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Abstract

Fluctuations in the numbers of visitors directlyeaf the rates of return on tourism
business activities. Therefore, maintaining a fymrasp of the relationship between the
changes in the numbers of Chinese tourists anchetienal travellers visiting Taiwan
is conducive to the formulation of an effective gamdctical tourism strategy. Although
the topic of international visitors to Taiwan isgortant, existing research has discussed
the issue of the travel demand between Chineséstswand international travellers
visiting Taiwan. This paper is the first to examthe spillover effects between the rate
of change in the numbers of Chinese tourist asiaald the rate of change in the
numbers of international traveller arrivals. Usitgjly data for Chinese tourists and
international travellers visiting Taiwan over theripd from 1 January 2014 to 31
October 2016, together with the Diagonal BEKK modké paper analyses the co-
volatility spillover effects between the rate ofacige in the numbers of international
travellers and the rate of change in the numbe@hofese tourists visiting Taiwan. The
empirical results show that there is no dependeetgtionship between the rate of
change in the numbers of Chinese tourists andateeaf change in the numbers of
international travellers visiting Taiwan. Howevérere is a significant negative co-
volatility spillover effect between the rate of dige in the numbers of Chinese tourists
and the rate of change in the numbers of internatiwavellers. The empirical findings
suggest that Taiwan should abandon its developwstesitiegy of focusing only on a
single market, namely China, and to be pro-activenicouraging visits by international
travellers to Taiwan for sightseeing purposes,dbgrincreasing the willingness of
international travellers to visit Taiwan. Moreovetth the reduction in the numbers of
Chinese tour groups visiting Taiwan, and increaseshe numbers of individual
travellers, the Taiwan Government should changerésious travel policies of mainly
attracting Chinese tour group travellers and abtigeomoting in-depth tourism among
international tourists, by developing tourism tfetuses on the special characteristics
of different localities. In this way, the governmiean enhance the quality of Taiwan’s
tourism, and also attract travellers with high speg power.

Keywords: Risk spillovers, International tourism arrivalshi@ese tourist arrivals,
Group tourists, Individual tourists, Medical tousis Co-volatility effects, Diagonal
BEKK model.
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1. Introduction

With the rising tide of globalization, internatidrexchanges and interactions are
becoming increasingly frequent, and the internatidaurism industry is developing
more and more rapidly. Taiwan’s particular terraimd superior geographical location
have led to a rich and varied natural landscapeeantbgical resources, together with
a unique scenery and culture. According to the drand Tourism Competitiveness
Report published by the World Economic Forum (WERJanuary 2017, Taiwan was
ranked 3 overall among 136 countries and areas in terntseofrravel and Tourism
Competitiveness Index (which encompasses an “emgtdnvironment”, “travel &
tourism policy and enabling conditions”, “infrastture” and “natural and cultural
resources”), 18in regard to its ground and port infrastructured 28" in terms of its
safety and security.

As a consequence of the large-scale liberalizatfddross-Strait tourism policies
in 2008, the numbers of Chinese tourists visitingven have continued to rise. In 2010,
China leapfrogged over all other countries to beedhe largest source country of
international tourists to Taiwan (although bothwiaah and China regard tourists in each
direction as domestic tourists). By the end of 2@t numbers of tourists from China
visiting Taiwan had reached 3.43 million, or 45.8%the total numbers of foreign
tourists, with China thereby becoming the majormtouaffecting the development of
Taiwan’s tourism economy (Taiwan Tourism Bureau,220The growth in the numbers
of international tourists has indirectly led toianrease in foreign exchange earnings
from tourism, with 10.69 million international arails in Taiwan in 2016 (an increase
of 2.4% as compared with 2015), and an estimategigio exchange income from
tourism of about 13.374 billion US dollars (UNWTE2017).

According to statistics compiled by the Tourism & of the Ministry of



Transportation and Communications (MOTC), the tatamber of international
travellers visiting Taiwan for sightseeing purposese from 1,775,200 in 2008 to
7,560,700 in 2016. The direct contribution of tsurito Taiwan’s GDP reached 2.0%
(or growth rate of 0.5%), leading to an increaseaipital investment of NT$5.9 billion
(representing a growth rate of 1.5%), and accognfior 2.6% of employment
opportunities (up by 4.0%) (WTTC, 2017).

In addition, from 2008 to 2016, foreign exchangeeraies from tourism increased
sharply from NT$5.936 billion to NT$13.374 billiorgflecting an annual compound
growth rate of 10.69%, which is much higher tham 595% recorded over the 2000-
2008 period, and resulting in a large amount ofifpr exchange earnings for Taiwan
(see Figure 1). The ratio of Chinese tourists te thtal number of international
travellers also rose from 5.34% (or 947,600 visitan 2008 to 37.64% (or 2,845,500

visitors) in 2016 (see Figure 2).
[Figures 1 and 2 go here]

International visitors to Taiwan in 2016 mostly e@afom six regions, namely
China, Hong Kong and Macao, Japan, South Koreayapuore, Malaysia and USA.
Compared with the numbers of tourists who visitedwan in 2015, South Korea
achieved the highest growth of 36.4%, followed bBpah with 16.14% and the USA
with 16%.

International travellers are driving the developmeh the local economy in
Taiwan. The main tourism spots that travellers frabmoad visit include the night
markets, Taipei 101 (which held the record as tloeldis tallest building from 31
December 2004 to 4 January 2010, and is currehdyfifth tallest building in the
world), National Palace Museum (Taipei), Chiang-Elagk Memorial Hall (Taipei),

Sun Yat-sen Memorial Hall (Taipei), Jiufen (Danshaipe), Sun Moon Lake (Nantou



County), Kenting National Park (located on the Hdngm Peninsula of Pingtung
County), and Taroko Gorge National Park (Hualieu@y), all of which have been
attracting large numbers of tourists.

The numbers of travellers from China visiting Tamare closely related to the
political relations across the Taiwan Strait. Ag tbolitical positions and political
environment on the two sides of the Taiwan Sti@@inge, non-governmental exchanges
between the two are indirectly affected. This igeesally so when there are conflicts
between Taiwan and China, and when there is arased awareness of Taiwan’s
sovereign independence in the former, and a grpasdr for territorial reunification in
the latter. At such times, sensitivities betweeantthio sides are heightened and this, in
turn, may affect the willingness of Chinese towgrist travel to Taiwan.

