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Abstract: The number of Chinese tourists visiting Taiwan has been closely related to the political
relationship across the Taiwan Strait. The occurrence of political events and disasters or accidents have
had, and will continue to have, a huge impact on the Taiwan tourism market. To date, there has been
relatively little empirical research conducted on this issue. Tourists are characterized as being involved
in one of three types of tourism: group tourism (group-type), individual tourism (individual-type),
and medical cosmetology (medical-type). We use the fundamental equation in tourism finance to
examine the correlation that exists between the rate of change in the number of tourists and the rate
of return on tourism. Second, we use the event study method to observe whether the numbers of
tourists have changed abnormally before and after the occurrence of major events on both sides of the
Strait. Three different types of conditional variance models, namely, the Generalized Autoregressive
Conditional Heteroscedasticity, GARCH (1,1), Glosten, Jagannathan and Runkle, GJR (1,1) and
Exponential GARCH, EGARCH (1,1), are used to estimate the abnormal rate of change in the number
of tourists. The empirical results concerning the major events affecting the changes in the numbers of
tourists from China to Taiwan are economically significant, and confirm the types of tourists that are
most likely to be affected by such major events.

Keywords: event study; abnormal rate of change; Chinese tourists; OLS; GARCH; GJR; EGARCH;
tourism finance

JEL: G14; C22; C52; C58

1. Introduction

According to statistics compiled by Taiwan’s Tourism Bureau under its Ministry of Transportation
and Communications for the year 2016, international visitors to Taiwan mostly came from five regions,
namely, China and Hong Kong (including Macao), Japan, South Korea, Malaysia, and Singapore.
However, from 2010 onwards, with the relaxation of the Cross-Strait tourism policy, the number of
tourists to Taiwan from China markedly increased, reaching 3.43 million by the end of 2015, accounting
for 45.80% of the total number of international visitors to Taiwan. The number of Chinese tourists in
2016, nevertheless, appears to have exhibited a significantly downward trend (see Figure 1).
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Figure 1. Top five international tourist arrivals to Taiwan, 2010-2016. Sources: Taiwan Tourism
Bureau (2017).

The number of Chinese tourists coming to Taiwan has been very closely related to the political
relationship across the Taiwan Strait. Beginning in 1949, when the Chinese Communist Party
announced the establishment of the People’s Republic of China, and the Republic of China relocated to
Taiwan, a period of mutual confrontation and division between the two sides ensued, and both sides
held fast to the principle of there being only one China. In 1987, after Taiwan announced the lifting of
martial law, citizens of Taiwan were allowed to travel to China to visit relatives.

On 1 January 2001, Taiwan piloted its “Three Small Links” policy, whereby mainland Chinese were
allowed to apply to visit the offshore islands of Kinmen and Matsu for sightseeing, and passengers on
both sides of the Taiwan Strait could travel to and from these islands. On 1 January 2002, mainland
Chinese who had gone overseas to study, or who had acquired permanent residence in another foreign
country, were allowed to visit Taiwan. On 1 May 2002, mainland Chinese who were allowed to travel
on business trips abroad were permitted to visit Taiwan, but they needed to pass through a third
country before entering Taiwan.

With the Kuomintang President Ma Ying-Jeou’s substantial relaxation of restrictions on
Cross-Straits tourism in 2008, group-type tourism by Chinese to visit Taiwan was allowed.
On 22 June 2011, the restrictions were further relaxed to allow individual-type travel to Taiwan
by Chinese citizens. So far, Taiwan has allowed people in 47 cities in China to apply for individual-type
travel to Taiwan, subject to a maximum number of 6000 applications per day. On 1 January 2012,
Taiwan relaxed the restrictions on medical-type tourism, so that Chinese citizens could travel to Taiwan
for health checks and/or for cosmetic treatments.

In the increasingly competitive tourism market, the willingness of Chinese tourists to travel in
Taiwan has not only been affected by the relaxation of tourism policies across the Taiwan Strait, but also
by the complicated and close Cross-Straits political relationship and concerns over tourism safety in
Taiwan. The occurrence of political events and disasters or accidents have had, and will continue to
have, a huge impact on the Taiwan tourism market, although so far, there has been relatively little
empirical research conducted on this issue.

