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ABSTRACT
This study examines the impact of tourism on China’s environ-
mental quality under the framework of the Environment Kuznets
Curve. In this study, tourism is measured by the number of tourist
arrival and environmental pollution is measured by three proxies:
carbon emissions, atmospheric particulate matter, and greenhouse
gases. The study additionally controls trade openness effects
using annual data from 1995 to 2018. Based on the asymmetric
behavior of environmental variables, the study applies the
Quantile Autoregressive Distributed Lag model that helps to inte-
grate both dynamic trends and non-linearity. The findings con-
firmed the validity of Environment Kuznets in the long run and
unveiled that tourist arrivals reduce carbon emissions, atmos-
pheric particulate matter, and greenhouse gases in the long run,
but in short-run dynamics, tourist arrivals only reduce carbon
emissions. Similarly, trade openness increases carbon emissions,
atmospheric particulate matter, and greenhouse gases at initial
quantiles in the long run. In contrast, in the case of the short run,
trade openness reduces atmospheric particulate matter and
greenhouse gases. These results imply that the emissions mitigat-
ing (contributing) effects of tourism and trade varied across lower
and higher quantiles. In conclusion, the findings reveal that the
government should take effective measures to implement appro-
priate strategies required to sustain tourism and trade in China.
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1. Introduction

Tourism is the fastest-growing sector in the economy that plays a vital role in creat-
ing employment opportunities and creates a huge number of foreign exchanges and
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ultimately results in the overall economic growth and social development of the coun-
tries (An, Razzaq, Haseeb et al. 2021; Lee and Chang 2008). According to the United
Nations World Trade Organization (2017), it is reported that tourism has the poten-
tial to bring about the economic transformation of a wide range of destinations.
Globally, the tourism industry has been rising and developing into the largest grow-
ing industry in recent years. According to the World Tourism Organization (2015),
about 30% of the world’s export earnings have increased due to tourism in both
emerging and developing countries. For least developed countries like Gambia,
Madagascar, Nepal and Tanzania, tourism is also boomed. Though tourism develop-
ment is a double-sided sword, in that it generates not only affirmative repercussions
such as the creation of jobs but also instigates undesirable ones such as water and air
pollution, ecosystem degradation as well as the loss of the socio-cultural environment
if it is not properly planned, settled, and coped (Azam et al., 2018; Ozturk et al. 2020;
Sharif et al. 2020; Yeoman et al., 2007).

Globally, the tourism sector’s actions have been criticized due to factors such as
the relationship of tourism with climate change as apathetic and public traveling is
being considered reciprocally uncommitted in the industry of tourism (An, Razzaq,
Nawaz, et al. 2021; Razzaq et al. 2021c; Weaver, 2011). In simple words, due to the
growing trend in the industry, transportation has increased, and carbon neutrality has
become a scarce resource, and climate change has become a harmful factor (Razzaq
et al. 2021b). The relationship of tourism with the environment is actually the moving
and travelling of people, and the anthropogenic activities occurring as a result of trav-
elling influence the environment (Becken, 2013). Tourism involves lots of transporta-
tion and accommodation as travellers need to move from one place to another, so
tourism is consumed at the cost of environmental degradation as the bulk of carbon
dioxide, and greenhouse gases are emitted from the tourism sector (Anwar et al.
2021; Haiyan Song et al., 2013).