In addition, with the huge increase in the numhsEr&€hinese tourists visiting
Taiwan, the ability of Taiwan’s tourism industrycathe local environment to handle
and support so many visitors has gradually beempassed. It has also led to
controversies and rumors that the quality of teuaria Taiwan is deteriorating, and
driving other international travellers away fromwan. Therefore, although the data
show that the numbers of international travellasitimg Taiwan has been increasing
on an annual basis, the foreign exchange earnimys Eightseeing tourism have
exhibited a downward trend since 2015. As the numbétourists from China have
declined, the numbers of tourists in the majortsigeing spots have also fallen which,
in turn, seems to have had an impact on the busasesurrounding the tourist
attractions.

According to the “Survey Report on Visitors’ Exp&nde and Trends in Taiwan”
prepared by the MOTC'’s Tourism Bureau, the avespgading per person per day for
travellers visiting Taiwan has been the highestrgrtourists from Japan, followed in

second place in terms of spending by Chinese tsuiiwever, spending by Chinese
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travellers accounts for roughly one-half, on averagf total tourism expenditure in
Taiwan, so that they are ranked first in terms okrall expenditures among
international visitors to Taiwan.

In terms of the items that are consumed or purchabere are differences in
consumption characteristics between Chinese tewarsd other international travellers,
in that international tourists tend to attach geeahportance to leisure and culture, and
exhibit a relatively strong demand for quality arenodation and surrounding facilities.
For example, expenditure on hotel accommodatiotohyists from Japan, USA and
Europe accounts for between 45% and 50% of theal tmurism expenditures.
Travellers from South Korea and Singapore spendita0% of their total travel
expenditure on hotel accommodation, with purchaxesiostly local products and
specialty products accounting for the major shdréheir expenditure. In addition,
spending on food and entertainment by Japanesellges/is much higher, on average,
than for visitors from other countries, indicatithgit Japanese tourists are more willing
to pay to experience Taiwanese food and culture.

On the contrary, Chinese tourists are less demgmdiren it comes to the quality
of accommodation and eating. In terms of their gl expenditures, in addition to
purchasing local products and specialty productsin€se tourists spend a large
proportion of their money on fine clothes, jewelleladeware, and cosmetics and
perfumes (Taiwan Tourism Bureau, 2017).

As international travellers tend to pay higher fe®@saccommodation, operators
of high-priced hotels (international tourist hojedse less affected by changes in the
numbers of Chinese tourists visiting Taiwan. Chénemurists, on the other hand, are
less willing to spend large amounts on accommodatiw food, and are more inclined
to be part of tour groups when visiting Taiwan. Fois reason, reductions in the

numbers of Chinese tourists have a greater impacttailers, lower-priced hotels, and
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related tour operators in Taiwan.

In spite of the assertion of goodwill and maintezeaaf peace on both sides of the
Taiwan Strait after the Democratic Progressive YPARPP) took over governing
powers from the Kuomintang (KM T) in Taiwan in 20Resident Tsai Ing-Wen did
not clearly articulate the One-China principledasmanded by the people’s republic of
China. This lead to official dissatisfaction on thart of the Chinese Government,
among them being rumors that China limited the nemmlof Chinese tourists who can
visit Taiwan. The statistical data indicate that thumbers of Chinese tourists visiting
Taiwan have indeed decreased significantly.

For instance, the number of Group-type travelledided by 7.21% in 2015 and
by 29.95% in 2016, while the number of Medical-tymevellers fell by one-half. The
number of Individual-type travellers has also dasesl slightly, and the decline in
visitor arrivals has also directly affected Taiwsamfioreign exchange earnings from
tourism, with such revenues falling by 1.55% in 2@hd by 7.05% in 2016 (National
Immigration Agency of Taiwan, 2017; Taiwan Touri®ureau, 2017). International
tourists have not been affected by the politicBiance brought to bear by the change
in the National Government and, as of the end @62€he total number of such visitors
was continuing to rise.

The decrease in the number of Chinese touristiingstaiwan has hit the tourism-
related industries in Taiwan, especially tour opm®a tour bus companies, businesses
providing night-time snacks, more budget-conscibatels, and boutiques that are
close to the major tourist attractions. On 12 Seper 2016, tourism-related
enterprises in Taiwan formed a “self-help sociaety the millions in the tourism
industry”, and demonstrated in the streets, whienanding that the government
propose appropriate response policies to enabia the survive, work, and have

enough food and clothing.”



In order to encourage Chinese and internationaisimy the “Self-help Society for
the Millions in the Tourism Industry” was organizég the General Chamber of
Commerce of the Republic of China, the ROC Touistels Business Association, the
ROC Federation of Travel Agents, the ROC Natioraldtation of Hotels, the National
Federation of ROC Tour Buses, the ROC Tourist Guidsociation, the ROC
Association for Quality Products, the Taiwan Be@&akfast Association, the Taiwan
Tourism Recreation Area Association, the Taipei iBess District and Industrial
Confederationthe Hot Spring Tourism Association Taiwand the Taiwan Brilliant
Tourism Association.

Changes in the numbers of tourists can lead to miaogrtainties. Changing the
numbers of visitors directly affect the rates diure on tourism business activities.
Therefore, maintaining a firm grasp of the relasioip between changes in the numbers
of Chinese tourists and international travellersitwvig Taiwan is conducive to the
formulation of a practical and efficient tourismagegy, which, in turn, will affect the
economic benefits accruing to Taiwan’s tourism stdy and the economy more
generally.

Although the topic of international visitors to Wain is important, existing
research has discussed the issue of travel dematvdedn Chinese tourists and
international travellers visiting Taiwan. This pajgthe first to examine the spillover
effect between the rate of change in the numbe@hofese tourist arrivals and the rate
of change in the numbers of international travedleivals. The paper also decomposes,
for the first time, Chinese tourists into threetidist categories, namely Group-type,
Individual-type. and Medical-type categories, irder to compare the extent and
magnitude of the fluctuations in risk between th#fecent types of Chinese and
international travellers.

The applications of multivariate conditional vailép models in the past are too
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numerous to mention, but almost none of the exti@nature has been concerned with
whether or not these multivariate conditional vaitiy models conform to statistical
properties for consistency and asymptotic normabty that the empirical results
obtained contained many wrong explanations.

This paper uses the fundamental equation in toufisance established by
McAleer (2015) to link the rate of return on toummisevenues to the rate of change in
the numbers of tourists. The paper also uses thiivanate Diagonal BEKK
conditional volatility model that has known matheita regularity conditions and
valid asymptotic statistical properties to analfrsevolatility spillover effects between
the rate of change in the numbers of Chinese tsuaisd the rate of change in the
numbers of international visitors.

