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ABSTRACT: 

  
One of the most important, unclear, and misunderstood parameters in the world of finance and 

investment is volatility, which is reflecting the risk of assessments, and uncertainty, along with the 

premium and opportunity an investor can benefit from.  

Before making decisions related to investments hedging, or portfolio allocation one must fully 

understand how the market is fluctuating. One of the main objectives of this capstone project 

involves providing a clear idea to investors to better understand the volatility impact and the 

characteristics of each type of it. Therefore, helping investors to avoid uncertainty, maximize their 

profits, minimize their risk, and get a clear idea of the market movements using either the implied, 

the historical, or both types of volatility models. 

To provide a guide for investors before investing, this project is handy support that includes an 

implementation of both the implied and historical volatility calculators, a comparison between the 

two, and finally a presentation of a new explicit formula for the implied volatility. 
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RESUME: 

L'un des paramètres les plus importants, les plus flous et les plus mal compris dans le monde de la 

finance est la volatilité, qui reflète le risque d'évaluation et l'incertitude, ainsi que la prime et 

l'opportunité dont un investisseur peut bénéficier.  

Avant de prendre des décisions relatives à la couverture des investissements ou à l'allocation des 

portefeuilles, il faut bien comprendre comment le marché fluctue. L'un des objectifs de ce projet 

de capstone consiste à fournir une idée claire aux investisseurs pour mieux comprendre l'impact 

de la volatilité et les caractéristiques de chaque type de celle-ci. Par conséquent, aider les 

investisseurs à éviter l'incertitude, à maximiser leurs profits, à minimiser leurs risques et à avoir 

une idée claire des mouvements du marché en utilisant soit les modèles de volatilité implicite, soit 

les modèles de volatilité historique, soit les deux. 

Afin de fournir un guide aux investisseurs avant d'investir, ce projet est un support pratique qui 

comprend une mise en œuvre des deux calculateurs de volatilité implicite et historique, une 

comparaison entre les deux, et enfin une présentation d'une nouvelle formule explicite pour la 

volatilité implicite. 

 

Mots clés :  Volatilité, historique, implicite, Black et Scholes, Python, R, incertitude. 
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CHAPTER 1: INTRODUCTION   

 
 

1- The United States Stock Market: 

One of the most critical factors that can directly have an impact on the economy is the stock 

market behavior, it can be the key factor for companies and institutions to easily attract low-cost 

finances, resulting in creating new projects and companies’ expansion which will improve the 

economic growth and decrease the unemployment rates. 

In this project, our main focus will be on The United States market as it has one of the most 

developed economies. In addition, It has the most huge stock exchange markets such as the New 

York Stock Exchange market and the Nasdaq. The US has more than 5000 indices [2]. However, 

the most powerful stock market indices that are widely followed by many investors and traders 

from many countries all over the world are: 

 

 

Figure 1: The most powerful stock market indices in the US stock market 
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1.1 The DOW Jones Average Index:  

The Dow Jones Industrial Average known it was created in 1896. It is one of the oldest and 

the most famous indices used in the world, it represents the stocks of the 30 biggest companies 

such as: 

 

Table 1: List of the Top 9 companies of the DJIA 
 

The DOW Jones Average is a price-weighted index, it can be calculated by summing all the stock 

prices and dividing it by the number of stocks. Therefore, companies that have high share prices 

have more impact on the index prediction.  

1.2 The Standard and Poor's 500 index:  

The Standard and Poor's 500, also known as the S&P 500, gives a good prediction of the stock 

market's behavior as it represents almost 80% of the whole United States stock market. It records 

the share prices of 500 companies. This index mainly includes companies, referred to as 

constituents, that have more than $10 billion in shares outstanding. [13] 

 The following table represents the top 10 constituents of the S & P 500 
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Table 2: List of the top 10 constituents of the S & P 500 

The S&P 500 is market capitalization-weighted [13] It is calculated by dividing the value of the 

market cap over the value of the total stocks 

1.3 The Nasdaq 100 and The Nasdaq Composite:  

In addition to the DJIA and the S & P 500, the Nasdaq composite index (the IXIC) is one of the 

top three indices controlling the performance of the United States stock market. The IXIC tracks 

approximately all the technology companies that are represented by the Nasdaq stock exchange, 

which is the second-biggest stock exchange market after the New York Exchange market. 

