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Abstract

In the 21* century, science and technology are developing rapidly, but the threats of infectious
diseases caused by the fatal virus to human beings are still not eliminated. In history, outbreaks
of pandemics usually seriously influenced local economic and financial markets in many ways.
This thesis focuses on a pandemic that occurred more than a decade ago, SARS, to investigate
the magnitude of abnormal fluctuations in the stock market of different areas at the beginning
and end of the outbreak. An event study method is used to compute the abnormal returns in
each country and region with SARS cases during the beginning and end of the outbreak. And
the Lasso model is built by aggregate abnormal returns and seven predictors representing local
economic and medical care development conditions. Among them, GDP per capita growth,
Gross saving rate of GDP, hospital beds per 1000 capita, health expenditure per capita are
selected by the Lasso model. Then in the cross-sectional regression, we found that health
expenditure per capita and GDP per capita growth are significantly related to the magnitude of

abnormal returns, and the relationships are positive.
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1.Introduction

1.1 Background

For thousands of years, human beings have been fighting various sudden disasters and
infectious diseases, but we still cannot prevent them from changing the stock market
drastically. Looking back at the period of a worldwide outbreak of pandemics in history,
people can see that the global economy was affected to a large extent and the stock market
fluctuated abnormally. According to Fan, Jamison, and Summers (2018), every year the world
was expected to lose about 500 billion United States dollars due to the pandemic risk, which
is equivalent to 0.6% of global income. Especially in the countries or regions where the spread
of the infectious disease is quick and serious, pandemics could have significant repercussions
for local economics (Delivorias & Scholz, 2020). For example, the American stock market
experienced unprecedented four circuit breakers during the COVID-19 pandemic in ten days
and then skyrocketed, resulting in a volatility clustering in the American stock market (Sun &
Wang, 2020). In addition, pandemics may cause heavy damage to some specific industries,
such as the tourist industry, catering industry, the airline industry, and so on. The stock market

of listed companies in these industries would also experience large abnormal fluctuations.

In the past hundred years, humans experienced several severe pandemics in history. One of
them is an acute serve respiratory infectious disease, which occurred 17 years ago with a
fatality ratio of nearly 11%. People call it “SARS”. It triggered the global public health crisis,
causing serious massive panic during the outbreak (Qiu et al., 2018). At the same time, the
financial market crashed and the stock price showed a lot of extra volatilities. Thinking about
why fluctuations in the stock market are closely related to pandemics, one of the important
reasons is that people’s expectations would change due to the emergence of infectious
diseases. In an era where medical science and technology are not ready to cope with the
infectious disease outbreak, pandemics would lead to a negative expectation of the public to
the future perspective. Shiller (2020) points out, the effect of the pandemic on the stock prices
can be considered as a series of investors’ emotional responses to the unique event. When an
unknown virus outbreak, people will inevitably be panic and lose the confidence in the

financial market. Most investors see pandemic dampening economic activities and thereby



decreasing potential returns (Karabell, 2020). Hence, the stock market will enter a period of

depression in case of pandemics, and there may be a financial crisis in the worst situation.

A volatile stock market during epidemics always means plenty of uncertainty of wealth
(White, 2020). The depressions in the stock market can evaporate an amount of wealth, but
also create chances for investors to win the treasure. Table 1 below states the percentage of

increase of the S&P 500 index in six months after the outbreak period of various epidemics.

Terminal Post 6-months
Epidemic Month change (%)
Avian flu 2006-06 11.66
Cholera 2010-11 13.95
Dengue Fever | 2006-09 6.36
Ebola 2014-03 5.34
MERS 2013-05 10.74
Pneumonic
Plague 1994-09 8.2
Swine flu 2009-04 18.72

Data Source: Dow Jones Market Data

Table 1: Stock market recovery after epidemics

Table 1 indicates that epidemics do not only trigger collapses of the stock market but also lead
stock prices to increase when investors get back their confidence in the financial market due

to the disappearance of epidemics. Thus, the tendency of stock prices in different stages of



pandemics is worth studying. Learning about these price evolutions can help investors to make

better reactions when pandemics happen again.

1.2 Problem Discussion

Since the early 1990s, more and more economists and researchers begin to analyse the
relationship between pandemics and the development of the economy. Cuddington and
Hancock (1994) investigated the financial impact of the AIDS pandemic in Malawi. They
pointed out there was an obvious difference in the growth path of the local economy for the
no AIDS scenario and with AIDS scenario. In an event study focusing on Taiwan economy
during SARS, Chen, Jang, and Kim (2007) emphasized the negative effect of pandemics on
the local financial market and found that the tourism industry went through the most serious
stock price decrease, the stock market of manufacturing, retail trade, and banking industries
also experienced depression. At the outbreak of COVID-19 pandemic, many researchers
investigate not only whether pandemics have a positive or negative impact on the financial
market, but also analyse the abnormal evolution of stock prices and its geographical diversity.
Patten (2020) found an interesting phenomenon: U.S. stocks fell by 15% in a week during the
outbreak of COVID-19, and the European stocks saw a decrease with the range of 10-13%,
but stocks in China only dropped by 5%.

This thesis will focus on abnormal fluctuations in stock markets during the SARS pandemic
and the geographical diversity of their magnitudes to answer two questions: how big are the
abnormal returns of the national or regional stock market affected by the SARS pandemic?
Are the magnitudes of abnormal returns related to the local economic and medical care
environment? It will start with calculating the cumulative abnormal returns in influenced
countries and regions at the beginning and the end of the SARS pandemic period using the
event study method, then investigate whether some predictors can explain the magnitude of
aggregate abnormal returns by the supervised machine learning method and the cross-sectional
regression. These selected predictors are supposed to be representative of the economic and

medical care environment to some extent of the local area, in order to find out the relationship



between the national or regional economic and medical care environment and the magnitude

of local stock market abnormal fluctuations during pandemics.