Applying guantitative finance methods to issuegha tourism economy, and
analysing the risk and volatility in relation toetllifferent groups of Chinese tourists
and international travelers, is helpful in underdgiag the impact of changes in the
number of tourists visiting Taiwan on the Taiwammemy. The empirical findings in
this paper can serve as a useful reference todlveam Government for its policy-
making regarding tourism in the future.

The remainder of the paper is organized as foll&estion 2 presents a literature
review of tourism spillover effects. Section 3 disses the models, including the
fundamental equation in tourism finance. The vdeskand data are described in
Section 4. Section 5 provides an analysis of theieoal results. Some concluding

comments are given in Section 6.

2. Literature Review of Tourism Spillover Effects

Spillover effects, which are widely used in resbamt empirical finance and

cognate disciplines, measure the transfer of resiveen financial products, thereby
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helping investors to forecast their returns visisafisk and allocate their investment
products optimally. The changes in the numberstefnational travellers in the tourism

market are just as uncertain and risky as are tla@ges in the returns in financial

markets. In the past, conditional volatility modets/e been used in tourism finance to
analyse the changes in the numbers of touristastiyn this section, we discuss the
issues surrounding spillover effects in relationthie risks associated with tourism

revenues.

Chan et al. (2005) analyse the effect of fluctusim risk in relation to the demand
for travellers visiting Australia from Japan, Newaland, UK and USA over the period
July 1975 to December 2000. They use the constamdittonal correlation (CCC),
VARMA-GARCH and VARMA-AGARCH models to estimate theffects of
fluctuations in risk. The empirical results showatththere exist cross-country
interdependent effects in regard to the demanddarism between Japan and UK,
Japan and USA, and New Zealand and USA. In additi@authors also find evidence
of asymmetric effects in relation to the risk viigt of travel demand for both Japan
and New Zealand.

In exploring the spillover effects between tourigrowth and country risk
premiums for small island tourism economies (SITER)ti et al. (2007) use tourist
arrivals in Cyprus and Malta covering the periazhirMay 1996 to May 2002, as well
as composite country risk ratings published monliylyhe International Country Risk
Guide (ICRG). Hoti et al. (2007) also use the VARNEARCH and VARMA-
AGARCH models to estimate the spillover effectsafation to risk fluctuations. The
empirical results show that tourism growth in Cygphas a significant positive risk
spillover effect on the growth of tourism in Maltahile the country risk premium
between Cyprus and Malta exhibits an interdeperelesftect. There is also a

significant negative risk spillover effect betweturism growth in Cyprus and its
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country risk premium. There is, however, no riskileper effect between Malta’s
tourism growth in Malta and its country risk premiu

In relation to SITEs, Shareef and McAleer (2008¢ tise VARMA-GARCH
model to explore the risk spillover effects betwélea Maldives and the Seychelles
regarding tourism demand emanating from source tdesrthat provided tourists to
these destinations between January 1994 and Dec&ib8. The empirical results
show that cross-country risk spillover effects frdm Seychelles to the Maldives are
greater than those from the Maldives to the SeyeheTherefore, the tourism demand
for the Seychelles affects the tourism demandHerMaldives in a significant way.

In analysing the monthly departures of South Koreamists from Korea to the
Philippines, Singapore and Thailand, as opposé¢idose going to Jeju Island over the
period from April 1980 to June 2006, Seo et al0@@xamine the risk spillover effects
in relation to the tourism demand created by thesests. Using a dynamic conditional
correlation (DCC) model to estimate these risklepdr effects, the empirical results
show that the risk spillover effects for tourismmiEnd between Jeju Island and the
Philippines, Singapore and Thailand are negatigelyelated. This finding indicates
that there is a substitution effect for tourism deh especially in South Korea
beginning in 1988 when, following the implementatiof the Liberalization of the
Travel Code policy, controls on outbound travehir@outh Korea were relaxed until
the 1997 Asian financial crisis. During this periadere is a significant increase in
travel demand by South Koreans to visit the Phitipp, Singapore and Thailand which,
in turn, reduced the travel demand for visits o Jgland.

Using the CCC, VARMA-GARCH and VARMA-AGARCH modets estimate
the risk spillover effects, Chang et al. (2011)raie the travel demand for ASEAN
countries. Using monthly data on inbound travelfersfour major South-East Asian

countries, namely Indonesia, Malaysia, SingapoceTdrailand, from January 1997 to
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July 2009, the empirical results show that theryidence of volatility spillover effects
for the country pairs Thailand and Malaysia, Thadlaand Singapore, Singapore and
Indonesia, Singapore and Malaysia, and Indoneslavialaysia, but not for Thailand
and Indonesia.

In order to examine the existence of risk spilloe#ects between tourism demand
and the exchange rate, Akar (2012) uses the DC&ihtocstimate the risk spillover
effects of the number of visits by travellers frim Eurozone, UK and USA to Turkey,
and monthly exchange rate data (Turkish Lira/Elitokish Lira/Sterling, and Turkish
Lira/ US dollar) from January 2001 to November 20lHe empirical results indicate
that there is a positive spillover effect betweaanel demand and the exchange rate for
visitors from the Eurozone and USA. When the exgkarate increases, tourism
demand on the part of those travellers from theoEame countries and USA visiting
Turkey also increase. However, no such risk speitaffect is found to exist between
tourism demand and exchange rate on the part\#lieas from the UK.

In another study that also examines the spilloffects between tourism demand
and the exchange rate, Yap (2012) uses data cgvirenperiod from January 1991 to
January 2011 based on the number of visits by fteasefrom China, India, Japan,
Malaysia, New Zealand, Singapore, South Korea, b&K@SA, and monthly exchange
rate data for each currency relative to the Austnatiollar. The risk spillover effects
are estimated using the CCC, VARMA-GARCH and VARM&GARCH models. The
empirical results show that the persistence ofitiqgact of exchange rate shocks on
tourism demand gradually decrease over time, aatdHtiare is only a weak relationship
between the exchange rate and tourism demand. Emagigical results indicate that
tourism demand on the part of travellers to Augraéd affected only slightly by
exchange rates.