For this reason, this paper uses Chinese tourists as the major focus of its analysis to examine
whether or not major events that have taken place on both sides of the Strait in the past three years have
given rise to abnormal changes in the number of visitors to Taiwan. Moreover, the paper compares the
reactions of the group-type, individual-type, and medical-type tourists to these major events.

The important events are divided into political events and disasters/accidents, and tourists
are characterized as being involved in one of three types of tourism: group tourism (group-type),
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individual tourism (individual-type), and medical cosmetology (medical-type). First, we use
McAleer’s [1] fundamental equation in tourism finance to examine the correlation that exists between
the rate of change in the number of tourists, and the rate of return on tourism. Second, we use the
event study method to observe whether the numbers of tourists have changed abnormally before and
after the occurrence of major events on both sides of the Strait.

With regard to the estimation method used to calculate the abnormal changes in the numbers
of tourists, in addition to using the Ordinary Least squares (OLS) method that is most commonly
used in the historical literature, we also consider the rate of change in the number of tourists and the
time-varying variance in the residuals. To this end, we use three different types of conditional variance
models, namely Generalized Autoregressive Conditional Heteroscedasticity, GARCH (1,1), Glosten,
Jagannathan and Runkle, GJR (1,1) and Exponential GARCH, EGARCH (1,1), to estimate the abnormal
rate of change in the number of tourists. In this way, we intend to obtain a more accurate estimate of
the abnormal rate of change in the number of tourists.

The empirical results concerning the major events affecting the changes in the numbers of tourists
from China to Taiwan are economically significant, and they confirm which types of tourists are more
likely to be affected by such major events. These results can serve as a valuable reference to the Taiwan
government, and to public and private policy-makers as they formulate new economic and financial
tourism policies in the future.

The remainder of the paper is organized as follows. In Section 2, the background and literature
are reviewed. In Section 3, the empirical models are presented. The data and variables are described in
Section 4. In Section 5, the empirical results are analyzed. Some concluding comments are given in
Section 6.

2. Background and Literature

It can be difficult to assess the demand for events in tourist destinations. In the following section,
we break down the major events of both a political nature, as well as disasters and accidents, to focus
our attention on windows in time that are easier to analyze on an individual basis.

2.1. Identifying the Cross-Strait Events in 2014-2016

Changes in Cross-Straits political stances and the environment may bring about abnormal changes
in the numbers of tourists visiting Taiwan. The political orientation has always been an important
event that has plagued the authorities on both sides, especially with the constant strengthening of the
subjective consciousness of the Taiwanese and the united consciousness of the mainland Chinese, which
has led to an extremely sensitive relationship between the two. After the Kuomintang’s presidential
candidate Ma Ying-Jeou took office in 2008, the “1992 Consensus, according to which both sides
recognize that there is only one China, but have different opinions on what that means” (The “1992
Consensus, where both sides recognize only one China, but have different opinions”, developed
through the mutual non-recognition of sovereignty, mutual non-denial of each other’s jurisdiction,
and reciprocity and mutual benefit), was used in the institutionalized consultations between the two
sides, in the hope that peaceful and stable development between the two could be maintained.

However, in 2016 there was a switch in the ruling party in Taiwan, with the election of the
Democratic Progressive Party’s candidate, Tsai Ing-Wen, as the Republic of China’s 14th President.
While it was still hoped that the peaceful and stable development of the two sides of the Straits would
be maintained, in her inaugural presidential speech, President Tsai did not mention the one-China
principle, thereby causing China to feel dissatisfied, and the Cross-Straits political relationship was
once again affected.

A summary of the important political events that occurred on the two sides of the Taiwan Strait
over the 2014-2016 period is provided below. These are also presented in Table 1.

18 March 2014-10 April 2014-The Sunflower Youth Movement: The social movement that
resulted in the occupation of the Taiwan legislature by students was mainly in response to the
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opposition to the Kuomintang's forced passing of the review by the committee on the Cross-Straits
Agreement on Trade in Services. This led to the formation of a social movement that resulted in
the occupation of the Legislative Yuan by Taiwanese students and various civic groups. This event
attracted the attention of people from all walks of life, and also impacted the implementation of various
Cross-Straits agreements.