1.3 Purpose

This thesis focuses on the behaviour of stock prices in the influenced areas during the SARS
pandemic, trying to show the geographical diversity of the magnitude of stock abnormal
returns. In addition, it seeks significant relationships between some predictors which are
representative of the local economic environment or medical care development and the

magnitude of stock abnormal returns.

1.4 Outline of the Thesis

In section 2, a brief narration of the SARS event and some previous literature about the
economic influences caused by SARS in China mainland, China Hong Kong, China Taiwan,
and Canada will be presented. Section 3 covers the detailed theoretical framework of the event
study method, the machine learning model, the cross-sectional regression and how we will put
them into practice. Moreover, this section includes the delimitations of this thesis. Section 4
presents the description of the data collection process and descriptive data. In section 5, the
empirical results of the event study, the Lasso model, and the cross-sectional regression based
on data of 31 countries and regions will be presented and analysed. Section 6 is a conclusion
section, which summaries the results of this study and draws conclusions. In addition, it points

out possible research directions in the future.



2.Literature Review

This section is going to describe the previous researches done to explore the economic impacts
of SARS in some countries and regions which were heavily affected by this pandemic. These
countries all have high numbers of probable and confirmed SARS cases and show relatively
large socioeconomic fluctuations. For this reason, they have attracted a number of researchers
to pay attention to and write plenty of literature to evaluate the economic impacts caused by
SARS. In Asia, China mainland, Hong Kong and Taiwan are regions with most seriously
influence, thereby previous literature about these regions are presented frequently. Out of Asia,
Canada had the most confirmed cases, so the literature concentrating on Canada during the
SARS pandemic is also included in this section. For European countries, the confirmed case
is only one or two, and the impact caused by SARS in these countries is not as clear as the
Asian regions and Canada. Besides, literatures regarding these countries are in a limited
number. Therefore, in this section, only the three representative Asian regions and Canada are

discussed.

2.1 Outbreak of SARS

SARS is the abbreviation of Severe Acute Respiratory Syndrome, which is atypical pneumonia
proved to be caused by an animal virus from an as-yet-uncertain animal reservoir, perhaps bats
at the end of February 2003. The first human infected by SARS-CoV is from Guangdong
province of southern China in late 2002 (WHO, n.d). And the number of cases peaked in the
second quarter of 2003 in China as well as in other countries. SARS begins with a high fever
that body temperature is greater than 38 °C and then symptoms like headache, a feeling of
discomfort and body aches may emerge. Some people may have mild symptoms and about 10
to 20 percent of patients have diarrheal while fever sometimes is absent in elderly and

immunosuppressed patients (CDC, 2004).



A huge number of people are scared in that period due to the quick spread speed, the severe
sequelae, and lack of effective treatment. The main way that SARS spreads is by close person-
to-person contact like the spreading of COVID-19. The virus is thought to be transmitted most
readily by respiratory droplets caused by coughs and sneezes, and it can also spread when a
person touches a surface or objects contaminated with the virus and then touches his or her
mouth, nose and eyes, which can explain the quick spread of SARS. The most important thing
is that no specific treatment has been found until the disease disappears. Hence, wearing face
masks and washing hands frequently using soap are recommended as precautionary measures.
Taking all the characteristics of SARS-CoV into account, it seems that the immediate isolation
of these infected persons and quarantine of those who have close contact with these infected

individuals act a key role in slowing down the spread of the disease.

According to the World Health Organization (WHO), the epidemic of SARS has affected at
least 29 countries and 3 regions, which also resulted in more than 8000 cases in general, of
these, over 900 died. Due to the highly infectious feature of SARS, WHO issued the first global
alert about SARS on 12 March 2003 and the first travel advisory on 2 April 2003,

recommending travellers avoid Guangdong province and Hong Kong.

2.2 Economic Impacts of SARS

As mentioned above, the outbreak of SARS has already threatened the growth in the affected
countries and regions, such as China mainland, Hong Kong, Taiwan, Singapore and so on.
These regions are put under considerable strain due to the economic shocks caused by SARS.
Most notably the impact on tourism and food was estimated at 8.5 billion US dollars in China
mainland, 4.3 billion US dollars in Canada, 1.3 billion US dollars in Hong Kong, and 0.2
billion US dollars in Singapore (Keogh-Brown & Smith, 2008). Other losses related to trading,
exports, and airlines are not counted in the above loss as the estimates are not based on the

same type of data for each country.
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Considering the impacts caused by SARS, the most severe negative effects are on the demand
sides as the local consumption and exports and imports regarding tourism and airline industries
are dramatically influenced. Consumer confidence declined dramatically which results in a
decrease in private demand. Moreover, many impacts are from fear and uncertainty generated
by SARS (Fan, 2003). Besides, not only local investment but also foreign direct investment is
affected by the declined demand, increasing the risk of uncertainties. And excess capacity in

some industries will emerge.

2.2.1 Impacts on China Mainland

The SARS epidemic has brought great harm not only to human’s physical and mental health
but also to the economy, especially in China mainland where the virus is originated from.
Beutel et al (2009) and Hai et al (2004) focus their attention on Beijing when they estimate the
economic impact caused by SARS. This is because among all the provinces in China mainland,

Beijing has the highest attack rate of SARS.