In evaluating how a country’s geographic locatioghh influence the spillover
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effects for inter-regional tourism demand, Ballakt(2015) use a multivariate GARCH
model to estimate the risk spillover effects. Thehars analyse the inter-regional
spillover effects for inter-regional tourism demafml New Zealand’s main tourist
attractions (Auckland, Wellington and Canterbuard 32 of New Zealand’s regional
tour organizations (RTOs), for the period from Jyw2007 to May 2013. They use
variance ratios to estimate the impact of the €élations in tourism demand for these
major tourist attractions on the fluctuations ia temand for tourism among the RTOs.
The empirical results show that the inter-regiaspllover effects of the major tourist
attractions and the RTOs in New Zealand are sicaniti, and also indicate the size of
the impacts. In addition to the proximity of gequn&cal locations, the paper also
examines whether there are scheduled flights betwee RTOs and the major tourist
destinations that might also impact the inter-reglospillover effects between two
different regions.

In a further study on the inter-regional spillowdfects for international tourism
demand in Australia and New Zealand, Balli and T&0il6) use a bivariate GARCH
model to estimate the risk spillover effects usdaa on the monthly arrivals of
international travellers to Australia and New Zealdrom Canada, China, Germany,
Japan, Korea, UK and USA from 2000 to 2012. Thellteshow that the tourism
demand of travellers from East Asia (China and dppisiting New Zealand have a
significant spillover effect on the tourism demaofdtravellers visiting Australia. In
addition, tourism demand for travellers from Westeountries (Canada, Germany and
the U.S.) visiting Australia have significant spiter effects on New Zealand’s tourism
demand, while the tourism demand for UK travellgisiting New Zealand and
Australia is found to have significant symmetrispillover effects.

Valadkhari et al. (2017) investigate the interdejgce and risk volatility of the

spillover effects resulting from Australia’s inbalmand outbound visitor traffic. The
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authos use monthly data on the arrivals and degesrf visitors to Australia from 49
countries for the period from January 1991 to R@i¢4, and a multivariate GARCH
model, to estimate the risk spillover effects. Thesults show that there is
interdependence among international travellers ftommtries including Brazil, China,
India and Indonesia. Fluctuations in the numbeiigslodund and outbound passengers
from China, Hong Kong, Papua New Guinea, Singaf®oeth Africa and the UK are
found to have significant spillover effects, implgi that changes in the numbers of
arriving and departing visitors from these courstiigdirectly cause risks to fluctuate.
This is likely to have adverse effects on Austfaliaurism market.

From the research findings presented above, itbeaseen that the analysis of
spillover effects in the context of tourism-relatesuies has focused mainly on tourism
spillover effects between different countries,estior regions, in order to explain the
changes and interrelationships in tourism demanshgmountries, cities or regions. In
this paper, the issue of the impact of volatilitytourism demand between Chinese
tourists and other international travellers vigtiaiwan is discussed in terms of
changes in the rate of growth of tourist arrivaisl éheir corresponding volatility. In
what follows, we briefly introduce the multivariatsonditional volatility model

specification that will be used in the empiricabbsis.

3. Model Specifications

In order to capture volatility spillover effectsumerous papers in empirical
research use multivariate conditional volatility dets to estimate conditional
covariances. The most widely used models include toonstant conditional
correlational (CCC) model of Bollerslev (1990), tBaba, Engle, Kraft, and Kroner
(BEKK) multivariate GARCH model of Baba et al. (B)8and Engle and Kroner

(1995), the dynamic conditional correlation (DCC9del of Engle (2002), the vector

14



ARMA-GARCH (VARMA-GARCH) model of Ling and McAleef2003), and the
VARMA-asymmetric GARCH (VARMA-AGARCH) model of McAder et al. (2009).
For further details these and other leading muitata conditional volatility models,
see McAleer (2005) and Chang et al. (2018).

Despite the popularity and wide use of multivariedaditional volatility models
in empirical finance, there are theoretical prolderssociated with virtually all of them.
The CCC, VARMA-GARCH and VARMA-AGARCH models havésc conditional
covariances and correlations, which means thatracemating volatility spillovers is
not possible (see McAleer et al., 2008). Moreotiee, Full BEKK and DCC models
have been shown to have no regularity conditiond,lence no asymptotic properties
of consistency and asymptotic normality (for furtidetails, see McAleer and Hafner,
2014; Chang and McAleer, 2018; McAleer, 2018). Efme, this paper uses the
Diagonal BEKK (DBEKK) model to estimate the voldsilspillover effects as DBEKK
has known regularity conditions and asymptotic praps.

In Section 3.1, we discuss the DBEKK multivariataditional volatility model
(for further details, see McAleer et al. (2008),a@f et al. (2015) and Chang et al.
(2018); for univariate conditional volatility modelsee Engle (1982), Tsay (1987),
Ling and McAleer (2003), McAleer (2014), and Chaawgd McAleer (2017)). In
Section 3.2, we define co-volatility spillovers ati test of the null hypothesis of
volatility spillover effects. In order to link thate of returns on tourism revenue to the
rate of change in the numbers of tourists, we piebteAleer’s (2015) fundamental

equation in tourism finance in Section 3.3.

3.1 Diagonal BEKK Model

The multivariate extension of the univariate ARCHdaGARCH models is

presented in Baba et al. (1985) and Engle and Kr¢®95) (see also Chang and
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McAleer (2018)). The multivariate extension of egioia (1) can remain unchanged by
assuming that the three components are each1 vectors, wherem is the number
of financial assets, as given below:

Ry = ER¢|lt—1) + & 1)
where R; = (Ry¢, ... Rpyp)', and g, = (44, - €me)’.

For establishing volatility spillovers in a multiate framework, it is useful to
define the multivariate extension of the relatiopdtetween the return shocks and the
standardized residuals, as follows:

& = Dtl/zm (2)
where D; = diag(hys, ..., hyme) iS @ diagonal matrix comprising the univariate
conditional volatilities, andy, is anm x 1 vector that is assumed to b&l for all
m elementsy; = (M1g) o Mime)’-

The conditional correlation matrix of, as Q,, which is equivalent to the
conditional correlation matrix of,, is given by I;. Therefore, the conditional
expectation of equation (2) is defined as:

Q. = D;/*;D,”? 3)
Equivalently, the conditional correlation matrik,, can be defined as:

I = Dt_l/thDt_l/z 4)

Equation (3) is useful if a model @t is available for purposes of estimatigy,
whereas equation (4) is useful if a model@f is available for purposes of estimating
I;. As the elements oD, are consistent and asymptotically normal, the isterscy of
Q: in equation (3) depends on consistent estimatiof} owhereas the consistency of
I} in equation (4) depends on consistent estimatfo®,0 As both Q, and I; are
products of matrices, with inverses in equation iié)ther the QMLE ofQ, nor of I;
will be asymptotically normal, based on the deiams given in equations (3) and (4).