Table 1. Literature review of event studies.

Disaster and Accident Events

Mazzocchi and Montini (2001) 26 September 1997 Magnitude 5.9 earthquake in Umbria (Italy)

Tao (2014) 20 April 2013 Magnitude 7.0 earthquake in Lushan (China)
Chen et al. (2007) 22 April 2003 SARS (Severe Acute Respiratory Syndrome) in Taiwan
Political Events
Johnson et al. (2015) 4 March 2010 Travel Promotion Act of 2000

Economic Events

Nicolau (2002) New hotel openings announcement in Spain
Szutowski and Bednarska (2014) 1997-1999 ¥nnovatlon announcement from tourism enterprises

in Poland
International Competitions
Dick and Wang (2010) 1988-2014 The Olympic Games announcement
Ogawa (2017) 9 September 2013 Tokyo 2020 Summer Olympic Games announcement

29 November 2014—Taiwan’s nine-in-one local elections: These were the largest local elections
for public officials in Taiwan’s political history. The Kuomintang (KMT) won six seats (compared
to the 15 seats it held before the election), while the Democratic Progressive Party (DPP) won
13 seats (compared to the six seats it held before the election), and independent candidates won
three seats. The KMT (the ruling party) suffered an unprecedented defeat, and former president
Ma Ying-jeou resigned as chairman of the KMT. This election outcome had a short-term impact on
Cross-Straits relations.

7 November 2015—Ma-Xi Summit: The top leaders of Taiwan and China met at the Shangri-La
Hotel in Singapore for the first time since the two sides of the Taiwan Strait became politically separated
in 1949. Although the two sides did not sign an agreement or issue a joint statement, the meeting
nevertheless constituted a major breakthrough in Cross-Straits relations.

16 January 2016—Taiwan’s 14th presidential election and Taiwan’s ninth legislative election:
In Taiwan’s third political party rotation, with Tsai Ing-wen being elected as Taiwan’s 14th President,
the DPP took charge of the executive administration and controlled over half the seats in the Legislative
Yuan, a symbol of the Democratic Progressive Party being totally in power.

20 May 2016—Taiwan 14th Presidential inauguration: At her inauguration ceremony as Taiwan'’s
14th President, while Tsai Ing-wen advocated the maintenance of goodwill and peace across the Taiwan
Strait, she did not clearly express the one-China principle, which again caused China to feel dissatisfied,
thereby leading to a stalemate in Cross-Strait relations. As rumors that Chinese officials were setting
limits on the numbers of Chinese tourists that would be allowed to visit Taiwan continued to spread,
the willingness of Chinese tourists to visit Taiwan was indirectly affected.

18 September 2016—Taiwan mayors visit China: This was a visit by the mayors of eight counties
and cities in Taiwan to Beijing to support the cooperation and exchange event to promote “China’s
eight measures to benefit Taiwan”.

In addition to unavoidable natural disasters, tourism safety is also one of the factors that affects
tourists” decisions regarding whether or not to visit a country or region. According to the Ministry
of Transportation and Communications of the Republic of China, since 2008 when Taiwan relaxed
restrictions to allow Chinese tourists to fly directly to and from Taiwan, 90 Chinese tourists have been
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killed and 390 injured in Taiwan. The following is a list of the major accidents on the two sides of the
Strait between 2014 and 2016.

31 July 2014—The Kaohsiung Petrochemical gas explosion: This caused serious damage to a
number of important roads in Kaohsiung, and resulted in 32 deaths and 321 people injured.

4 September 2014—Taiwan’s “gutter oil” scandal: Illegal use by manufacturers of inferior-quality
oil products: Taiwan’s food safety issues caught the attention of the Chinese government.
By immediately going through “Cross-Strait food safety agreement” channels, a comprehensive
survey of food products imported into Taiwan has been conducted to maintain food safety.

6 February 2016—Kaohsiung’s magnitude 6.6 Meinong earthquake: This resulted in 117 deaths
and 551 people injured. The Yongkang District of Tainan suffered the most serious casualties (a total
of 115 deaths), with the collapse of a large residential building. In addition, the frequency of the
aftershocks following the incident resulted in increased uncertainty regarding the safety of tourists.

