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Abstract: The capital asset pricing model (CAPM) is a highly useful and relatively simple 

equation used in this study for calculating the volatilities, also known as beta, of different 

stocks in four different industries in the S&P 500 Index and a 1-year T-Bill. The beta values 

of the stocks in each industry were added together to find the total beta for each industry. An 

overall decreasing trend in industry beta values near the end of the 2022 can be seen for 

banking and media & entertainment, while transportation increased a little and retail remained 

relatively constant, with transportation having beta values closest to one. Changes in 

industries with beta values near one will better reflect the overall market, as the market’s beta 

is assumed to be one. The purpose of this research is to compare the risks and sensitivities of 

these four industries after the COVID pandemic, and the results show that as the pandemic 

subsides, beta values have begun to shift closer towards one. 
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1. Introduction 

The capital asset pricing model (CAPM) is the relationship between investment risk and expected 

return for stocks [1]. In the CAPM formula, 𝑅𝑖 is the rate of return of a given stock, while 𝑅𝑚 is the 

rate of return of the market. 𝑅𝑓 is the risk-free rate of return, a guaranteed return for an investment 

with zero risk [2]. Usually, the current Treasury bill (T-bill) is used for the risk-free rate. This is 

because T-bills are backed by the government, therefore having close to zero risk [3]. The beta (ß) 

value is the sensitivity of a stock to returns on the market, always estimated based on an equity market 

index [4]. The CAPM formula was chosen for our research because of its simplicity and easily 

comparable results. 

It is important for investors to know the risk level they will be taking on when making any 

investment decision. In our research, we focused on the investment of stocks, where the risk is largely 

due to the volatility of the stock. Therefore, it was decided to calculate the beta values of stocks in 

four different industries, comparing their volatilities to each other and to the market, S&P 500, to see 

the different risks involved in investing in each of them. The time period was selected because of the 

recent pandemic, which likely has an effect on the sensitivities of the stocks. The purpose of this 

article is to see the effects of the COVID pandemic on the sensitivities of different industries, or how 

COVID could have impacted their beta values. 
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2. Literature Review 

The financial study of beta values of different industries and stocks is important for investment 

decision-making, allowing investors to gauge the risk and reward of investing in a given stock. This 

research involves using asset-pricing models, including CAPM, to solve for beta. Analyzing beta 

values can not only be used for investment decision-making but can also give the researcher insight 

on different industries and on the current state of the market. CAPM was first proposed by William 

Sharpe, Jack Treynor, John Lintner and Jan Mossi in the early 1960s. 

Over time, there has been debate over the reliability of CAPM for investment decision-making. In 

the article written by Ante Perković in 2011 [5], research is done using the Croatian market to test 

beta and the concept of CAPM, to find a correlation between beta and return. The results show that 

there is no relationship between the beta and return, likely because of the nature of the CAPM formula: 

that it is only for portfolios and does not include individual securities. However, the opposite result 

is seen in another article written by Ralf Elsas, Mahmoud El-Shaer, and Erik Theissen in 2003 using 

the German stock market [6]. They explained their differing results from previous research that found 

no relationship because the average market risk premium had been close to zero. Despite these 

differences in results about the reliability of CAPM and of the beta value itself, CAPM is continuously 

used to measure volatilities of different stocks, sectors, indexes, and industries over time, giving it a 

certain degree of credibility for current and future research. 

In both the papers written by Chris Tofallis [7] and Enny Istanti & Bramastyo Kusumo Negoro 

[8], linear regression (or line of best fit) is used to find beta values. The type of regression Istanti and 

Negoro use is multiple linear regression, their results showing that earnings per share and financial 

leverage have no significant effect on the beta while asset growth does have a significant effect on 

beta. Tofallis uses a different line fit that is both more reliable and easier to understand to find an 

“alternate” beta, which his research found to be the equivalent excess rates of returns, corresponding 

exactly to the relative volatility of an investment, one of the interpretations commonly included with 

the concept of beta. Similar to Tofallis, in the paper written by Vincent J. Hooper, Kevin Ng, and 

Jonathan J. Reeves [9], the goal is to lower the error of beta forecasts, finding that the AR(2) model 

has half the error of that of the constant beta model. These articles show that although CAPM and 

beta may not be as reliable, there can be great improvements made to the calculation method for both 

to increase reliability and reduce error, even making calculation easier than before. 