Moreover, tourism also influences the land undesirably, followed by water and air
pollution. The negative impact of land-based tourism litters the area, which some-
times creates forest fires, threatens the habitats in the particular zones, and creates a
vulnerable situation as it endangers the species, especially those living in the forest
areas (Sunlu, 2003). The pristine nature of the environment in the forest areas is dis-
turbed by garbage disposal as it becomes the dumping grounds by the tourist. The
improper management of garbage collection and littering in the forest leads to forest
fire, a great threat to the animals living in the region, leading to the extinction of
wild species (Azarmi et al., 2019). The tourism industry develops the infrastructure
utilizing hotels and other recreational activities hence increasing the issue of sewage
pollution that influences the groundwater quality and creates major concerns for
humans as well as for both flora and fauna, especially this issue happens with the
coastal tourism where the sewage inflow affects the water quality adversely and cre-
ates water pollution by changing the salinity and transparency of the water and leaves
a greater threat to the environment (Rath & Gupta, 2017). Thus marine and coastal
tourism also lead to various potential threats by discharging solid, liquid and semi-
solid hazardous material into the water bodies like rivers and sea (Davies and
Cahill, 2000).
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It is also debated that the travel and tourism industry also influences the environ-
mental quality of Asian economies, especially in the south-east Asian countries that
are highly tourism-oriented and depends on energy to meet the tourist requirement,
thus reflecting the poor air quality. Given the profound changes induced by tourism,
in this study, we emphasized China as tourism in China has significant networks for
conjoint learning and communication between different cultures and countries and
an effective means to increase employment and develop the economy. According to
the World Tourism Organization (UNWTO), it is reported that France in 2019
attracted roughly 89.4 million tourists while Spain attracted 83.5 million tourists. The
United States placed third in the list with around 80 million international arrivals,
while China ranked fourth, recording almost 65.7 million inbound arrivals. In the
context of the travel and tourism industry, China in 2019 is placed at second in the
ranking, with a contribution of 667 billion U.S. dollars to GDP after United States
that contributes the largest amount of 580.7 billion U.S. dollars (https://www.statista.
com/statistics/2021) (Figure 1).

Though tourism has many apparent positive repercussions, its negative impact
can’t be ignored. In the prevailing literature, many studies revealed that the negative
effects of tourism outstrip the positive effects as the coal-based industries like coal
mining and arid climate with improper maintenance have emerged as the main factor
of environmental degradation. Tourism, being one of the world’s largest industries, is
adversely influencing the environment, especially during the peak of tourist season.
Therefore, it is required to examine and monitor the impact of tourism on the envir-
onment. In this regard, it is required to implement the ecotourism strategies in the
world for the conservation, prevention and sustainable protection of the natural envi-
ronments and mainly to support the local cultures in the particular area (Rath &
Gupta, 2017). Globally, CO2 emission is much higher, and the government is already

Figure 1. Number of tourist arrivals (in millions).
Source: https://www.statista.com/statistics
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trying to promote eco-friendly products and reduce carbon technology to enhance
sustainable tourism growth (Ahmad et al., 2018; Chien et al. 2021; Koondhar et al.,
2021; Lingyan et al. 2021; Si et al., 2021). According to the 17 Sustainable
Development Goals (SDG’s) proposed by the UN, the 13th and 14th goal is also to
set up a strong ecological foundation and create sustainable development in the eco-
system using available resources. The goals focus on climate change by emphasizing
developing innovative and eco-friendly infrastructure to reduce carbon emissions and
build a sustainable environment (UNGA, 2015; Khan et al. 2021).

In this regard, the government should take necessary steps to stop the leakages
into the environment by finding out the Single-Use Plastic hotspots and should take
certain other necessary measures such as changes in policy and infrastructure related
to the local, regional and global governing bodies to encourage eco-friendly products
especially in the tourism sector (UNEP & WTTC, 2021). The planned and sustainably
focused tourism management is anticipated to lead to many economic, social, and
environmental benefits; otherwise, the unplanned and mismanaged and improper
infrastructure lead to environmental hazards and may create a negative impact on the
sector as well as the country and as a result may lose the number of the tourists
(Farid, 2015). It is also likely that the chances of the tourist flows might change due
to the variation of the destinations. It depends on the environment, recreation and
leisure, which depends on the climate and nature. The changes in the climate might
affect the tourism destination merits and demerits as the local and national govern-
ments govern it. Their policies and functions might become the concern to affect the
tourism destinations as part of the larger economy (G€ossling & Hall, 2006). Thus, for
improving good tourism, the engagement of the community is also essential, and
planning and managing the tourism sector through public-private partnerships, tech-
nology, and innovation are certain prerequisites to flourish the tourism industry
sustainably.

