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Abstract. This paper investigates the impacts of the COVID-19 pandemic on
diverse sectors within the U.S. stock market, utilizing the Fama-French five-fac-
tor model as the analytical framework. The explanatory power of the model under
extreme market conditions is assessed by analyzing stock returns for 49 industries
before, during and after the pandemic. The paper focuses on the differential per-
formance of the paper and biotechnology industries in response to the pandemic
shock, revealing some key anomalies and patterns in stock performance. The re-
sults show that while the returns of most industries are largely explained by the
model, the paper industry exhibits unusual volatility during the pandemic, mainly
due to the accelerating trend of digitization and changes in consumer behavior.
In addition, the CMA (Conservative Minus Aggressive) factor became increas-
ingly significant during the pandemic, especially for high capital investment bi-
otech companies that experienced lower returns due to high investment and low
success rates. These findings highlight the limitations of traditional asset pricing
models in explaining the complexity of industry dynamics during global out-
breaks and can serve as a reference for investors the next time they encounter a
similar black swan event.
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1 Introduction

The Covid-19 outbreak, which began in late 2019, spread rapidly across the globe, and
by September 2024, it had infected more than 600 million people worldwide and killed
more than 6 million [1]. The outbreak resulted in the lockdown of one-third of the
world's population to limit the spread of Covid-19, a virus whose spread is unmatched
by any respiratory virus in human history [2]. The pandemic has had an unprecedented
impact on the global economy [3], leading to a widespread recession, dramatic volatil-
ity in financial markets, and significant variations in the performance of different in-
dustries [4].

Among the most immediate impacts of the Covid-19 pandemic on the U.S. economy
was an unprecedented decline in gross domestic product (GDP): U.S. economic output
fell 9.1 percent in the second quarter of 2020, the largest quarterly decline since records
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began in 1947. The pandemic brought about simultaneous demand shocks, supply
shocks, and financial shocks that severely affected businesses and households, leading
to a significant recession in the U.S. economy [5]. Social distancing, self-isolation, and
travel limitations have diminished the workforce across all economic sectors, leading
to substantial employment losses. Educational institutions were shuttered, resulting in
a decline in demand for commodities and manufactured products. In contrast, the need
for medical supplies surged significantly. The food sector experienced heightened de-
mand due to panic buying and food hoarding [6].

It can be seen that many industries around the world have experienced varying de-
grees of upheaval. The varied industry impacts have sparked interest in analyzing stock
market segment performance during external shocks. Eugene Fama and Kenneth
French created the Fama-French five-factor model, aim to be the key framework for
this analysis, which explains stock returns using five factors: market risk (Mkt RF),
firm size (SMB), value (HML), profitability (RMW), and investment behavior (CMA).
This model offers a comprehensive view of stock returns, considering market volatility,
firm size, and capital expenditures [7]. Covid-19 offers a chance to test the Fama-
French model in extreme market conditions. Industries reacted differently: biotech saw
increased attention due to vaccine development, while paper products faced decreased
demand. Based on the Fama-French Five Factor Model, this study used R Studio to
conduct regression and significance test on the data, and statistically analyzed the re-
sults. The influences of various industries on the US stock market before, during and
after the pandemic were analyzed. The purpose of this paper is to understand the per-
formance of the industry during these periods and to test the explanatory power of tra-
ditional asset pricing models as a reference for future investors.

The rest part of this study will be composed of six parts, which are as follows: The
second part is about literature review; The third part is Objective; The fourth part is
data and methods, which includes the explanation of the model and the source of data.
The fifth part contains the statistical table of the data after regression. The sixth part
discusses and analyzes the possible reasons behind the diagram in the fifth part; The
seventh part is the summary of the full paper.

2 Literature Review

2.1  The Impact of the Covid-19 Outbreak on the U.S. Stock Market.

From February 19 to March 23, 2020, the U.S. stock market as a whole fell 43 percent
[8]. Mohamed et al. study shows the specific impact of the pandemic on the stock mar-
ket in the United States. Studies demonstrate a continuous link between U.S. stock mar-
ket performance and Covid-19 statistics during the pandemic. During peak infection
periods, market uncertainty increased, impacting investor sentiment and stock volatil-
ity. A comparison of U.S. and Chinese markets reveals asymmetric responses to exter-
nal shocks, with the U.S. market showing higher sensitivity to negative pandemic news,
potentially causing more significant fluctuations [9]. Research from Xu also proved
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that as the number of confirmed cases of Covid-19 has increased, equity markets in
both the United States and Canada have shown declining returns. This suggests that
uncertainty about the outbreak is putting pressure on financial markets [10].