In the research done by Hai et al, a survey was conducted to estimate losses of various
industries. All sectors surveyed had suffered significant losses compared with the revenue
earned in the same time period in 2002. Foreign visitors decreased by 80 percent and hotels
lost almost 80 percent of their guests, which can be foreseen once the WHQO’s travel warning
was issued and Beijing was assumed to be an epidemic area. After considering the multiplier
effect for tourism put forward by Tang and You in 1999, Hai et al assumed the multiplier was
1.5 for the SARS impact in 2003. Under this circumstance, a total loss of 25.3 billion US
dollars for China’s economy in 2003 was estimated, which accounts for 2 percent of China’s

GDP in 2002.

While in the study established by Beutels et al, they use daily data to analyse the evolutionary
trends. Besides, a cross-correlation function is also considered to see whether there exists a

lag. In other words, if one series presents a change at day 100, if lag is zero, then another series
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will also change at day 100. If the lag is 1 or minus 1, another series will present a change on
day 99 or day 101. For example, in their study, they compare the daily SARS cases with the
daily number of bus passengers. After doing the research, Beutels et al admit that outbreaks
like SARS will generate immediate direct economic impacts despite the assumption made by
Smith (2006) that the impact of an infectious disease outbreak is uncertain, especially a new

disease without quantifies mode and rate of transmission.

2.2.2 Impacts on Hong Kong

SARS is the first deadly infectious disease in the 21% century, and the economic impacts
occurred mainly on the demand side instead of the supply side in Hong Kong since goods were
still exported through Hong Kong and the manufacturing base in the Pearl River Delta was
unaffected (Siu & Wong, 2004). SARS comes at the dark time of Hong Kong as it still needs
time to recover from the 1997-1998 financial crisis. Domestic demand collapsed before Hong

Kong had an opportunity to recover from the recession.

In the path of slow economic growth, with feeble real-estate industry, tourism and services are
crucial to Hong Kong’s economy. However, due to SARS, services involving face-to-face
contact have faced a severe blow by the fear of infection through close contact. Having a
glance at the labour market that slackened distinctly, the unemployment rate has leaped from
7.2 percent in the fourth quarter of 2002 to 8.7 percent in May-July 2003 as SARS began to
spread quickly in Hong Kong. What is more, the underemployment rate rose from 3.1 percent
in the fourth quarter of 2002 to 4.3 percent in the second quarter of 2003 since employees were

asked to work from home to avoid the spreading of SARS (Hong Kong economy, 2003).

According to the Hong Kong Monetary Authority, tourism-related activities consist of a very
significant part of the export and import services in Hong Kong. In 2002, exports regarding
transportation and travel services accounted for 8.2 percent and 4.7 percent of Hong Kong’s

GDP respectively. Moreover, imports of transportation and travel services took a percentage
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of 4.1 and 7.7 respectively. Therefore, once the travel warning was issued by WHO, reluctance
to travel by air rose and travel and tourism in Hong Kong were devastated. In Sui and Wong’
s study (2004), visitor arrivals dropped by 10.4 percent in the second quarter of 2003 compared
with arrivals at the same time in 2002. Besides, visitor arrivals in Hong Kong had dropped to
the lowest number in the recent 12 years, and a drop of 850000 visitors occurred in April,
which can be translated into a reduction of 4.2 billion Hong Kong dollars of spending in the

domestic consumption market (Siu & Wong, 2004).

With regard to the local stock market, it had gone through a sharp swing in 2003 as a result of
the unexpected epidemic. The representative one Hang Seng index that affected drastically
amidst the shock of SARS plunged severely to the lowest number-8409 on 25 April (Hong
Kong Economy, 2003).

2.2.3 Impacts on Taiwan

Unfortunately, Taiwan cannot be the ride of the impacts caused by SARS in 2003. Taiwan was
reported first hit in the middle of March 2003. And the outbreak of SARS begun in late April
(Taiwan CDC, 2003). Taiwan is reported to be the area with the third-largest number of SARS
infections and deaths, followed by Hong Kong and China mainland (Esswein et al, 2004). It
can be seen that this expected shock will affect the Taiwanese economy since Taiwan relies
heavily on its industrial manufacturing, especially exports of electronics and machinery
(Taiwan economy, n.d.). Besides, the Taiwanese economy is in a relationship with China
mainland where SARS-CoV started to spread widely (Lee & Warner, 2005a). Thus, the
Taiwanese economy was affected by the decreasing demand from China mainland and the

internal individuals’ demand.

In Taiwan, the services sector had been dealt a severe blow by the widespread fear of infection
through face-to-face interactions. Besides, the impacts of SARS had centred on the hospitality,
travel and tourism industries (Lee & Warner, 2005b). The labour-intensive industries had

suffered from the reduction of travellers, as a result, stores, restaurants, hotels, and travel-
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related agencies had to reduce their staff, halt hiring and force their employees to take unpaid
leaves. In this case, the unemployment rate in Taiwan was 4.99 percent (Annual report on

Manpower Survey, 2004).

In accordance with the research established by Chou et al, the real GDP growth rate in 2003
has decreased by 0.66 percent, amidst this reduction, travel and tourism GDP accounted for
about 35 percent. However, pieces of evidence showed that not only negative shocks occurred
in the epidemic period, the positive shock did happen in the biotechnology sector. In the
research done by Chen et al (2009), the event study approach with the GARCH process was
in use to identify whether only negative shocks exist in Taiwan during the SARS epidemic.
Chen et al modelled returns according to the GARCH (1,1) estimation to control for time-
varying volatility, and Taiwan Stock Exchange Capitalization Weighted Stock Index (TAIEX)
is used to see the impact on the stock market in Taiwan with an event window [-20, +20].
From their research, the stocks of the T&W (tourism, wholesale and retail industries) sector
were sensitive to the SARS outbreak as the average abnormal returns (AAR) of the T&W

sector were significantly negative, meanwhile, the biotech sector presented a positive AARs.