However, it also tracks some other companies that are not based in the US.  According to an article 
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in Forbes Advisor, the Nasdaq Composite is controlled by 50% of the tech companies, 20% of 

consumer service firms, and finally around 10% of healthcare companies.  

This index is similar to the S & P in terms of measurement; it is also a market-capitalization-

weighted index. The following table represents the most well-known companies listed in the 

Nasdaq composite index:  

 

Table 3: List of the top companies of the Nasdaq composite index 

Finally, the Nasdaq 100 index also known as the NDX, is an index that concentrates only on the 

most 100 important companies listed by the Nasdaq exchange stock market. 

To measure the weight of the NDX, an intricate method is used, it mainly involves the same 

method as the S & P 500, but with other more complicated factors to tackle the problem of large 

companies having a huge impact on the index behavior.   

2- Factors affecting the US Stock Market: 

There are several factors influencing the evolution and the behavior of the US stock market, such 

as interest rates set and controlled by the monetary policy of the federal bank, inflation rates that 
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have an inverse relationship with the stock market's evolution, and unemployment rates, which 

can cause the stock market's prices to move up because the more unemployment rates increase, the 

more sales and job opportunities, and the higher the demand for stocks. In addition to many other 

factors, such as GDP growth and trade wars. 

3- Feasibility Study:  

To complete this project, it is mandatory to do a feasibility study that determines the availability 

and the sufficiency of all the resources needed. In this project, many resources are required, such 

as the data from the American market, time, different software, suitable programming 

technologies, and research resources. 

The main aim of this project is to conduct a volatility forecasting study using the historical and the 

implied volatility while comparing our findings of the Black-Scholes model with another explicit 

implied volatility formula. The targeted data of this project will be taken from the American 

market, more specifically from the United States market. It will be conducted based on many 

phases.  

In the first phase of my project, I will focus on literature review and resource collecting, 

understanding the volatility categories, the Black-Scholes model, and the historical volatility 

models, along with having a clear idea of the American market behavior during the last five years. 

This phase will, therefore, require a time duration of one to two weeks.  

The second phase of the project will be about gathering the data of the American market, pre-

processing it, and focusing on finding precise and long-term data to have good results and 

outcomes. Also, it will involve the implementation of the implied volatility using the Black-

Scholes model, and the historical volatility models. For this phase to be completed I will need 
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approximately two weeks, and the programming language to be used is either python and /or R 

language.  

The next phase of this project will be about analyzing the outcomes, comparing the results of the 

two volatility categories, and introducing a new explicit approximate implied volatility formula.  

A comparison study will be derived from the outcomes of the traditional way of implementing the 

implied volatility: the Black-Scholes model and the explicit volatility formula. Two to three weeks 

will be dedicated to this part of the project.  

From this study, we can conclude that the project is achievable and doable throughout all the 

phases. Also, thanks to this feasibility analysis we can deduce that all the deadlines of this capstone 

project are feasible and can be met on time. 

4- STEEPLE Analysis: 

STEEPLE analysis is one of the important tools to monitor all the projects before conduction, the 

analysis will help us to get a clear idea about the impacts on: 

1. S: Social factors 

2. T: Technological factors 

3. E: Economic factors 

4. E: Environmental factors 

5. P: Political factors 

6. E: Ethical factors 

4.1 Social Impact: 

This project is a comparison study between two types of volatilities using the Nasdaq 100 

index as evidence from the American market. Volatility forecasting is one of the important tools 

for investors to have an idea about the market's behavior. It is used to estimate the irregular 



 18 

movements that might happen in the future and risk their profits. Therefore, our comparative study 

of the implied and historical volatility will lead us to conclude which one of the methods is the 

most accurate and reliable. The project will have a positive impact on the investment mindset, in 

particular, and on our society in general. Hence, lowering the investment risks, increasing the 

profits, avoiding financial crises and stabilizing the market, and finally providing job opportunities 

and increasing the employment rates. 