1 July 2016—95th Anniversary of the founding of the Communist Party of China:
In commemoration of this special day, in the morning of that day, as the Taiwan Navy was conducting
training operations, it accidentally fired a Hsiung Feng series 3 anti-ship missile, which resulted in the
captain of a Kaohsiung fishing boat being killed and three of his crew members injured. The Taiwan
government stressed that this unfortunate incident was due to negligence on the part of staff, and not
political factors. This event added to the tensions between the two sides.

During the period 2014-2016, there were two major accidents involving transportation, the first
being the crash of TransAsia Airways Flight No. 235 that took place on 4 February 2015; the plane
came down in Taipei City, plunging into the Keelung River and killing 43 people, of whom 28 were
Chinese tourists. The second major incident took place on 19 July 2016, when a tour bus, in which a
tour group from Liaoning in China was travelling, struck a roadside guardrail on the way to Taoyuan
Airport and immediately burst into flames, leaving a total of 26 dead.

In summary, over the 2014-2016 period, there were six important political events and
disasters/accidents that occurred in Taiwan and China. These important events during 2014-2016 are
listed chronologically in Figure 2.

2016, Jul. 1

- 2014. Nov. 29 2016, 1e056 95th anniversary of 2016. Sep. 18
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Petrochemical oil” scandal Flight GE235  Taiwan 9th legislative election presidential inauguration accident
gas explosion accident

Figure 2. Major Cross-Strait events, 2014-2016.
2.2. Literature Review of Event Studies

The event study method dates back to 1933, when Dolley [2] studied the impact of stock
segmentation on stock prices. The approach was subsequently widely used in the fields of economics,
finance, and accounting (Ball and Brown [3]; Fama et al. [4]; Fama [5]; Boehmer et al. [6]; MacKinlay [7];
Binder [8]; Corrado [9]). The event study method has also been used in tourism research. A summary of
the literature on the application of the event study approach to tourism-related issues is provided below.

Mazzocchi and Montini [10] examined the impact of the 26 September 1997 magnitude 5.9
earthquake on the flow of tourists in the Umbria region of central Italy using the event study approach.
They used data covering the period January 1988-July 1998, with a particular focus on the months in
which visits by tourists stopped, in order to analyze the impact of the earthquake on tourists’ total
number of visits. In estimation, OLS was used to estimate the average number of visits by tourists,
and Patell’s [11] standardized residual test was applied to estimate any abnormal changes in the
number of these visits. The empirical results showed that the earthquake had a significant abnormal
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impact on the numbers of visits by both local tourists and foreign tourists. The number of visits by local
tourists decreased by more than that for foreign tourists. In a comparison of local tourists with foreign
tourists in terms of the economic losses brought about by the earthquake, for domestic tourists, the
economic losses were also greater than for foreign tourists, amounting to as much as US$ 5.19 million.

Tao [12] used the event study method to study the economic impact on China’s stock market of
the magnitude-7.0 earthquake that occurred on 20 April 2013 in Lushan, Sichuan Province, China.
The daily trading data for the China stock market included the Shanghai Composite Index, the
Shenzhen Component Index, and the CSI 300 Index. Using data covering the period 20 April 2012-19
April 2013, Tao analyzed the impact of the Lushan earthquake on stock market returns. He used OLS
to estimate the expected average abnormal returns, and the t-statistic to inspect the abnormal returns.
The empirical results showed that the Lushan earthquake did not significantly impact the stock returns
of the Shanghai Composite Index, the Shenzhen Component Index, or the CSI 300 Index. Tao attributed
the reason for this to the fact that the region where the earthquake struck was not developed, and hence
the impact on the economic benefits was not significant.