Despite the significant adverse effects of the outbreak on both the U.S. economy and
the stock market, the impact differed among industries due to industry-specific and
macroeconomic factors. Industries including airlines, aerospace, real estate, travel, oil,
brewing, clothes retailing, and funerals were severely impacted by the pandemic, with
their recovery contingent upon advancements in managing the outbreak rather than en-
hancements in the macroeconomic landscape [10].

2.2 Application of the Fama-French Five-factor Model

The Fama-French five-factor model (2x3) is built using 18 value-weighted portfolios.
These portfolios are divided into three groups of six, each categorized by: 1. size and
book-to-market ratios, 2. size and operating profitability, and 3. size and investment
[11].

In 1992 Eugene Fama and Kenneth French first designed Fama—French three-factor
model is a statistical model to describe stock returns [12]. Factor models are statistical
frameworks designed to elucidate intricate events through a limited set of fundamental
causes or factors [13]. The model extends the Capital Asset Pricing Model (CAPM) by
adding size risk and value risk factors to the CAPM's market risk factors [14]. The Fama
and French model consists of three fundamental factors: company size, book-to-market
ratios, and excess market return. The three factors employed are small minus big
(SMB), high minus low (HML), and the portfolio return minus the risk-free rate of
return. In 2015, Fama and French added two new factors to their model: profitability
and investment. The profitability factor (RMW) compares returns between companies
with high and low operating profits. The investment factor (CMA) looks at the differ-
ence in returns between companies that invest conservatively and those that invest ag-
gressively. Fama and French have shown that their extended model offers a better ex-
planation of stock return variations than the original three-factor model. In recent years,
many scholars have applied the model to analyze the impact of major events—such as
financial crises and recessions—on the stock market. However, the unprecedented ex-
ternal shock of Covid-19 provides a new opportunity to test the model's applicability
[7].

CMA (Conservative Minus Aggressive) represents the average return of two con-
servative investment portfolios subtracted by the average return of two aggressive in-
vestment portfolios [11]. Fama and French stated that low-investment firms typically
have higher returns than high-investment firms. High-investment firms take greater
risks and costs, while low-invested ones tend to be more capital-efficient [15]. This
theory was particularly strong in different industries during the pandemic.
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3 Objective

The emergence of Covid-19 has dealt a severe blow to most industries in the world.
This study will use the data of 49 industries after regression and based on the Fama-
French Five Factor Model to discuss the effects of Covid-19 before, during and after
Covid-19 and what are the influences on American stock market industry. According
to the relevant data, find some special data, such as abnormal result, to conduct research
and find out the possible reasons for its occurrence and provide reference for investors.

4 Data and Methods

4.1 Definition of the Fama-French five-factor model

The Fama-French five-factor model is an extension of the traditional Capital Asset Pric-
ing Model (CAPM). The model explains the more complex dynamics of stock market
returns by adding several new factors. Specifically, the model includes the following
factors. Firstly, Mkt RF (Market Risk) is the difference between the market return and
the risk-free return and measures the systematic risk of the market as a whole. A high
Mkt RF indicates that the asset is more correlated to market movements[7][11][14].

SMB (Small Minus Big) indicates the difference between the returns of small-cap
and large-cap stocks, and is used to capture the fact that small businesses typically have
higher returns than large businesses[7][11][14]. HML (High Minus Low) represents the
difference in returns between high P/E and low P/E stocks. This metric reflects the
performance gap between growth stocks (high P/E) and value stocks (low P/E). In this
context, "H" denotes high P/E companies, while "L" represents low P/E compa-
nies[7][11][14].

RMW (Robust Minus Weak) represents the differential in returns between equities
exhibiting high and low price-to-earnings ratios, reflecting the impact of a company's
profitability on returns. Highly profitable companies typically provide higher re-
turns[7][11][14]. The CMA (Conservative Minus Aggressive) represents the disparity
in returns between low-investment and high-investment firms. Typically, companies
with low capital expenditures (Conservative Minus Aggressive) have higher returns,
while companies with high capital expenditures (Aggressive Minus Aggressive) have
lower returns[7][11][14].