4.2 Technological Impact:  

This project will have a significant impact on technology as we will use different modern 

models that are driving the financial system thanks to the current technological developments. Our 

target data will be collected from the Nasdaq 100 Index, an index dedicated to the 100 largest 

technology companies in the US market. Therefore, this project will lead to the refining and 

improvement of the technology industry and will help shareholders and investors finance it further 

and well develop it. As a result, more technological innovations will be added to the market. 

4.3  Economic Impact: 

Comparing the two volatility types is very important to find the most suitable and accurate 

method to forecast volatility and, therefore, well manage the financial risks. At the end of this 

project, we will be able to choose the best type of volatility, which can be used as an indicator of 

the stock market performance. Thus, this project will be a good source for investors to have good 

predictions about future fluctuations, avoid risks, and maximize profits. 

4.4 Environmental Impact: 

This project will be conducted on a virtual level without harming the environment. We will 

use tools and software such as Excel, RStudio, and Python. However, we can think about some 

further uses of this project and use the data only for companies related to green energy and 
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organizations that are environmentally friendly to help them boost their profits and avoid volatility 

and risks. 

4.5 Political Impact: 

Volatility rates have a direct impact on the political decisions and the monetary policy of 

each country. Therefore, a good prediction of volatility behavior will surely have a positive impact 

on political management. The project is a comparison study if the types of volatility, the implied 

volatility, and the historical volatility, and introduces the explicit implied volatility formula. Thus, 

conducting the behavior of volatility for the Nasdaq index, which is one of the biggest key 

indicators for the American market. Therefore, by knowing the approximated forecasted volatility, 

the monetary policy can help the government avoid major economic crashes by better controlling 

prices and monitoring interest rates and inflation. 

4.6 Legislative Requirements: 

To conduct the project, we will use data that is available for public use. The tools and 

technologies used are legal and do not need any permission to be used.  

4.7 Ethical Impact: 

In the financial market, ethics are extremely important. Considering that using ethical 

methods and models is crucial to refining the financial system, helping eliminate risks, and 

effectively controlling the market. One key objective of comparing the two types of volatilities is 

to help the financial market predict fluctuations and financial crashes using ethical tools and 

models. Thus, eliminating the unethical ways used by investors. 

 



 20 

CHAPTER 2: VOLATILITY PREDICTION:  

 
 
 
Volatility in The Stock Market: 

One of the most important, unknown, and misunderstood variables in the world of finance and 

investment is volatility. It represents the arbitrary increase and decrease of the stocks market, and 

it is characterized by its forecasting difficulty and its unpredictable future behavior. In the world 

of investment, high volatility means that the prices are not stable and that they are either decreasing 

or increasing with a high frequency.  However low volatility is the opposite, it mainly involves the 

prices that are more stable with almost no movement.  

Unpunctually, volatility can be considered sometimes as a good opportunity for traders and 

investors who prefer taking risks and who are not afraid of uncertainty to invest as the high is the 

volatility the high is the risk and the more is the profit. 

There are different types of volatilities that each one of us must fully understand before making 

decisions related to investments, hedging, and portfolio allocation [17] such as:  

1- Historical Volatility: 

The Historical volatility σ known as the known volatility, is a statistical way to calculate 

volatility using current price changes. Historical volatility is a good measure of the stock market 

fluctuations. However, it has many outliers as it depends on past returns and prices to predict future 

price changes. There are many ways and models to calculate the historical volatility for an index, 

in this project, we will determine the historical volatility by multiplying the square root of the 252 
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which is the trading days per year by the standard deviation of the natural log of the ratio of the 

successive closing process.[5] 

There are many methods to calculate the historical volatility such as the PARKINSON method, 

the Rogers, Satchell, and Yoon (RSY), and finally the Yang and Zhang method. However, 

according to Dr. Kotzé, the best way to calculate the historical volatility can be defined as 

follow:[5] 

 

Where the ū is the mean that is determined by: [5] 

 

Therefore, the annual historical volatility is expressed by: [5] 

 

If we want to calculate: 

- The HV for a weekly data h= 52 

- The HV for a data monthly h= 12 

- The HV for a quarterly h=4 

2- Realized Volatility:  

The realized or the actual volatility is a measure of volatility that can only be executed at the expiry 

to have the actual closing prices [5]. It reflects the fluctuation of prices happening now over a 
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specific past period [1]. The realized volatility is mainly calculated using the underlying price 

changes. Therefore, while the historical volatility is about the past volatility, the realized volatility 

is measured to have more insights into the future price behavior.  