Nicolau [13] used the event study method to examine the impact of a hotel’s announcement that
it was opening for business on the stock price returns in the hotel industry. The stock prices and
IBEX-35 index daily trading data for 42 newly-opened hotels listed on the Spanish Stock Exchange
located in Madrid from 1997-1999 were analyzed. The GARCH(1,1) model was used to estimate the
average abnormal stock returns, and Boehmer et al.’s [6] standardized cross-sectional method and
Corrado’s [14] non-parametric test were used to test the abnormal returns resulting from the changes
in stocks. The empirical results showed that the hotel’s announcement that it was opening for business
had a significantly positive impact on the hotel’s stock price on the day, in 61.9% of the cases.

Chen et al. [15] used the event study approach to examine the impact of the outbreak of SARS
(Severe Acute Respiratory Syndrome) on the stock prices of publicly-traded hotel stock. Using the
period 2 May 2002-7 April 2003 for estimation, attention was particularly focused on the 10 days
and 20 days prior to and after the event date of 22 April 2003. The study used OLS, GARCH(1,1),
GJR(1,1) and EGARCH(1,1) to estimate the accumulated average abnormal returns. The empirical
results showed that the outbreak of the SARS epidemic after the Taiwan hotel stock price compensation
had a significantly negative impact on hotel stock price returns in Taiwan.

Dick and Wang [16] used the event study method to examine the impact of announcements made
by the International Olympic Committee (IOC), on which cities would host the games, on the major
stock index returns of the winning and losing countries. Data covering the period 1988-2014 in relation
to 15 announcements as to which countries would host future Olympic Games were used in the event
study. OLS was applied to estimate the cumulative average abnormal returns, and the t-statistic was
used to inspect the abnormal returns. The empirical results showed that the announcements regarding
the cities that had been selected to host the Olympic Games indicated that the cumulative average
abnormal returns of the stock indexes in those countries in which the cities that had placed first in the
selection process had increased by about 2%, while the stock index returns of those countries that were
ranked last were not significantly affected. Announcements regarding the selection as to which cities
would host the Winter Olympics also did not have a significant impact on the respective countries’
stock returns.

Ogawa [17] used the event study approach to analyze the impact of large-scale sporting activities
on the yields of Japanese Real Estate Investment Trusts (J-REITs). Data were used for a total of
41 J-REITs quoted on the Tokyo Stock Exchange with 18 July 2013-8 September 2013 as the estimation
period (there being 37 trading days after holidays were excluded), and 9 September 2013 was regarded
as the event date. OLS was used to estimate the average abnormal returns, and the t-statistic was used
to examine the abnormal returns. The empirical results showed that Japan’s winning the bid to be
selected to host the 2020 Olympic Games had both a positive and significant impact on the overall
returns to real estate stocks, and the effect on J-REITs, with a particular emphasis on hotels in terms of
average abnormal returns, was relatively large.
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Szutowski and Bednarska [18] applied the event study method to examine the impact of tourism
business announcements on stock market value. Stock price data obtained from the Warsaw Stock
Exchange (WSE) and 34 innovative news reports and seven innovative types in the last six years were
used in conducting the analysis. The estimation period was set to cover 250 days before the event,
and the event period was established as covering 10 days before and 10 days after the announcement.
OLS was used to estimate the cumulative average abnormal returns, and the Szyszka [19] J-statistic
was used to check the abnormal returns. The empirical results showed that the impact of the innovative
announcements by the tourism businesses on the stock market abnormal returns was 0.63%, and the
cumulative average abnormal returns reached 2% during the five days before and 5 days after the
announcement was made.

Johnson et al. [20] used the event study method to examine the impact of the Travel Promotion
Act (TPA) of 2000 on stock price returns. They used data obtained from the Center for Research in
Security Prices (CRSP), and for Real Estate Investment Trusts (REITs) in performing their analysis.
With the estimation period covering 255 trading days in which the event date fell (4 March 2010),
and an event period (which covered the day of the event, the day before the event and the day after the
event), they used OLS to estimate the cumulative average abnormal returns and the z-statistic to test
the cumulative average abnormal returns. The empirical results showed that the US Travel Promotion
Act had a significant positive impact on the hotel industry’s stock price returns. In addition, the large
hotel chains were found to benefit more as a result of the TPA than smaller hotel chains.

