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Abstract
Tourism is one of the important factors that can affect the environmental and
economic situation of any economy. This study investigates the relationship
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between tourist arrivals and CO2 emission in the top 20 tourist destinations
using data from quarterly observations from 1995 to 2018. A unique tech-
nique via quantile-on-quantile regression and Granger causality in quantiles
was used. In particular, how the quantiles of tourist arrivals impact quantiles of
CO2 emission was analyzed. The empirical results suggest a combination of
both positive and negative effects of tourist arrivals and CO2 emission in most
tourist destinations. Predominantly, at both high and low tails, in the USA,
Spain, Hong Kong, and Austria, tourist arrival has a positive effect on CO2
emission, whereas in the case of Canada, France, Germany, Mexico, and
Malaysia, the association was negative. On the other hand, China, Greece,
Russia, Japan, Italy, South Korea, Thailand, and Turkey have both positive and
negative effects of tourism on CO2 emissions at low and high tails. Tourism
can be an important factor while formulating policy for environmental and
climate aspects.

Keywords
CO2 emission, tourism, quantile on quantile regression, environments

Introduction

Tourism is one of the fastest-growing industries in the world and has a direct
economic impact on several industries, including air travel, hotels, travel
agents, commuter services, restaurant and leisure activities, and local in-
dustries such as those that provide souvenirs that tourists buy when they visit.
According to the World Travel and Tourism Council records of 2018, travel
and tourism generated a revenue of $8.8 trillion, with up to 319 million jobs
created and sustained by the sector worldwide. Across the globe, one out of
five jobs is related to this industry, with expected job creation in the sector
estimated to reach 421 million by the year 2029 (World Travel and Tourism
Council, 2019). Arain et al. (2020) reported that there is mostly a positive
association between tourism development and foreign direct investment,
although there may be differences in these outcomes across different nations.
A similar positive association between tourism development and economic
growth was also suggested by Shahzad et al. (2017), which shows that there is
a bilateral relationship between tourism development and economics. This
creates a debate on the need to increase tourism opportunities to sustain and
grow economic advantages across the world. Yet, whilst tourism development
does contribute significantly to the economic structure and growth of any
region, it does have negative effects on the environment once the number of
visitors increases beyond the capacity of the host environment to absorb them
(Asadzadeh and Mousavi, 2017).
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Currently, according to scientists, the vital cause for the change in climate
and global warming is the swift rise in human-driven carbon emissions during
the last five decades (Mossler et al., 2017). According to a report by the World
Tourism Organization (UNWTO, 2008), tourism is responsible for 5% of
carbon emissions worldwide (Mishra et al., 2019). According to Hart et al.
(2005), tourism is considered an energy-intensive sector and a major emitter of
carbon emissions. For instance, rise in tourist activities will result in increased
use of transportation. The generation of electricity or heat along with the
transportation sector generates two thirds of the overall carbon emissions
(IEA, 2019). While there is a significant focus on sustainable tourism in most
popular tourist destinations across the world, the fact of the matter remains that
there is an urgent need to find a balancing ground between the economic
benefits of tourism and its negative impact on the environment.

Studies suggest that there is a direct association between tourism devel-
opment and degradation of environmental resources such as loss of biodi-
versity, sand dune erosion, depletion of sea life, and depletion of underground
water (Ahmed et al., 2018). Similarly, carbon emission is one of the con-
sequences of tourism. Ozturk (2016) found that the CO2 emission level is
affected by tourism indicators, which is one of the vital causes of global
warming (Godil et al., 2020). The growth rate of carbon emissions has almost
increased fourfold since the start of 1960 (Koçak et al., 2020). Considering
this alarming situation, researchers have tried to explore the interaction be-
tween these two variables, that is, tourism and CO2.

The novelty of the current study is that it examines the relationship between
tourism and CO2 emission with respect to the 20 most visited tourist des-
tinations worldwide, namely, China, Thailand, France, Austria, Germany,
Malaysia, Italy, Hong Kong, Mexico, Japan, Russia, Spain, Saudi Arabia,
Turkey, Poland, South Korea, Greece, Canada, the US, and the UK by
employing the quantile-on-quantile (QQ) econometric technique. It is vital to
conduct this study by applying the new technique of QQ regression that was
propagated by Sim and Zhou (2015). To the best of researchers’ knowledge,
this research is the first to discover the association between tourists’ arrival at
the 20 most visited destinations and CO2 emission by applying the QQ
methodology. This approach is an amalgamation of nonparametric and
quantile regression estimation techniques in which the quantile of one variable
is regressed on the quantile of another variable. As the linkage of tourism with
CO2 emission is an important aspect of research among academia and
practitioners (Mishra et al., 2019; Raza et al., 2017; Sharif et al., 2017; Zha
et al., 2020), it would not be justified if the estimation was done through
traditional econometric methodologies, for instance, quantile regression and
ordinary least square method. Furthermore, this approach provides consid-
erable clarity on the tourism–CO2 emission nexus that would be difficult to
analyze through traditional econometric modelling used before. The literature
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suggests that the relationship between these variables needs to be evaluated by
substantial econometric modelling in order to highlight the significance of
nonlinear linkages between tourism and CO2 emission (Mishra et al., 2019;
Shahzad et al., 2017; Sharif et al., 2019a). To support the non-linearity of
variables, the QQ estimation method proves to be a useful technique to
measure the influence of the quantile of one variable (i.e., tourism) on the
quantile of another variable (i.e. CO2 emission) and also provides a thorough
and specific representation of the overall dependence of each variable on the
other.

The remaining paper is designed as follows. Section 2 presents a literature
review, section 3 is the methodology, section 4 presents data analysis and
results, and the conclusion and policy recommendations are shown in the last
section.

Literature Review

Tourism is an industry that helps to boost economic growth and create jobs,
and it is becoming increasingly important to build a sound economy (Usman
et al., 2020). As an economic and environmental driver, tourism has played a
significant role in the development of small tourism-dependent regions,
particularly when it comes to its contribution to global carbon emissions
(Adedoyin & Bekun, 2020). There are many pieces of the literature available
on the relationship between tourism and environmental degradation (CO2
emission), and the results may vary country-wise according to different tourist
destinations (see New Zealand, Howitt et al., 2010; China, Li et al., 2019;
Australia, Dwyer et al., 2010; and Sweden, Gössling & Hall, 2008). A
comprehensive review in this context is presented by the UNEP (2008). The
report suggests that tourism forms a key part of economic development in
many developing countries. Tourism is one of the most significant industries
around the world that makes nations rich, not only because of their income
levels but as a result of what they learn from other cultures (Tecel et al., 2020).
However, it also causes issues of CO2 emission and climate change, which
have different impacts according to tourist destinations around the world.
Coastal regions are more vulnerable to the negative impact of tourism-related
CO2 emissions, causing infrastructure damage, extreme climatic events,
coastal erosion, rising sea levels, flooding, water shortage, and water con-
tamination, which led these areas to have low adaptive capacity to cope with
these negative events. This is further perpetuated in high tourist seasons,
which often coincide with problems such as water management issues and
carbon emissions. Similar CO2 emission in mountainous regions also leads to
the vulnerability of these regions to climate change, as observed by the loss of
snow caps and mountain landscapes. Natural ecosystems are also highly
vulnerable to CO2 emission and climate change, particularly given the
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diversity of their resources and the widespread impact of tourism-based CO2
emissions.

