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ABSTRACT: 
 

Stock markets are, by default, the place where the trade of financial assets occurs. These 

assets usually experience fluctuations in their prices in response to variations in the demand. For 

investors, it is difficult to determine when, where and how much to trade. For this purpose, 

different forecasting models have been implemented to extract patterns and project future events 

by evaluating price movements.   

The aim of this capstone project is to investigate the covid-19 impact on the pharmaceutical market  

and predict the stock price volatility of two companies in the American sector, Pfizer and Moderna. 

Two statistical models will be used to generate a time series simulation of those afore-mentioned 

companies, which are Auto Regressive Integrated Moving Average (ARIMA) and Generalized 

Auto Regressive Conditional Heteroscedasticity (GARCH) models. The forecast will be examined 

and compared to the collected data using R studio software from 2018 to 2021. Finally, a 

comparison of the ARIMA model's findings to those of the GARCH model will be undertaken. 

 

Key words:  volatility, time series, forecast, stock price, ARIMA, GARCH, R. 
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RESUME: 
 

Les marchés boursiers sont, par défaut, le lieu où se négocient les actifs financiers. Ces 

actifs subissent généralement des fluctuations de prix en réponse aux changements de la demande. 

Pour les investisseurs, il est difficile de déterminer quand, où et combien négocier. À cette fin, 

différents modèles de prévision ont été mis en œuvre pour extraire des modèles et projeter des 

événements futurs en évaluant les mouvements de prix.  

Le but de ce projet est d'analyser l’impact de la pandémie du Covid-19 sur le marché 

pharmaceutique et de prévoir la volatilité du prix des actions de deux sociétés du secteur américain, 

Pfizer et Moderna,  en utilisant une approche quantitative. Deux modèles statistiques seront utilisés 

pour générer une simulation de séries temporelles de ces entreprises, à savoir les modèles ARIMA 

(Auto Regressive Integrated Moving Average) et GARCH (Generalized Auto Regressive 

Conditional Heteroscedasticity). Les prévisions seront examinées et comparées aux données  

recueillies à l'aide du logiciel R studio de 2018 a 2021. Enfin, une comparaison des résultats du 

modèle ARIMA à ceux du modèle GARCH sera entreprise. 

 

Mots clés: volatilité, série chronologique, prévision, prix de l’action, ARIMA, GARCH, R. 
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CHAPTER 1: INTRODUCTION: 

1.1 Insight into the North American Market: 

A financial market serves a critical purpose in the functioning of the economy with its 

ability to allocate money from business firms and households who have accumulated surplus funds 

to those who are experiencing scarcity. Stock markets are the most extensively watched financial 

market in pretty much every country. A stock symbolizes a company’s ownership portion, in other 

words, it is a claim on the corporation’s assets and earnings [1]. In this project, the main focus will 

be put on the North American market but more specifically the U.S Stock Markets.  

 

 

Figure 1: Largest Stock Exchange Operators in the year 2021 



 2 

As the STATISTA chart depicts above (figure 1), the U.S occupies the first position with the New 

York Stock Exchange (NYSE) being the principal stock exchange in the world in terms of market 

capitalization that is equivalent to 27.69 trillion U.S dollars. Followed by the National Association 

of Securities Dealers Automated Quotations (NASDAQ) in the 2nd position, with a market 

capitalization approximate to 24.56 trillion U.S dollars [2]. 

1.1.1 The US Stock Market: 
 

The stock market in the United States is highly distinguished by Americans, who derive 

pride from its efficiency. The U.S possesses two of the most broad indexes that are tracked by 

investors as well as the media, namely the NYSE and the NASDAQ indexes [3]. The New York 

Stock Exchange (NYSE) is home to the biggest and most recurrently traded equities in the world. 

As opposed to the later, The National Association of Securities Dealers Automated Quotation 

(NASDAQ) trades the most diversified bonds and stocks “Over-The Counter” (OTC) meaning that 

the trading happens openly between both parties without the intermediary of a central exchange. 

This OTC type of market doesn’t have a physical location, rather trading is done through electronic 

communication networks [4]. 

The American market economy is known to have three characteristics, the first one being 

a free market economy. This type of market bases its economic system on the supply and demand 

of goods and services without the intervention of the government. Although investors in this 

market have the freedom to engage in voluntary and beneficial trades, the country’s market 

economy is constrained to some degrees [5]. Liquidity is very much guaranteed inside the 

American market economy. This other feature provides the investors the ability to easily buy and 

sell an asset without affecting its current or market price [6]. Stability is the last characteristic of 

this market. Americans have undeniably one of the most stable market thanks to the New York 

Stock Exchange being the largest exchange in the world [7].  

The technology (IT) sector accounts for a significant portion in the U.S economy (27.4%) 

[8]. According to the Annual Cyberstates 2021 report by CompTIA, the tech industry is predicted 

to expand at almost double the pace of total employment in the nation. Adding to that numerous 

high-tech jobs are expected to expand at a pace that is four to five times that of the national average.  

According to predictions made by the U.S Bureau of Labor Statistics, about 9 millions of workers 

are expected to occupy the IT sector by the year 2030 as shown in the chart below (figure 2) [9]. 
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Figure 2: Tech Occupation Employment in the U.S 

1.1.2 Pharmaceutical Sector: 
The United States has become home to many big pharmaceutical companies in the world 

making this sector control more than half of the worldwide pharmaceutical market, with 

medication sales in the nation accounting for approximately 49% of the worldwide market in 2019 

[10]. By the end of the same year, the pharmaceutical sector had grown to reach an astonishing 

amount correspondent to 528 billion U.S.D [11]. It is expected that by the year 2023, American 

citizens will be spending on medicines and pharmaceuticals between $635 and $655 billion, which 

shows a significant growth of 29.6-33.7 percent in costs as paralleled to the year 2019, making the 

pharmaceutical sector a thriving one [10]. Moreover, five out of the top ten pharmaceutical 

corporations are home based in the United States. Although these firms are multinationals, all their 

business activities are conducted from the U.S. Johnson & Johnson, Pfizer, Merck & Co., AbbVie 

and Abbott Laboratories constitute the top five pharmaceutical firms [12]. 

