2 p5.4254 4852 7545 22 447 |40.3 33.47|
=l Heston model atR2 B7.77p8.4768.1176.3270.6573.4365. 77086001 8252, 2850.07 .34 42 9 58.7932.11
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Glenmark(K = 500) ATM

premium

123 |4 |5 |6 |7 8|5 |10|11|12]13 /14|15

== [\iarket Price B9.5545.4543.05479 |43.644.65 36 | 37 34.55 28 | 27 |25.4[19.9516.8514.15
=== Black-Scholes’ model at R1 49 6955.1452 4756.3152 4457 5247 3340 7343 4654 0432 5728 0126.1901 6517 81
== Black-Scholes’ mode at R2 A7.3352.7350.2154.0850.25 50.5 45,42 35.141.7632.6631.6227.7525.1120.7817.05
i Heston model atR1 25.652.8532.4388.3554.0535.5680.3825.3728.16P1. 1520 121 8.0715.59 13.3 10.05
el HESTON Model 3t R2 3.1530.1825.5335.7831.6933. 6678 3723 6526.36 19.8[18.8216.9914 6112 54 5.44

Glenmark(K = 550) OTM

premium

V2|3 [ 4567891011 [12]13]14]15
=l ]\ Jarket Price 20.33)23.8(22.4] 25 |201.4|28.4|18.1|18.1) 16 | 11 1043 9.2 |7.23|5.15|4.33

==Black-Scholes' model at B129.6633.1130.4732.63 20.9[26.3723.8200.9122.6716.0113.3712.4911.01 8.17 | 6.33
=é=Black-Scholes' model af R227.9431 3208 83 31 28.3627.9304.5119. 8421 5415.1714.5611.8410427.73| 6
==#=Heston model at Bl 7521073105313 4111321222 9.6 | 7.43|8.61|5.76|3.37[4.63|3.78|3.05|2.09
== Heston model ot B2 6.54(9.51|03912.1310.1911.12/8.68 | 6.75| 7.84|3.23| 4.0 [4.25|3.46|281|1.92

Above graph’s shows that the model price’s at Ry are higher than at R,. This
indicates that higher the interest rate so is the premium value. Also, it is seen that
Black-Scholes’ model gives closer result at MIBOR i.e., R, as compared to Heston
model.

Further, UMBRAE (Unscaled Mean Bounded Relative Absolute Error) is
computed, and comparison is done for various option of moneyness. Interest Rate
is considered as the principal parameter in both Black-Scholes’ and Heston Option
pricing model. Sisodia, N. and Gor, R. (2021). A Study on the effect of historical
volatility using two option pricing models, [OSR Journal of Economics and Financce
(IOSR-JEF), 12(1), 19-26.

Table 1: Aurobindo Pharma Limited

Model Error estimation UMBRAE
Call Option at R1 Call Option at R>
ITM ATM OTM ITM ATM 0TM

K=800 K=900 K=1000 K=800 K=900 K=1000
Black-

Schole
Heston 0.41 1 1 0.69 1 1

According to the above table, at R1 Heston model outperforms Black-Scholes’
model at ITM while other shows maximum error value 1. At R; Black-Schole model
outcompete Heston model at ITM and ATM options while OTM options shows no
difference.
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Table 2: Biocon Limited

Model Error estimation UMBRAE
ITM ATM OTM ITM ATM OTM
K=350 K=370 K=450 K=350 K=370 K=450
Black- 0.83 1 1 0.47 0.69 0.88
Schole
Heston 0.37 0.28 1 0.57 0.86 1

According to the above table, at R; Heston model outcompete Black-Schole
model at ITM and ATM options. At R, Black-Scholes model outcompete Heston for
all the three moneyness option.

Table 3: Zydus Cedilla Healthcare Limited

Model Error estimation UMBRAE
Call Option at R1 Call Option at R>
ITM ATM 0TM ITM ATM 0TM
K=400 K=450 K=500 K=400 K=450 K=500
Black- 0.65 1 1 0.23 0.77 1
Schole
Heston 0.41 0.31 1 0.41 0.48 1

According to the above table, at R; Heston model outcompete Black-Schole
model at ITM and ATM options. At R; Black-Scholes’ model is better than Heston
model at ITM while vice-versa in ATM option.

Table 4: Cipla Limited

Model Error estimation UMBRAE
Call Option at R1 Call Option at Rz
ITM ATM 0TM ITM ATM 0TM
K=750 K=800 K=850 K=750 K=800 K=850

Black-

Schole
Heston 0.63 0.51 1 0.63 1 1

According to the above table, at R; Heston model is better than Black-Scholes’
model in ITM and ATM options and vice-versa in OTM option. At R, Black-Scholes’
model outcompete Heston model in all moneyness option.

Table 5: Glenmark

Model Error estimation UMBRAE

Call Option at Ry Call Option at R»

ITM ATM O0TM ITM ATM O0TM
K=450 K=500 K=550 K=450 K=500 K=550

Black- 1 1 1 0.93 1 1
Schole

Heston 0.72 1 1 1 1 1

According to the above table, at R1 Heston model outperforms Black-Scholes’
model in ITM option and vice-versa at R;. Rest all other shows maximum error value
1.
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4. CONCLUSIONS AND RECOMMENDATIONS

We conclude the following from the above study.

Ri=10% (Arbitrary):

e Heston model is far better than Black-Scholes’ model at In-the-money and
At-the-money option for all cases.

e Black-Scholes’ model is better than Heston only in Cipla limited while;
others have similar error value maximum 1 at Cut-off-the-money option.

Rz = 3.47 (MIBOR):
e Black-Scholes’ model proves to be better than Heston model in all except
Zydus Cedilla limited at At-the-money option.

e Black-Scholes’ model performs better than Heston model in all chosen
companies’ data at In-the-money option.

e Black-Scholes’ outcompete Heston model in the case of Biocon and Cipla
limited. Remaining all gives similar error value indicating no such
difference at Out-of-the-money option.

We have considered one-month different stock data from five different
companies for two different interest rates Ri and R,. We have computed the error
estimation for both the Black-Scholes’ model and Heston model for various option
of moneyness i.e. In-the money (ITM), out-of-the-money (OTM) and At-the-money
(ATM) Sisodia, N. and Gor, R. (2021). A Study on the effect of historical volatility
using two option pricing models, IOSR Journal of Economics and Financce (IOSR-
JEF),12(1), 19-26.. The comparison is then done in both the models. Atlast, we could
conclude that, the Black-Scholes’ model is more reliable for interest rate at MIBOR
while, Heston model must be used for other higher rates. Because as the rate
increases the higher the premium value we get. Thus, the Black-Scholes’ model fails
with the increasing interest rates. This kind of study is always useful to derivative
market investors in both short term and long-term options [18]. In future, we could
work on the large number of data, compute many more results, and forecast much
accurately.
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