The regression equation for the model is as follows:

E(Rit)*Rﬁ: o;t+ ﬂMKT[E(RMk,)*Rﬁ] + ﬁSMBSMBl‘ + ﬁHMz,HMLl‘ + ,BRMwRMWtJF
PcraCMAi+ e

Rit is the return on investment assets in the ith period; Rft represents the risk-free
return for period t; and RMt is the average return across the market in the same period.
The difference E(RMkt)-Rft characterizes the market risk premium. The size factor,
SMBY, denotes the expected additional returns of smaller firms compared to larger ones,
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described as "Small minus Big." Meanwhile, HMLt represents the differential expected
returns of companies with higher versus lower book-to-market ratios, reflecting inves-
tor anticipations and summarized as "High minus Low," where B symbolizes book
value and M indicates market value. “HML stands for High minus Low, with H repre-
senting value stocks and L representing growth stocks. RMWt represents the difference
in returns between a portfolio of highly profitable and a portfolio of lowly profitable
stocks, with R representing robustness and W representing the worst, which is indica-
tive of profitability. CMA is the difference in returns between a portfolio of highly
invested companies and a portfolio of lowly invested companies, which is indicative of
investment style. ei is the regression residual term. If the expected returns represented
by all factors change, then ai should be 0 for all securities or portfolio i. ¢; is the inter-
cept, If the model is able to fully capture all risk factors, the intercept should theoreti-
cally be close to zero. A non-zero intercept indicates that the model is not explaining
the full return of the stock or that there are abnormal returns.

4.2 Definition of the Three Period

In order to accurately analyze the impact of Covid-19 on the stock market, this study
divides the time into three periods:

Before (Pre-Pandemic): January 10th,2019 to January 9th, 2020 According to
the Centers for Disease Control and Prevention, this time period marks the period when
the Prior to the onset of the COVID-19 pandemic, the stock market's volatility was
primarily influenced by conventional economic factors. The selected start date of Jan-
uary 10th, 2019, was chosen to provide comprehensive coverage of market perfor-
mance in the period preceding the pandemic's outbreak.

During (Pandemic Period): January 10th, 2020 to May 11th, 2023 This period
covers the outbreak, spread, and global embargo of the Covid-19 pandemic, which
greatly impacted the global economy and stock markets. January 10th, 2020 marks the
beginning of the outbreak, while May 11th , 2023 is defined as the date of the end of
the COVID-19 public health emergency, according to the HHS proclamation.

After (Late Pandemic): May 12th, 2023 to May 12th, 2024 This period is defined
as the economic recovery period after the lifting of the global public health emergency
and analyzes the performance of the stock market after the end of the pandemic. The
time period begins on May 12th , 2023 and marks the recovery phase of the global
economy and market after the pandemic.

4.3  Data Sources and Processing

This study uses data from Kenneth R. French's data library, which provides a wide
range of stock market factors and industry breakdowns and is the classic data support
library for the Fama-French five-factor model [16]. Specifically, the research extract
return data from this database for the U.S. stock market over three different time peri-
ods, including daily data for the period 2019-2024. Regression analyses were per-
formed on these data using R Studio software, and the data were organized and visual-
ized via Excel.
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4.4  Regression analysis method

The research conducted multiple linear regression analyses of industry data over three
time periods using the Fama-French five-factor model. Dependent variables were stock
returns for each industry and independent variables were the five Fama-French factors.
Within each time period, regression analyses were conducted for all industries in order
to calculate the significance of each factor and to test its regression coefficient. The
criterion for significance test was 5% level of significance (p-value less than 0.05) [7].

Through the regression analysis, it has been obtained the significance results for each
industry within different time periods and further statistically tested the regression co-
efficients to reveal the similarities and differences in the performance of each industry
during and before and after the pandemic.

5 Results

Based on the Fama-French Five Factor Model, the data of 49 industries were returned,
and two data tables were compiled according to two different directions.

Table 1. is about intercept. This study collected all intercepts of 49 industries in three
periods, counted the number of significant intercepts in each period of the three periods,
marked the significant industry names, and finally summarized these data into Table 1.
It is worth noting that only the intercept of the Paper industry was significant During
the Covid-19 period, which will be examined in detail in the Discussion below.

Table 1. The significance of intercept

Before During After
The amount
of s‘lgnlficz}nt 3 . X
industries
The name of Banks Banks
industries Chips Paper Other
Coal Shlps

Table 2. is about the Five factors in the Fama-French Five Factor Model. This study
counted the significant numbers of each factor in each of the three periods, and finally
summarized them in Table 2. It is important to note that only a large number of CMA
factors increase in Table 2 with time; this phenomenon will be further examined in the
discussion that follows.