Johnson & Johnson being the leading pharma company in the world had generated a 

staggering $82 billion in total sales, beating off the European company Roche $64 billion and 

Pfizer $51.7 billion [13]. Although Moderna Therapeutics does not figure among the top ten 

pharmaceutical industries in the world, its contingent upon sustained call was critical to the 
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company’s success [14].  With a current amount of 18.5 billion U.S dollars as of 2021, [15] 

Moderna’s revenue from its Covid vaccine is expected to increase, and thus exceed other 

companies, since Moderna does not share earnings with any partner unlike Pfizer and BioNTech 

[14].  In this sector I picked the two companies I will be working with, which are  Pfizer company, 

headquartered in Manhattan, [13] and figures in the NYSE stock exchange as well as Moderna 

Therapeutics, headquartered in Massachusetts, and listed on the NASDAQ stock exchange [15]. 

1.2 Impact of Covid-19 on the Pharmaceutical Sector: 

Covid-19 has wreaked havoc since its irruption in December 2019, which affected the 

pharmaceutical retail stores, in particular, by decreasing their sales and resulting in a loss of 

earnings. Redundancies were consequences of these income losses in the long term as well as 

manufacturers, as the market for some pharmaceutical items started shifting. Taking the example 

of the current pandemic, the demand for personal safety equipment, over-the-counter treatments 

surged, and “panic-buying” customers led to shortages, which made it even more difficult to 

sustain a decent standard of living [16]. 

The pharmaceutical industry’s development was also slowed by the country’s economic 

breakdown, as a result of the global widespread of Covid-19. Due to the export bands implemented 

by China and India, the two largest distributors of active pharmaceutical ingredients (APIs), there 

was a shortage of supply in most countries, slowing the production of finished goods resulting in 

a scarcity of some medicines. These shortages incited the government to take some drastic 

measures, such as increase in price and reinforce its supply chain strategy. Among other actions 

made by several countries, The “Buy American” order, issued by former president Trump,  

prompted the nation to ban import of APIs and generic medication to prevent further scarcities. 

Other procedures were amended to expedite endorsements for pandemic-related medications 

causing a delay in treatments unrelated to the Covid-19 epidemic [16]. 

1.2.1 Pfizer Company: 
 

Despite the fact that the economic impact of this pandemic was inescapable, pharma 

industries persisted to provide services, medicines and pharmaceuticals to nations in order to 

improve the healthcare sector. Pfizer, for example, has closely worked in collaboration with the 

U.S government and NGO’s to provide much needed treatments and vaccinations, as well as 

assisting front-line health workers. An amount of 40 million U.S.D was donated to the United 

States and throughout the world to aid in the fight against the pandemic. The purpose of this 
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funding was to help contain the spread of the virus and protect vulnerable healthcare against 

upcoming potential health risks. Pfizer has also established a program titled “Global COVID-19 

Medical Service” that helps assist medical staff in running diagnostics and giving medical 

treatments. As of 2021, Pfizer fairly administered 40 million doses globally at a non-profit pricing 

and in arrangement with the COVAX facility [17]. 

1.2.2 Moderna Therapeutics Company: 
 

Prior to COVID, Moderna Therapeutics Company’s focal point was developing a mRNA 

technology platform by transferring mRNA to cells without eliciting an immune reaction against 

the molecule itself to produce proteins. The success of this technology has pushed Moderna to 

develop mRNA therapeutics for a wide range of ailments. A viral infection, such as Covid 19 was 

the perfect opportunity to fight the global health emergency by adapting their mRNA technologies. 

Moderna worked in close collaboration with National Institute of Health (NIH) and other NGOs 

to develop an efficient Covid 19 vaccination clinical trial planning whose main objective was 

safety. The development of the Moderna Covid 19 was rapid and successful since it was the result 

of an extensive study in mRNA vaccines over the last ten years [18]. In 2020, Moderna received 

funds of $1 billion from the U.S government’s Operations Wrap Speed to advance their vaccine. 

An additional amount of 1.3 billion U.S dollars was invested to finance the nascent company for 

the same purpose [19]. In February 2021, Moderna declared that the company will raise worldwide 

capacity to 1.4 billion doses of its Covid 19 vaccine in one year due to significant capital 

expenditures.  

1.3 Volatility Forecasting: 

Volatility is a measure of the degree of unexpected price change across time, making it a 

critical tool in Economics and Finance, especially when it comes to asset evaluation, risk 

evaluation and investments. Moreover, volatility plays a crucial role in many investing decisions 

and accurate portfolio selections since its estimates the degree of unpredictability, such as 

derivatives pricing.  

When it comes to financial markets, information dispersion can be examined by evaluating 

excess volatility [20]. Originally, stock price return or volatility is calculated following this 

formula [21]: 
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𝑢𝑖 =  ln (
𝑆𝑖

𝑆𝑖−1
) 

𝑢𝑖: being the daily stock return in % 

𝑆𝑖: being today’s stock price 

𝑆𝑖−1: being yesterday’s stock price 

However, this percentage doesn’t give an accurate return of a stock price due to the fact that 

percentage change over numerous periods of time. 

Some research paper have investigated the impact of the pandemic on returns, like the paper 

published by Gherghina, Armeanu and Joldes [27] that was about analyzing the volatility of the 

Romanian stock market during the covid pandemic. Another paper published by Mahir and Avani 

[28] that was about the performance of the pharmaceutical stock market during the covid-19 

pandemic. However, this capstone project will focus on the investigation and forecasrt of the 

volatility of the U.S pharma sector using more efficient statistical models that are ARIMA and 

GARCH. 