In summary, when used in research related to tourism issues, the event study method has mainly
been used to examine the impact of changes in the tourism environment on financial markets. The scope
of the events considered includes the tourism natural environment (disaster and accident events),
tourism cultural environment (political events, economic events, and international competitions),
and tourism resources. These studies are classified according to different events, as shown in Table 1.
Furthermore, the results of the studies has indicated that the changes in the tourism environment have
a significant impact on both the number of tourist arrivals to a country, as well as its stock market
returns. We have not found such connections in other studies.

3. Models

3.1. Defining the Event Study’s Period

An event refers to new relevant information, which through its impact on stock prices determines
whether it is a major event or not. Moreover, an event study as a form of empirical research is
commonly used to investigate the impact of specific events in terms of abnormal returns in financial
markets (MacKinlay [7], Binder [8], Corrado [9]). This method is derived from Fama’s [5] efficient
markets hypothesis (EMH), which posits that any financially-related information will immediately be
reflected in stock prices.

The event study method is used to establish the difference between the counterfactual price that
is not affected by the information, and the actual price, in order to estimate the price effect arising
from the event (McWilliams and Siegel [21], Binder [8]). This paper uses the event study method
to estimate the impact of Cross-Straits political and disaster-related incidents on Chinese tourists
travelling to Taiwan.

When using the event study method, it is necessary to determine the event and the date on which
the event first occurred (fy), as well as the part of the estimation period that was not affected by the
event (I' = t, — t; + 1), and the event period (W = t4 — t3 + 1). The event study method does not
have a set standard in terms of the period between the estimation period and the event period. From a
review of the literature, it can be found that where the daily data are used, the estimation period tends
to be in the range of 100 days to 300 days, while the event period is between 2 days and 121 days.

The events considered in this study include both political events and disaster-related incidents.
The estimation period for political events ranges from 110 days prior to the date of the event, to 11 days
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before it (t; = —110 to t, = —11), and the event period ranges from 10 days before the political event
to 20 days after it (f3 = —10 to t; = 20). The estimation period for disaster-related incidents ranges
from 100 days prior to the event to one day before it (t; = —100 to t, = —1), and the event period
ranges from the date of the event to 30 days after it (t3 = 0 to t4 = 30). Regardless of whether the
events are political or disaster-related, the estimation period is always 100 days, and the event period
is 31 days, so that the period under observation covers a total of 131 days.

3.2. Fundamental Tourism Finance Equation and Tourism Financial Returns

McAleer [1] developed the fundamental tourism finance equation to connect the growth in the
number of tourists and the returns on the associated tourism financial asset. The fundamental equation
is used to derive the relationship between the change rate of tourist arrivals and the financial (tourism)
returns, which is explained below.

Consider Equation (1), where total daily tourist expenditure, y;, is equal to the daily total number
of tourist arrivals, x;, times the daily average expenditure by tourists, z;, which is given by:

Y = Xt X Zt (1)

It is argued in McAleer [1] that there is little evidence to suggest that the average daily expenditure
by tourists, z; , changes on a daily basis, so that z; can be replaced by a constant, ¢, and Equation (1)
can be replaced by:
Yy = C X Xt

from which it follows that:
Ayt = ¢ x Axy. )

where A is the first difference operator. In Equation (2), Ay; is the change in total daily tourism
expenditure, and Ax; is the change in the net daily tourist arrivals, where the net daily tourist arrivals
is the total number of daily tourist arrivals minus the daily tourist departures.

Using the lagged version of Equation (1) to divide the left-hand side of Equation (2) by y;_1 and
the right-hand side of Equation (3) by x;_1, gives:

AY,  AX
Yier Xia

®)

in which Equation (3) leads to the fundamental equation in tourism finance. This equation relates the
growth in total daily tourism expenditure, or alternatively, the daily returns on total tourism, Ay;/y;_1,
to the net daily tourist arrivals divided by the previous day’s total number of tourists, Ax;/x;_1.

Equation (3) is the fundamental tourism finance equation, which shows that the changes in
daily returns on total tourism are approximately equal to the net change rate in daily tourist arrivals.
Therefore, we use the change rate of tourist arrivals to be the change rate of the total daily Chinese
tourism expenditure for purpose of analysis.