In short, the asymptotic properties are unknown.
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In order to derive the DBEKK model, McAleer et @008) used an extension of
the Tsay (1987) univariate RCA process, namely thetor random coefficient

autoregressive process of order one, which is gagen

& = P& + 1 (5)
®,~iid(0,A)

where ¢, and n, are mx1 vectors, &, is an m xm matrix of random
coefficients, A is a diagonal matrixA = al,,, and € is anm X m matrix.

If Ais a full matrix, the Full BEKK model cannotebderived from any known
underlying stochastic processes, which means #@uereo regularity conditions and
hence also no valid asymptotic properties of QMUEth® associated parameters,
except by assumption (for further details, see @Qretral, 2018; Chang and McAleer,
2018). Moreover, as estimation of the Full BEKK rabdnvolves 3m(m+1)/2
parameters, the “curse of dimensionality” will bkely to arise, which means that
convergence of the estimation algorithm becomeblpnaatic and less reliable when
there is a large number of parameters to be eddr(&r further details, see Chang et
al., 2018).

Therefore, in the empirical analysis, in order noestigate volatility spillover
effects, the DBEKK model will be estimated. McAlestrr al. (2008) show that the
multivariate extension of GARCH(1,1) from equati(B) is given as the diagonal

BEKK model, namely:
Qe =CC' + Ag_16; 1A'+ BQy1 B’ (6)

where A and B are both diagonal matrices, with;; >0 for all i =1,---,m,
|bj;| <1 forall j=1,-,m, and &_,&/_; isanm xm matrix.

McAleer et al. (2008) prove that the QMLE of thergraeters of the DBEKK
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model are consistent and asymptotically normakthsd standard statistical inference
on testing hypotheses is valid. Moreover,@sin (6) can be estimated consistently,

I; in equation (4) can also be estimated consistently

3.2 Testing Co-volatility Spillovers

Chang et al. (2015) show that the DBEKK model p&sraitest of co-volatility
spillover effects, which is the effect of a shockdommodityj at t —1 on the
subsequent co-volatility betweghnand another commodity at Given the DBEKK
model in equation (6), the subsequent co-volatitityst be between commoditigs

and i attime t. This leads to the definition of a co-volatilitgikover effect as:

OHije . .
deye, G X G X Eip- L E ] (7)

As a; > 0 for all i, a test of the co-volatility spillover effect istast of the
significance of the estimate af;;a;;, as ¢;,_, # 0. The null hypothesisi,) and the
alternative hypothesigi() are as follows:

Hy:a;a; =0

Hi:aya;; #0 (8)
If H, is rejected, there is a spillover from the retusheck of commodityj at time
t — 1 to the co-volatility between commoditigsand j at time t that depends only
on the returns shock of commodifyat time ¢t — 1.

It should be emphasized that the returns shockoofneodity j at time t — 1
does not affect the co-volatility spillover of coradity j on the co-volatility between
commoditiesi and j at time t. Moreover, spillovers can and do vary for each
observationt — 1, so that the empirical average co-volatility spirs will be

presented, based on the average return shocksheveample period.
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3.3 Fundamental Equation in Tourism Finance

McAleer (2015) developed the fundamental tourismarfice equation to connect
the growth in the number of tourists and the retunn the associated tourism financial
asset. In this paper, we use the fundamental equetiderive the relationship between
the change rate of tourist arrivals and the finaingourism) returns, which is derived

from:
Y. =Z, XX, 9)
Consider equation (9) where total daily tourist enghture, y,, is equal to the

daily total number of tourist arrivals;;, times the daily average expenditure by tourists,

z;. Taking the first difference of equation (9) wékd to equation (10), as follows:
AY, = AZ, x AX, (10)

whereAy, = y, — y;_, IS the change in total daily tourism expendituey, = x, —
X¢_1 isthe net daily tourist arrivals, anfz, = z; — z,_, is the change in the average
daily expenditure by tourists. As there is littl@rical evidence to suggest that the
daily average expenditure by tourists changes dailg basis (for further details, see
McAleer, 2015),Az;, in equation (10) can be approximated by zero, hiiclv case it

follows that Ay, = Ax; holds approximately.

Using the lagged version of equation (9) to divide left-hand side of equation
(10) by y:,_, and the right-hand side of equation (10)y ,, leads to:

AY:  AX;
Vi1 Xe—a

(11)

where Ay, /y._1 is the change rate of total daily Chinese tourstpenditure, which
is the most widely used measure of financial retumrinvestment finance. This can be

interpreted as tourism financial returns, so that/x,_, is the net change rate in daily
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tourist arrivals.

Equation (11) is the fundamental equation in tearfhance, which shows the
changes in daily returns on total tourism are axprately equal to the net change rate
in daily tourist arrivals. Therefore, we use thampe rate of tourist arrivals as being
equivalent to the change rate of total daily Chentesirism expenditure for purposes of

the empirical analysis.

4. Data and Variables

Daily data for the arrivals in Taiwan of both intational travellers and Chinese
tourists are obtained from the National Immigratharency of the ROC’s Ministry of
Interior, and cover the period from 1 January 201481 October 2016. Given the
information provided by the National Immigration éwry regarding the numbers of
Chinese travellers arriving in Taiwan, there aree¢htypes of Chinese travellers,
namely Group-type, Individual-type, and Medicalg¢yp

The formula used to calculate the rate of changdeéntotal number of tourists
each day i®; = In(4;/A:_1) x 100, where R, is the rate of change in the number of
tourists entering Taiwan in perigdand A, and A,_, are, respectively, the numbers
of passengers arriving in Taiwan in periddsndt-1, respectively. Each variable is
described in Table 1.

[Table 1 goes here]

Table 2 presents the descriptive statistics forale of change in the numbers of
international travellers and Chinese tourists wvigitTaiwan. The standard deviation
shows that the extent of the dispersion in the gatdhange in the numbers of Chinese
tourists coming to Taiwan is greater than for in&tional tourists. The skewness
coefficient is positive, meaning that the sequesfdde rate of change in the numbers

of tourist numbers is skewed to the right. The dsid statistic is greater than 3, showing
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that the distribution has a high narrow peak, whthpossibility of extreme observations.
The Jarque-Bera statistic shows that none of thiemgs match a normal distribution.
The sequences for the three types of Chinese keavellso have the characteristics of
a right-skewed distribution and high narrow peals] none of them seems to have a
normal distribution.