1.3.1 ARIMA Model:  
 

Auto Regressive Integrated Moving Average (ARIMA) is one of the most widely used 

statistical models that analyzes and predicts time series data, especially in finance. This model is 

a more complex extension of the basic Auto Regressive Moving Average (ARMA) model since it 

incorporates the concept of integration. ARIMA model can be decomposed to three components 

namely, “AR”, “I”, and “MA”. “AR” means that this model makes advantage of the dependent 

connection between a certain observation and a set of lagged data. “I” shows that there is a method 

of subtracting raw observations from each other to obtain a stationary data. “MA” confirms that 

the model exploits the observation-residual relationship which is applied to lagged data. These 

afore-mentioned components are further detailed in the model’s parameters, which are p (AR), d 

(I) ,q (MA) respectively [22].  

When the series is stationary, the generalized equation of the ARMA model can be 

expressed as follow [23]: 

 

Where: 

𝑌𝑡 : the daily time series  

𝛽: coefficient  of the AR term. 
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𝜙: coefficient of the MA term. 

𝛼: Constant 

 

 

 

1.3.2 GARCH Model: 
 

Although ARIMA can be a good model to time series analysis, a change in volatility 

(variance) over time, non-stationary data, might have an adverse effect on its accuracy. 

Generalized Auto Regressive Conditional Heteroscedasticity (GARCH), an extension of the 

ARCH model, introduced in 1986 by Bollerslev [24] enables the approach to control the time-

dependent volatility fluctuations within the same time-series by combining both a moving average 

and an auto regressive one.  

 Intrinsically, the model comprises two parameters “p” and “q” respectively. “p” being the 

number of delayed variances, “q” being the number of delayed residual errors.  

The GARCH model equation can be expressed as follow [25]: 

 

 

Where:  

𝜎2: is the daily volatility  

𝜔:  is the random error or noise 

𝛼, 𝛽:  parameters  of q (moving average) and p (auto regressive) respectively 

𝜀2: is the past residuals squared 

𝜎2: is the past volatility  
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CHAPTER 2: METHODOLOGY AND 

IMPLEMENTATION: 

2.1 Data Description and Gathering: 

The first step of this capstone project was gathering the data. To begin, we went the Yahoo! 

Finance website under the historical data tab to download the historical prices. The data is a CSV 

file that contains all the characteristics, such as Date, High, Low, Open price and Closing price of 

both pharmaceutical companies: Pfizer and Moderna ranging from December 2018 to January 

2021. The next step was cleaning the data. First, the data was filtered to remove all the useless 

characteristics to only keep the date and the closing price. Afterwards, the data was saved as a xlsx 

file as shown in figure 3 below. Finally, the data was imported to R studio to be ready to use.  

 

 

Figure 3: Sample of Closing Prices of Moderna 
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2.2 Coding Framework: 

R software was the software I decide to work with. R is known to be one of the fastest and 

easiest languages to learn. It is also the most reliable platform in data analytics that even big 

corporations like Google and Facebook rely on it in their activities. In addition, R software is 

widely used for time series analysis and forecasting using algorithms like ARIMA and GARCH. 

2.3 Code Implementation: 

Before starting with our analysis of the data, R studio requires the user to set a working directory 

were the code will be saved as shown in figure 4. 

 

 

Figure 4: Setting Directory in R studio 

Then comes installing and importing libraries. R software is known for having a wide range of 

libraries, which are a set of packages that includes functions that will be used throughout our code. 

The libraries used are the following: 

 

Figure 5: Importing Libraries 

• FORECAST, TSERIES, AND QUANTMOD: used as a quantitative approach to help 

forecast a time series. 

• GGPLOT2, DEFAULT, ZOO: used for saving time series outputs and help in visualizing 

plots. 

• READXL: used to real excel files. 

• FGARCH, RUGARCH, PERFORMANCE ANALYTICS: used to generate and 

implement the GARCH model. 
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The next step was importing the Pfizer excel time in R studio: 

 

Figure 6: Reading and Displaying Closing prices in R 

The table obtained was basically the visualization of our data, which contains the 3 years of 

historical prices of each company. I chose Pfizer as an example: 

 

Figure 7: Sample of Pfizer Closing Prices  

Next comes a brief summary of our data followed by a visualization of the performance of our 

stocks: 

 

Figure 8: Loading Time Series Data 

2.3.1Pfizer Company: 
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Figure 9:Pfizer Summary Output  

From the figure above we can notice the following, the minimum closing price of Pfizer company 

was 27.03, the maximum was 42.56. The mean is 36.56, the median is 36.36. 

 

Figure 10: Pfizer Stock Price Variations of the three years 

Based on the figure above and as a general observation, we can say that the data is generally 

fluctuating. One can also notice a decrease in August 2019 and April 2020 as well as a sharp 

increase in December 2020. It is clear that those fluctuating periods  are due to the Covid 19 impact 

and the start of vaccine production. 

2.3.2 Moderna Therapeutics Company: 

 



 12 

 

Figure 11:Moderna Summary Output  

From the figure above we can notice the following, the minimum closing price of Moderna 

company was 12.26, the maximum was 173.16. The mean is 42.89, the median is 22.60. 

 

 

Figure 12: Moderna Stock Price Variations of the three years 

Based on the figure above and as a general observation, we can say that the data is 

fluctuating with a  sharp increase that reaches a significant value of $173.16 in the beginning of 

the year 2021.  Just as the previous company, those fluctuating periods are due to the Covid 19 

impact and the start of vaccine production. 
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2.4 Arima Model Implementation: 

2.4.1 Moving Average Technique: 

b. The period chosen for this project is the weekly moving average that we plotted with the 

daily one. 

