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Abstract
The Black Scholes Model is a mathematical model used to calculate options prices. It is
calculated with Stock Price, Strike Price, Risk-free rate of return, volatility and time to expiry,
and is used to reduce risk when trading options, giving a unique price based on the risk of
security. The Black Scholes Model is one of the most widely used models in the financial world
for options trading, with many financial institutions and individual investors utilising the model.
However, the model is not entirely accurate, and prices derived from the Black-Scholes Model
tend to deviate from the actual price traded, with prices derived using historical volatility
deviating the most. We thus decided to find other methods in calculating historical volatility, in
order to improve on the sample variance model used when calculating historical volatility, in
order to improve on the model.
Our findings proved our efforts to be a success, with call prices derived being much closer and
having much less deviation from the actual prices trade than that using historical volatility
calculated by using simple variance.
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1.

Introduction

1.1

Terminology

The Black-Scholes Model is a mathematical model that is widely used in financial markets for
options pricing. Developed by Fischer Black and Myron Scholes and published in 1973, it gives
a theoretical estimate of the prices of options and shows that it has a unique price given the risk
of the security and its expected return.
The formula is as shown below:
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1.2

Rationale

The Black-Scholes Model was the first widely used model for option pricing, and is still in use.
The rationale of this project is to find out the accuracy of the option prices produced by the Black
Scholes Model, and whether the equation can be improved upon through the inclusion of
dividends to increase its accuracy.

2.

Objectives
I.

To determine if the Black-Scholes Model is the single driving force behind options
pricing over time and if it is effective for mature, growth and speculative stock options

II.

To find out the level of deviation in the in the options prices derived from the
Black-Scholes Model using implied volatility and historical volatility

III.

To find out if there are better ways to obtain volatility of the stock to be used in the
Black-Scholes Model
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3.

Literature Review

The Black-Scholes Model was discovered by economists Fischer Black and Myron Scholes, and
the Model was first published in 1973 in an article entitled “The Pricing of Options and
Corporate Liabilities”, in the Journal of Political Economy (Mandelbrot & Hudson, 2006, pp.
72-75). The model assumes that the price of a stock follows a geometric Brownian motion, or a
Wiener Process, with drift, and it is assumed that the drift and volatility is constant, and that the
stock does not pay a dividend. The model also assumes the transactions involved in trading
options do not incur any fees, there is no way to make a risk less profit, and there is an ability to
buy and sell any amount, even fractional of the stock, including short-selling, and there is an
ability to borrow or lend any amount, even fractional, of cash at the risk less rate. The model is
claimed to be able to create a hedged position, whose value will not depend on the price of the
stock in a European option, thus reducing risk (Black, Fischer; Scholes, Myron, 1973). Scholes
and Merton received the 1997 Nobel Memorial Prize in Economic Sciences for their work, with
the committee citing their discovery as a breakthrough that separates the option from the risk of
the underlying security. The model led to a boom in options trading and is widely used by many
financial institutions for options trading (MacKenzie, Donald, 2006). However, the model has
garnered criticism from academics and investors, with Warren Buffett commenting in his letters
to shareholders of Berkshire Hathaway in 2008 that the model “produces strange results when
the long-term variety is being valued”, and when the model is “applied to extended time periods,
it can produce absurd results”.
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4.

Research

4.1

Research Questions

I.

How often does the Black-Scholes Model hold true in the outcome of the options’ prices
across the 3 stock categories (mature, growth, speculative) and does the model truly
reflect the volatility of the asset?

II.
III.

How does volatility differ across the 3 categories mentioned above?
How can we improve on volatility aspects of the Black-Scholes Model in order to give an
option price that is aligned with the actual options price traded?

4.2

Research & Findings (Question I & II)

An options contract consists of a Strike Price, an Expiration Date, and a Premium Price, called
the Call Price for Call Options and Put Price for Put Options. It also includes the volatility
considered when purchasing the option.
We decided to focus on the volatility aspect of the Black-Scholes model, as volatility is one of
the key components of the model, and is crucial in finding the best price for an option.
We studied data of options pricing of a one-month period beginning 18 February 2021 and
ending 18 March 2021. We used the strike price, date of expiration, time to expiration and
implied volatility provided by the trading platform Thinkorswim, and the risk-free interest rate
provided by the US Treasury Website. The calculation of historical and realised volatility was
done using values provided by Yahoo Finance. We calculated the call price using the
Black-Scholes Model, and repeated this process 2 more times, changing the volatility used to
historical volatility and realised volatility. We then added the strike price and call price together,
and compared it with the stock price traded on the date of expiration.