Dogan et al. (2017) found that carbon emission in OECD countries was due
to the consumption of energy and tourism. Zhang et al. (2019) found that
inbound tourism in Thailand is negatively correlated with carbon emissions
and fossil fuels (Zhang et al., 2019). Furthermore, they quoted in their research
that according to a report issued by World Bank (2016), Thailand is ranked at
fifth position in the Pacific and East Asia region with respect to carbon
emission. Moreover, research carried out on the Mediterranean countries
showed that the addition in CO2 emission is due to tourism (Balli et al., 2019).

Evidence does suggest that the negative carbon emission effect of tourism
is considerable, given the increased demand for travel and transportation.
Prior research studies have supported the notion that tourism may have a
harmful atmospheric effect in the form of carbon emissions (Lee &
Brahmasrene, 2013) specifically due to the transport sector (Scott et al.,
2010). Howitt et al. (2010) measured the carbon emissions for the interna-
tional trips of cruise ships within and out of New Zealand. They found that
more carbon is emitted due to international trips through cruises as compared
to aviation. According to Nassani et al. (2017), fossil fuel is heavily consumed
by transport and as a result emits too much carbon, which ultimately harms
environmental sustainability. In Taiwan, Lin (2010) found that private cars
emit high carbon due to low load factors. Additionally, the intensity of carbon
emission varies with the distance travelled and transportation mode. Likewise,
Scott et al. (2010) contended that the tourism business is associated with
several economic sectors, for example, air travel, as tourism has become a
probable threat to both high emissions of CO2 and environmental degra-
dation. Raza et al. (2017) also suggest that transportation remains a major
issue within the tourism industry and has a direct impact on the carbon
emissions that are released into the environment. Moreover, the consumption
of fossil fuels is primarily dominated by transportation activities due to in-
creased tourism activities, and these ultimately influence carbon emissions. In
the case of Beijing, if the transportation sector is excluded, all the sectors of
tourism experience three times more indirect emissions of carbon as compared
to direct emissions. Transportation was found to result in 38.75% carbon
emission related to tourism (Li et al., 2019).

Hall et al. (2013) emphasized that even though the economic effect of
global tourism is imperative, carbon emissions due to tourism and its con-
sequent impact on climate change will continue to be a significant challenge
for sustainable tourist undertakings. To support their notion, they quoted a
report of UNWTO (2008) which estimated that by the year 2035, emission of
carbon from tourist activities may be at the top (i.e. 135%) against 2005. Sharif
et al. (2017) provided an analysis of tourist-related emission growth in
Pakistan and concluded that there is a unidirectional nexus between carbon
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emission and an influx of tourists. Lemma (2014) further suggested that while
the impact of tourism on the environment is present, it is harder to quantify due
to limited data available in this respect. The emissions data is over a decade
old, which means that more recent tourism development has not been factored
in.

There is an equal focus on how tourism can be used to reverse and/or
manage these negative effects. Thomas (2014) suggested that the tourism
sector, whilst being responsible for significant environmental degradation, can
also be used as a tool to address global environmental challenges given its
scope and expanse through numerous mitigation measures. Raza et al. (2017)
also suggested that tourism activities can be used as contributors to economic
growth provided that these are used to promote the use of clean energies. The
concept of sustainable tourism is thus critical to the sustainability of this
industry. For instance, carbon emission increased in Eastern Europe but has
decreased in Western Europe due to tourism (Paramati et al., 2017). Sharif
et al. (2019b) explored the relationship between renewable and non-renewable
energy resources and carbon emission and found a positive relationship
between non-renewable energy consumption and carbon emission and a
negative relationship between renewable energy and carbon emission. They
further established that the use of renewable energy resources also helps to
reduce environmental hazards.

It was thus interesting to find that by using FMOLS methodology (a fully
modified form of OLS), as the intensity of tourist arrival increases by 1%,
carbon emission was observed to decrease by 0.35%. This reduction in carbon
emission was due to the income generated through tourism by central as well
as South America which was utilized to reduce CO2 emission with the help of
green tourism (Ben Jebli et al., 2019). Similarly, a negative linkage (i.e.,
decrease in carbon emission with the rise in the influx of tourists) was found
between tourism and carbon emission in the case of China. Furthermore, the
influx of local tourists showed a more significant impact as than the inter-
national one. Both these results depict the expansion of tourism, especially the
domestic one and the role of tourism in reducing emissions and conserving
energy (Huiyue & Meng, 2019).

All forms of tourism will have some impact on the environment. Since
tourism development cannot be rolled back for the obvious economic benefits
that it entails, there is a need to look at alternative solutions to the problem of
CO2 emission, which is particularly relevant to developing economies that
have begun to rely heavily on this industry not only for the foreign exchange it
secures but also for the jobs it creates. However, these countries are also the
ones most negatively affected by tourism development due to their already
scarce and strained resources, and insufficient response to environmental
protection problems. The model that eco-tourism seeks to offer may restrict
tourism to a few elite classes, and this could be an undesired alternative to
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these developing economies. There is thus a need to recognize that there is no
one-size-fits-all when it comes to tourism development and environment
protection, and different destinations would need different solutions to their
problems depending on the larger context within which it is situated. These
include destination areas and the strategic decisions they would need to make
regarding tourism development, including to determine the type and number
of tourists they are willing to accommodate.