The change rate of tourist arrivals, Ry, is given as the first difference in log arrivals, and multiplied
by 100, as follows:

Ry =In(A¢/A4—1) x 100 4)

where A; and A;_; are the daily tourist arrivals for the time periods t and t — 1, respectively.

3.3. Estimating the Expected Rate of Change in Tourist Arrivals

The market model of Sharpe [22], one of several risk-adjusted returns models, is used to estimate
the expected rate of change in the number of Chinese tourists to Taiwan (MacKinlay [7]).

In order to estimate the expected rate of change in the number of Chinese tourists, this paper uses
OLS and three frequently applied conditional volatility models, namely, GARCH (1,1), GJR (1,1), and
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EGARCH (1,1), to evaluate the abnormal returns from significant events. The methods of estimation
cover the standard OLS approach, whereby the conditional volatilities are constant, and the three most
widely used methods, when the conditional volatilities vary dynamically over time.

3.3.1. OLS

Ri=¢1+ R +€, t € T = [t1, 1)
E(er) =0 5)

var(e;) = o2

where R; is the rate of change in the number of tourists; t = [t1, f5] refers to different time points within
the estimation period; R is the rate of change in the number of tourists in the market; ¢;; is the error
term, where ¢; ~ N (0, (782) ; ¢1 and ¢, are regression coefficients, where ¢; is the intercept, and ¢, is
systematic risk, referring to the sensitivity of the rate of change in the number of visits by Chinese
tourists as compared to the rate of change in the number of visits by foreign tourists as a whole; T is
the length (or number of periods) in the estimation period, where T = t; — t; + 1.

However, the classical regression model assumes that the variance of the regression error term is a
fixed constant, but time series data are mostly characterized by time-varying heteroscedasticity. If OLS
is used to estimate the expected rate of change in the number of Chinese tourists visiting Taiwan,
the estimation is likely to be biased. To resolve this problem, Engle [23] proposed the Auto-Regressive
Conditional Heteroskedasticity (ARCH) model to compensate for the changes in the time series
data due to the changes in the time points, as well as for the volatility clustering and heavy tails.
Given below are the regression equations for three univariate conditional volatility models that are
used to estimate the expected rate of change in the number of Chinese tourists. For a more detailed
derivation, the interested reader may refer to McAleer [24] and Chang et al. [25].

3.3.2. GARCH

Bollerslev [26] generalized the Auto-Regressive Conditional Heteroskedasticity (ARCH) model,
and proposed the Generalized Auto-Regressive Conditional Heteroskedasticity (GARCH) model.
At the same time, the concepts of the Auto-Regressive (AR) model and the Moving-Average (MA)
model were used in the estimation of the conditional variance. The model uses GARCH(1,1) to
construct the regression equation and conditional mean equation, as follows:

Ri=¢1+ GoRyt +¢1, t €T = [y, 1] 6)
er = Ogr_1 + 1t
6; ~ iid (0, x); 7y ~ iid(0, w) @)
n=¢et/Vht
he = E(e_q|li-1) = wtaef_q + Bhia ®)

where &|I;_1 ~ N(0,h;), and I;_q is the information set in period t — 1. The mean of the conditional
distribution of the error terms is zero, the variance is h;, and #; is the standardized residual.
In accordance with Engle’s [23] ARCH(1) model, Tsay [27] obtained the ARCH(1,1) conditional
variance equation as shown in Equation (8), with g = 0.

As Equation (8) shows, h; is the conditional volatility, a is the impact of short-term persistence in
the ARCH effect, and (« + B) is the impact of long-term persistence in the GARCH effect. According to
McAleer [24], w > 0, « > 0 and B € [—1,1] in Equation (8), in order to satisfy the sufficient condition
that i > 0. Moreover, from Equation (7), it can be seen that w > 0 and & > 0. When the condition
that @ 4+ B < 1 is satisfied, this means that the quasi-maximum likelihood estimates (QMLE) of the
parameters in Equation (8) satisfy the sufficient conditions for consistency and asymptotic normality
(see Ling and McAleer [28]).
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3.3.3. GJR