6

Fig. 1 Information retrieved from Thinkorswim
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Fig. 2 Calculation of Historical Volatility
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Fig. 3 Calculation of Realised Volatility

Fig. 4 Spreadsheet to Calculate Black-Scholes Options Value

For Gamestop, a majority of option prices derived from the Black-Scholes Model were close to
the mark price. However, irregularities existed frequently, with mark prices occasionally being
much closer or further away from the derived options price as normal. This may be due to the
speculative nature of the stock, resulting in the irregularities in Fig. 6, 7, 8 and 9.
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Fig. 5 GME Call Option (22 Feb - 26 Feb)

Fig. 6 GME Call Option (22 Feb - 19 Mar)

Fig. 7 GME Put Option (22 Feb - 26 Feb)

Fig. 8 GME Put Option (22 Feb - 19 Mar)

For CocaCola, the option prices derived from the Black-Scholes Model when using Implied
volatility typically had the smallest deviation from the mark price, and the variation in option
prices derived tended to increase along with the strike price of the option on the same day with
the same expiry date. This can be seen in Fig. 10,11,12 and 13. The small deviation is likely due
to CocaCola’s position as a mature stock which does not fluctuate in price much.

Fig 9. KO Call Option (4 Mar- 12 Mar)

Fig 10. KO Call Option (24 Feb- 26 Feb)
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Fig 11. KO Put Option (4 Mar- 12 Mar)

Fig 12. KO Put Option (24 Feb- 26 Feb)

For Apple, the option prices derived from the Black Scholes model when using Implied volatility
was close to the mark price, and the deviation of the options prices tends to decrease as the strike
price increases. This can be seen in Fig. 13 and 14.

Fig 13. AAPL Call Option (Expiring 5 March
2021)

Fig 14. AAPL Put Option (Expiring 5 March
2021)

In conclusion, throughout all 3 stock types, the call prices derived from the Black-Scholes Model
are close to the actual options prices of the same call option. However, there is still a degree of
deviation from the actual prices traded, with historical volatility resulting in call prices having
the largest deviation from the mark price.
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Company (Ticker)

Apple (AAPL)

Gamestop (GME)

Coca-Cola (KO)

Stock Type

Growth

Speculative

Mature

Historic

Historic

Implied

Implied

Volatility that resulted Historic
in most deviation
from stock price
Volatility that resulted Implied
in least deviation
from stock price

4.3

Research (Question III)

We decided to study 2 volatility models: The GARCH (1,1) Model and the Exponentially
Weighted Moving Average Model, or EWMA for short. These models were chosen as they are
widely used in finance, with their main usage in the calculation of volatility, making them the
most appropriate to study the impacts of volatility using.
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1. EWMA
EWMA is a model that is used to forecast volatility based on historical returns. As opposed to
simple variance commonly used, EWMA assigns different weights to different returns, with the
more recent returns having a greater weight on the variance.
The equation is as follows:
σ
Where σ
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is the variance today,

is variance the day before,
is the squared return the day before

λ is degree of weight, where 0 ≤ λ ≤ 1 (we will be usingλ= 0.94 as it is commonly used in the
financial world)

From the equation above, we can see that less recent returns is assigned lower weight, in other
words, if day i is today, then 𝑢

2

𝑘

is assigned a weight of (1 − λ) λ , where k = 0, 1 ,2, ......

𝑖−𝑘

We calculated the variance on each trading day in the one month period using EWMA on
Microsoft Excel.

We then took the
multiplying it by the

of the variances to get our daily volatility, and subsequently annualised it by
of the number of trading days in a year, 252.
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The volatility attained for AAPL is as shown below:

Fig. 15 Volatility Attained using EWMA

We then calculated the call options using the Black Scholes Equation with the same Strike Price,
Stock price, risk-free rate of return and time to maturity.

2. GARCH (1,1)
The GARCH (1,1) model is a model that is used to forecast volatility based on historical returns.
Similar to EWMA, it assigns different weights to different returns, with the more recent returns
having a greater weight on the variance. It also assumes that volatility is not constant, which is
one of the greatest weaknesses of the Black Scholes Model.
The equation is as follows:
σ
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𝑢

2
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is the squared return the day before

α, β, γ are weights, and α + β + γ = 1
2

ωis a constant, in which ω = γ × σ (𝐿𝑅)
2

We derived α, β, γand σ (𝐿𝑅) by maximising the probability outcome of the variance
calculated using EWMA on day n which is calculated by 𝑙𝑛(σ

2
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/σ
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We used the

𝑛

Solver function in Microsoft Excel in order to determine the values which maximises the
probability outcome of the variance on day n
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The estimated values for α, β, γ for AAPL are shown below:
Omega ω

0.0000751655

Beta β

0.732633

Alpha α

0.179117

Table 1 Values for weights
We calculated the variance on each trading day in the one month period using GARCH (1,1) on
Excel.