In accord with the rising significance of tourism as a means to promote economic
growth and development in China, the adverse effects on the environment (Jiang
et al., 1996; Lv, 2003; noise pollution, water pollution, air pollution, and biodiversity
loss can’t be ignored (Wen et al., 2003; Xie and Zheng, 2001) . So, keeping in view
the above discussion, the current study attempts to explore the impact of tourism on
the environment by using different proxy variables, for instance, carbon emissions
(CE), atmospheric particulate matter (PM2.5) and greenhouse gases (GHGs). The
joint use of different variables attempts to portray a clear picture of the impact of the
tourism sector on the environment of China. Moreover, unlike the previous studies,
the current study uses the novel approach of Quantile Autoregressive Distributed Lag
Model (QARDL) model with an advantage that the cointegration coefficients in this
method vary across quantile in short-run dynamics; however, the parameters are also
ensued to move together in the long run (Xiao, 2009). Besides, the cointegration coef-
ficients diverge along quantiles due to shocks are also assessed by this approach.
Moreover, this approach is also superior to the Nonlinear Autoregressive Distributed
Lag (NARDL) model of Shin et al. (2014), in which non-linearity is delineated
exogenously, i.e., the cutoff is alternatively set to zero instead of determining by a
data-driven method.
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The paper’s remaining structure is organized below. The subsequent section 2
reviewed the potential existing studies on the topic focused in the present study. Data
sources and analytical strategies are presented in section 3. The results based on esti-
mations are presented in section 4, and lastly, the conclusion with possible policy rec-
ommendations is revealed in section 5.

2. Literature review

In current years, the EKC literature has been repetitively increasing and getting the
attention of scholars and researchers (Aziz et al. 2020a, 2020b, 2020c; Bekun et al.
2019; Rafindadi and Usman 2019; Sarkodie and Strezov 2018; Sinha and Shahbaz
2018). This section is supplemented with studies exploring the environmental impact
of tourism coupled with foundation of tourism and the choice to decide on tourism.
These streams also highlight the EKC hypothesis tested before by earlier researchers
in different countries.

Tourism management plays a vital role as it controls the functions efficiently and
implies the best management practices to yield benefits in an economy. The literature
review on tourism has been analyzed based on best managing practices followed by a
theoretical perspective. Back to tourism acts, the Act of 1979 was the foundation of
tourism development. In this regard, the first Tourism Master Plan (FTMP) in 1983
discussed tourism development sustainably according to the economy’s social and
economic development to conserve and preserve the environment. The Second
Tourism Master Plan was planned from 1996 to 2005 to develop tourism into mass
regions across the globe for the country and the tourists. The third Tourism Master
Plan (2007–2011) aimed to establish better resorts in the islands and improve them
sustainably. The fourth Tourism Master Plan (2013–2017) is mainly implied for the
Maldives’ position in the market, managing environmental and conservation issues,
and engaging more Maldivians in a tourism career (World Bank, 2016).

The global change in an environment is a great threat to the tourism sectors as it
modifies the bio and geochemical factors of topography, and the loss of non-renew-
able resources leads to the unsustainable use of renewable resources ending in the
loss of biodiversity and overall impacting the relationship between the environment
and the tourism management. Allison et al. (2009) and Ling et al. (2021), in their
book “The Copenhagen Diagnosis: Updating the world on the latest climate science,”
has pointed out the insufficiency of the research and studies done on the assessment
of small-scale weather events that could change the future events and affect the tour-
ism. The sudden changes in the outbreak of natural events affect tourism and lead to
heavy economic loss. The recent wildfire on Mediterranean climates like Spain,
Greece, southeast Australia and southern California was the impact due to the
increase in anthropogenic activities and causing climate change. The glaciers in
Greenland flowing faster than 100 meters per year, with an average of 0.84 meters
per year, the risk of ice sheet collapse is high in Greenland Antarctica. This informa-
tion affects not only climate change but also the tourism of the country.