[Table 2 goes here]

Figure 3 depicts the trend in terms of the numbétsurists, and the trend in the
rate of change in tourist numbers. From the numbktsurist arrivals, it can be seen
there will generally be higher numbers of visitsibiernational travellers during the
New Year holidays, whereas the numbers of Chinesests (especially Group-type
and Individual-type tourists) have seen remarkghdavth during the times when China
has public holidays. This is especially the casenduthe Chinese National holidays
(1-7 October) and the Chinese Lunar New Year hgid®1 January — 6 February,
2014, 18-24 February 2015, and 7-13 February 2016).

[Figure 3 goes here]

In addition, the numbers of Chinese tourists (esfigcGroup-type travellers)
have markedly declined since the change in govembméMay 2016. The trend for the
rate of change in the numbers of tourists depiateitie second column is similar to
that in the first column. The fluctuations in themmbers of both Group-type and
Individual-type Chinese tourists are larger durhg Chinese public holiday periods,
especially during China’s National holidays (1-7t@er). However, the fluctuations
in the numbers of Medical-type Chinese touriststakh persistent volatility clustering
effect.

Following the above financial analysis, we seedtetermine whether the sequence
of variables is characterized by stationarity, gsire Augmented Dickey-Fuller (ADF),

Phillips-Perron (PP) and Kwiatkowski-Phillips-SclitaBhin (KPSS) tests for the
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existence of a unit root. The results in Table @rsthat the sequence&,, for the daily
data on the rate of change in the number of visitor Taiwan exhibits stationarity
properties.

[Table 3 goes here]

5. Empirical Results

This paper has analysed the dependency relatiohshigen Chinese tourists and
international travellers visiting Taiwan, and hasiraated the risk spillover effects by
using the DBEKK model that has mathematical regylaconditions and valid
asymptotic properties. In order to understand ffezs of the interactions between the
different types of Chinese tourists and internatldravellers, we have disaggregated
the total Chinese tourists into Group-type, Indidbtype, and Medical-type Chinese
tourists. We analyse the dependency relationsrepsden each of the three types of
Chinese tourists and international travellers, afi ws on the risk spillover effects

among these various groups.

5.1 Granger Causality and Co-volatility SpilloversBetween Chinese Tourists and
International Tourists

The upper half of Table 4 presents the dependeziationships between the rate
of change in the numbers of Chinese touriBt9 &nd the rate of change in the numbers
of international travellersRz). The second column shows that the impact of dkee of
change in the numbers of tourist arrivals from @himthe previous periodR{(—1))
on the numbers of international travellers in therent period Rr) is positive, though
not significant. The third column shows that the@a&ut of the numbers of international
travellers in the previous perio®4(—1)) on the rate of change in the numbers of

Chinese tourists arriving in the current peri@gd)(is positive, though not significant,
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indicating that there is no Granger causality retethip between tourists visiting
Taiwan from China and international travellers.
[Table 4 goes here]

The lower part of Table 4 presents the estimatddublatility spillover effects of
the DBEKK model. The estimated parameters in matiixthe second column (0.483,
0.408) are significantly different from zero at tt8% significance level, indicating that
the respective impacts of the rates of changeamtimbers of tourists in the previous
period, whether visiting Taiwan from China or frasther countries, on the rates of
change in the numbers of such tourists in the atiperiod, both exhibit significant co-
volatility spillover effects.

Table 5 reports the means of the impact of touvisisng Taiwan on tourism revenue,
and Table 6 reports the co-volatility spilloveresffs. For example, the average co-risk
volatility spillover effect of R on (R. and Ry) is -0.081, while the average co-
volatility spillover effect of R on (R;and Rg) is -0.100., both of which are
negative.

[Tables 5 and 6 go here]

5.2 Granger Causality and Co-volatility Spillovers Between Three Types of
Chinese Touriss and International Tourists

The upper half of Table 7 reports the interdepengealationships between the
rate of change in the numbers of the three typ&hofese tourists visiting TaiwaR{,
R;, Ry) and the rate of change in the numbers of inteynak travellers Rz)). There
is evidence of a significant negative Granger dityseelationship in terms of the
impact of the rate of change in the number of ma&onal travellers in the previous
period Rx(—1)), and the rate of change in the number of Medigad- tourists in the

current periodR,,). There is also a significant positive Grangersadity relationship
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in terms of the impact of the rate of change inrtheber of Individual-type travellers
in the previous periodR((-1)) on the rate of change in the numbers of Gitype
tourists in the current perio®().

There is a significant negative Granger causaktationship in terms of the
impact of the rate of change in the numbers of egediype tourists in the previous
period Ry (—1)) on the rate of change in the numbers of Group-tyurists in the
current periodR;;), as well as on the rate of change in the numbielsdividual-type
tourists in the current perio®y). In addition, a positive Granger causality relaghip
is found to exist in terms of the impact of theerat change in the numbers of Group-
type tourists in the previous perioB;(—1)) on the rate of change in the numbers of
Medical-type tourists in the current peridgi,).

The lower part of Table 7 presents the resultgierrisk volatility spillover effects
between the rates of change in the numbers of@dbk three types of Chinese tourists
(R¢, R;, Ry) and the rate of change in the number of inteonatitravellerskz). The
second column of the table shows that the estinwtesatrix A (0.267, 0.389, 0.210,
0.298) are all significantly different from zerotht 1% significance level, indicating
that the impact of the rate of change in the nusbétourist arrivals in the previous
period, whether Group-type, Individual-type, or Nted-type tourists from China or
travellers from other countries, is significanttarms of the co-volatility spillover
effects on the rate of change in the numbers ofstsuin the current period.

[Table 7 goes here]

The results for the average co-volatility spilloesiects are presented in Tables 8
and 9. Table 8 reports the mean values for thedtrgratourism receipts from travellers
visiting Taiwan, while Table 9 reports the co-vdipt spillover effects. For example,
the average co-volatility spillover effect a@fr on (R; and Rg) is -0.020, and the

average co-volatility spillover effect dt; on (R; and Ry) is 0.003. In comparing

24



the two, we obtain the spillover effect of the dbt® value. The impact oR. on
(R; and Rp) is greater than that aR; on (R; and R). In addition, the co-volatility
spillover effect in terms of the impact & on (R; and Rr) is -0.036, but the co-
volatility spillover effect in terms of the impaof R; on (R; and R) is 0.004. In
comparing the two, we obtain the spillover effefcthe absolute value. It is also found
that the impact ofR on (R; and Ry) is greater than that ak; on (R; and Ry). The
co-volatility spillover effect in terms of the imgiaof Rz on (Ry and Ry) is 0.012,
while the co-volatility spillover effect in termd the impact of Ry, on (Ry and Rf)
is 0.002.