GARCH is unable to capture the asymmetric effect in financial time series data. In order to capture
such asymmetry, Glosten et al. [29] proposed the Threshold or asymmetric GARCH (or GJR) model,
using an indexed random variable (I(e;_1)) to represent different conditions inside and outside the
threshold variance values, so that the conditional variation value can exhibit two different phenomena.
The regression equation for GJR(1,1) is as follows:

R =¢1+ PRt +ep, t € T = [ty, 1] )

er = Orer_1 + Pel(er—1) + 1t
0y ~ 1id(0,a); Py ~ iid(0,y); ¢ ~ iid(0, w)

I(e;—1) =1 whene; 1 <0 (10)
I(e;—1) = O0whene_1 >0
ne =€t/ vVhe
B = (&4l 1) = wtacd g +1(er1) + Bl (11)

where 1 is the asymmetry parameter; when o > 0, there is an asymmetric effect inherent within
the time series data. a + <y /2 is the short-term impact persistence, and a + 8 + <y /2 is the long-term
impact persistence. As the GARCH model is nested inside the GJR model, with the exception of the
asymmetry parameter (7), the coefficients of the two models are explained in the same way. A sufficient
condition for the QMLE of the parameters in GJR(1,1) to be consistent and asymptotically normal is
& + B+ /2 <0 (see Ling and McAleer [28]).

3.3.4. EGARCH

Nelson [30] proposed the Exponential GARCH (EGARCH) model, in which the conditional
variance equation is set as a logarithmic function. The EGARCH model can capture the asymmetric
effect in the time series data. The EGARCH(1,1) regression equation may be expressed as follows (for a
detailed derivation, see McAleer and Hafner [31]):

Ri=¢1+ GoRp + 61, t €T = [y, 1] (12)
er = O/ |1e—1] + Yey /-1 + 11 (13)

0 ~ iid(0,a); Wy ~ iid(0,); n ~ iid(0, w)
/7t—1 is a complex-valued function of #;_1.

= et/ Vht

14
he = E(e7_1|Li—1) = w+alg_1| + yi—1 + Bl 14)

loght = E(e7_1|I;_1) = w + alii_1| + Y1i—1 + Bhi— (15)

loghy = log(1+ (h;—1 — 1)) = h;_1 — 1 is an approximation used to replace /; in Equation (14).

3.4. Calculating the Cumulative Abnormal Change Rate

By using the OLS, GARCH(1,1), GJR(1,1), and EGARCH(1,1) regression equations mentioned
above, we can estimate the regression coefficients ¢; and ¢y, respectively, and ¢; and ¢, can be brought
into the events period data, in order to forecast the rate of change in the number of Chinese tourists
visiting Taiwan, as shown in Equation (16) (see McAleer and Hafner [31]):

ERp = ¢y + ¢2-Ryup, E € W = [t3, t4] (16)
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where ERp is the rate of change in the number of Chinese tourists visiting Taiwan in period E
within the event period, Ry, is the rate of change in the total number of tourists visiting Taiwan in
period E within the event period, and W is the length of the event period (the number of periods),
where W = t4 — t5 + 1.

The formula used to calculate the abnormal rate of change in the number of Chinese tourists
visiting Taiwan is as follows:

AR =Rg —ERg, EEW = [t3, t4] 17)

where AR is the abnormal rate of change in the number of Chinese tourists visiting Taiwan in period
E within the event period, R is the rate of change in the number of Chinese tourists actually visiting
Taiwan in period E within the event period, and ERE is the rate of change in the number of Chinese
tourists that are expected to visit Taiwan in period E within the event period.

The cumulative abnormal change rate (CAR) is the cumulative abnormal rate of change in the
number of tourists between any two periods within the event period. The formula is as follows:

CAR(T, ) = 222:_[1 ARg, [11, ] € W = [t3, t4] (18)

where CAR(1y, ) is the abnormal rate of change in the cumulative number of Chinese tourists from
period T; to 7» during the event period, and AR is the abnormal rate of change in the number of
Chinese tourists in period E in the event period. [11, Tp] represents a total of m periods, from periods 7y
to 7p during the event period, wherem = — 71 +1,and t4 > 1 > 71 > t3.

3.5. Testing the Cumulative Abnormal Change Rate

The traditional method (Brown and Warner [32]) and the standardized-residual me