3- Implied Volatility:  

The implied volatility (σ) is a forward volatility, it is generally considered a good estimation of the 

expected future movements of the stock’s prices depending on the current data of the underlying 

assets. The implied volatility can be implicitly derived from the Black-Scholes option pricing 

model, by simply replacing some easy to find inputs such as time to maturity, the strike price, the 

interest rate, the exercise price, and the market price to finally identify the implied volatility by 

backwardly solving the BS formula [7].  

3-1 The Black-Scholes Model: 

The BLM is one of the most crucial option pricing models, it represented finance and mathematics 

revolutions since its publishment in 1973 by Fischer Black and Myron Scholes in their article “The 

Pricing of Options and Corporate Liabilities” [3], this model earned the noble price. Thanks to the 

BSM we can determine the price of the underlying assets, and the behavior of options in the stock 

market.  

After its publishing, the model, Robert C. Merton, was the first one who published an article to 

better refine the mathematical background behind the model and make it easy to understand as it 

is considered one of the most misused and misunderstood pricing models all over the world.  
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3-2 The Black-Scholes Model Inputs and Outputs: 

 

Figure 2: The Black-Scholes Model. 
 
To calculate the implied volatility, we need to first determine the market price and plug it into the 

Black and Scholes formula.  

o S0: Stock Price: The price of the stock is mainly related to the actual price by 

which it is traded in the market.  

o K: Exercise Price/ Strike Price: In the call or put option, the price of trading 

the assets. 

o R: Risk-Free Interest Rate: is the rate at which investors can have without 

expecting risk.   

o  T: Time to Expiration: by the time to expiry, we mean the exact time when 

the option obligations have their due dates. 
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o C: The Market Price: which is the asset’s actual price, it is specified by the 

demand and the supply of the customers. it is the market price when the quantity 

of the demand is equivalent to the quantity of the supply [8].  

 

3-3  The Formula of The Black- Scholes Model:  

According to the review article of Giuseppe Orlando, Giovanni Taglialatela, The Black and 

Scholes model is given by the following formula: [ 10] 

For call options the formula is: 

 

⁄ 

For put option the formula is: 

 

Where                         

  

 

And N(x) is defined as the cumulative distribution function  
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And  

 [ 10] 

 

And                                    [ 10]  

						 

With       𝑑2 = d1 − 𝜎√T             [ 10] 

è  𝜎 is the volatility. 

 

3-4 The Black-Scholes Model Assumptions: 

In order to be able to use the Black and Scholes Model, many assumptions must be taken into 

consideration such as [3] 

§ The risk-free rate is the same during the option duration.  

§ Dividends are not distributed. 

§  Options must be traded and executed on the expiration date. 

§ The cost of the transaction is negligible.  

§ A constant variance of returns (normally distributed), the stock prices 

are distributed lognormally throughout the duration.  

§ The underlying assets have constant and known volatility. 
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3-5 The Newton-Raphson Algorithm: 

The Newton-Raphson algorithm is one of the well-known and easy methods that we can use to 

solve the Black and Scholes formula as it cannot be backwardly solved directly. [ 9] 

 

 

Figure 3: The Newton-Raphson formula 
 
To calculate the implied volatility, we can simply use the Newton-Raphson Algorithm by 

substituting using the Black and Scholes model: 

 

• σi+1is the implied volatility  

• C(σ) is the market value of the option  

• The Vega function   

This method has many weaknesses as the Vegas can be very small compared to the option 

parameters. There are many other algorithms such as the Brent algorithm, and the bisection 

method, but they are very slow compared to the Newton-Raphson Algorithm which can be 

executed in a few seconds [12].   

4- Volatility Smile: 

A volatility smile is a graph shaped like a smile representing the implied volatility patterns versus 

the strike price. the graph gives an idea about the distribution of implied volatility of a certain 

underlying asset, with a constant expiration date but with not similar strike prices.  Traders usually 
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use the volatility smile method to predict or compare the behavior of the prices and the risks of 

each underlying asset at a specified time to expiry.  