2.2.4 Impacts on Canada

Canada experienced an outbreak of SARS in 2003, which killed 44 people and took an
economic toll on Toronto where most infections originated (Rae & Zeng, 2006). In February
2003, suspected cases occurred across all over the country while most of them have largely
reported in Toronto. Mackay (2003) claimed that traffic in the downtown area and in the
Pacific Mall had been reported to experience a decrease between 70 percent and 90 percent

since the outbreak of SARS in Canada.

In the research done by Keogh-Brown and Smith (2008), the economic impact was examined
by looking at the change of four indicators (GDP, GDP growth from the previous year, exports
and trade and budget) in different sectors. The results showed that the largest economic impact
of SARS was related to the GDP and investment, and sectors like hotels and restaurants and
tourism in Canada. However, compared to the economic impact caused by SARS with China

mainland and Hong Kong, Canada only experienced a minor effect. In Canada, the major
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decline happened in the Canadian accommodation and food services sector, which did not
recover immediately following the end of the epidemic. As a result of the decline, the Canadian
accommodation and food services sector may lose around 4.3 billion US dollars. Besides, after
the first probable case was reported in February 2003, the TSX index of Canada had declined
by about 2.9 percent.

15



3. Methodology

This section will explain the method used in the thesis. First of all, an event study helps to
examine the cumulative abnormal return that occurred during the examined period. Here, the
sum of cumulative abnormal returns of two events, the beginning of the SARS outbreak and
the end of the SARS outbreak, is calculated for each affected country and region, which will
be considered as the output variable in the machine learning stage. Then, the Lasso regulation
is in use to find out the proper predictors to proceed with the cross-sectional regression and

significance tests.

3.1 Research Approach

This thesis will mainly rely on the event study method and the Lasso model of the machine
learning approach. The event study method is used to compute the cumulative abnormal return
for two events in each country and region. And the Lasso model helps us to select predictors
by introducing a regularization parameter into the regression between predictors and stock
aggregate abnormal returns. After making further selection of predictors by Lasso, we will do
the significance test for each explanatory variable in a cross-sectional regression, and
investigate the relationship of stock price abnormal fluctuations and national social

background.

3.2 Research Design

We are going to focus on two events, the beginning, and end of the SARS outbreak, in this
thesis. For the end of the SARS outbreak, all countries and regions have the same event date
according to the announcement of WHO. However, for the beginning of the SARS outbreak,
each country and region have their own event dates that found out the first probable SARS
case. Correspondingly, the event period and estimation period will be changed to match

different event dates.

In the event study, we select the market model to measure the expected normal return and
calculate CAR;(-2,2). For each country and region, we add up CAR;(-2,2) of the SARS
16



outbreak beginning event and CAR;(-2,2) of the end event to get a sum of them, which we
called SumCAR;(-2,2). This is the aggregate abnormal return of this country or region when

SARS comes and ends.

Then in the machine learning stage, we choose seven predictors that represent the national and
regional economic environment and medical care development and apply for the Lasso model
to make a further selection. K-fold validation method (with K=5) will be applied to find out
the best value of the regularization parameter, lambda, in the Lasso model. Finally, a cross-
sectional regression between the SumCAR;(-2,2) and retained predictors will be built, and

their relationships will be tested and analysed.

3.2.1 Event study

Event study methods are used to examine the behaviours of the stock price of a firm with the
occurrence of a specific event (Eckbo, 2008). It is widely used to study the economic impacts
of some events on the value of a firm, which the events usually are decisions of the
management or changes in macro market conditions. In this thesis, national and regional
representative stocks are considered as a bundle of firm stocks. For each country and region
influenced by SARS, the aggregate abnormal returns in the event window will be calculated

by the market model, then they will be compared with each other.

3.2.1.1 The Definition of the Event

We start from the definition of the event. We set the event date of the end of SRAS outbreak
to 5th, July 2003, which is the date that WHO announced that SARS had been successfully
controlled in the worldwide. However, the beginning date of the SARS outbreak varies from
country to country. According to the announcement record on the WHO official website, we
find the date of finding the first probable case in each country and region, so we set this date
as the beginning date of the SARS outbreak for each country and region. For example, Sweden
declared the first probable case on 28th, March 2003, so we simply set this date as the event

date of outbreak beginning for Sweden. Table 2 below shows the events date of the beginning
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of the SARS pandemic for each country and region. By using a 10-days window length, the

event window will be five trading days before and after the event date.

Region Date onset first probable case

Australia 24-Mar-03
Brazil 3-Apr-03
Canada 23-Feb-03
China 16-Nov-02
Hong Kong 15-Feb-03
Taiwan 25-Feb-03
Colombia 2-Apr-03
Finland 30-Apr-03
France 21-Mar-03
Germany 9-Mar-03
India 25-Apr-03
Indonesia 6-Apr-03
Italy 12-Mar-03
Kuwait 9-Apr-03
Malaysia 14-Mar-03
Mongolia 31-Mar-03
New Zealand 20-Apr-03
Philippines 25-Feb-03
Ireland 27-Feb-03
Korea 25-Apr-03
Romania 19-Mar-03
Russia 5-May-03
Singapore 25-Feb-03
South Africa 3-Apr-03
Spain 26-Mar-03
Sweden 28-Mar-03
Switzerland 9-Mar-03
Thailand 11-Mar-03
UK 1-Mar-03
US 9-Jan-03
Vietnam 23-Feb-03

Table 2: Event dates of the beginning of the SARS pandemic in each region

18



When selecting target national stock markets, a simple and straightforward criterion, if there
are confirmed cases in the country or region, is followed. According to this standard, 32
affected countries and regions are supposed to be included. However, not all of them have
their own national or regional stock market. The absence of the Macau stock market turns the

number of target countries into 31.