Methodology

This segment concisely explains the significant aspects of the approach used
in this research, that is, the QQ approach by Sim and Zhou (2015). Fur-
thermore, this section also explains the model specification utilized in this
research to evaluate the association between tourist arrivals (tourism) and CO2
emission. This method is considered as a generalized form of the quantile
regression framework to evaluate how the construct influences the conditional
quantile of one other construct. This approach is centred on the blend of
nonparametric estimation and quantile regression. Initially, traditional
quantile regression is applied to estimate regressor’s effect on various
quantiles of the predicted construct. Koenker and Bassett (1978) developed
the quantile regression methodology, which is considered as an addition to the
evergreen linear regression model. However, quantile regression examines the
influence of the regressor on predicted variables both at the centre as well as at
the tails of the distribution of predicted variables, which is not the case in OLS
estimation. This allows a more detailed description of the association between
the constructs. The common regression presented by Stone (1977) and
Cleveland (1979) avoids the hypothetical “curse of dimensionality” issue
especially related to nonparametric frameworks. The elementary idea in the
background of this dimension-reduction method locally fits the linear re-
gression near every data in the sample by assigning a higher weight to nearby
data sets. Consequently, using both approaches facilitates the modelling of the
relation between quantiles of the variables (i.e. regressor and predictor). This
will result in more information compared to other regression techniques used
for estimation such as the standard quantile or OLS. The existing study used
the QQ approach to examine the influence of the quantiles of tourism on the
quantiles of CO2 emission of 20 tourist destinations around the world. Ini-
tially, it will start with the nonparametric quantile regression model as given
below:

CO2t ¼ γω ðTORtÞ þ εωt , (1)

where CO2t denotes environmental degradation (CO2 emission) in period t,
TORt denotes tourist arrivals in the top 20 tourist destinations in period t, ω is
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the ωth quantile of the conditional distribution of the ED, and εωt shows the
quantile error term whose conditional ωth quantile = 0. γω(.) shows an un-
known function as no prior information is available to the researcher related to
the association between tourism and CO2. While measuring the impact of
tourism on CO2 emission, this model allows the influence of tourism to
fluctuate across various quantiles of CO2 emission. Flexibility is the key
advantage of this type of specification as no hypothesis was formulated with
respect to the functional form of the linkage between the variables under study.

The selection of the bandwidth is vital when utilizing nonparametric es-
timation practices. The size of the neighbourhood encompassing the target is
determined by the bandwidth, and therefore the smoothness of the resultant,
that is, estimates, is controlled by the bandwidth. The higher the bandwidth,
the higher the chance for biases in the estimates, whereas a smaller bandwidth
can lead to estimates with larger variance. Therefore, a balanced bandwidth
must be opted. Sim and Zhou (2015) opted for a bandwidth parameter λ =
0.05, and the same was adopted in this study.

Data Analysis and Results

Data Analysis

For the current research, two variables (i.e. tourist arrival and CO2 emission)
were selected for the top 20 tourist destinations (China, Thailand, France,
Austria, Germany, Malaysia, Italy, Hong Kong, Mexico, Japan, Russia, Spain,
Saudi Arabia, Turkey, Poland, South Korea, Greece, Canada, the US, and the
UK). Empirical analysis was carried out on an annual data set from 1995 to
2018, which was retrieved from the World Bank and the British Petroleum
website. Before applying the statistical tools, the data was converted into
quarterly information by opting the quadratic match sum method (Arain et al.,
2020; Sharif et al., 2019a). This procedure is useful to convert low-frequency
data into high-frequency data as it allows amendments for seasonal deviation
by dropping end-to-end data deviation. The tourism data depicts the number
of tourist arrivals, whereas CO2 emission was measured in metric ton/capita.

The descriptive analysis is presented in Table 1. The averages of variables
show a positive result for all the tourist destinations. France has the highest
average influx of tourists (76,108,773), followed by the USA (55,387,091)
and Spain (52,720,091), whereas South Korea has the lowest average influx of
tourists (7,571,000) followed by Japan (7,925,182) and Saudi Arabia
(10,200,455). Other countries lie in between these averages. As far as CO2
emission is concerned, China seems to lead in CO2 emission (6093.143),
followed by the USA (5752.915) and Russia (1523.716), whereas Austria
(66.603), Hong Kong (74.785), and Greece (93.66) have the lowest levels of
CO2 emission. Other countries lie in between these averages. The departure of
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the dataset from normality was endorsed by the Jarque–Bera test. Here, the
hypothesis related to normality was rejected at a 1% level for the entire time-
series data. The results confirm that the data is not normal, and hence the
researcher can proceed to quantile estimations (Mishra et al., 2019; Sharif
et al., 2019a, 2019b; Troster, 2018).

Furthermore, the quantile unit root test was carried out, as shown in Table
2, to check whether the data is stationary or not. The first column, that is, α(τ),
shows the persistence values, whereas the second column shows the t-
statistics of tourist arrival and CO2 emission for each country. Table 2
confirms that the outcomes are non-stationary at the level for all quantiles,
which means that the researcher can proceed with the next analysis.

In Table 3 output related to quantile, cointegration is displayed, which was
presented by Xiao (2009). This statistical tool is utilized to analyze the co-
integration association between tourist arrival and CO2 emission variations
throughout the quantile distribution. The results of both the variables (i.e.
tourism and CO2 emission) show that coefficients value β and γ (supremum
norm) is greater than the critical value (CV) at all the levels of significance
(CV1 = 1%, CV5 5%, and CV10 10% levels). Thus, it depicts the presence of
a nonlinear association between tourist arrival and CO2 emission.

The causality between variables was analyzed through Granger causality,
as proposed by Troster (2018). The focus of this methodology is on nonlinear
situations in the quantile regression model. The results presented in Table 4
confirm the presence of bi-directional causality in all 20 countries between
tourist arrival and CO2 emission at all the quantiles except for quantile level
0.50. This shows that both variables of this study (i.e. tourist arrival and CO2
emission) affect each other.

Results of the QQ Approach

This section illustrates the empirical outcomes of the analysis obtained by
applying the QQ approach to tourism and CO2 emission for the top 20 visited
tourist destinations of the world. The estimates of slope coefficient γ1 (ω,κ) are
displayed in Figure 1 (1–20), capturing the impact of the κth andωth quantile of
tourism and CO2 emission, respectively, at various values of κth andωth for the
20 countries under study. Numerous interesting outcomes emerged, as shown
in the graphs of Figure 1. Initially, mixed results were found in the majority of
countries between tourism and CO2 emission; however, there was significant
heterogeneity in the result of tourism–CO2 emission nexus across countries.
This heterogeneity justifies both the significance of tourism of that specific
country as well as the government policies to save environmental degradation.
Secondly, there was considerable fluctuation in the slope coefficient of each
country at various quantiles of tourism and CO2 emission, showing the
uneven relation between tourism and CO2 emission. This uneven association

Ozturk et al. 11



T
ab

le
2.

Q
ua
nt
ile

U
ni
t
R
oo

t
T
es
t.