[Tables 8 goes here]

The last column of Table 9 shows the risk volatifipillover effects between the
rates of change in the numbers of each of the tiyps of Chinese tourists. The co-
volatility spillover effect of R; on (R; and R;) is -0.032, while that ofR;, on
(R; and R;) is -0.026. The co-volatility spillover effect a®; on (R; and Ry) is
0.011, but that ofRy on (R; and Ry,) is -0.014. The co-volatility spillover effect of
R; on R;and Ry, is 0.016, but that oR,, on R; and Ry, is -0.025. After obtaining
the absolute values and comparing the impactsecéffiects, it is found that the impact
of Ry on (R; and Ry,) is greater than the effect &; on (R; and Ry), and the
impact of Ry, on (R; and Ry,) is greater than the impact &; on (R; and Ry,).

[Table 9 goes here]

6. Conclusion

Since 2008 when Taiwan relaxed its Cross-Strarigoupolicy, China has quickly
become the largest source of international towisting Taiwan. Consequently, China
has also become the major country affecting theeldgment of Taiwan’s tourism

economy. The current DPP government, which took®fin 2016, has not been able
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to satisfy China in terms of its Cross-Strait pgliand Cross-Strait relations are
currently at a stalemate.

The purpose of this paper has been to understash@xgiain the risk volatility
spillover effects between the tourism demand ofn€éé tourists and international
travellers visiting Taiwan in order to facilitateetrisk management of Taiwan’s tourism
market. Using daily data for Chinese tourists antkrnational travellers visiting
Taiwan over the period 1 January 2014 to 31 Oct@ba6, together with a diagonal
BEKK multivariate conditional volatility model, whave analysed the co-volatility
spillover effects between the rate of change innim@bers of international travellers
and the rate of change in the numbers of Chinesgeésts visiting Taiwan.

From the empirical results, we found that ther@asdependency relationship
between the rate of change in the numbers of Chitmsists and the rate of change in
the number of international travellers visitingwan. However, there is a significant
negative co-volatility spillover effect between trete of change in the numbers of
Chinese tourists and the rate of change in the et international travellers. With
the ongoing stalemate in Cross-Strait relationd,tha gradual reduction in the number
of Chinese tourists, it is imperative be pro-actimeexpanding other markets for
international tourists and to attract internatiotravellers to Taiwan. This will help
reduce the impact of the reduction in the numbéfShinese tourists and promote the
continued development of Taiwan'’s tourism industry.

In considering the interactions between the thi#erdnt types of Chinese tourists
described above, and international travellersetheirical results show that a Granger
causality relationship exists between internatidoatists and Medical-type Chinese
tourists, but there is little evidence of a Grangewsality relationship between
international tourists and Group-type or Individgle Chinese tourists.

This paper also found that the co-volatility spibo effects in terms of the
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numbers of Group-type Chinese tourists and intevnak travellers caused by the
abnormal impact of the changes in the numberstefnational travellers are greater
than the co-volatility spillover effects in termstbe numbers of Group-type Chinese
tourists and international travellers caused byahweormal impact of the changes in
the number of Group-type travellers. Similarly, t@volatility spillover effects in
terms of the numbers of individual-type Chineseritds and international travellers
caused by the abnormal impact of the changes indhwer of international travellers
are greater than the co-volatility spillover effet terms of the numbers of Individual-
type Chinese tourists and international travelenssed by the abnormal impact of the
changes in the number of individual-type travellers

From these empirical results, it can be inferreat thhen the numbers of both
Group-type and Individual-type tourists decrease government can promote tourism
policies that increase the numbers of internatidraadellers visiting Taiwan, so as to
lessen the impact of the decline in the number&m@iup-type and Individual-type
tourists on Taiwan’s tourism market.

In addition, both Group-type and Individual-typ@vellers have a significant
negative co-volatility spillover effect on the ratechange in the numbers of Group-
type and Individual-type tourist arrivals. It wdsafound that the abnormal impact of
changes in the number of Medical-type travellergshenco-volatility spillover effects
of Group-type and Medical-type travellers was geedhan the abnormal impact of
changes in the numbers of Group-type travelleherto-volatility spillover effects of
Group-type and Medical-type travellers.

At the same time, the abnormal impact of changésamumbers of Medical-type
travellers on the co-volatility spillover effects mdividual-type and Medical-type
travellers was greater than the abnormal impactlainges in the numbers of

Individual-type travellers on the co-volatility fpver effects of Individual-type and
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Medical-type travellers. From this it can be inéfrthat, as the numbers of Chinese
tourists decline, especially in cases where thelrmuraof Group-type and Medical-type
travellers decrease significantly, by actively takisteps to increase the numbers of
Individual-type Chinese tourists visiting Taiwart, would be possible for the
government to reduce the adverse impact broughttddyothe reduction in the overall
number of Chinese tourists.

The empirical results from the paper would suggfest Taiwan should abandon
its development strategy of only focusing on alsimgarket, namely China, and have
an objective to be pro-active in encouraging visitsnternational travellers to Taiwan
for sightseeing purposes. Such a strategy woutéase the willingness of international
travellers to visit Taiwan.