3.2.1.2 The Time Horizon of Events

To define the expected normal return and abnormal return, the time horizon is divided into
three non-overlapping parts, the estimation window, the event window, and the post-event

window. A graph below is used to illustrate them.

(E stimation window] (Event window | (Post — event window]

The estimation window is used to measure the expected normal return, and some models are
constructed by the return observations in the estimation window. In this event study, the
estimation window will include 250 trading days before the event date, and 249 return
observations correspondingly. The event window covers the event date, where the actual
returns during the window are used to define the abnormal return. The horizon of the event
window is 10 days. The post-event window sometimes plays the same role as the pre-event
window (estimation window) in a few of researches to define the expected normal return
(Werner, 2010), but it usually only serves as a reference stage to verify whether the returns go
back to the normal situation or not after the event (Dwyer, 2013). In this study, the post-event

window will not be put into use.
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3.2.1.3 The Market Model

Then, the market model is going to be constructed by 249 return observations in the estimation
window to measure the expected normal return. A stable relationship between the world stock
index return, the MXWO stock index, and each national and regional stock representative

index return will be estimated in the following formula.
Rig=a;tBiRy e

where R;; is the return of the national representative stock index, R, is the return of the world

MXWO stock index, &;; is the error term, a; and f; are both constants.

Then, the expected normal return can be defined by the following function.
E[R;tmit]:&i"'ﬁi wt

where R;; is the normal return, ;; means some given conditions, Ry, ; is the return of world

MXWO stock index in the event window.

We apply for the OLS method to estimate coefficients @; and f3; in the estimation window,
then plug in the world MXWO stock index return in the event window to get the expected
normal return. By assuming a relation between world and national stock index return, the
market model has less variance (Var [g;;] = 02) than the constant mean model since it
removes the portion of national stock index return which is related to the world index
(Campbell, Lo & Macinlay, 1996). For this reason, the market model has better accuracy and
reliability.

3.2.1.4 Calculating Abnormal Returns

After estimating the expected normal return by using the market model, the abnormal return

will simply be the difference between the actual return and the expected normal return
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(Campbell, Lo & Macinlay, 1996). This calculation can be expressed as a function in the

matrix notation.

where R; is a (9 x 1) vector of event-window returns for an event 7, X" is a (9 x K+1) matrix
with the vector of observations on the explanatory variables in the event window and 8; is a

(K+1 x 1) estimated parameter vector.

3.2.1.5 Aggregation Abnormal Returns

The aggregate abnormal return is computed by adding up all abnormal returns for each day
and each security. However, we do not need to aggregate cross-sectional abnormal returns
since the national representative stock index can be treated as a bundle of securities. In this
study, a 10-days event period is chosen. Then, to examine the impact of SARS on stock returns,
CAR;(-2,2) is calculated, which is the sum of abnormal returns of the two days before and after

the event date. The formula of aggregation through time is applied here.
CAR(s1,s2)= V&

where y is a (9 x 1) vector of ones in positions s; — T; to s, — T; and zeros elsewhere.

Finally, we add up CAR;(-2,2) of the beginning event and the end event of each country and
region to get a sum of them, which we name SumCAR;(-2,2). This indicator will be the output

variable in the following machine learning analysis.

3.2.2 Lasso Model in Machine Learning

Machine learning is an artificial-intelligence application that allows the system to learn and
improve through experience automatically without being explicitly programmed, which is
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widely used in large-scale data analysis and model building (Expert System Team, 2017). It
uses two main types of techniques: supervised learning and unsupervised learning. The former
highlights the relationship between the known input data and output data, trying to predict the
future output by the relationship of trained models, while the latter excavates the intrinsic

pattern in known input data (Kelleher, Namnn & Darcy, 2015).

This thesis will apply for the supervised learning technique. It chooses seven predictors as
input variables and treats the SumCAR;(-2,2) as the output variable to construct a cross-
sectional regression. According to the representativeness of local economic environment
criterion, we include the inflation rate, GDP per capita growth rate, gross saving rate of GDP,
tax revenue of GDP and a dummy variable to distinguish developed countries and developing
countries as predictors. What’s more, we also include two predictors revealing the medical
care development of each country and region, which are hospital beds per 1000 capita and
annual health expenditure per capita (US dollar). Since we guess that the coefficients for some
of the predictors will be actually zero, Least Absolute Shrinkage and Selection Operator
(Lasso) model is chosen here, instead of Ridge regression. The Lasso model will help us to
eliminate the overfitting problem and keep proper predictors by introducing a regularization

parameter, called lambda, which can be expressed by the following function.
Bi=argmin Y31, (y;-Bo-X5=1 B %)) *+A X531 | Byl

Lambda imposes the penalty to parameter coefficients, making some of them as zero, to realize
the selection of predictors. To find out the suitable lambda for our analysis, we are going to
apply for K-fold cross-validation with K=5. The lambda with the minimum MSE will be the
best lambda in our study. After getting the best lambda, we can find chosen predictors
accordingly, which will keep their non-zero coefficients in the Lasso model. Other predictors

will have zero coefficients.
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3.2.3 Cross-sectional regression

After making further selection by the Lasso model, a cross-sectional regression that reveals
the relationship between the magnitude of cumulative abnormal returns and proper predictors
will be constructed. The observations in this regression are from 31 countries and regions in
2003. The significance tests with a significance level of 0.1 will be done for each retained

predictor.