Q
ua
nt
ile

Fr
an
ce

U
SA

Sp
ai
n

C
hi
na

Ita
ly

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

0.
05

0.
97
5

�0
.7
96

0.
98
2

�0
.2
53

0.
99
3

�0
.1
68

0.
96
2

�0
.5
77

1.
00
7

0.
21
4

0.
99
3

�0
.3
02

0.
96
6

�0
.6
60

0.
99
0

�0
.6
76

0.
98
5

�0
.2
58

0.
99
2

�0
.2
92

0.
25

0.
99
2

�2
.1
04

0.
99
6

�1
.5
31

0.
99
9

�0
.4
09

0.
98
6

�1
.6
25

0.
99
7

�1
.1
73

0.
99
9

�0
.3
64

0.
98
9

�2
.0
82

0.
99
4

�0
.9
61

0.
98
5

�2
.1
86

0.
99
4

�0
.3
60

0.
50

0.
99
7

�1
.8
59

0.
98
5

�1
.8
86

0.
99
9

�0
.8
28

0.
99
4

�2
.2
52

0.
99
7

�1
.8
84

0.
99
9

�1
.4
00

0.
99
8

�1
.2
40

0.
99
6

�2
.2
21

0.
98
2

�1
.7
81

0.
99
9

�1
.3
66

0.
75

0.
99
9

�0
.4
91

0.
97
9

�1
.5
31

0.
99
3

�2
.0
08

0.
99
3

�1
.8
45

0.
99
6

�1
.4
26

0.
99
9

�0
.6
04

0.
99
8

�0
.8
13

0.
99
9

�0
.5
68

0.
98
5

�0
.7
96

0.
99
8

�1
.1
94

0.
95

0.
99
7

�0
.0
60

0.
97
5

�0
.4
08

0.
99
2

�0
.2
22

0.
99
1

�0
.1
21

0.
97
3

�1
.1
02

0.
99
7

�0
.1
18

0.
98
4

�0
.2
34

1.
00
3

0.
18
3

0.
99
2

�0
.1
19

1.
00
2

0.
06
0

Q
ua
nt
ile

U
K

G
er
m
an
y

M
ex
ic
o

T
ha
ila
nd

T
ur
ke
y

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

0.
05

1.
01
2

0.
28
1

0.
99
3

�0
.1
21

0.
98
2

�0
.1
72

0.
97
3

�0
.1
75

1.
00
2

0.
04
3

1.
00
4

0.
11
2

0.
99
4

�0
.0
63

1.
00
0

�0
.0
08

1.
03
8

0.
50
0

0.
97
4

�0
.1
92

0.
25

0.
99
6

�0
.9
28

1.
00
3

1.
17
9

0.
99
7

�0
.3
95

0.
98
2

�1
.8
61

1.
00
7

4.
18
4

1.
00
0

0.
03
9

0.
99
6

�0
.8
63

0.
98
9

�2
.1
94

1.
01
2

2.
24
2

0.
98
4

�2
.3
51

0.
50

0.
99
6

�1
.5
41

1.
00
5

2.
69
1

0.
99
4

�2
.2
08

0.
98
7

�2
.3
12

1.
00
5

2.
26
9

1.
00
1

0.
34
7

0.
99
3

�2
.2
19

0.
99
4

�2
.0
28

0.
99
9

�0
.6
93

0.
99
2

�1
.6
72

0.
75

0.
98
8

�2
.1
16

1.
00
6

2.
38
1

0.
97
7

�1
.1
22

0.
97
8

�1
.9
11

0.
99
8

�0
.3
87

1.
00
8

3.
36
0

0.
98
6

�1
.4
59

0.
99
2

�1
.9
81

0.
99
8

�0
.4
92

0.
99
6

�1
.0
47

0.
95

0.
97
0

�0
.8
61

0.
97
8

�0
.3
58

0.
94
6

�0
.5
42

0.
92
9

�0
.6
79

0.
98
7

�0
.2
48

1.
00
8

0.
19
9

0.
97
6

�0
.3
26

0.
97
3

�0
.4
24

0.
96
1

�0
.5
64

0.
96
0

�0
.3
51

(c
on
tin
ue
d)

12 Evaluation Review 0(0)



T
ab

le
2.

(c
on

tin
ue
d)

Q
ua
nt
ile

A
us
tr
ia

M
al
ay
si
a

H
on

g
K
on

g
G
re
ec
e

R
us
si
a

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

0.
05

0.
98
6

�0
.2
65

0.
96
7

�0
.6
38

0.
98
7

�0
.1
37

0.
97
4

�0
.2
93

0.
97
2

�0
.2
06

0.
98
1

�0
.2
74

0.
99
5

�0
.1
03

0.
99
3

�0
.3
13

1.
01
6

0.
28
5

0.
96
7

�0
.3
41

0.
25

0.
99
3

�2
.2
39

0.
99
2

�1
.5
34

1.
00
3

0.
72
3

0.
98
5

�1
.4
24

0.
99
3

�1
.7
79

0.
99
3

�1
.9
02

1.
00
2

0.
69
2

0.
99
9

�0
.3
55

1.
01
2

4.
32
5

0.
98
3

�2
.5
52

0.
50

0.
99
8

�1
.3
50

0.
99
4

�2
.4
84

0.
99
7

�0
.9
84

0.
99
3

�2
.2
19

0.
99
4

�1
.6
07

0.
99
9

�0
.3
68

0.
99
5

�1
.5
92

0.
99
5

�1
.1
47

0.
99
9

�1
.2
12

0.
99
2

�1
.6
38

0.
75

0.
99
6

�2
.0
94

0.
99
4

�1
.8
56

0.
98
7

�2
.2
98

0.
98
8

�1
.6
39

0.
98
6

�2
.4
09

1.
00
4

0.
72
1

0.
99
2

�2
.3
87

1.
00
0

�0
.0
98

0.
99
7

�1
.0
67

0.
98
9

�1
.5
31

0.
95

0.
97
9

�0
.2
96

1.
00
8

0.
10
6

0.
97
4

�0
.3
65

0.
97
6

�0
.3
78

0.
96
3

�0
.3
44

0.
99
7

�0
.0
34

0.
94
9

�1
.5
78

1.
00
1

0.
02
6

0.
97
6

�0
.4
72

0.
97
2

�0
.3
48

Q
ua
nt
ile

Ja
pa
n

C
an
ad
a

Sa
ud
iA

ra
bi
a

Po
la
nd

So
ut
h
K
or
ea

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

T
O
R

C
O
2

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

α(
τ)