In addition, with the reduction in the numbers diifi@se tour groups visiting
Taiwan, and the increase in the number of indiVithaaellers, the Taiwan Government
should change its previous travel policies of faeg®n attracting Chinese tour group
travellers and actively promoting in-depth tourismmong international tourists, by
developing tourism that focuses on the specialatharistics of different localities. In
this way, such a tourism policy could enhance tnaity of Taiwan'’s tourism, and also

attract travellers with high spending power.
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Figure 3
Daily Tourist Arrivals and Their Change Rate to Taiwan
from 2014/1/1 to 2016/10/31
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Table 1
Definitions of Variables

Variables Definition
Rp Change rate of international tourist arrivals tevemn
R Change rate of total Chinese tourist arrivals tov&a
Three Types of Chinese tourists
R; Change rate of Group-type Chinese tourist arrit@Eiwan
R, Change rate of Individual-type Chinese touristvals to Taiwan
Ry Change rate of Medical-type Chinese tourist arsivalTaiwan
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Table 2

Descriptive Statistics

Descriptive International  Chinese Three Types of Chinese Tourists
Statistics Tourists Tourists Group Individual Medical
Rr R R; R, Ry
Mean 0.017 -0.031 -0.051 0.001 -0.180
Median -0.219 -0.030 -0.060 -0.457 -2.643
Maximum 214.19 288.30 212.20 336.13 297.04
Minimum -185.84 -189.84 -152.38 -221.33 -294.97
Std. Dev. 17.39 23.07 24.99 26.34 88.76
Skewness 0.984 1.790 0.805 1.638 0.145
Kurtosis 53.00 34.94 14.56 35.06 3.60
Jarque-Bera 107887 44490 5870 44733 18.95
Probability 0 0 0 0 0
Sum 17.193 -31.838 -52.63 1.38 -185.81
Sum Sq. Dev. 312476 549859 645182 716550 8138389
No. observations 1034 1034 1034 1034 1034
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Table 3
Unit Root Tests

. ADF test
Variables , — , :
no trend and intercept with intercept with trend artercept
Rp -20.34* -20.34* -20.34*
R; -19.41* -19.40* -19.41*
Three types of Chinese Tourists
R; -14.90* -14.90* -14.91*
R, -15.24* -15.23* -15.24*
Ry -19.54* -19.53* -19.52*
) PP test
Variables , . : :
no trend and intercept with intercept with trend amtercept
Rp -151.73* -151.95* -151.94*
R -104.20* -104.23* -112.30*
Three types of Chinese Tourists
R; -111.90* -112.66* -124.12*
R, -79.35* -79.27* -80.91*
Ry -284.46* -307.89* -377.68*
. KPSS test
Variables — : -
with intercept with trend and intercept
Rp 0.055 0.054
R 0.358 0.126
Three types of Chinese Tourists
R; 0.207 0.059
R, 0.169 0.056
Ry 0.308 0.240

Notes: 1. ADF and PP, respectively, denote the Augmentetdy-Fuller test and
Phillips-Perron test, with null hypothesis that theriable has a unit root,
while KPSS denotes the Kwiatkowski-Phillips-Schrsdtin test with null
hypothesis that the variable is stationary.

2. * denotes rejection of the null hypothesis at1Po level of significance.
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Table 4
Diagonal BEKK for Chinese and International Tourists

Mean
Variables R Rp
Ro(~1) -0.266* 0.0001
(0.037) (0.024)
Ry (=1) 0.008 -0.248*
(0.039) (0.041)
constant 0.401 0.519
(0.610) (0.482)
Diagonal BEKK
Variables C A B
150.41* 32.42* 0.483* 0.664*
Re (22.60) (4.82) (0.035) (0.051)
46.06* 0.408* 0.813*
Rr (6.37) (0.031) (0.022)
Log-likelihood -8704.4
AIC 16.88
Notes: 1.A = [aél agz]’ B = b(l)l b(z)z]’ C= C(l)l 22]

2. * denote significance at the 1% level. Standardrs are in parentheses.
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Table 5
Average Return Shocks for Chinese and Internationalourists

Variables Average of return shocks
R -0.410
Rp -0.507
Table 6

Average Co-volatility Spillovers between Chinese ahinternational Tourists

Variables i Variables | Average Co-volatility Spilers
R Ry -0.081* (= 0.483« 0.408x -0.410)
Rp R -0.100* (= 0.483x 0.408x -0.507)
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Table 7

Diagonal BEKK for Three Types of Chinese Tourists ad International Tourists

Mean
Variables R; R, Ry Rp
Re(~1) -0.407* -0.048 0.317* 0.023
(0.036) (0.037) (0.120) (0.027)
Ry(~1) 0.127* -0.040 0.110 -0.005
(0.036) (0.043) (0.129) (0.025)
Ry (~1) -0.021* -0.023* -0.392* -0.003
(0.008) (0.008) (0.031) (0.006)
Rp(~1) -0.033 0.036 -0.371** -0.120*
(0.045) (0.052) (0.184) (0.042)
c 0.120 0.340 -0.401 -0.021
(0.694) (0.759) (2.378) (0.537)
Diagonal BEKK
Variables C A B
116.92*  91.83*  30.82**  44.34*  0.267* 0.825*
Re (29.46)  (14.10)  (13.00) (9.75)  (0.028) (0.043)
245.70*  56.98** 6957+ 0.389* 0.648*
B (43.31)  (25.44)  (10.09) (0.030) (0.066)
199.60*  54.75%* 0.210* 0.964*
Ry (83.02)  (26.32) (0.027) (0.010)
143.11* 0.298* 0.510*
Rr (27.94) (0.029) (0.133)
Log-likelihood -19347.2
AIC 37.53
[a;; O 0 0 by O 0 0
Notes: 1.A = (()) 822 233 (()) , B= (()) gzz 533 g
|0 O 0 Ays 0 O 0 by
[C11 €12 €13 C14
C= 0 C22 C23 C24
0 0 C33 C34
0 O 0 cya

2. * and ** denote significance at the 1% and 5%els, respectively.
Standard errors are in parentheses.
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Table 8
Average Return Shocks for three types of Chinese Taists and International

Tourists
Variables Average Return Shocks
R; -0.247
R, -0.309
Ry 0.195
Rg 0.033
Table 9

Average Co-volatility Spillovers for Three Types of
Chinese Tourists and International Tourists

Variables i Variables | Average Co-volatility Spillovers
R; Ry -0.020* (= 0.267x 0.298x -0.247)
Rg R; 0.003* (= 0.267x 0.298 x 0.033)
R, Ry -0.036* (= 0.389x 0.298 x -0.309)
Rg R, 0.004* (= 0.389x 0.298 x 0.033)
Ry Ry 0.012* (= 0.210x 0.298 x 0.195)
Rg Ry 0.002* (= 0.210x 0.298 x 0.033)
R; R, -0.026* (= 0.267x 0.389 x -0.247)
R, R; -0.032* (= 0.267x 0.389 x -0.309)
R; Ry -0.014* (= 0.267x 0.210 x -0.247)
Ry R; 0.011* (= 0.267x 0.210 x 0.195)
R, Ry -0.025* (= 0.389x 0.210 x -0.309)
Ry R, 0.016* (= 0.389x 0.210 x 0.195)

Notes: 1. Co-volatility Spillover :% = Qi X Qjj " &1

2. * denotes significance at the 1% level.
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