3.3 Delimitation

In this thesis, only one pandemic SARS will be included to investigate. The uniqueness of the
event may make that some results of the study are not comparative with other pandemic
periods. For instance, people cannot compare the magnitude of cumulative abnormal returns
for some countries during SRAS period with the figure during another pandemic for the same
areas, since the property of infectious diseases such as the fatality rate and the basic
reproduction number may have effects on the financial market fluctuations (Albulescu, 2020).
This thesis will not compare the performance of the stock market for the same country in
different pandemic periods but focus on the analysis of the abnormal return of the stock market
in different areas during a specific pandemic. What’s more, this thesis will not take the average
of cumulative abnormal returns for one country’s or region’s stock market during different
pandemic periods to summarize the overall reactions of the local stock market against the

appearance of infectious diseases.

Another important delimitation is about the update speed of data of predictors in the database.
As mentioned above, the predictors selected as the inflation rate, growth rate of GDP per
capita, gross savings of GDP, hospital beds per 1000 capita, tax revenue of GDP and annual
health expenditure per capita may have a delayed update in the database excluding the dummy
variable. These data of predictors for each country are all updated annually in the database, so

it is hard to see how they vary monthly or daily. Since in the event study we will calculate the
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abnormal return for each day, this difficulty will be a hindrance to the quantitative analysis in
our regression. Therefore, the thesis will mainly focus on the qualitative analysis to see
whether the predictors are significantly related to the magnitude of cumulative abnormal
returns or not. In this way, the data of predictors will only serve as a relative comparison of
the degree of economic and medical care development in different countries and regions, to

show the diversity between countries during the SARS pandemic period.

Another delimitation is that the number of observations in the cross-sectional regression is not
massive. In the event study, the cumulative abnormal returns of all countries and regions with
probable SARS cases are computed. However, the SARS pandemic only spreads to 32
countries and regions in the worldwide finally, which limits the number of observations in the
regression to be 32 at most. According to Deziel (2018), a small sample may lead to the power
of the statistics to decrease, thereby reducing the credibility and accuracy of the regression

conclusions to some extent.
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4. Data

This section will describe the data resources used in this thesis, which mainly focus on the
origination of national stock prices and data regarding the indicators chosen in this study.
Furthermore, descriptive statistics will be presented in this section as well as the correlation

matrix.

4.1 Data Resources

The data resource in this thesis is very wide, including the world bank database, WHO
database, WHO annual reports for different regions, trading economy database, OECD
database, CEIC database, Bloomberg, the annual reports of national and regional Ministry of
Health and so on. We collect data of predictors in 2003 and stock prices in the estimation
window and event window for 31 countries and regions. These 31 areas include Australia,
Brazil, Canada, China mainland, China Hong Kong, China Taiwan, Colombia, Finland,
France, Germany, India, Indonesia, Italy, Kuwait, Malaysia, Mongolia, New Zealand,
Philippines, Republic of Ireland, Republic of Korea, Romania, Russia Federation, Singapore,
South Africa, Spain, Sweden, Switzerland, Thailand, United Kingdom, United States,

Vietnam.

The world bank offers us most data in 2003 of the inflation rate, GDP per capita growth rate,
the gross saving rate of GDP, tax revenue of GDP and annual health expenditure per capita
(US dollar). However, the gross saving rate of GDP for Ireland, the tax revenue for Hong
Kong, China and Vietnam, the annual health expenditure per capita for Hong Kong and all
data for Taiwan are missed in the world bank database. We found these missing data in the
OECD database, CEIC database, trading economy database, and official websites and Ministry
of Health annual reports of Hong Kong and Taiwan. WHO database, WHO annual reports and
world development indicator provide us with the exact date of each event, and data of the

predictor hospital beds per 1000 capita. Bloomberg provides us with the prices for each
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national and regional representative stock in the estimation window and event window. When
collecting stock prices in Bloomberg, we notice that a few of stock prices are missing in some
trading days for some specific countries. We use the price of the closest previous trading day

instead, keeping zero return in these days.

4.2 Data Description

The data used in this study is from over five continents to 31 countries and regions. Among
them, 11 Asian countries and two regions are involved in, 13 European countries are included,
in Oceania, South America and North America, two countries are involved in each continent,
and one African country is included. To sum up, there are 18 developed countries and 13

developing countries and regions.

Table 3 shows the descriptive data of predictors except for the dummy variable, based on 6
predictors and 31 data for each predictor. We can see that most predictors have relatively low
sample variances which are between 6.29 and 73.05, but the predictor “health expenditure per
capita” has a very large sample variance of 2441133.01. This figure indicates that countries
and regions affected by SARS show a high diversity regarding the spending in medical care
and sanitation supplies, but have similar development levels in other economic and medical

care indicators.
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GDP per Gross Hospital
capita saving beds per Tax Health

Inflation growth of GDP 1000 revenue of  expenditure per

rate (%) (%) (%) capita GDP (%) capita($)
Mean 3.56 3.36 27.30 431 16.20 1414.07
Standard
Error 0.75 0.61 1.54 0.45 1.13 280.62
Median 2.29 2.80 27.82 4.00 14.65 766.72
Standard
Deviation 4.16 3.37 8.55 2.51 6.27 1562.41
Sample
Variance 17.29 11.37 73.05 6.29 39.31 2441133.01
Kurtosis 3.09 5.62 -1.06 -0.33 -0.17 1.09
Skewness 1.80 1.94 0.34 0.55 0.13 1.21
Range 17.95 16.76 28.14 9.90 27.92 5714.79
Minimum -2.67 -0.77 15.40 0.60 1.33 22.07
Maximum 15.27 15.99 43.54 10.50 29.25 5736.86

Table 3: Descriptive Data of Predictors (except for the dummy variable)
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By observing the minimum and maximum of Table 3, we can notice that the minimum values
of the inflation rate and GDP per capita growth rate are both negative numbers, indicating
some countries and regions were experiencing deflation and GDP negative growth (compared
with increasing population) in 2003. The maximum value of gross saving is nearly half of GDP
while the minimum proportion is only around a quarter. In the country with the highest average
number of hospital beds, every 1000 people can enjoy more than 10 hospital beds. However,

in the country with the lowest number, there is less than one hospital bed per 1000 capita.