Jiawei Hong, Xiaojian Yu, Weilin Xiao, and Xili Zhang [10] used 27 alternate methods for 

estimating beta in the Chinese stock market, finding negative returns in the portfolio analysis, likely 

due to the market’s restricted short-selling, leading to the underperformance of stocks in the market. 

They look to find a way to explain future stock returns. Reza Bradrania, Jose Francisco Veron, and 

Winston Wu [11] studied the relationship between the beta anomaly and stock quality in international 

stock markets, finding a statistically significant beta anomaly in low-quality stocks and no beta 

anomaly in high-quality stocks in both portfolio and regression analyses. Similarly, they look for a 

relationship between the quality of stocks, the beta anomaly, and the returns of the stocks. 

Finally, the paper written by Syed Mohammad Faisal, Ahmad Khalid Khan, and Omar Abdullah 

Al Aboud [12] looks to find beta in order to create awareness about risk in investment decisions. They 

also use CAPM to find beta values in the Indian market for infrastructure, healthcare, and software 

due to the high demands in those three sectors. Our research is most similar to theirs, although we 

selected four industries rather than only three. Historical data (a time series) was also used for their 

calculations, although it was a longer series and therefore likely to be more accurate than the results 

discussed in this paper. 

CAPM is a simple and useful equation for getting general ideas of the risks in investing in different 

industries, although its reliability and accuracy is still open to future research. The beta value itself 
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seems to be under constant research as well, as more and more alternative methods are found and 

created to find these beta values in a simpler and/or more accurate way than before. The analysis of 

both the calculation method and the beta values themselves can be highly useful for future investment 

decisions, reducing individual losses of investors and increasing accuracy of predictions of future 

returns of a stock or industry. 

3. Methodology 

3.1. Selection of Market, Risk-Free Rate, and Time Period 

The authors chose the S&P 500 Index (Bloomberg ticker: SPX) for calculating 𝑅𝑚 because it is one 

of the most representative equity market indices in the US capital market, including the leading 

companies across different sectors both in and outside the US. The large transaction volume per day, 

well-diversified institutional investors, and its long history indicate that the market should be 

relatively close to the market with efficient market assumption in CAPM model theory. The return of 

SPX could be a reference benchmark during comparison of specific sectors. 

The authors chose the 1-year T-bill for our 𝑅𝑓 since we are doing research in the US market, and 

therefore the government bonds issued by the US government should be the most appropriate 

candidate. In theory, T-bill should be risk-free given its government-backed nature. 1-year was the 

tenor because our research time period is from January 31, 2022 to December 31, 2022. 

The authors selected the year of 2022, where each month would have a calculated beta value. 

However, to use linear regression, a time series was used stretching back to three years, from 2019 to 

2022. For example, if the beta for January 31, 2022 was being calculated, the time series would be 

from January 31, 2019 to January 31, 2022. 

3.2. Selection of Industries and Stocks 

The authors selected four industries: transportation banking, retail, and media and entertainment. 

These four industries were chosen because they are not closely related and therefore will not be 

largely affected by each other. For example, if consumer spending increases in the retail industry, the 

media and entertainment industry’s prices are not likely to increase or decrease as a result. 

The authors found the data for each industry in Bloomberg and Capital IQ. For transportation and 

banking, the top 100 companies based on market cap were selected. The selection criteria is based on 

the Bloomberg Industry Classification System (BICS) Level 2 industry classification standard, as 

well as the Ratings Direct industry standard (Capital IQ). After the preliminary selection, the ones 

that went IPO, delisted, or suspended trading in 2022 (therefore lacking the full price data needed to 

calculate beta) were removed. Table 1 shows the resulting numbers of companies selected in each of 

the sectors: 

Table 1: The chosen industries and number of companies for each industry. 

Industry Number of Companies 

Transportation 114 

Banking 100 

Retail 125 

Media & Entertainment 42 

3.3. Single Stock Beta Calculation 

In our research, the historical return of single stock 𝑖 is calculated by the capital gain of a single stock 

within a certain period: 
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𝑅𝑖 = (𝑃𝑡 − 𝑃𝑡−1)/𝑃𝑡−1 

where 𝑅𝑖 is the rate of return, 𝑃𝑡 is the price of the current day, and 𝑃𝑡−1 is the price of the previous 

day. 