5- Volatility Surface: 

Volatility surface is mainly a 3-D representation of the volatility smiles and term structure 

volatility which is a description of the implied volatility of options that have different maturities.  

6-  Explicit Formula for the Implied Volatility: 

There are many other ways to approximate the implied volatility values. However, many 

researchers have demonstrated that using the Black-Scholes model we can derive other 

approximations with a low percentage of errors, high efficiency and accuracy, and more flexibility 

than the classical Black and Scholes model.  

In 2017, Dr. DAN STEFANICA who is a professor of mathematics for financial engineering at 

the college of Baruch in the United States, and Dr. RADOSˇ RADOICˇIC ́ wrote an article about 

a formula based on the Black and Scholes classical model. Using this formula, Dr. STEFANICA 

and RADOICˇIC demonstrated that we can obtain an explicit approximation for the implied 

volatility with a percentage of accuracy of 2%. In the article, the authors also mentioned that in 

the formula they obtained from the Black and Scholes model, the relative error of the explicit 

implied volatility is less than 10%, for less than 5 years maturity options and less than 150% of 

volatility [12]. In their research paper, the two researchers did review the use of different methods 

to backwardly solve the Black-Scholes model such as the Newton-Raphson, Dekker-Brent, and 

their inefficiencies.  Stefanica and Radoicic tried to expand the formula of the Black and Scholes 

model in 2016. However, it has some pitfalls. In 2017, they refined the past approximations to get 

a formula that can include random moneyness, different time to maturity, and random implied 

volatility. [12] 
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Knowing that : 

The explicit formula obtains the A(x): the P ́olya approximation function instead of the N(x).  

It is defined as: [12] 			  

And: [12] 

 

Substituting the above parameters in the following equations: [12] 
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Such that, for the call and put options we have : [12] 

C!""#$% = S&e'()A(d*) 	− 	Ke'#)A(d+) 
 

P!""#$% = Ke'#)A(−	d+) 	− 	S&e'()A(−	d*) 
 

We can get the implied volatility by considering: [12] 

 
C, = = C!""#$% (σ)        And    P,= P!""#$% (σ ) 

 

 

 

 

 

 

 

 

 

 



 30 

CHAPTER 3:  DATA DESCRIPTION  

 

1- The Historical Behavior of The Closing Prices of the S&P500, The Dow 

Jones, and The Nasdaq 100: 

To gain a better understanding of the behavior of the US market, we collected historical closing 

prices from 2005 to 2021 for the three most important indices in the US market: the S&P500, the 

Dow Jones, and the Nasdaq 100. The following chart represents the final outcomes of the US stock 

market index: 

Figure 4: The Historical Evolution of The S&P500, The Dow Jones, and The Nasdaq 100 : 

Closing Prices 
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While analyzing the chart, we can first notice that the US stock market indices are highly 

correlated; they follow almost identical progress and evolution. The most volatile index is the 

Nasdaq 100 due to its focus on technology companies and companies with high risk. However, we 

can also notice that the Dow Jones has the least volatility compared to the other indices as its shares 

are not moving fast, such as the Boeing Company and United Healthcare. 

The market crashes on a cyclic pattern, one of the events that are still marking not only the US but 

also the worldwide economy is the Great Crash of 1929 [6]. It ended up resulting in a huge 

economic disaster that took more than a year and a half to recover from. Moreover, it was another 

depression right after the great crash because of tightening up money too fast. Therefore, in 1930, 

the federal bank decreased the interest rates to almost zero and printed cash massively, which had 

a very good impact on the economy.  

Nonetheless, all new monitory policies were not a definitive solution because of the great impact 

on investors and citizens' willingness to keep money in circulation, and reserves, which had a 

negative influence on the economy. 