We then took the
multiplying it by the

of the variances to get our daily volatility, and subsequently annualised it by
of the number of trading days in a year, 252.

The volatility for AAPL attained is as shown below:

Fig. 16 Volatility Attained using GARCH(1,1)
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We then calculated the call options using the Black Scholes Equation using the new volatilities
with the original Strike Price, Stock price, risk-free rate of return and time to maturity.

Fig. 17 BSM-Derived Call Prices using Different Volatility Models For Apple
We repeated the above steps for both KO and GME,then compared the deviation of the option
prices calculated using different historical volatility models from the mark price within the
1-month time period by plotting a graph comparing their deviation values. The charts are shown
below:
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Fig. 18 Deviation of GME Option Prices calculated by BSM using different historical
volatility models from Mark Price, from 18/2/21 to 18/3/21
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Fig. 19 (Close Up) Deviation of GME Option Prices calculated by BSM using different
historical volatility models from Mark Price, from 18/2/21 to 18/3/21
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Fig. 20 Deviation of KO Option Prices calculated by BSM using different historical volatility
models from Mark Price, from 18/2/21 to 18/3/21
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Fig. 21 (Close Up) Deviation of KO Option Prices calculated by BSM using different
historical volatility models from Mark Price, from 18/2/21 to 18/3/21
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Fig. 22 Deviation of AAPL Option Prices calculated by BSM using different historical
volatility models from Mark Price, from 18/2/21 to 18/3/21
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Fig. 23 (Close Up) Deviation of AAPL Option Prices calculated by BSM using different
historical volatility models from Mark Price, from 18/2/21 to 18/3/21
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4.4

Findings (Question III)

From Fig. 18 and Fig. 19, we can see that for Gamestop, which is a speculative stock, the call
prices derived from the black-Scholes Model using either EWMA and GARCH (1,1) have larger
magnitude of deviation from the Mark Price. Thus, both GARCH (1,1) and EWMA are less
suitable for calculating option prices using Black-Scholes Model than the Simple Variance
Model for speculative stocks
From Fig. 20 and Fig. 21, we can see that for Coca-Cola, which is a mature stock, the call prices
derived from the black-Scholes Model using either EWMA and GARCH (1,1) have smaller
magnitude of deviation from the Mark Price, where in most instances, Options prices calculated
with the GARCH (1,1) model being closer to the Mark Price than EWMA . Thus, GARCH (1,1)
is more suitable for calculating option prices using Black-Scholes Model than the Simple
Variance Model for mature stocks
From Fig. 22 and Fig. 23, we can see that for Coca-Cola, which is a mature stock, the call prices
derived from the black-Scholes Model using either EWMA and GARCH (1,1) have smaller
magnitude of deviation from the Mark Price, where in most instances, Options prices calculated
with the EWMA model being closer to the Mark Price than EWMA . Thus, GARCH (1,1) is
more suitable for calculating option prices using Black-Scholes Model than the Simple Variance
Model for growth stocks.
However, all still deviate further from the mark price than the call prices derived from
Black-Scholes Model using Implied Volatility.
This shows that implied volatility estimates are the most appropriate for Black-Scholes Model.
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5.

Limitations and Possible Future Work

Due to time constraints, we were unable to delve into the other aspects of the Black-Scholes, for
example the assumption that financial instruments, namely stock shares, will possess a lognormal
rate of return following a random walk with constant drift and volatility, as well as the
assumption that stock prices follow a geometric Brownian Motion with constant drift and
volatility. The model also assumes that no dividends are paid out during the life of the option,
that there are no transaction costs incurred in the purchase of the option, and that markets are
efficient, with their movements being unable to be predicted.
These assumptions could result in certain variations in the actual option price and the calculated
option price, and as we were unable to delve deeply into them, we are unable to ascertain the
extent that volatility impacts the option prices obtained through the Black-Scholes equation as
they are susceptible to changes in any of the above assumptions.

6.

Conclusion

Whilst the Black-Scholes Model is largely reliable in calculating the option prices of matured
and growth stocks, there can be instances where the option prices deviate from the mark price.
These deviations can be attributed to unrest amongst speculators, such as that of the price
changes in Gamestop stocks, which can cause large changes in volatility. They could also be due
to certain events occurring, such as dividends being paid to shareholders, or the release of annual
financial reports for the companies involved.
The GARCH (1,1) and EWMA Models both prove to be better methods of predicting volatility
based on historical returns for both mature and growth stocks, and are more appropriate to be
used in the Black Scholes Model. However, it is otherwise for speculative stocks
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