Table 2. Significant number of five factors in three periods

Before During Afer

Mkt_RF 48 49 49
SMB 32 37 30
HML 29 42 21
RMW 28 35 23

CMA 24 31 34
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6 Discussion

6.1 Intercept in Industry

According to the Fama-French Five Factor Model, if the asset pricing model is able to
fully capture all expected returns, then the intercept should be statistically insignificant
and almost zero [7]. This suggests that the model has successfully covered all the major
factors affecting asset performance. However, if the intercept is not zero, which means
that there are some problems happens, the intercept measure excess returns that are not
explained or considered by the model. According to the results are displayed in Table
1., which specifically lists the statistics where the intercept is significant for certain
industries. Unlike the expected case where the intercept is not significant, these results
are considered as anomalous performance. A striking finding in this analysis is the sig-
nificant intercept for the Paper industry during the pandemic. The Paper industry was
the only industry to exhibit a significant intercept during this period of global economic
turmoil. This anomaly warrants further exploration because it suggests that some of the
Paper industry's returns during the pandemic could not be adequately explained by the
five factors in the Fama-French model.

The pandemic has accelerated the trend of online telecommuting or home working,
which will make people more and more worried about the trend of paperless office
popularization in the future. However, in most other industries, consumer demand still
exists after the outbreak of Covid-19. Therefore, for Paper Industry, these changes in
consumer behavior will accelerate the decline of the Paper industry, which may be de-
stroyed on a large scale in the future, so there will be abnormal result. The impact of
the New Crown pandemic on the Paper industry can be viewed from three main per-
spectives: changes in demand [17], changes in supply [18], and shifts in consumer be-
havior [19]. Together, these factors contributed to the industry's unusual performance
during the pandemic. First, demand for paper products experienced a significant de-
cline. The outbreak prompted a worldwide shift to remote modes of office and educa-
tion, and many paper-based public places, offices, and schools experienced a significant
reduction in demand for Paper products. This change led to a decline in demand for
copy and printing paper by about 20% [17], completely altering the market landscape
for the Paper industry. Secondly, the supply chain of the Paper industry has been sig-
nificantly impacted. The reasons for the reduction in supply were varied and overlap-
ping. Many Paper industry reduced production in response to the drop in demand or
shifted to alternative products such as packaging materials [17]. Some industries have
even been forced to close permanently [18], further weakening the industry's capacity.
This situation has led to a slowdown in production and shortages of raw materials [20],
creating bottlenecks in the supply chain. The pandemic has also created new challenges
for the manufacturing process. Strict pandemic prevention measures are necessary in
factories to maintain social distance and ensure worker safety, which inevitably reduces
productivity. At the same time, the impact of the pandemic on related industries, espe-
cially logistics, further exacerbated the difficulties of the Paper industry. Labor short-
ages were exacerbated by social isolation and enhanced sanitation measures, further
slowing production [17]. These problems triggered a chain reaction throughout the
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supply chain, affecting the efficient use of labor and overall production capacity. Fi-
nally, the pandemic also accelerated changes in consumer behavior. The rapid digitiza-
tion of most educational institutions and workplaces towards distance learning and tel-
ecommuting [20] has been a dramatic shift that has not only changed the way people
access and transfer information but has also dramatically reduced the demand for tra-
ditional paper products. With the widespread use of digital alternatives, the Paper in-
dustry has been hit hard, forcing it to re-examine its product offerings and market po-
sitioning.

The combination of these factors - plummeting demand, supply chain disruptions,
and fundamental changes in consumer behavior - explains why the Paper industry's
intercept was significant during the New Crown pandemic. This anomaly in the Fama-
French five-factor model reveals the unique and complex challenges faced by the Paper
industry during this global event, and exposes the limitations of traditional financial
models that struggle to fully capture changes in industry performance during extraor-
dinary times.

6.2 CMA

According to the data of 49 industries after regression, the significant numbers of five
factors in 49 industries are counted, as shown in Table 2. The specific statistical results
are shown. Among the five factors, only the significant number of CMA factor in 49
industries continued to rise in each period, while the significant number of the other
four factors fluctuated. According to this particular phenomenon, a number of studies
have been conducted below.