t-
St
at
s

0.
05

1.
03
6

0.
46
9

0.
98
6

�0
.0
96

0.
97
3

�0
.3
52

0.
98
2

�0
.2
37

0.
94
0

�0
.7
27

0.
96
5

�0
.8
32

1.
00
6

0.
24
5

0.
98
3

�0
.2
57

0.
99
4

�0
.0
59

0.
99
2

�0
.0
60

0.
25

1.
00
8

1.
71
3

0.
99
3

�1
.1
66

0.
99
5

�1
.0
93

0.
99
0

�1
.0
67

0.
97
9

�2
.2
88

0.
99
3

�2
.1
93

0.
99
8

�0
.8
67

0.
98
9

�1
.6
52

0.
99
6

�0
.9
51

0.
99
0

�1
.6
03

0.
50

0.
99
7

�1
.3
67

0.
99
0

�2
.0
63

0.
99
9

�0
.8
71

0.
99
3

�2
.0
84

0.
98
6

�1
.9
10

0.
99
6

�1
.4
77

0.
99
9

�1
.5
21

0.
99
5

�1
.4
56

1.
00
1

0.
95
6

0.
99
0

�2
.4
97

0.
75

0.
99
6

�0
.9
85

0.
99
0

�2
.3
82

1.
00
2

0.
70
5

0.
99
7

�1
.3
52

0.
98
7

�2
.2
61

0.
98
6

�1
.9
73

0.
99
8

�1
.4
42

0.
99
5

�1
.4
39

1.
00
2

3.
19
5

0.
98
8

�2
.2
83

0.
95

0.
96
7

�0
.5
78

0.
96
6

�0
.3
85

1.
00
3

0.
06
4

1.
00
5

0.
08
4

1.
00
1

0.
01
3

0.
99
3

�0
.1
47

0.
98
7

�0
.7
30

0.
96
0

�0
.5
78

1.
00
9

0.
11
5

0.
97
6

�0
.3
49

N
ot
es
:T
he

ta
bl
e
sh
ow

sp
oi
nt

es
tim

at
es
,t
-s
ta
tis
tic
s,
an
d
cr
iti
ca
lv
al
ue
sf
or

th
e
5%

si
gn
ifi
ca
nc
e
le
ve
l.
H
er
e,
th
e
t-
st
at
is
tic

is
nu
m
er
ic
al
ly
sm

al
le
rt
ha
n
th
e
cr
iti
ca
lv
al
ue
,s
o

w
e
re
je
ct

th
e
nu

ll
hy
po

th
es
is
of

α(
τ)

=
1
at

th
e
5%

le
ve
l.

Ozturk et al. 13



T
ab

le
3.

Q
ua
nt
ile

C
oi
nt
eg
ra
tio

n
T
es
t.

Fr
an
ce

A
us
tr
ia

M
od

el
C
oe

ff.
Su
p τ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

M
od

el
C
oe

ff.
Su
p τ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

C
O
2t

vs
.T

O
R
t

β
62
09
1.
82
4

56
41
0.
99
6

55
40
2.
57
8

54
88
2.
31
3

C
O
2t

vs
.T

O
R
t

β
19
60
7.
72
9

14
62
6.
82
7

97
60
.3
18

73
72
.2
34

γ
24
34
.0
43

15
06
.7
60

14
76
.6
70

14
61
.0
53

γ
23
63
.1
27

17
24
.7
86

99
4.
87
7

67
2.
59
8

U
SA

M
al
ay
si
a

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

C
O
2t

vs
.T

O
R
t

β
77
18
.8
85

51
15
.1
34

42
03
.2
67

37
51
.0
33

C
O
2t

vs
.T

O
R
t

β
29
92
.3
63

25
91
.7
18

17
47
.7
37

12
89
.3
07

γ
17
6.
28
1

10
2.
10
3

53
.0
45

39
.1
00

γ
19
3.
29
8

17
7.
38
1

11
3.
20
0

88
.4
73

Sp
ai
n

H
on

g
K
on

g

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

C
O
2t

vs
.T

O
R
t

β
42
55
.2
92

35
93
.4
89

23
26
.7
22

19
48
.4
66

C
O
2t

vs
.T

O
R
t

β
95
58
.9
81

68
23
.5
45

52
75
.6
91

40
59
.1
75

γ
12
2.
29
8

10
2.
33
9

60
.7
73

48
.9
16

γ
11
14
.0
60

79
1.
91
9

40
9.
35
7

33
3.
25
2

C
hi
na

G
re
ec
e

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

C
O
2t

vs
.T

O
R
t

β
61
52
.7
55

31
57
.8
81

23
85
.3
16

19
48
.9
87

C
O
2t

vs
.T

O
R
t

β
13
08
9.
16
9

11
57
2.
43
2

66
81
.6
34

58
73
.6
67

γ
17
6.
17
1

79
.8
51

56
.6
01

50
.0
17

γ
14
78
.0
19

76
7.
72
9

63
6.
86
0

54
1.
22
6

Ita
ly

R
us
si
a

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

C
O
2t

vs
.T

O
R
t

β
39
58
0.
79
5

34
85
8.
18
8

33
77
7.
57
0

33
28
3.
69
5

C
O
2t

vs
.T

O
R
t

β
96
08
99
.6
30

86
77
44
.2
50

82
30
37
.7
50

81
80
62
.6
30

γ
11
32
.5
62

95
2.
33
6

92
5.
32
6

91
7.
84
5

γ
61
83
2.
76
0

54
80
0.
63
3

52
93
5.
02
0

52
57
5.
01
6

(c
on
tin
ue
d)

14 Evaluation Review 0(0)



T
ab

le
3.

(c
on

tin
ue
d)

U
K

Ja
pa
n

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

C
O
2t

vs
.T

O
R
t

β
32
08
0.
19
9

22
16
9.
78
1

21
51
3.
30
9

20
72
4.
93
4

C
O
2t

vs
.T

O
R
t

β
42
70
81
.8
10

20
76
97
.5
90

19
30
95
.9
70

11
47
0.
48
2

γ
94
2.
58
4

61
3.
36
7

55
8.
24
6

53
5.
40
8

γ
30
15
4.
94
3

11
47
0.
48
2

10
49
9.
34
6

10
22
3.
21
7

G
er
m
an
y

C
an
ad
a

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

C
O
2t

vs
.T

O
R
t

β
73
22
8.
92
2

62
59
6.
49
2

54
22
9.
82
0

45
19
7.
35
5

C
O
2t

vs
.T

O
R
t

β
47
19
3.
80
1

20
23
9.
86
1

16
01
1.
03
8

15
14
0.
78
1

γ
54
51
.3
90

51
43
.2
53

23
74
.4
28

19
96
.6
43

γ
37
57
.3
30

15
42
.3
00

10
08
.6
96

71
1.
84
9

M
ex
ic
o

Sa
ud
iA

ra
bi
a

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

C
O
2t

vs
.T

O
R
t

β
27
87
.1
49

21
51
.9
10

18
73
.2
61

16
45
.4
70

C
O
2t

vs
.T

O
R
t

β
26
15
.8
05

14
81
.8
43

74
4.
14
3

63
6.
37
3

γ
23
8.
35
7

15
5.
07
5

12
6.
96
9

99
.6
85

γ
22
2.
83
3

11
5.
93
9

57
.6
51

48
.4
74

T
ha
ila
nd

Po
la
nd

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

C
O
2t

vs
.T

O
R
t

β
32
85
.4
88

25
99
.2
09

19
76
.8
73

16
01
.9
77

C
O
2t

vs
.T

O
R
t

β
92
40
5.
24
2

84
68
4.
50
0

73
87
5.
03
9

69
67
1.
59
4

γ
30
1.
46
6

24
8.
41
1

18
8.
71
9

12
1.
58
6

γ
57
68
.7
86

13
68
.7
12

10
77
.7
69

81
5.
41
6

T
ur
ke
y

So
ut
h
K
or
ea

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

M
od

el
C
oe

ff.
Su
pτ

|
V
n(
τ)