As an estimation exercise, monthly frequency was used in this paper to balance the efficiency and 

accuracy. The price at the end of each month was used to calculate the 𝑅𝑖 in a single month and 

annualize the calculated return by multiplying 12. The 𝑅𝑚  (return rate of the market, SPX) is 

calculated the same way. Then, each stock’s respective beta values were calculated using the CAPM 

formula in a spreadsheet. The CAPM formula is stated as: 

𝐸(𝑅𝑖) − 𝑅𝑓 = ß𝑖 ∗ (𝐸(𝑅𝑚) − 𝑅𝑓) 

Since beta is a description of the elasticity between the extra stock return and the extra market 

return, the beta is estimated (i.e. the slope of the above formula) by doing regression of extra historical 

return of a single stock 𝑖 (𝑅𝑖 − 𝑅𝑓) versus that of the capital market (𝑅𝑚 − 𝑅𝑓). This is calculated by 

linear regression function (i.e. the LINEST function in Microsoft Excel), where the y-value is 𝑅𝑖 −
𝑅𝑓, the x-value is 𝑅𝑚 − 𝑅𝑓, and the y-intercept is 0. The time series was lengthened back to as long 

as three years (36 data points, one for each month) for the regression. For example, to calculate the 

beta for one stock in January 2022, linear regression was done between the extra historical return of 

that stock from January 2019 to January 2022, and that of the capital market over the same period. 

3.4. Industry Beta Calculation 

Once the beta value was calculated for all stocks over the research period, the weighted beta was 

calculated using the formula below: 

ß𝑖𝑤 = (ß𝑖 ∗ 𝑀𝐾𝑃𝑖)/𝑀𝐾𝑃𝑇, 

where ß𝑖𝑤 is the weighted beta of the stock 𝑖, ß𝑖 is the raw beta value of the stock 𝑖, 𝑀𝐾𝑃𝑖 is the 

market capital of the stock on the given date, and 𝑀𝐾𝑃𝑇 is the total market capital of the industry on 

the given date, calculated by adding the market cap of all stocks in the industry on the given date. 

Market cap was used to weight the betas because market cap is a measure of what a company is worth 

in the market, and also a representation of how much a single stock’s price can affect the market price. 

For example, if the market cap of one stock was 10 and the market cap of another stock was 100, the 

second stock would affect the market price more than the first stock. 

The beta for the entire industry 𝑘 for a specific month in 2022 was then calculated by adding the 

weighted betas of each stock in the respective month: 

ß𝑘 = 𝛴ß𝑖 

4. Results 

Based on the methodology described earlier, for each of the industries, there are 12 data points as 

output. As our research covers four industries, the total number of data points is 48. Table 2 shows 

the beta values of each month in 2022 of the four industries selected for research. Overall, the media 

and entertainment industry has the highest beta values, while the retail industry has the lowest beta 

values. 
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Table 2: Calculated Beta on Four Industries through 2022 Full Year 

Date Retail M&E Transport Bank 

Jan 2022 0.766 1.418 1.110 1.225 

Feb 2022 0.769 1.358 1.080 1.204 

Mar 2022 0.777 1.302 1.069 1.165 

Apr 2022 0.769 1.341 1.049 1.179 

May 2022 0.757 1.286 1.043 1.157 

Jun 2022 0.738 1.293 1.016 1.163 

Jul 2022 0.714 1.265 1.028 1.146 

Aug 2022 0.737 1.276 1.018 1.131 

Sep 2022 0.734 1.243 1.009 1.096 

Oct 2022 0.731 1.215 1.041 1.126 

Nov 2022 0.729 1.204 1.053 1.121 

Dec 2022 0.741 1.204 1.040 1.121 

 

Table 3 shows the descriptive statistics for the beta values of the four industries, including the 

mean and standard error. The mean values of each industry indicate the general sensitivity of the 

industry’s stocks in 2022, while standard error points to the possible difference between our research 

values and the true values of the betas. 

Table 3: Descriptive Statistics for Table 2 

Descriptive 

Stats 
Retail M&E Transport Bank Total 

Mean 0.747 1.284 1.046 1.153 1.057 

Standard Error 0.006 0.019 0.008 0.011 0.029 

Median 0.740 1.281 1.042 1.152 1.103 

Mode NA NA NA NA NA 

Standard 

Deviation 
0.020 0.065 0.029 0.037 0.204 

Sample 

Variance 
0.000 0.004 0.001 0.001 0.042 

Kurtosis -1.213 0.090 0.749 -0.132 -0.919 

Skewness 0.098 0.636 0.887 0.531  -0.461 

Range 0.063 0.214 0.101 0.129 0.704 

Minimum 0.714 1.204 1.009 1.096 0.714 

Maximum 0.777 1.418 1.110 1.225 1.418 

Sum 8.962 15.405 12.557 13.835 50.759 

Count 12 12 12 12 48 

 