In 1999, there was a huge crash known as the Dotcom crash or the Internet Bubble. Companies 

and investors have invested in technology-based companies. The stocks were overpriced and the 

Nasdaq index for the period between 1995 and 2000 rose from 1,000 to 5,408.60, which led many 

companies to crash, like Pets.com [15] 

After the Tech Bubble burst, investments in real estate were very high. which created the housing 

bubble, or as it is well known the great recession. [16] Along with the other three indices, the 

decline fell to almost 34%, and the S&P 500 fell to 49.12%, which is its lowest value since the 

Second World War.In March 2020, the Word Health Organization announced a global health 
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pandemic, resulting in several huge health and economic negative consequences. Therefore, the 

world's stock markets dropped by more than 10% [4]. There were several other political, social, 

and economic events that impacted the US stock market indices in the years between 2005 and 

2021. As we can see from the chart we generated, the closing prices were very volatile. For 

example, the election of the new president, Donald Trump, which influenced the whole stock 

market, the Chinese stock market crash in 2015/2016, or the Covid 19 which affected not only the 

powerful economies but all the countries. 

2- Data Description:   

The main aim of this project is to conduct a volatility forecasting study using the historical and the 

implied volatility while comparing our findings of the Black-Scholes model with another explicit 

implied volatility formula. The crucial focus will be on the comparative study between the two 

types of volatilities where we will discover the strengths and the weaknesses of each type.  

In this capstone project, we choose the targeted data to be taken from the American market, more 

specifically from the United States market. It will be conducted based on many phases.  

The main reason why we choose the American market, a market with the highest stock indices, is 

its direct impact on the worldwide economy and its movements can lead to significant effects on 

the economy. However, to have a good understanding of the various differences between the 

implied and the historical volatility, we decided to focus on one index from the United States 

market which is the Nasdaq 100 index. Before implementing the implied and the historical 

volatility, using python language, we made this graph representing the historical movements of 

the adjusted closing prices for the NASDAQ 100 and in a separate chart we chose the top 

companies that have a big impact on the Nasdaq 100 and we represented their returns from the 01-

01-2019 to 01-01-2022. 
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Figure 5: The adjusted closing prices of the NASDAQ 100 

 

Figure 6: Returns of the top 6 companies of the Nasdaq 100 
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From the two graphs, we can see that the prices of trading stocks and the returns of the top 6 

companies Nasdaq 100 index which are: Apple, Microsoft Corp, Amazon, Tesla, NVIDIA Corp, 

and Alphabet are remarkably increasing since 2019.   We can notice that between the latest 2019 

and May 2020, Also, we can see that among the 6 companies Tesla, NVIDIA ma and Apple are 

the most fluctuating and their prices are moving up and down at a high speed. 

 The closing prices have significantly fallen. However, the technology companies of the index 

knew a big raise in the adjusted closing prices during the pandemic due to the huge use of 

technology and the remarkable demand. 
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CHAPTER 4:  METHODOLOGY AND OUTCOMES 

 
 

1- The Results of Historical Volatility:  

In this capstone project, we used different tools to execute our data, to implement the historical 

volatility, we first calculated the percentage change, the log returns, and then the standard 

deviation which is the volatility we are looking for.  

We started by importing the pandas, matplotlib, and NumPy: 

 

We used the data from the American market, more precisely the data of closing prices of the 

Nasdaq 100 index 

The data we choose to implement is from 01-01-2018 to 01-01-2022, the following table 
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represents the first data set using the function. head()

 

We calculate the percentage change of the closing prices of the current and the previous close 

prices elements  

 

Also, we calculated the log-returns using the numpy library that we previously imported to 

get the following set of outputs: 

 

As we mentioned previously, historical volatility is the standard deviation of the log returns. 

We first calculated the daily standard returns, and then we multiply it by the trading days on 

average which is  √252 
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Figure 7: Histogram representing the distribution of the Historical Volatility of the 
Nasdaq 100 

Finally, we plotted using the matplotlib library a histogram chart showing the normal distribution 

of historical volatility over 12 months and its frequency. Where we can notice that the Nasdaq 

100 made some huge movements toward the negative extreme values. Also, we succeeded to 

calculate the historical volatility of the Nasdaq 100 which is around 24.85%, which means that 

the Nasdaq 100 is moving by 24.85%. 
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Therefore, we can notice that the returns of the Nasdaq 100 picks are between -0.02 and 0.02. 

In addition, we also found that the index's historical volatility is 24.85% which indicates how the 

trading prices are moving away from the mean. 

 

Figure 8: Historical Volatility of The Nasdaq 100 from 2019 to 2022 

 
Figure 9: Historical volatility for the top 6 companies of the Nasdaq 100 

 



 39 

Using pandas rolling and the standard deviation method, we plotted the historical volatility of 

the Nasdaq 100 (Figure 8) along with a chart showing the exact distribution of the historical 

volatility of the top companies in the index. 