|
C
V
1

C
V
5

C
V
10

C
O
2 t

vs
.T

O
R
t

β
71
64
.4
72

46
84
.2
55

37
68
.6
01

25
07
.4
53

C
O
2 t

vs
.T

O
R
t

β
81
45
.7
23

71
76
.3
62

48
22
.4
72

39
55
.1
69

γ
63
8.
77
2

37
6.
45
0

21
3.
60
4

16
1.
35
4

γ
64
9.
82
7

59
4.
66
2

34
2.
07
5

24
9.
06
9

So
ur
ce
:A

ut
ho

r
es
tim

at
io
ns
.

Ozturk et al. 15



T
ab

le
4.

G
ra
ng
er

C
au
sa
lit
y
in

Q
ua
nt
ile

T
es
t
R
es
ul
ts
.

Fr
an
ce

U
SA

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75
0

0.
95
0

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75

0.
95

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
12
0

0.
00
0

0.
00
0

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
18
5

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
75
9

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
06
0

0.
00
0

0.
00
0

Sp
ai
n

C
hi
na

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75
0

0.
95
0

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75

0.
95

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
52
8

0.
00
0

0.
00
9

0.
00
0

0.
00
0

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
38
4

0.
00
0

0.
00
3

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
66
7

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
71
8

0.
00
0

0.
00
0

Ita
ly

U
K

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75
0

0.
95
0

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75

0.
95

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
04
6

0.
00
0

0.
00
0

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
54
6

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
93
1

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
52
3

0.
00
0

0.
00
0

G
er
m
an
y

M
ex
ic
o

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75
0

0.
95
0

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75

0.
95

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
82
9

0.
00
0

0.
00
0

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
92
1

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
63
9

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
19
9

0.
00
0

0.
00
0

T
ha
ila
nd

T
ur
ke
y

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75
0

0.
95
0

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75

0.
95

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
25
5

0.
00
0

0.
00
0

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
40
7

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
46
8

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
18
1

0.
00
0

0.
00
0

(c
on
tin
ue
d)

16 Evaluation Review 0(0)



T
ab

le
4.

(c
on

tin
ue
d)

A
us
tr
ia

M
al
ay
si
a

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75
0

0.
95
0

[0
.0
5–

0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75

0.
95

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
94
9

0.
00
0

0.
00
0

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
63
4

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
65
7

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
13
4

0.
00
0

0.
00
0

H
on

g
K
on

g
G
re
ec
e

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75
0

0.
95
0

[0
.0
5–

0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75

0.
95

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
04
2

0.
00
0

0.
00
0

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
23
1

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
80
1

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
55
6

0.
00
0

0.
00
0

R
us
si
a

Ja
pa
n

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75
0

0.
95
0

[0
.0
5–

0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75

0.
95

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
23
6

0.
00
0

0.
00
0

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
20
4

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
75
9

0.
00
0

0.
00
0

0.
00
0

0.
06
5

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
67
6

0.
00
0

0.
00
0

C
an
ad
a

Sa
ud
iA

ra
bi
a

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75
0

0.
95
0

[0
.0
5–

0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75

0.
95

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
28
7

0.
00
0

0.
00
0

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
78
7

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
95
4

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
36
1

0.
00
0

0.
00
0

Po
la
nd

So
ut
h
K
or
ea

[0
.0
5–
0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75
0

0.
95
0

[0
.0
5–

0.
95
]

0.
05
0

0.
25
0

0.
50
0

0.
75

0.
95

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
58
8

0.
00
0

0.
00
0

Δ
T
O
R
t
to

Δ
C
O
2 t

0.
00
0

0.
00
0

0.
00
0

0.
10
6

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
10
2

0.
00
0

0.
00
0

Δ
C
O
2 t

to
Δ
T
O
R
t

0.
00
0

0.
00
0

0.
00
0

0.
89
8

0.
00
0

0.
00
0

So
ur
ce
:A

ut
ho

r
es
tim

at
io
ns
.

Ozturk et al. 17



is contingent on the sign and magnitude of tourism variation in that specific
country and CO2 emission.

The outcomes show that in general, in the case of the USA, Austria, and
Spain, the effect of tourism on CO2 emission is positive at all quantile levels.
Some of the quantiles show a quite powerful positive effect; however, the
intensity varies at different quantiles. For the USA, the intensity of the effect is
highly positive at quantile level (0.45–0.55) for tourism and (0.45–0.55) of
CO2 and in the case of Austria, it is (0.35–0.55) for tourism and (0.3–0.65) for
CO2, which means that even low tourist arrival increases CO2 emission, but
this effect gets weaker at a higher level of quantiles. For Spain, the intensity is
highly positive at quantile level (0.80 to across all) for tourism and (0.35 to
across all) for CO2 emission, which means that the high intensity of tourist
arrival has an adverse effect on CO2 emission and the condition of the en-
vironment will worsen as the number of tourists increases. The direct relation
is supported by previous studies, for example, Eyuboglu and Uzar (2020).

In the case of France, a negative impact was observed at all the levels of
quantiles; however, the intensity is highly negative at the quantile level (0.1–
0.35) for tourism and at (0.5 to across all) for CO2 emission. This suggests
good environmental policies in France because according to the results, low
tourist arrival will have a negative effect on the environment, which means
that the environment will improve due to the low arrival of tourists. However,
after the saturation point, these policies will not be as effective as in the current
condition because after a certain limit, tourist arrival will begin degrading the
environment. According to Figure 1, the outcomes of Greece, the UK, Japan,
Poland, China, Turkey, Thailand, Hong Kong, and Russia show a mixture of
positive and negative quantiles; however, overall results show a positive
impact with the greater number of quantiles. Further, the outcomes of Greece
depict that it is highly positive at higher quantiles of tourism and CO2
emission (0.90 to across all) for both tourism and CO2 emission. The result
depicts that under worse environmental conditions, high intensity of tourists
will further degrade the environment.