 

Figure 13: Moving Average Fragment Code 

 

2.4.1.1 Pfizer Company: 

 

2.4.1.2 Moderna Therapeutics Company: 

 
 

Table 1: Pfizer and Moderna Daily and Weekly Moving Average 

 

2.4.2 Decomposition of the Moving Average: 
 

The decomposition of the moving average consists of three components, which are the 

seasonality, the trend, and the reminder, in addition to our given data. The seasonality is basically 

the one that holds a repeated pattern at a fixed period. It is important to identify this seasonality 

since it should be removed to allow for a better forecast when using the ARIMA model. Next 
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comes the trend, which shows a general overview of the behavior of the given data points. 

Generally, the trend can be upward or downward. Finally, the remainder is the leftover data after 

the seasonality and trend have been separated. 

 

Figure 14: Moving Average Decomposition Fragment Code 

 

2.4.2.1 Pfizer Company: 

 

 

Figure 15:Pfizer Decomposed MA Visualization 

Based on the figure above, the seasonality of the Pfizer time series is highly significant. 

Concerning the trend, the latter exhibits a downward sloping trend followed by a positive one. 
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2.4.2.2 Moderna Therapeutics Company: 

 

Figure 16: Moderna Decomposed MA Visualization 

Based on the figure above, the seasonality of the Moderna time series is fluctuating and 

highly significant as well. The trend displays an upward slope trend.  

2.4.3 Stationarity Testing: 
 

Testing for stationarity is an important step of this capstone project. ARIMA deals with 

stationary time series only, hence it is important to test our given data and convert it to a stationary 

one if not already. For this end, the Augmented Dickey- Fuller (ADF) test needs to be performed. 

The ADF test takes the null hypothesis to be “non-stationary data”, by default. When the time 

series is found non stationary, a differencing operation needs to be executed d times, d being the 

differencing component of the ARIMA model, until the data becomes stationary based on this 

equation: 

 

𝑥𝑡: non-stationary data. 

𝑤𝑡 : stationary data left. 

 

Figure 17: Stationarity Testing 

2.4.3.1 Pfizer Company: 
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Figure 18: Pfizer Stationarity Testing Results 

Based on the figure above, P-value = 0.085, which is greater than 0.05. Therefore, we fail 

to reject the null hypothesis since the data is non-stationary.  

2.4.3.2 Moderna Therapeutics Company: 

 

Figure 19: Moderna Stationarity Testing Results 

Based on the figure above, P-value = 0.92, which is greater than 0.05. Therefore, we fail 

to reject the null hypothesis since the data is non-stationary. 

2.4.5 Auto-Correlation and Partial Auto-Correlation Functions: 
The auto-correlation (ACF) and the partial auto-correlation (PACF) functions are useful 

techniques used to check the stationarity of the data. In order to further confirm the non-stationary 

of our given data, we plotted ACF and PACF plots before the differencing operation. 

 

Figure 20: ACF and PACF Fragment Code 

The generated plots for each of the two companies are as follows: 

2.4.5.1 Pfizer Company: 

 2.4.5.1.1 ACF Plot: 

 

Figure 21:Pfizer ACF Outcome 
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Based on the graph generated by the ACF function, it is clear that the spikes are all above 

the 95% interval, represented by the blue dashed lines, and gradually decreasing. Hence our time 

series is non-stationary. 

 2.4.5.1.2 PACF Plot: 

 

Figure 22: Pfizer PACF Outcome 

The graph obtained from the PACF function suggests that only one spike, located at lag 1, 

is positive and above the 95% interval. This further indicates that our time series will be 

differenced only once, hence d=1.  

2.4.5.2 Moderna Therapeutics Company: 

2.4.5.2.1 ACF Plot: 

 

Figure 23:Moderna ACF Outcome 

Based on the graph generated by the ACF function, it is clear that the spikes are all above 

the 95% interval, represented by the blue dashed lines, and gradually decreasing. Hence our time 

series is non-stationary. 
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2.4.5.2.2 PACF Plot: 

 

Figure 24:Moderna PACF Outcome 

The graph obtained from the PACF function suggests that only one spike, located at lag 1, 

is positive and above the 95% interval. This further indicates that our time series will be 

differenced only once, hence d=1.  The ARIMA model becomes (p,1, q). 

2.4.6 Differencing: 
 
The differencing operation is performed as shown: 

 

Figure 25: Differencing Fragment Code 

After the differencing operation, the ADF test was performed again to reevaluate the time series 

data as follows: 

2.4.6.1 Pfizer Company: 

 

Figure 26: Pfizer Differencing Outcome 

The p-value obtained is less than 5%. The time series data is now stationary. 
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Figure 27: Pfizer Differencing Visualization 

Based on the plot generated, the time series data has become relatively stationary. Next is to 

execute the ACF and PACF tests to the newly stationary time series data as follows: 

 

Figure 28: Pfizer ACF Differenced Outcome 

 

Figure 29: Pfizer PACF Differenced Outcome 



 20 

2.4.6.2 Moderna Therapeutics Company: 

 

Figure 30: Moderna Differencing Outcome 

The p-value obtained is less than 5%. The time series data is now stationary. 

 

Figure 31: Moderna Differencing Visualization 

Based on the plot generated, the time series data has become relatively stationary. Next is to 

execute the ACF and PACF tests to the newly stationary time series data as follows: 

 

Figure 32: Moderna ACF Differenced Outcome 
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Figure 33: Moderna PACF Differenced Outcome 

 

2.4.7 Data Training and Testing: 
 
The data training and testing step is the most crucial part of this capstone project as it will allow 

us to compare and plot the predicted values of the ARIMA model and the actual ones. 