Figure 1 shows the beta values of the four industries in a linear format for simpler comparison 

purposes. The beta values of the transport industry are closest to 1, and it is clear that the retail 

industry’s stocks have the lowest sensitivity, while media and entertainment stocks have the highest 

sensitivity. 
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Figure 1: Calculated Beta through Linear Regression (2022) 

5. Discussion 

From the above regression results, we have the following findings: 

1. The beta for each of the four industries is located in its specific interval without crossing over 

with that of other industries. As beta of a specific sector is a measure of the elasticity of its risk 

premium compared with that of the broad capital market, this result reflects the uniqueness of each 

sector’s performance during market turbulence. 

2. Among the four sectors, media & entertainment exhibits the highest betas, followed by banks, 

transportations, and finally retail. Given our data timeline (Jan 2019 to Dec 2022) covers mainly the 

COVID-19 timeframe, the relative size of beta reflects the vulnerability level of the specific sector 

during the pandemic. 

For example, the retail sector’s performance is closely linked to the consumption demand, which 

was deeply discouraged during the pandemic because of the restrictions on mobility. This in turn 

constrained the sector’s performance during the stock market rally in 2020 when the Fed was injecting 

liquidity through expansionary monetary policies since early 2020. 

Similar observations can be found in the transportation sector, in which passenger traffic was 

severely disrupted during the pandemic, while partially offset by the surging financial performance 

of the marine shipping sector due to the capacity constraint in 2022. 

As for media & entertainment, it was generally outperforming the market as people’s leisure 

activities were partially transferred to online entertainment during the pandemic. This in turn supports 

the strong growth of the monthly active users of the online entertainment platforms, as well as the 

traditional broadcasting sectors because people spent more time on consuming the contents. 

Lastly, banks as the representative of the financial sector show moderate elasticity between M&E 

and transportation, indicating its relative neutrality among the four sectors. 

3. All betas except that of the retail sector from Jan 2022 to Dec 2022 are generally moving 

down towards 1.0, meaning that the sector’s performance is steering towards that of the broad capital 

market. This observation is in tandem with the contradictory global financing condition last year that 

central banks globally including the Fed are raising the fund rates several times to control inflation. 

The media & entertainment sector recorded the largest drop in beta from Jan 2022 to Dec 2022. 

This is possibly due to the global reopening after the spread out of the more infective yet less fatal 

XBB variant that made the governments to lift most mobility restrictions. As such the demand for 

digital contents post-pandemic is normalized to pre-pandemic level.  

We also observed gradual termination of relief packages introduced by central banks during the 

pandemic. Since then, the banks were facing asset quality deterioration and provisioned more non-

performing loans after the end of the loan moratorium. This negatively affected the bank’s financial 

Proceedings of the 2nd International Conference on Financial Technology and Business Analysis
DOI: 10.54254/2754-1169/82/20230741

69



 

 

performance. Having said that, the rate-hike environment is generally credit positive to the banking 

sector, as it should help improve the bank’s profitability, reflected from their larger net interest margin. 

This should partially offset the asset quality deterioration and make the beta of the sector still above 

1.0 by the end of 2022. 

The retail and transportation sector are less sensitive to the rate hike, as they were already 

discouraged by the mobility restrictions throughout the pandemic. The surging inflation since the 

early 2022 continued to erode the demand recovery and caused the severe backdrop of international 

trades in 2022, making the two sectors’ betas move in less degree over the year. 

6. Conclusion 

This research provides a rough estimation of the industry beta. However, there are several limitations 

within our research that prevent the result from guiding investment decision making. Firstly, the data 

set only covers three years of monthly data. This time series is less representative as the data are 

disrupted by an unprecedented pandemic during the last three years. The data frequency was also 

limited on a monthly basis to balance the efficiency and data accuracy. The results should be less 

optimal than that from data on a daily basis that has much more data points. Lastly, the CAPM model 

has too many assumptions which may not be suitable for real-world decision making. The model 

assumes the market is fully efficient and market participants are rational people, which may not be 

the case especially during the pandemic that investor sentiments are severely disrupted by panic and 

unprecedented monetary easing policies introduced by central banks. 
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