In the context of tourist decisions, Song et al. (2012) strongly mentioned that the
tourist’s decision to choose the particular destination is influenced by social and
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psychological factors like their social status, personal interest, and interest in the cul-
tural and geographic nature. The time trend in the tourism demand unction is the
ambiguity, and the consumer behavior changes relevant to the consumption of the
commodities. As the size of the tourism industry is rapidly growing, the demand for
international tourism has been bound regarding the regime of the government policy
and economic conditions resulting in the demand elasticity being unchanged over
time. In another study, Carey Goh (2012) tries to frame the importance of the tour-
ism demand of economic and non-economic factors by the socio-psychological vari-
able significant to the tourism demand. The tourism demand is influenced by
consumer behavior based on the travellers’ destination choice. The measures of col-
lecting the factor for the data in the time series are unclear: the impact of changing
trend clearly states the value evolves by period, yet few factors like tourism policy,
destination accessibility, and culture are stable over the period. In another study, Kim
et al. (2019) defined the research related to tourism activities by focusing on the fac-
tors influencing tourism demand from consumer behavior using cross-sectional data
from a micro perspective. The analytical results indicate that household head age,
household income, car ownership and Internet usage positively influence tourism
expenditures. Home loan and health and insurance expenditures negatively impact
tourism expenditures.

The tourism demand forecasting system (TDFS) is the web-based innovative online
system to forecast the tourism-based demand with the help of technology. The study
by Song et al. (2013) shows the TDFS has shown full accuracy with the judgemental
on statistical forecast survey in the long-haul markets of interests like Japan, Taiwan,
US and China. The Delphi survey helps to improve the capability of a good func-
tional forecasting module. Song et al. (2003), in their study, explained the demand in
the Hong Kong tourism sector with the time-varying parameter (TVP) model to find
the behavioral change of tourists over time, and the forecasting performance has
shown positive parameter in demand in the tourism of western European countries.
It is indicated that the development of the economy with international tourism by
the administration’s direct revenues generated in the form of foreign direct invest-
ment in the tourism sector (Razzaq et al. 2021d). The policies to be implemented
with the local decision-makers as their influence on the nature conservation, employ-
ment in local tourism will be more beneficial in the tourism management. McKercher
et al. (2008) showed the decline in tourist volumes over a distance; is a function of
the virtual disappearance of certain segments rather than a general decline of demand
across all segments. Hence, no direct value is registered in the historical heritage due
to the public commodity, and the social value is less marketable. While distance may
not be an explicit barrier to travel, it is an implicit barrier representing the critical
points where the destination becomes unattractive.

In Africa, the Ethiopian government aims to transform the country into one of the
top ten tourist places by 2020. With the rising share of the Ethiopian market among
the international tourist, the chance of improvement of the condition of the country
is improved using economic, political, social, infrastructural, and service ways; hence
a good amount of employment will be created for the citizen in the country. It is one
of the positive sources that can conserve and preserve the sustainable tourism income
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by the international tourists and save their cultural heritage (Farid, 2015; WTTC,
2014). According to Kopsch (2012), the demand for domestic air travel in Sweden is
calculated by the data on passenger qualities and fares with price elasticity to find the
robustness of the leisure travelers. The substitute of the cross-price elasticities is via
rail and road. The results show aggregate demand for air travel in the long run com-
pared to the short run; the travellers are sensitive to the price changes. Leisure travel-
ler’s demand would largely explain the price change on demanded quantity. A
positive cross-price elasticity is found between rail and air travel.

According to Higham and Cohen (2011), the Norwegian government has planned
carbon neutrality all across the country’s sectors by 2030. The climate impact on air
travel is a carbon conscience and a growing concern. Norway is in a leading position
in the European tourism market concerning climate sensitivity. Weaver (2012)
pointed out that the global financial crisis in the tourism sector’s growth would be
addressed by the sustainable environment resulting in mass tourism. Mass tourism
being sustainable could be achieved with the macro perspective on the evolution of
contemporized tourism. Susanne Becken (2013) has addressed the sustainability of
tourism management as the gaps that need to be addressed on tourism and climate
change’s geographic and topical dimension. The research done in the particular
domain is liable with very few researchers, which pose a risk to intellectual diversity
better to understand the measures of tourism and climate change.