2.4.7.1 Pfizer Company: 

To be able to compare the predicted and actual data of the Pfizer Company, the time series 

data was split into two components. Pfe_test, which is the data that is going to be forecasted and 

compared with Pfe_train, which keeps the actual values of the imported data. 

 

Figure 34: Pfizer Data Training and Testing 

2.4.7.2 Moderna Therapeutics Company: 
To be able to compare the forecasted and actual data of the Moderna Company, the time 

series data was split into two components. Mrna_test, which is the data that is going to be 

forecasted and compared with Mrna_train, which keeps the actual values of the imported data. 

 

 

Figure 35: Moderna Data Training and Testing 

 

2.4.8 Auto Defined ARIMA Model: 
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In this portion of the project, the “auto.arima” function was used to allow the software to 

determine the optimal p and q parameters of the ARIMA (p,1,q). 

2.4.8.1 Pfizer Company: 

 

Figure 36: Pfizer Auto Defined ARIMA Fragment Code 

 

 

Figure 37: Pfizer Auto Defined ARIMA Model Output 

The optimal ARIMA model given by the machine is ARIMA (1,1,0), where the number of 

time lags is equal to 1, the differencing is 1, and the moving average is equal to 0. The figure below 

illustrates our (1,1,0) model residuals meaning the difference between the actual and forecasted 

data of Pfizer. The equation of our ARIMA (1,1,0) model is the following: 

 

𝒀𝒕 −  𝒀𝒕−𝟏 = 𝟎. 𝟖𝟓𝟗𝟏(𝒀𝒕−𝟏 −  𝒀𝒕−𝟐) +  𝜺𝒕 

 



 23 

 

Figure 38: Pfizer ARIMA Model Residuals  

2.4.8.2 Moderna Therapeutics Company: 

 

Figure 39: Moderna Auto Defined ARIMA Fragment Code 

 

 

Figure 40: Moderna Auto Defined ARIMA Model Output 

The optimal ARIMA model given by the machine is ARIMA (2,1,2), where the number of 

time lags is equal to 2, the differencing is 1, and the moving average is equal to 2. The figure  
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below illustrates our (2,1,2) model residuals meaning the difference between the actual and 

forecasted data of Moderna. The equation of our ARIMA (2,1,2) model is the following: 

 

𝒀𝒕 −  𝒀𝒕−𝟏 = 𝟏. 𝟔𝟗𝟎𝟒(𝒀𝒕−𝟏 −  𝒀𝒕−𝟐) − 𝟎. 𝟕𝟖𝟒𝟖(𝒀𝒕−𝟐 −  𝒀𝒕−𝟑) − 𝟏. 𝟎𝟐𝟑𝟐 𝜺𝒕−𝟏

+ 𝟎. 𝟑𝟏𝟔𝟓𝜺𝒕−𝟐 + 𝜺𝒕 

 

 

Figure 41: Moderna ARIMA Model Residuals  

2.4.9 Data Forecast: 

 

Figure 42: Data Forecast Fragment Code 
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2.4.9.1 Pfizer Company: 

To be able to forecast the line in blue, we will use the stationary time series data that 

was previously differenced as shown in the figure below: 

 

Figure 43: Pfizer ARIMA Forecast  

In the graph above, we can see that the firm Pfizer’s forecast seems to be growing before 

stabilizing. Because the seasonal component was separated from the time series, the data appears 

to be smooth in the graph. The most probable prediction is depicted by the blue line, along with 

the 80 percent and 95 percent confidence intervals. One can see that this forecast is somewhat 

growing at the start to ultimately become stable.  

Following the conversion of the forecasted numbers to prices , we arrived at the following table: 
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Figure 44: Pfizer Forecast Converted to Data 

Based on the figure above, the forecasted price of Pfizer ranges from 34 dollars to 36 dollars.  

 

2.4.9.2 Moderna Therapeutics Company: 

To be able to forecast the line in blue, we will use the stationary time series data that was 

previously differenced as shown in the figure below: 
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Figure 45: Moderna ARIMA Forecast  

 

Based on the plot above, the forecast of Moderna appears to be drastically increasing. The 

data looks smooth in the graph because the seasonal component was separated from the time series. 

The blue line represents the most likely forecast, along with the 80 percent and 95 percent 

confidence intervals. We can see that the 7 months’ prediction recorded a slight increase followed 

by a decrease at the beginning to finally become steadily increasing. 

Following the conversion of the forecasted numbers to prices , we arrived at the following table: 
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Figure 46: Moderna Forecast Converted to Data 

 

Figure 47: Moderna Forecast Converted to Data 2 

Based on the two figure above, the forecasted price of Moderna ranges from 69 dollars to 92 

dollars. 
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2.5 Garch Model Implementation: 

2.5.1 Daily return: 
 
 Unlike ARIMA model, GARCH model does not use time series data of a stock for modelling, 

rather it converts it to daily return data as follows: 

 

 

Figure 48: Daily Return Fragment Code 

 

 

Figure 49: Moderna Daily Returns Output 

Figure 49 depicts a sample of Moderna’s daily return data after the conversion.  The function 

“return [-1]” was used to remove the non-existing data of the first row. 
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2.5.1.1 Pfizer Company: 

 

Histogram of Return Normal Distribution Graph 

 
 

Table 2: Pfizer Histogram and Normal Distribution Graph 

The histogram above seems to have a symmetric distribution with an average daily return close 

to zero.  When comparing the normal distribution graph to the histogram, the curve of return in 

red seems to be a bit taller as well as the curve in green. This means that there are days were the 

actual returns are higher or lower than the predicted ones in a normal distribution.   

 

Figure 50:  Pfizer Returns Data Visualization 
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Figure 50 confirms that our given data is stationary since there is no trend or seasonal components. 

However, our data seems to have a lot of fluctuations in some periods especially around March/ 

April 2020 this means that there was a high variability or volatility in the market during that period. 