In Table 4, the correlations coefficients between predictors and SumCAR;(-2,2) are presented.
The highest correlation coefficient, nearly -0.48, occurs between GDP per capita growth and
health expenditure per capita, which indicates a moderate correlation according to Cohen’s
conventions (1988). In the remaining correlations, 30% of correlation coefficients are less than

0.1, representing a weak correlation.
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S. Empirical Results and Analysis

In this part, the empirical results of the event study, machine learning and the cross-sectional

regression will be presented. Then, the indications behind the data and relationships will be

discussed and analysed.

5.1 Cumulative Abnormal Returns in the Event study

In Table A1 in Appendix 1, the estimated alphas and betas for all market models can be found.

We measure the expected normal returns by these coefficients during the outbreak beginning

and end of the SARS pandemic and then calculate the cumulative abnormal returns. Table 5

below presents the sum of two CAR;(-2,2) of the beginning event and end event for 31

countries and regions.

Australia Brazil Canada China HK Taiwan Colombia Finland
1.95% 531% -10.62% -0.90% 3.95% 3.03% 4.95% 3.06%
France Germany India Indonesia Italy Kuwait Malaysia | Mongolia
0.29% 0.05% -0.52% 5.67% 3.14% 3.34% 5.04% -1.36%

New South
Zealand | Philippines Ireland Korea Romania Russia Singapore Africa
-3.46% 4.64% -2.32% 2.59% -0.34% -5.03% -0.25% 10.62%
Spain Sweden | Switzerland | Thailand UK US Vietnam
-0.13% -0.93% 7.36% 2.08% 1.30% 3.57% 0.37%
Table 5: SumCAR;(-2,2) of 31 countries and regions (10-days vector)
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As illustrated from Table 5, the sum of 2 days’ abnormal returns before and after the event
date is measured. Among all countries and regions, 10 regions show a negative SumCAR;(-
2,2), which are Canada, China mainland, India, Mongolia, New Zealand, Ireland, Romania,
Russia, Singapore, Spain and Sweden, while the SumCAR;(-2,2) of the rest of the 21 regions

presents a positive sign.

To have a deep understanding of the signs shown by the cumulative abnormal return, we need
to have a view of the meaning of abnormal return and cumulative abnormal return. As
discussed in Section 3, it is acknowledged that abnormal returns are used to evaluate the stock
performance against market performance. What is more, the abnormal return can also help to
identify the influences of different factors on stock prices. Under these circumstances, the
cumulative abnormal return is used when investors want to analyse the effects of

announcements and events on stock prices.

In this study, the cumulative abnormal return is used to evaluate the impacts on the financial
market caused by the outbreak of SARS and the end of this pandemic. The negative sign may
indicate that SARS had caused an unexpected impact on the economy. As mentioned above,
SARS has already affected the economy in the 10 regions and the impact is negative. While
for the rest 21 regions, it cannot be denied that SARS did affect the economy there. This is
because the stock market can be influenced by different factors, and the stock prices may not
reflect all the impacts caused by SARS. In addition, the cumulative abnormal return can only
sum up the daily returns in a short event period, it cannot reveal all information. Moreover,

different factors in affected 31 countries and regions may attribute to different results.
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5.2 Selected Predictors in the Lasso Model

To find out the reason behind the various financial impacts, seven predictors are chosen as the
input variables in the Lasso model. Lasso regulation shows that the best lambda with minimum

MSE is 0.0029 in this study, which is illustrated in Graph 1 below.

<1072 Cross-Validated MSE of Lasso Fit
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Graph 1: Cross-validated MSE of Lasso fit

Then, we find the proper predictors with the lambda of 0.0029. According to Table 6, four
predictors are proved to influence the SumCAR;(-2,2) and selected by the Lasso model. We
can see the trace plot of these four predictors by Lasso regulation shown in Appendix 2.
Therefore, we can know that these four predictors, GDP per capita growth, Gross saving of
GDP, hospital beds per 1000 capita, and health expenditure per capita, are considered as the

potential factors influencing the magnitude of stock abnormal returns.
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PREDICTORS VALUE

INFLATION RATE (%) 0
GDP PER CAPITA GROWTH (%) 0.00303545181200759
GROSS SAVING OF GDP (%) -0.00269214481311578
HOSPITAL BEDS PER 1000 CAPITA -0.00172347648629443
TAX REVENUE OF GDP (%) 0
HEALTH EXPENTITURE PER CAPITA 0.0307329002492681
DUMMY VARIABLE 0