Moving towards the environmental impacts of tourism, many studies proved both
the favorable and unfavorable environmental impacts of tourism. In the context of
desirable effects, Danish (2018), in the case of the BRICS panel, revealed that tourism
helps in improving the quality of the environment. Likewise, in the case of ASEAN
countries, Kongbuamai et al. (2020) also portrayed an upturned U-shaped EKC
between tourism and ecological footprints. In the case of central and South America,
Ben Jebli et al. (2019) revealed the same phenomenon and highlighted that tourism
supports improving the environment quality. Other researchers also exhibited the
same phenomenon and unveiled the same findings (see Ozturk et al., 2016 and Raza
and Shah, 2017). In contrast, many studies argued that tourism is a major contributor
to environmental degradation as tourism consumes energy-intensive technologies for
its activities. The recent study of Balsalobre-Lorente et al. (2020) in OECD countries,
Gulistan et al. (2020) in 112 countries, and Anser et al. (2020) in Group of Seven
countries scrutinized the relationship and stated that tourism instigates environmental
pollution. In the case of Azerbaijan, Mikayilov et al. (2019) also endorsed the U-
shaped EKC hypothesis between tourism and ecological footprints. Zhang and Liu
(2019), in 10 Northeast and Southeast Asia countries, found that tourism is the main
factor contributing to environmental pollution.

The overall findings showed that tourism has both positive and negative effects.
Still, in the case of China, the studies are sparse especially, in the context of
exploring the cointegration coefficients across the quantile in short-run dynam-
ics. So the current study is the pioneer in exploring the environmental impact of
tourism on the environment by using a quantile dependent approach such as
QARDL. The phenomenon is empirically analyzed and discussed in the subse-
quent sections.
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3. Data and methodology

3.1. Data sources

To meet the objectives of the study, variables such as emissions (CE), particulate matter
(PM2.5), and greenhouse gases (GHGs) with other selected variables such as economic
growth (GDP), tourist arrivals (TOR), and trade openness (TOP) are involved in the
empirical analysis. The data spanning the years 1995 to 2018 for China are collected
from the World Development Indicators (WDI) and British Petroleum data banks. The
selected variables are used in natural logs for the empirical analysis of all variables.

3.2. Descriptive statistics

Table 1 illustrates the descriptive statistics of proxies of environment pollution, i.e.,
CE, PM2.5, and GHGs, with other selected variables such as GDP, TOR, and TOP.
Comparatively, CE and PM2.5, the mean value of GHGs is maximum, i.e., 3.24 with
minimum and maximum value of 2.97 and 4.54, respectively. The mean value of
GDP is 7.0, with the minimum and maximum values of 6.41 and 8.07. Lastly, the
mean value of TOR and TOP are 3.98 and 5.21, respectively. Further, the findings
show that the data is not normally distributed according to Jarque-Bera statistics. In
this case, it is pertinent to say that using quantile estimations is the best way to
deliver broad specifics compared to other conventional models of linear regression
(Mishra et al., 2019; Sharif et al., 2019; Troster et al., 2018).

3.3. Quantile Autoregressive Distributed Lag approach

In the present study, an advanced approach of QARDL introduced by Cho et al.
(2015) is used to assess the nonlinear association of tourist arrivals with proxy varia-
bles of environment pollution. In simple words, the QARDL framework considers
tourist arrivals’ long-term effect on China’s environmental pollution in quantiles. The
Wald test further assessed the parameters’ dependability in each quantile for both
long and short-term symmetries to check the robustness. Mainly, the orthodox frame-
work of linear ARDL is structured below:

Zt ¼ aþ
Xp

i

b1Zt�1 þ
Xq

i

b2X1t�1 þ
Xq

i

b3X2t�1 þ
Xq

i

b4X3t�1 þ et (1)

Table 1. Descriptive statistics results.
Variables Mean Min. Max. Std. Dev. JB Stats