The results of the UK and Poland show the weak positive result at
maximum numbers of quantiles; however, a strong negative impact was also
noticed at higher quantiles of tourism, that is, (0.9 to across all) for both
countries, that is, the UK and Poland and at 0.05–0.15) and (0.3–0.4) in case of
Poland, whereas at all the quantiles of CO2 emission in the UK. In addition to
this, the UK also has a strong negative result at lower quantiles of tourism
(0.1–0.25) and higher quantiles of CO2 emission (0.9 to across all). This
means that in the case of Poland, where environmental conditions are quite
good, even the high intensity of tourist arrival will not have a much harmful
effect on the environment, and the environmental situation will improve due to
the arrival of tourists. The same is observed in the case of the UK, where under
low to high CO2 emission conditions, the intensity of low or high tourist
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Figure 1. Quantile-on-quantile (QQ) estimates of the slope coefficient, γ1 (ω,κ). Note:
The graphs show the estimates of the slope coefficient γ1 (ω,κ) in the z-axis against the
quantiles of CO2 emissions in the y-axis and the quantiles of tourist arrivals in the x-axis.
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Figure 1. Continued.
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arrivals will not have a much harmful effect on the environment, and the
environment will improve due to the arrival of tourists. This depicts good
environmental policies by the government of both countries.

In the case of Japan, quite interesting results were noticed. Overall, the
results were positive at the majority of quantiles; however, both strong
positive and negative results were also noticed. High negative results can be
seen from (0.2 to across all) quantiles for tourism, whereas for CO2 emission,
it is at (0.2–0.8). This shows that low to high intensity of tourist arrival in the
case of low to moderately high CO2 emission will have a negative effect on
CO2 emission, which means that there will be a decline in the quantity of CO2
emission due to the arrival of tourists. Furthermore, when the situation of CO2
emission is high (0.8–0.95), this low or moderate arrival of tourists (0.2–0.25)
will have a positive effect on the environment, which means that this arrival of
tourists will deteriorate the environment.

Furthermore, the outcomes of China show an overall positive impact of
tourism on CO2 emission. However, the results are highly negative at quantile
(0.25 to across all) for tourism and for quantile (0.1–0.35) for CO2 emission.
This shows that under low CO2 emission, tourist arrival will result in the
improvement of the environment; however, as the intensity of CO2 emission
increases, further tourist arrival will not be useful for the CO2 emission
because of the high positive association between both variables. The same can
be seen at the upper quantiles of both variables.

In the case of Turkey, overall outcomes seem positive; however, highly
negative results are also seen at higher quantiles (0.85 to across all) for tourism
and (0.1–0.4) for CO2 emission. This means that even high tourist arrivals
under low CO2 emission conditions will not have a much worse effect on CO2
emission, and even under this high intensity of tourist conditions of CO2,
emission will improve. In the case of Turkey, another highly negative result is
also seen at the lower quantiles of tourism, that is, (0.1–0.25) and (0.35 to
across all) for CO2 emission. This shows that low tourist arrival at low or high
CO2 emission conditions will decrease the CO2 emission. This highlights the
good environmental policies by the government of Turkey. Thailand shows
positive results in the majority of quantiles. However, the negative result is
also shown at quantile (0.1–0.40) for tourism and at quantile (0.85 to across
all) for CO2 emission. This means that even under high CO2 emission, the
arrival of low tourists will have a negative impact on the environment. The
environment will improve further; however, this effect will be reversed at a
moderate level of tourist arrival (0.65–0.75) and at high CO2 emission (0.6–
0.85), which means that as the number of tourist increases, this will cause
harmful effects on the environment under high CO2 emission.

In Hong Kong, the overall result is also mixed, where both positive and
negative quantiles can be seen in Figure 1, but the result is highly positive at
the majority of quantiles. Both the variables are highly positive at higher levels
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of quantiles, that is, (0.5 to across all) for tourism and (0.7 to across all) for
CO2 emission. This means that under moderate or high CO2 emissions, the
arrival of tourists will further degrade the environmental conditions. In Russia,
overall result is mixed; however, the majority of the quantile show a positive
impact of tourist arrival on CO2 emission. Furthermore, at quantile (0.25–
0.35) for tourism and at quantile (0.35–0.45) for CO2 emission, this effect is
highly positive, which shows that even at low CO2 emission, the low intensity
of tourist arrivals will further harm the environment; however, this will turn to
a negative impact, that is, high intensity of tourist arrival (0.9 and above) in
high CO2 emission (0.65 to across all) will decrease the CO2 emission.

In the case of the remaining countries, Figure 1 shows a mixture of positive
and negative quantiles; however, overall results show a negative impact at a
greater number of quantiles. For example, the cases of Italy and Canada are
similar. In these two countries, the overall result is mixed, where both positive
and negative quantiles can be seen in Figure 1, but the result is highly negative
at the majority of quantiles. For these two countries, tourism is highly negative
at the upper quantiles, that is, (0.8 to across all) for Italy and (0.65 to across all)
for Canada, and at the low or medium intensity of CO2 emission, it is (0.1–
0.7) for Italy and (0.1–0.55) for Italy. This means that the governments of both
countries have good environmental policies as high tourist arrivals under low
or medium CO2 emission situation further decrease the CO2 emission.

For Malaysia and Mexico, the effect of tourism on CO2 emission is
negative in general. However, a positive result can be seen at a few quantiles,
whereas Germany shows a weak negative result. The effect of tourism on CO2
emission is highly negative from lower to middle or upper–middle quantiles of
Malaysia and Mexico, that is, (0.15–0.55) and (0.10–0.75), respectively, for
tourism and (0.15–0.6) and (0.15–0.25), respectively, for CO2 emission. In
addition, Mexico also shows a high negative impact at the upper level of
quantiles, that is, (0.7 to across all) for CO2 emission. This shows the negative
impact of tourism on CO2 emission, which means that low or medium in-
tensity of tourist arrivals in low or medium CO2 emission figure situations will
not have much harmful effect on the environment, and the environment will
improve due to the arrival of tourists. Furthermore, in the case ofMexico, even
if the situation of CO2 emission is high, these tourists will not cause much
harm to the environment and will result in a decline in CO2 emission. This
specifies good environmental policies by the government of both countries.
However, in the case of Malaysia, a high positive impact is also seen at
quantile (0.5–0.65) for tourism and (0.55–0.75) for CO2 emission. This means
that under moderate CO2 emissions, the tourist arrivals will further harm the
environment, which was not the case in low CO2 emission situations. For
Germany, in addition to weak negative results as discussed above, some of the
quantiles also show a powerful positive effect. As far as the intensity of the
effect is concerned, there is a high positive effect at the lower quantile of both
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Figure 2. Comparison of quantile regression and QQ estimates. Note: The graphs display
the estimates of the standard quantile regression parameters, denoted by QR (continuous
black line), and the averaged QQR parameters, denoted by QQR (dashed black line), at
different quantiles of tourist arrivals and carbon dioxide emissions for all countries examined.
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the variables, that is, (0.35–0.45) for tourism and (0.35–0.65) for CO2. This
means that low tourist arrival has a positive effect on CO2 emission, but as the
arrival of tourists’ increases, its effect on the environment decreases. This
means that the government of Germany has devised strong policies to mitigate
the effect of high tourist arrivals on the environment.