We can notice from the two charts that in the first quarter of 2020 especially during the first 

three months, the Nasdaq 100 had very remarkable losses and the market crash was very tense.  

As investors stopped trading, and the market was in a break, the historical volatility of the 

Nasdaq 100 reached its lowest value and then increased to a very high value.  

Thanks to its focus on the technology companies, customer service, and social media, The 

Nasdaq 100 outperformed all the American indices and succeeded to recover from the market crash 

and record very high returns. The high performance was thanks to the telecommunications 

companies such as Zoom, Microsoft, social media such as Facebook (Meta), and finally the 

consumer services such as Amazon.  

 
2- The Results of Implied Volatility:  

In the second part of the project, we worked on the implied volatility, we did two separate 

implementations, one for the call and the second one for the put options.  

2-1 The implied Volatility for The Call Options: 

Using the equations of the call options of the Black and Scholes Model 

C= S0 N(d1) –N(d2) X 

Where the C option price is known, it can be found in any trading platform, the stock price, the 

strike price, time to maturity, the risk-free rate are also known. Therefore, the only unknown 

variable is 𝜎 which is the volatility we are looking for. However, while all the variables are known, 

solving for the volatility algebraically is impossible. Therefore, one of the best efficient ways to 
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solve the implied volatility is the Newton-Raphson method. We will set the function with the 

unknown sigma to equal the call price: 

C(σ)−C0=0 

 

Using the differentiated function that is known as the Vega function, which is the derivative of 

the option price with respect to 𝜎 where v is defined as: 

𝑣 =
𝜕𝐶
𝜕𝜎 = 𝑆0	𝑁(𝑑1)	√𝑇 

For the implementation of our code, we choose python as it has all the libraries and features, we 

need to execute the Black- Scholes and therefore calculate the implied volatility for the call 

options. 

We started our code by importing the scipy.stats and math library and setting the values for: 

o The Stock price/ spot price: S0 

o The strike price: K  

o The risk-free rate: r 

o The time to expiration: T(in years) 

o The price of the call: Co 

We set a prediction for the implied volatility, and we created two functions, one for the d1 and 

d2 and the other function for the price of the call C.  
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The prediction we set is 0.5, to be certain that our code is working and does not have errors 

related to the infinite loop, we added some parameters to determine the maximum bound in 

addition to a tolerance number. 

 

 

2-2 The implied Volatility for The Put Options: 

To calculate the implied volatility for the put option we use the same method as we explained 

before the only difference is that the equation of the put price using the Black-Scholes model is 

different this time: 
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P= 𝑋𝑁(−	𝑑2) − 𝑆0	𝑁(−𝑑1) 

The function of put price using python: 

 

 

Our implementations are easy and efficient calculators that traders can use to have accurate results.  

To test our implementation, we took the data from Yahoo finance of AAPL which is one of the 

largest companies in the Nasdaq 100 index.  

 

Strike Price 125 

Time to expiration of 28 days 

C0 3.55 

R (US treasury bill rate on November 13, 

2020) 

0.11% 

 

  

 

 

Using this data as an input to the Black Scholes model and as inputs for the implied volatility 

calculator we implemented, we got implied volatility of 44.84% which is almost similar to the 
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value of that Yahoo finance is providing (45.12%). In conclusion, even large sources of data and 

references for traders are also using the Black Scholes model as their Primary pricing model.  

2-3 Volatility Smile: 

 

Figure 10: Volatility Smile for TESLA [18] 
 
To further check our findings, a volatility smile was implemented [18], while making sure to use 

the data for an option with almost the same characteristics and with a different strike price as the 

only difference. From the volatility smile, we notice the representation of the implied volatility  

(IV) versus the strike price, and we can conclude that the implied volatility increases when the 

stock prices move away from the strike price, and it is minimized when the underlying asset price 

and the strike price are the same.  
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2-4 Volatility Surface: 
 

 

Figure 11: Representation of volatility surface of the Nasdaq 100 
 

In Figure 11, we worked on a 3D visualization for the implied volatility, which is the volatility 

surface. Using R language and accessible data from Yahoo finance to have a good risk prediction 

and better insight on the options before investing.  