Table 6: Proper predictors from the Lasso model

5.3 Cross-sectional Regression Results

Then, a cross-sectional regression was run to see whether these four predictors do have an
impact on SumCAR;(-2,2) or not. Having a glance at Table 7, we can conclude that a
significant relationship between health expenditure per capita and SumCAR;(-2,2) exists with
the significance level of 0.1. In addition, the explanatory variable health expenditure per capita
presents a positive relationship with the explained variable. It means higher health expenditure
per capita may help the region to avoid severe impact caused by the infectious disease outbreak

like the SARS pandemic.
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Estimated SE tStat pvalue
Coefficient
Intercept 0.010952 0.018869 0.58044 0.56662
GDP per capita growth  0.00076488 0.00046264 1.6533 0.1103
(%)
Gross saving of GDP  -0.0017668 0.0015454 -1.1432 0.26336
(%)
Hospital beds per 1000  -0.0005396 0.00062129 -0.86862 0.393
capita
Health Expenditure per  1.1351 0.13037 8.7066 3.49¢-09

capita

Table 7: Cross-sectional regression results

As illustrated by Table 7, although the p-value of GDP per capita growth is 0.1103, it is still

close to the significance level (0.1). Therefore, we can say that a significant relationship exists

between GDP per capita growth and SumCAR;(-2,2). And the coefficient means that a one

percent increase of the GDP per capita growth, the SumCAR;(-2,2) will increase by 0.010952

percent, which shows a positive relationship between them. Besides, looking at health

expenditure per capita, a positive relationship also exists that one unit increases in health

expenditure per capita will lead to 1.1351 units increase in the SumCAR;(-2,2). It can be seen

that increase in the GDP per capita growth and health expenditure per capita will promote to

increase the magnitude of stock market abnormal fluctuations.
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6. Conclusion

By implementing the event study, the Lasso model and a cross-sectional regression on the
national and regional representative stock index during the SARS epidemic, we find the
magnitude of stock abnormal return is significantly related to the annual health expenditure
per capita of local people. In this process, the event study helps us to calculate the exact
cumulative abnormal return for every affected country and region (except for Macau) in the
event period. Then, the Lasso regulation does a favour on finding the potential predictors
explaining the magnitude of cumulative abnormal returns. Finally, the variable health
expenditure per capita and GDP per capita growth are examined to have a positive impact on
the SumCAR;(-2,2) in a cross-sectional regression. Resulting from the significant relationship,
we can hold that the more government and households spend on medical care and sanitation
supplies and the more prosperous of the GDP per capita growth, the larger the positive impact

the stock market will show.

Previous researches done by various authors have proved that SARS has a huge impact on the
economy in many ways. This thesis also gets the same result that the economy in the infected
areas has been influenced. However, previous studies find the result via observing the change
in GDP and the decreasing revenue in some related sectors, such as the tourism sector,
restaurant sector and hotel sectors without digging into the different economic impacts caused
by pandemics in different regions. This study reveals the geographical diversity of the
economic impacts in the financial market by the SARS pandemic and helps investors to have
a better understanding of the potential factors resulting in different degrees of impacts in
different areas. Furthermore, the results of this research also have some suggestive favour on

national and regional governments.

Since the data in this study is collected from different databases, minor mistake may occur.
This is because different databases have their own methods to record and calculate the
indicators. Data from the same database might have better trust. Furthermore, some stock

prices are not fully recorded in Bloomberg, which causes the stock returns to be zero in some
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trading days. Future researches can try other resources to find complete stock market prices

and have full data to investigate.
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8. Appendix

Appendix 1
The Market Model of The Beginning Event | The Market Model of The End Event
Area Alpha Beta Alpha Beta

Australia -0.000687166 0.138773971 -0.000213143 0.121830231
Brazil 0.000148075 0.694365104 0.000877037 0.657065708
Canada 0.000618345 -0.301010333 3.74423E-05 -0.135840818
China mainland -0.000120642 0.025756325 -0.000490152 0.023349889
China HK -0.0003545 0.265379906 -0.000317456 0.25707839
China Taiwan -0.000534726 0.305860575 6.90447E-05 0.240219278
Colombia 0.001506229 0.000860407 0.002028955 0.006246809
Finland 0.000154505 1.171644067 -7.14913E-05 1.140824634
France -0.000374366 1.367918052 -0.000576586 1.432048855
Germany -0.000734076 1.652227435 -0.000733108 1.766636562
India -0.000353645 0.070591385 0.000399873 0.076033381
Indonesia 6.59887E-05 1.168896955 0.000184879 1.151548564
Italy -0.000113316 1.064570487 -0.0003173 1.099175025
Kuwait 0.001614969 -0.065560406 0.001906872 -0.010959048
Malaysia -0.000530393 -0.007420601 -0.000149441 -0.020976688
Mongolia 0.002708819 -0.142904657 0.002222812 -0.255673282
New Zealand -4.7574E-05 0.040774772 0.000403821 0.044172911
Philippines -0.001293431 -0.079347477 0.000143955 -0.046350052
Ireland -0.000281879 0.534528266 -0.000246574 0.563963271
Korea -0.00118116 0.318877127 -0.00020828 0.271445182
Romania 0.00287915 -0.005431274 0.001602044 0.033050306
Russia 0.000655525 0.298180267 0.001642109 0.294643416
Singapore -0.001023689 0.242751208 -0.000208283 0.266522626
South Afrcia -0.0011161 0.361790059 -0.000986271 0.415992912
Spain 1.03152E-05 1.03889435 0.000200529 1.050624922
Sweden -0.000481756 1.144647933 -0.000274883 1.160943483
Switzerland -0.000464091 1.021845793 -0.000607408 1.1103423
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Thailand -2.78613E-05 0.13901617 0.00071856 0.132712948
United
Kingdom -0.000318792 0.930264865 -0.000374322 1.02089789
United States -0.000507644 0.093422391 0.00021258 0.10182763
Vietnam -0.000669513 0.011765811 -0.001024179 0.071012523
Table Al: Estimated coefficients in the market model
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Graph 2: Trace plot of coefficients Fit by Lasso
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