CE 1.987 0.789 2.201 0.011 18.254���
PM2.5 0.513 0.321 0.803 0.120 26.058���
GHGs 3.214 2.971 4.541 0.041 19.115���
GDP 7.023 6.147 8.070 0.156 21.010���
TOR 3.984 3.018 4.368 0.881 30.517���
TOP 5.215 4.368 6.214 1.035 30.003���
Asteriks ���, �� and � represent the significance level at 1%, 5% and 10% respectively.
Source: Author Estimation.
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Where Z represents the dependent variable, i.e., environment pollution in the form
of CE, PM2.5, and GHGs, while X1 to X3 represents the explanatory variables that
are economic growth (GDP), tourist arrivals (TOR), and trade openness (TOP), and
et is error term described through the bottom ground formed by Zt, X1t, X2t, X3t, Zt,
X1t-1, X2t-1, X3t-1 and p, and q are the lags based on Schwarz Info Criterion (SIC).
Additionally, Zt, X1t, X2t, X3t specify the natural log series of pollution (CE, PM2.5,
and GHGs), GDP, TOR, and TOP.

Further, equation one is restructured to portray a framework of quantile ARDL
model in the following equation:

QZt ¼ a sð Þ þ
Xp

i

b1 sð ÞZt�1 þ
Xq

i

b2 sð ÞX1t�1 þ
Xq

i

b3 sð ÞX2t�1 þ
Xq

i

b4 sð ÞX3t�1 þ et sð Þ

(2)

where, et sð Þ ¼ Zt � QZtðs=et�1Þ and 0 > s < 1 presents quantile (Kim &
White, 2003).

To achieve the data estimations, the present study employs a couple of quantiles t
concerning 0.05 to 0.95, as explained in detail in the results section. Additionally,
considering the residuals’ serial correlation, the model of quantile ARDL in equation
two is reformulated below:

QZt ¼ a sð Þ þ Zt�1 þ /1X1t�1 þ x1X1t�1 þ k1X2t�1 þ h1 X3t�i þ
Xp

i

b1 sð ÞZt�1

þ
Xq

i

b2 sð ÞX1t�1 þ
Xq

i

b3 sð ÞX2t�1 þ
Xq

i

b4 sð ÞX3t�1 þ et sð Þ

(3)

Likewise, equation three is further restructured (Cho et al., 2015) to exhibit quan-
tiles ARDL model with error correction term:

QZt ¼a sð Þ þ q sð ÞðZt�i � /1 sð ÞX1t�i þ x1 sð ÞX2t�i þ k1 sð ÞX3t�i þ h1 sð Þ X4t�iÞ

þ
Xp�1

i¼1

b1 sð ÞZt�1 þ
Xq�1

i¼0

b2 sð ÞX1t�1 þ
Xq�i

i¼0

b3 sð ÞX2t�1 þ
Xq�1

i¼0

b4 sð ÞX3t�1 þ et sð Þ þ et

(4)

By employing the delta approach, the joint short-run impact of former pollution
on recent pollution is assessed by.b�

Pp�1
i¼1 b1 Yet, the joined short-run impact of the

previous TOP on the current phase is calculated as b�
Pp�1

i¼1 b4: Likewise, the same
method for economic growth and tourist arrival is used to assess their combined
short-run influence of previous and current dynamics. Finally, it is worth mentioning
that the parameters’ adjustment speed q in equation four should be negative and sig-
nificant (Cho et al., 2015; Shahbaz et al., 2018). To the end, the long and short-run
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asymmetric impact of TOR, GDP, and TOP is assessed using Wald-test to test the
null and alternative hypotheses of long and short-run coefficients.

Referring to Cho et al. (2015), some constructive findings emerged after former
computations, such as primarily the long and short-run parameters, indicates that
parameters in quantile ARDL may vary, representing that those parameters might be
affected at each period. So it is worthy of highlighting that long and short-run param-
eters should be assessed based on quantiles. Besides, the Wald test limits the long and
short-run coefficients between and with the quantiles can be evaluated using the
Wald test (Cho et al., 2015; Godil et al. 2020; Razzaq et al. 2021c).