To observe the implied volatility, we must take into consideration two important parameters 

that affect the behavior of the IV which are the time to maturity and the strike price. However, the 
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strike price is not a good factor as it is dependent on the stock price. Therefore, instead of the strike 

price, to make the volatility surface, we use moneyness. Which represents, 

Moneyness for Calls stock	price	
Strike	Price	 

Moneyness for Puts Strike	Price		
stock	price  

 

3- Implied VS Historical Volatility: 

One of the most important, unclear, and misunderstood parameters in the world of finance and 

investment is volatility is reflecting the risk of assessments along with the premium and 

opportunity an investor can benefit from. To forecast the volatility, investors can look at both the 

past and the future movements. Historical volatility measures price swings within a specified 

period in the past. It is a tool that allows the traders and investors to have an idea of the past pricing 

movements, a high volatility can mean a high profit. Unlike the Implied volatility or the 

assumption volatility which is derived from options pricing, it is a future projection of how much 

the market is expecting to move. Therefore, it is called implied volatility because it is the forward 

volatility of a specific underlying asset implied by the current market price. It is considered a good 

estimate for the future volatility of a security, based on option prices. Implied volatility tends to 

increase in bearish or declining markets when market conditions are considered to be ‘riskier’. 

Implied volatility can be helpful, as it allows investors to estimate where a market is headed. 

Considered together, historical and implied volatility can help investors to make more informed 

decisions, especially during uncertain times. 

Finally, we cannot say that one type of volatility is better to predict the fluctuations of the market 

and assess the risk and the profit. Both volatilities have their own characteristics, while the 
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historical volatility is based on the underlying options, and it represents a speed measurement in 

the past changes. The implied volatility is based on the option prices, it represents instantaneous 

expectations related to the future movements.  
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CHAPTER 4: CONCLUSION AND FUTURE WORK 

 
 
 
 

1- The Black and Scholes Pitfalls and the Explicit Formula:  

The Black and Scholes model has many pitfalls that might affect the implied volatility prediction, 

and therefore, less risk assessment. In contrast with the real market reality, the model Black-

Scholes makes a hypothesis that the risk-free rate is constant and does not change with time along 

with the volatility. The model can work as a good measurement formula to approximate the implied 

volatility for the options that can only be exercised on their expiration date (European Options). 

[11]. However, almost all the trading websites and resources are still relying on the BSM even if 

it has many pitfalls that can affect the investors' decisions. Therefore, one of the future works that 

we must focus on is the implementation of the explicit formula for the implied volatility that is 

derived also from the Black and Scholes model but with 2% accuracy and with a percentage of 

error of less than 10%. As a result, comparing its results to the normal way using the traditional 

Black and Scholes model would be a forward step in the finance world. [12] 

2-  Conclusion: 

In this capstone project, we focused on the American stock market, we identified the most 

factors affecting its financial movements, the top US stock market indexes, and the historical 

events that impacted its behavior. Also, we defined one of the most key parameters that traders 

must take into consideration before investing to assess the risk related to the option which is 

volatility. 

Before starting the implementation of the project, we chose our data to be one of the most important 

indices in the US states market, as evidence for our project outcomes, the targeted data was from 
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the Nasdaq 100 Index which was according to the results we got one of the outperforming indices 

during the Covid 19 pandemic thanks to its focus on technology companies, we identified the most 

well-known types of volatility, in the first place, we focused on the HV that depends on the past 

returns and prices to predict the future price changes.  

In the second place, we focused more on the implied volatility and we knew that is a forward 

volatility that allows us to have an insight into the future market fluctuations using current prices 

and data from the market and the option. Moreover, we presented one of the most important models 

in finance and in price modeling which is the Black-Scholes model, we described its assumptions 

and inputs to get the final output which is the implied volatility using the Newton-Raphson 

algorithm. Also, we mentioned its pitfalls and limitations which led us to present one of the most 

future leading formulas for the implied volatility implemented by both Dr. Dan Stefanica and 

Rados Radoicic  derived from the BSM but with an error percentage less than 10% and more 

accurate by 2%. 
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