2.5.1.2 Moderna Therapeutics Company: 

Histogram of Return Normal Distribution Graph 

  

Table 3: Moderna Histogram and Normal Distribution Graph 

The histogram above seems to have a symmetric distribution with an average daily return close to 

zero. When comparing the normal distribution graph to the histogram, the curve of return in red 

seems to be a bit taller as well as the curve in green. This means that there are days were the actual 

returns are higher or lower than the predicted ones in a normal distribution.   

 

Figure 51: Moderna Returns Data Visualization 
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Figure 51 confirms that our given data is stationary since there is no trend or seasonal components. 

However, our data seems to have a lot of fluctuations in some periods especially around March/ 

April 2020 this means that there was a high variability or volatility in the market during that period. 

 

2.5.2 Annualized Volatility: 
To capture the volatility in the market of both companies (Pfizer and Moderna) we used the 

standard deviation function “sd”. To get the annualized volatility we multiplied the standard 

deviation with square root of 252, which represents the number of trading days in a year. 

 

Figure 52: Annualized Volatility  Fragment Code 

 

2.5.2.1 Pfizer Company: 

 

Figure 53: Pfizer Annualized Volatility of the three years 

For our given data set we got a volatility of 1.78%. However, when calculating the annualized 

volatility of each year separately, we obtained the following results (figure 53). It is clear that the 

year where the volatility was at its highest is 2020, which coincides with the apparition of the 

corona virus and start of the pandemic. 

The Pfizer’s yearly volatility is captured in figure 54. In this graph we can see that there are periods 

of high and low volatility; moreover, we can see that the volatility was at its highest in the period 

of March, April and May 2020, which confirms that the market was indeed highly volatile. 
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Figure 54: Pfizer Yearly Volatility Visualization 

2.5.2.2 Moderna Therapeutics Company: 
 

 

Figure 55: Moderna Annualized Volatility of the three years 

For our given data set we got a volatility of 5.25%. However, when calculating the annualized 

volatility of each year separately, we obtained the following results (figure 55). It is clear that the 

year where the volatility was at its highest is 2020, which coincides with the apparition of the 

corona virus and start of the pandemic. 

The Moderna’s yearly volatility is captured in figure 56. In this graph we can see that there are 

periods of high and low volatility; moreover, we can see that the volatility was at its highest in the 

period of March, April and May 2020, which confirms that the market was indeed highly volatile. 
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Figure 56: Moderna Yearly Volatility Visualization 

 

2.5.3 Standard GARCH Model Implementation: 
 
Now comes the critical part, which is to figure out which Garch model is best for our returns data. 

A trial and error step was done to three different models namely, sGARCH with sstd, sGARCH 

with norm, GJR-GARCH. The adequate model is determined based on five different criteria: P 

value < 5, lowest information criteria, LJung-Box test for standardized residuals and squared 

residuals, Goodness of fit test. After running the tests, it seems that the best model is the sGARCH 

with sstd model for both Pfizer and Moderna companies. 

I took the example of Moderna Company for the following plots since the results were similar. 

 

   Figure 57: Garch Model Fragment Code 
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Figure 58: Garch Model Implementation Output 

Based on figure 58, P values of all the parameters are less than 5% , which means that there are 

highly significant.  

 

 

Figure 59: Garch Model Information Criteria 

Information Criteria helps us avoid choosing unnecessary complex models. The sGarch sstd 

model had the lowest value for information criteria out of the three models. 
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Figure 60: Garch Model Ljung-Box Test 

Based on figure 60, p-values of both Ljung-Box Test are greater than 0.05. Hence we do not reject 

the null hypothesis H0, which states that there is no serial correlation. Furthermore, we can say 

that the standardized squared residuals behave like white noise sequence. 

 

Figure 61: Garch Model Goodness-of-Fit Test 

As for the Goodness-of-fit Test, the p-value of the four parameters should be greater than 0.05, 

which is our case in both companies. 

2.5.4 Return GARCH Equation: 
 

 
2.5.4.1 Pfizer Company: 

 

𝝈𝒕
𝟐 = 𝟎. 𝟎𝟎𝟎𝟎𝟏𝟑 + 𝟎. 𝟏𝟔𝟐𝟎𝟖𝟒 𝑿𝒕−𝟏

𝟐 + 𝟎. 𝟖𝟎𝟕𝟗𝟎𝟓 𝝈𝒕−𝟏
𝟐   

 

2.5.4.2 Moderna Therapeutics Company: 

 

𝝈𝒕
𝟐 = 𝟎. 𝟎𝟎𝟎𝟐𝟒𝟖 + 𝟎. 𝟏𝟒𝟑𝟐𝟑𝟓 𝑿𝒕−𝟏

𝟐 + 𝟎. 𝟕𝟔𝟒𝟗𝟎𝟖 𝝈𝒕−𝟏
𝟐   
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2.5.5 Plots: 
 
We made use of the function “garchfit” that allow us to plot up to twelve different functions as 

seen in the figure below: 

 

Figure 62:Garchfit Output  

2.5.5.1 Pfizer Company: 

We decided to explore the most important graph out of the twelve shown above. 

  

Conditional SD (vs |returns|): 

 

Series with 2 Conditional SD 

Superimposed: 

 

  

Table 4: Pfizer Conditional SD and 2 Conditional SD Superimposed 
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As shown in the figure on the right, we can see the absolute values of returns along with the 

standard deviation represented by the line in blue. The figure in the left represents our given series 

of returns with two conditional standard deviation superimposed represented in red. These two red 

lines include about 95% of the data on returns. 