4. Results and discussions

4.1. Unit root test

The unit root is used to check stationarity among variables. Many studies have
employed this phenomenon (Aziz et al., 2021; Khan et al., 2020). Table 2 shows that
the results of unit root tests such as Augmented Dickey-Fuller (ADF) and Zivot and
Andrews (1992) are applied. The advantage of the ZA test is that it also considers the
structural breaks present in the data. The ADF and ZA result support that variables
have unit root issue. All variables become stationary after taking their first difference
at a 1% significance level and portray the time series as I (1), i.e., integrated at first
difference. So, in this case, the use of QARDL is an appropriate approach to
be employed.

4.2. Quantile Autoregressive Distributed Lag (QARDL) results

In Tables 3–5, the outcomes of QARDL such as the parameter of error correction
(q�), the long-run coefficient (b), short-run coefficients (u, x, k, h, �e) and also their
specific standard errors for all proxies of environment pollution, i.e., CE, PM2.5, and
GHGs are exhibited. The results show that q� is significantly negative from 0.05 to
0.70 quantiles for all the three proxies of environmental pollution (see Tables 3–5).
For CE, q* is negatively significant in eight quintiles out of eleven quantiles, reflecting
the adjustment speed towards equilibrium in the long run. The cointegration param-
eter of GDP in Table 3 is significantly positive across the quantiles (0.20-0.95),
reflecting an ascending pattern of association between CE and GDP at entire quan-
tiles excluding the extreme lowest quantiles (0.05-0.10) in the long run. The increase

Table 2. Unit root test results.
Variables ADF (Level) ADF (D) ZA (Level) Break Year ZA (D) Break Year

CE 0.245 �4.554��� 0.661 2008 Q2 �7.318��� 2010 Q1
PM2.5 �0.315 �3.991��� �0.237 2013 Q1 �8.514��� 2016 Q1
GHG �0.894 �6.331��� �0.849 2002 Q1 �5.369��� 2011 Q1
GDP �0.157 �5.871��� �1.041 2016 Q4 �9.155��� 2007 Q4
TOR �1.004 �3.324��� �0.554 2018 Q1 �7.218��� 2002 Q1
TOP �0.648 �4.744��� �0.368 2011 Q1 �6.985��� 2017 Q3

Note: The significance of the ADF and ZA tests are represented by ���, ��, and � at 1%, 5%, and 10% signifi-
cance levels.
Source: Author Estimation.
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of CE concerning GDP is expected and analogous to the earlier researchers such as
Salahuddin et al. (2018), Al-Mulali et al. (2015a), & Shahbaz et al. (2013b). The sig-
nificant positive outcome in the case of GDP is probable and parallel with the
researchers who believed that increasing GDP proliferates energy consumption and
subsequently leads to hazardous pollutants in the environment. It also deduces that
China, a globally leading economy, relies on more energy to keep pace with the
increased economic development and releases the lethal pollutants in the initial stages
of development. Furthermore, the production of the goods also demands more energy
and thus leads to more waning of environment quality. Udemba et al. (2019) in
China also revealed the same findings in the relationship between GDP and the envir-
onment by using the CO2 proxy.

On the other hand, the negative coefficient of GDP2 from lowest to medium quan-
tiles (0.05-0.40) endorses an EKC hypothesis between GDP2 and CE in China.
Moreover, it hinges on the balance between the environmental quality and the eco-
nomic growth of the country as when the economy of any country grows; the energy
consumption shifts towards efficient and conventional sources of energy such as
renewable energy, that limits the emissions of carbon the same way as the results of
GDP2 and CE in our case portrays. The results correspond well with Sarkodie and
Strezov’s (2019) study, who also revealed the same findings between economic growth
and environment in the case of developing countries. Another study by Usman et al.
(2019) in the case of India endorsed the EKC hypothesis between economic growth
and the environment. In Africa, Rafindadi and Usman et al. (2019) also endorsed the
EKC in the region. Udemba et al. (2019), in the case of Indonesia, recommended that
country’s better economic growth leads to lesser emissions and improved environ-
mental quality. Consequently, the increased economic growth lets economies curb

Table 4. Quantile Autoregressive Distributed Lag (QARDL) results for PM2.5.
a*(s) q*(s) bGDP(s) bGDP2(s) bTOR(s) bTOP(s)