Figure 2. Continued.
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In South Korea, tourists have a negative impact on CO2 emission;
however, this negative impact is significantly high at the upper level of
quantiles for tourism, that is, (0.9 and above) and for CO2 emission, this
high negative impact is at two levels of quantiles, that is, (0.25–0.35) and
(0.6–0.75). In South Korea, the intensity of tourist arrival is high; however,
the large number of tourists will not further degrade the environment in both
low and upper–middle CO2 emissions. This means that for Korea, these
tourists will be helpful in reducing the environmental effect of CO2
emissions. However, it is interesting to note that a high positive effect is also
seen at the upper–middle quantile of tourists, that is, (0.6–0.7) and (0.6–0.9)
for CO2 emission. This shows that at the moderate-intensity level of tourist
arrival and under moderate to high CO2 emission situations, tourists will
degrade the environment, which after a certain point, the high intensity of
tourist arrivals will not be harmful to the environment as discussed above.
Finally, Saudi Arabia also shows negative results at the majority of quantiles,
and the highly negative side is at the lower quantile of tourist arrival, that is,
(0.1–0.40), and at the higher level of CO2 emission, that is, from (0.85 to
across all). This result shows that in Saudi Arabia, low tourist arrival will
improve the situation of CO2 emission, which shows that the government of
Saudi Arabia has devised strong policies to mitigate the effect of tourist
arrival on the environment.

The Validity of the QQ Method

The QQ methodology can be regarded as a methodology that disintegrates the
estimates of the traditional quantile regression framework that enables the
achievement of explicit estimates for various quantiles of the predictor
variables. Simply put, the validity of the QQ methodology can be scrutinized
by comparing the estimates of traditional quantile regression parameters with
the κ-averaged QQ parameters. The graphs (1–20) in Figure 2 that show the
results of all countries depict that irrespective of quantiles, the mean QQ
estimates of the slope coefficient are reasonably the same as the quantile
regression estimates. Consequently, the robustness of the result obtained
through the QQ approach is confirmed from Figure 2.

Conclusion and Policy Recommendations

In existing research, we have attempted to investigate the association between
tourist arrivals and CO2 emission in the top 20 tourist destinations worldwide.
The dataset chosen for this study is composed of quarterly observations from
1995 to 2018. The researchers have utilized the novel technique of quantile-
on-quantile regression (QQ) proposed by Sim and Zhou (2015) and Granger
causality in the quantiles proposed by Troster (2018). In particular, how the
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quantiles of tourist arrivals affect quantiles of CO2 emission was examined.
Therefore, the findings of this research show the overall dependence between
tourist arrivals and CO2 emission. Initially, mixed results were found in the
majority of countries between tourism and CO2 emission; however, there is
significant heterogeneity in the result of tourism–CO2 emission nexus across
countries. This heterogeneity justifies both the significance of tourism in that
specific country as well as the government policies to save CO2 emissions.
The empirical results suggest a significant positive relationship between
tourist arrivals and CO2 emission in most tourist destinations, predominantly
in both high and low tails. The results further suggest a negative effect of
tourist arrivals on CO2 emission for the case of France, Germany, Canada,
Italy, the UK, Mexico, Malaysia, and Turkey.

Countries with a negative impact of tourism on CO2 emission show that
their government has devised strong policies to mitigate the effect of tourist
arrival on the environment. The same was found by Alam and Paramati
(2017). According to them, an investment in tourism not only stimulates
tourism but also supports the reduction of CO2 emissions. Therefore,
countries that show a positive association between the variables will be much
interested in devising policies to minimize CO2 emission and protect the
environment from degradation. As a matter of fact, countries with a positive
relationship between the variables should be more concerned about energy
consumption through the transport sector, where the greater the intensity of
tourists, the greater the consumption of energy (Ben Jebli & Hadhri, 2018).
For the betterment of the economy and ecosystem, authorities must show great
concern towards the implementation of green tourism (Ben Jebli et al., 2019).
Regulatory policy implementation is required to minimize the level of en-
vironmental degradation through the expansion of the tourism industry
(Pulido-Fernández et al., 2019). Asmelash and Kumar (2019) highlighted the
importance of stakeholder’s inclusion in the decision-making of green
tourism.

It is imperative for these countries to devise an efficient investment
framework to augment the arrival of tourists on one hand and curtail the CO2
emission on the other. Clean energy choices have become increasingly im-
portant as technologies and environmental protection have advanced (Bekun,
2022).

Regulatory policy implementation is required to minimize the level of
environmental degradation through the expansion of the tourism industry
(Pulido-Fernández et al., 2019). In order to reduce the level of CO2 emission,
the taxation policy should be levied upon sectors that emit CO2 in countries as
a social cost of carbon emission (Lundgren & Marklund, 2013). Countries
emitting more CO2 due to the high intensity of tourist arrivals should adopt
technology that is eco-friendly in order to sustain the environmental quality at
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its best. Hence, the government and tourism department need to focus on clean
and efficient energy usage.

Lu et al. (2019) found that France has the highest annual influx of tourists
followed by the USA and China. China and Turkey have 5% tourism ex-
pansion, Germany and the United Kingdom stand at 1% growth in tourism,
further, Mexico and china spend 10% investment in tourism, whereas Japan
spends 1% on the tourism sector. The UK and South Korea invested 10% in
renewable sources of energy utilization. On the contrary, Saudi Arabia and
Russia depended on conventional sources of energy.

These statistics depict that the focus on investment in the tourism industry
not only increases the revenues of the country but also attracts more tourists.
Therefore, it is imperative for policymakers to promote investment in the
tourism industry, regularization of CO2 emissions, usage of conventional non-
renewable energy, green tourism campaign, and eco-friendly tourism activ-
ities (Lu et al., 2019).

An emerging economy needs to have sustainable development, but the
growth patterns from tourism might make that hard to achieve. Therefore,
tourism could be a potential determinant of environmental degradation in
emerging nations, especially from a policymaking perspective. This short
review of the relation between tourism and the environment indicates that
tourism could potentially have an impact on the environment. This effect
could be either positive or negative depending on the tourism indicator, the
perspective of the study, and its duration. This may be the cause behind
incongruences such as the relationship between these two indicators. Thus,
considering tourism is an important social and economic industry, future
research is required to uncover the possible impact (negative or positive) on
the environment.
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