The purpose of the CMA factor is to quantify the correlation between stock returns
and an organization's investment strategy. A low-investment company is a company
with low capital expenditure, and a high-investment company is vice versa [21]. Ac-
cording to the Fama-French Five Factor Model, the return of low-investment compa-
nies is likely to be higher than that of those highly invested ones. High-investment com-
panies bear more risks or costs, while low-investment companies tend to focus more on
capital efficiency [22]. Consequently, when the CMA component is substantial, invest-
ment behavior possesses considerable explanatory power regarding the company's
stock return, with the return of firms with little investment surpassing that of firms with
high investment [7].

In the statistical data after regression of the data used in this paper, among the sig-
nificant CMA factors in 49 industries, the number of significant CMA factors with pos-
itive coefficients is greater than that with negative coefficients, which indicates that the
result mentioned above that the return of low-investment companies is greater than that
of high-investment companies is consistent with the result obtained from the data used
in this paper. As shown in Table 2, the significant number of CMA factors in 49 indus-
tries is increasing, which indicates that in more and more industries, the return differ-
ence between low-investment companies and high-investment companies is increasing.
The reason for this may be lower returns on high-investing companies [23].

Large capital expenditures before the emergence of Covid-19, expansion of research
and development of some new products or technologies that are not yet on the market
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or have been on the market, the suspension of research plans due to the sudden outbreak
of Covid-19, and reduced market demand will lead to reduced returns for high-invest-
ment companies. Take biotechnology companies, for example. especially those devel-
oping new drugs or vaccines, typically require significant capital investment. These
companies must invest heavily in experiments, clinical trials, regulatory approvals,
manufacturing equipment and specialized technical teams.

The "Beyond Borders: EY Biotechnology Report 2024" emphasizes the substantial
capital expenditures within the biotech sector, indicating that only firms possessing ro-
bust clinical data or assets nearing market readiness can secure significant investment
from Big Pharma and venture capital, whereas others encounter financial limitations
[24]. For instance, the development of the Covid-19 vaccine requires years and sub-
stantial financial investment, with each phase of development characterized by signifi-
cant uncertainty [25]. Most biotech companies' R&D projects eventually fail [26]. For
example, while many companies compete to develop the Covid-19 vaccine, only a
handful of vaccines successfully pass all clinical trials and receive regulatory approval
[27].

As a result, the success rate of biotech stocks is extremely low and investors face a
high risk of failure. For those companies that do not succeed in developing an effective
vaccine, the value of their stocks may fall dramatically, even to zero. While biotech
companies may earn handsome returns when they succeed in developing a new drug or
vaccine, overall, the vast majority of companies have very limited returns due to high
investment and low success rates. As a result, companies investing in the biotechnology
sector generally fall into the “high investment, low return” category. As defined by the
CMA Factor, low-investment companies typically earn higher returns than high-invest-
ment companies. If investors invest heavily in these high-risk, high-capital-expenditure
biotech companies and they fail or do not generate significant returns, this can result
in the high investor companies earning significantly lower returns than the low investor
companies. Thus, this high investment behavior and low success rate in biotechnology
would make the CMA factor more significant, specifically, low-investment firms out-
perform high-investment firms in terms of returns.

To summarize, investing in companies or stocks such as biotechnologies (like
Covid-19 vaccine development) is a high investment behavior, and due to high capital
expenditure and low success rate, the return on such investments is usually low, which
in turn affects the CMA factor, which is reflected in the relative return of low invest-
ment companies.

7 Conclusion

This study studied the impacts of Covid-19 on various sectors of the U.S. stock market
with the help of the Fama-French five-factor model, with a particular focus on the ex-
ceptional performance of the paper and biotechnology industries. The results show that
while stock returns in most industries can be explained by the model, the paper industry
exhibited exceptional volatility during the pandemic, reflecting the impact of acceler-
ated digitization and changes in consumer behavior. In addition, the CMA factor
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becomes particularly significant during the pandemic, especially among high capital
investment biotechnology firms, which have significantly lower returns than conserva-
tively invested firms due to their high investment and low success rates.

Through regression analysis of stock performance of different industries before and
after the pandemic, this study reveals the shortcomings of traditional asset pricing mod-
els in response to global crises. Although the Fama-French model can better explain the
stock volatility of some industries, the model still needs to be further optimized and
extended to better explain the industry dynamics and stock return changes under ex-
treme market environments in the face of the complexity and unpredictability of global
events.
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