2.5.5.2 Moderna Therapeutics Company: 

 

Conditional SD (vs |returns|): 

 

Series with 2 Conditional SD Superimposed: 

 

  

Table 5:Moderna Conditional SD and 2 Conditional SD Superimposed 

 

The figure on the right shows the absolute values of returns along with the standard deviation 

represented by the line in blue. The figure on the left represents our given series of returns with 

two conditional standard deviation superimposed represented in red. These two red lines include 

about 95% of the data on returns. 

2.5.6 Forecast: 
To forecast the volatility of our model we used the function “ugarchforecast” as follows: 

 

 

Figure 63: Forecast Fragment Code 
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For Pfizer company we got the following plot in figure 64. As we can see it is expected that the 

variability will be increasing, which means that for the upcoming months the volatility will 

increase. However, the Moderna’s plot generated depicts a decrease in the volatility in figure 65. 

 

Figure 64: Pfizer Volatility Forecast Visualization 

 

 

Figure 65: Moderna Volatility Forecast Visualization 



 40 

CHAPTER 3: RESULTS AND COMPARISON: 

3 .1 ARIMA model: 

3.1.1 User defined vs Auto defined of Pfizer: 
 
To further show the accuracy of the ARIMA model (1,1,0), we built a user defined ARIMA 

model using the same previous steps above with parameters (5,2,4) as shown below: 

 

 

Figure 66: Pfizer User Defined ARIMA Model Fragment Code 

 

 

Figure 67: Pfizer User Defined ARIMA Model Visualization 
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Figure 68: Pfizer User Defined ARIMA Forecast Converted to Data 

 

As we can see in figure 67, the blue line of the forecasted data appears to be increasing, however; 

the actual data in red is decreasing and falls outside of the 95% and 80% confidence intervals. 

Moreover, figure 68 shows a sample of the forecasted data converted into price. As seen above, 

the highest stock price equals $43.98, which is not equal to the prices given by the model ARIMA 

(1,1,0) in figure 44.  Hence the user defined ARIMA (5,2,4) model does not provide us with an 

accurate forecast. 

 

3.1.1.1 Forecasted vs Actual Data of ARIMA (1,1,0): 

 
Stock prices for Pfizer are shown in the plot below, along with forecasts in blue we made in the 

earlier phase of this research, and real data in red from Yahoo! Finance website. The actual data 

appears to show greater variations since it is a moving average compared to a stationary one. One 

can see, however, that the existent data falls inside the predicted scope. This proves that we made 

a correct 7 months’ prediction starting July 2020. 
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Figure 69: Pfizer ARIMA (1,1,0) Forecast 

 

3.2.1 User defined vs Auto defined of Moderna: 
 
To further show the accuracy of the ARIMA model (2,1,2), we built a user defined ARIMA 

model using the same previous steps above with parameters (5,2,4) as shown below:  

 

 

Figure 70: Moderna User Defined ARIMA Model Fragment Code 
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Figure 71: Moderna User Defined ARIMA Model Visualization 

 

Figure 72 Moderna User Defined ARIMA Forecast Converted to Data 

As we can see in figure 71, the blue line of the forecasted data appears to be increasing, however; 

the actual data in red is decreasing and falls outside of blue interval. Moreover, figure 72 shows a 

sample of the forecasted data converted into price. As seen above, the highest stock price equals 
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$207.03, which is not equal to the prices given by the model ARIMA (2,1,2) in figure 46.  Hence 

the user defined ARIMA (5,2,4) model does not provide us with an accurate forecast. 

 

3.2.2.1Forecasted vs Actual Data of ARIMA (2,1,2): 

Stock prices for Moderna are shown in the plot below, along with forecasts in blue we made in the 

earlier phase of this research, and real data in red from Yahoo! Finance website. The actual data 

appears to show greater variations since it is a moving average compared to a stationary one. One 

can see, however, that the existent data falls inside the predicted scope. This proves that we made 

a correct 7 months’ prediction starting July 2020. 

 

 

 
 

Figure 73 Moderna ARIMA (2,1,2) Forecast 

 

3.2 GARCH Model: 

The simulation of our forecast was done using this fragment of code in figure 74. We 

used the function “ugarchforecast” to give us the forecasted volatility. Here I gave the example 

of Pfizer. 
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Figure 74: Ugarchforecast Fragment Code 

3.2.1 Volatility Forecast: 
 

3.2.1.1 Pfizer Company: 

 

 

Figure 75: Pfizer Volatility Forecast 

 

Based on figure 75, the volatility of Pfizer is expected to increase in 2021.  
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the simulated returns of Pfizer for 135  

days in 2021 

 the simulated volatility of Pfizer for 135 days in 2021 

  

Table 6: Pfizer Simulated Returns and Volatility   

3.2.1.2 Moderna Therapeutics Company: 

 

 

Figure 76: Moderna Volatility Forecast 

On the contrary, Moderna’s volatility is expected to decrease in 2021. 
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the simulated returns of Moderna for 141  

days in 2021 

 the simulated volatility of Moderna for 141 days in 

2021 

  

Table 7: Moderna Simulated Returns and Volatility   

 

3.2.2 Stock Price Conversion: 
To get a more accurate forecast, we converted the returns to actual stock price by using the last 

value, $61.58 as an example of Moderna Company, and the “apply” function as follows: 

 

 

Figure 77: Volatility Forecast converted to Data Fragment Code 

 

 

 

 

 

 

 



 48 

3.2.2.1 Pfizer Company: 

  

Figure 78 & 79: Pfizer Volatility Forecast converted to Data Output 

 

Figures 78 and 79 depicts a sample of the forecasted Pfizer’s stock price. As we can see the data 

ranges from $33.81 to $47.08. Figure 80 illustrates the Pfizer forecasted volatility.  

 

Figure 80: Pfizer Volatility Forecast 
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3.2.2.2 Moderna Therapeutics Company:  

 

  

Figure 81 & 82: Moderna Volatility Forecast converted to Data Output 

Figures 81 and 82 depicts a sample of the forecasted Moderna’s stock price. As we can see the 

data ranges from $56.98 to $121.40. Figure 83 illustrates the Moderna forecasted volatility. 

 

Figure 83: Moderna Volatility Forecast 
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3.2.3 Experimental Results: 
After obtaining data from both the ARIMA and GARCH models and reviewing each's properties 

in depth, it's now time to compare the two techniques in the most precise manner possible. 

Auto Regressive Integrated Moving 

Average (ARIMA) 

Generalized Auto Regressive Conditional 

Heteroscedasticity (GARCH) 

Imposes a specific structure of the conditional 

mean. 

Imposes a specific structure of the conditional 

variance. 

Volatility needs to be constant. Requires changes in the volatility. 

  

Forecasts the price of a stock.  Forecasts the volatility of a stock. 

Uses time series data. Uses returns data. 

Table 8: ARIMA and GARCH Comparison 

 

As we saw, ARIMA model is capable of capturing data variability and smoothing it out by 

correcting for undesirable tendencies, the same way GARCH is employed and most effective with 

extremely volatile data. Unlike ARIMA, which generates a variable at a specified phase interval 

based on its preceding variable plus a random term, GARCH model determines the volatility at a 

given point by the volatility at that point in time in the past and a random variable.  

3.2.4 Accuracy Testing: 
We used the function “accuracy()”, that provides us with the Mean Absolute Percentage Error 

(MAPE) and the Root Mean Square Error (RMSE), which are two criterion used for forecast 

accuracy. The smaller the two values the more accurate is our model. In this project we tested for 

ARIMA model. 

 

3.2.4.1 Pfizer Company:

 

 

3.2.4.2 Moderna Therapeutics Company: 
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As we can see, both values MAPE and RMSE of both companies are very low, which proves the 

accuracy of our ARIMA model and thus conclude that ARIMA gives a better forecast of stock 

price. 

To further confirm our findings, we will compare the real values obtained from the Yahoo! 

Finance website to the predicted values obtained from the models and calculate their percentage 

accuracy. Table 7 shows the comparison of the two models of the first 10 stock price. 

 

3.2.3.1 Pfizer Company: 

ARIMA MODEL GARCH MODEL 

  

Table 9: ARIMA and Garch Pfizer Stock Price 

As we can see ARIMA model gives more accurate price forecast as compared to GARCH model. 

3.2.3.2 Moderna Therapeutics Company: 

ARIMA MODEL GARCH MODEL 

 
 

Table 10: ARIMA and Garch Moderna Stock Price 

Similarly, ARIMA model gives a more accurate price forecast as compared to GARCH model. 

 

As a conclusion, even though GARCH could generate a volatility forecast of both companies, it 

failed to give an accurate volatility prediction for Moderna’s company. On the other hand, ARIMA 

succeeded in giving the best and most accurate forecast of both companies.  
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CHAPTER 4: CONCLUSION AND FUTURE 

WORK: 

4.1 Conclusion: 

Due to the greatly increased pace of technology innovation and the associated rise in the volatility 

of the market, numerous approaches and techniques have evolved in the financial markets, all of 

which are aimed at producing the most accurate forecasts possible. Not to mention the Covid-19 

global pandemic that created instabilities within the pharmaceutical sectors. This reports was 

effective in doing a research on the American pharmaceutical market utilizing the stock prices of 

Pfizer and Moderna  within the time limit specified for this capstone project. 

Throughout this study, ARIMA, which is a frequently used statistical model, was examined and 

compared against the GARCH model to see which performed better. In order to evaluate which 

model provides a more accurate prediction, both statistical models were compared. After 

uncovering and examining the benefits and limits of each of the two models, we can see that, the 

Covid-19 pandemic did have a negative impact by increasing the volatility of the pharmaceutical 

market. On the other hand, despite the fact that the GARCH model provides a better forecast of 

volatility, the ARIMA model was able to provide a more accurate prediction of stock prices.  

4.2 Future Work: 

It is clear that ARIMA is the best forecasting method; however, it is unable to handle changes in 

variance over time. In order to overcome some of the shortcomings of this ARIMA model and 

improve its effectiveness, further research and applications in the area are necessary. One way to 

do so is the combination and creation of the ARIMA- GARCH model, which consists of two steps. 

The first one being the use of the best ARIMA model in terms of stationary and linear time series 

data as well as the inclusion of the non-linear component in the linear model's residuals. Then 

comes the implementation of the GARCH model, which gives the nonlinear residuals patterns. 

This hybrid ARIMA- GARCH model will be able to investigate and forecast stock returns [26]. 
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STEEPLE ANALYSIS: 

Socio-Economic: 

On the short term, this project will have a huge impact on the society in the sense that it will inform  

and encourage people in general to invest in the stock market, get more profit and risk less. On the 

long term, it might increase the country’s progress by avoiding major financial crisis and helping 

its economic development. 

Technological: 

The technological factor of this project is the use of a software. Indeed, two software were used to 

work with the statistical models and forecast volatility, namely R studio and Excel. The field of 

technology plays an important role in finance since it is possible for the data to be added and 

reevaluated each and every time. 

Environmental: 

This project has no direct environmental impact since it deals with the financial sector only. 

Political: 

The stock market movement is closely impacted by the political climate of a nation and volatility 

forecasting might be a useful tool to make predictions about that climate. In other words, accurate 

forecasting that lead to market stability can assure political stability. 

Legal: 

The data gathered in this capstone project was entirely used under protection regulations, such that 

no information was obtained unlawfully or without the agreement of the institution concerned. 

Ethical: 

the ethical approach of volatility prediction can be applied in a variety of financial fields. Indeed, 

there are several ways in which it contributes to society, all within ethical parameters. 
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