0.024
(0.042)

�0.236��
(-3.036)

0.040
(0.020)

�0.165���
(-5.056)

�0.142
(-1.012)

0.201���
(3.010)

0.315
(0.051)

�0.276���
(-5.086)

0.156
(0.016)

�0.184���
(-6.046)

�0.112
(-0.010)

0.357���
(3.037)

0.047
(0.107)

�0.247���
(-4.007)

1.230��
(2.003)

�0.185���
(-4.045)

�0.231
(-1.013)

0.327���
(3.037)

0.169
(0.096)

�0.223��
(-2.032)

1.172��
(2.027)

�0.137��
(-2.035)

�0.276
(-1.546)

0.130
(1.013)

0.174
(0.017)

�0.257��
(-2.035)

1.267��
(2.067)

�0.179��
(-2.039)

�0.388�
(-1.788)

0.146
(1.040)

0.261
(0.101)

�0.243��
(-2.034)

0.878���
(6.078)

�0.132
(-1.010)

�0.353�
(-1.853)

0.164
(1.042)

0.368
(0.103)

�0.123�
(-1.655)

0.935���
(7.035)

�0.053
(-1.030)

�0.383��
(-2.038)

0.067
(1.013)

0.070
(0.011)

�0.138�
(-1.738)

0.842���
(5.248)

�0.064
(-1.043)

�0.419��
(-2.078)

0.042
(1.020)

0.243
(0.023)

�0.071
(-0.070)

0.664���
(4.404)

�0.085
(-1.013)

�0.463���
(-6.036)

0.032
(1.030)

0.321
(0.102)

�0.077
(-0.050)

0.533���
(3.033)

�0.105
(-1.005)

�0.457���
(-6.057)

0.071
(1.210)

0.202
(0.020)

�0.031
(-0.010)

0.484���
(2.994)

�0.112
(-1.121)

�0.425���
(-4.101)

0.043
(0.840)

Note: The results of quantile estimation are reported in the table with t-statistics in brackets. The significance level
is presented by asterisks such as ���, ��, and � indicate significance at the 1%, 5% and 10% levels, respectively.
Source: Author Estimations.
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their dependency on traditional fossil fuels and use cleaner environmental technolo-
gies. Unexpectedly, the GDP2 results turn insignificant while moving to upper quan-
tiles and signify that the higher economic growth levels do not help the Chinese
economy reduce carbon emissions. It further entails that the Chinese economy still
needs to strengthen its strategies to conserve the environmental issues.

In the case of tourist arrivals, the long-run relationship of TOR is found negatively
significant from medium to highest quantiles (0.40-0.95). The results align with the
study of Sharif et al. (2020), who also exhibited the negative effect of tourism on
CO2 emissions at higher quantiles in the case of Malaysia. It indicates that the
increase of tourist arrivals and other tourism activities decreases the CE at higher
quantiles. Interestingly, it is found that the tourism industry in China is increased
with an average annual growth rate of approximately 21.57% from 2010 to 2016
(National Tourism Administration of the People’s Republic of China, 2017). The rea-
son for such an increase may be the subsiding air fair prices and the progress of the
middle class. Generally, it is believed that the tourism sector increases the CE due to
heavy reliance on energy (see Anser et al. 2020; Aziz et al. 2020b; Balsalobre-Lorente
et al. 2020; de Vita et al. 2015; Fethi and Senyucel 2021; Nepal et al., 2019). But con-
trary to these studies, our verdict in this study reveals interesting findings that tourism
development in China is not necessarily increasing pollution. It reflects the point that
nowadays, China is adhering to utilize an innovative technology that ensures efficient util-
ization of resources, particularly energy utilization, efficiently (The Diplomat, 2018).
Moreover, the analytical findings demonstrate that the tourism sector of China has the
propensity to diminish environment pollution at a maximum rate as the revenue gener-
ated from tourist arrivals is used to conserve the ecosystem, so in this vein, it’s pertinent
to say that tourist arrivals in China can help regenerate the environment. These results
are consistent with those of Katircioglu (2014), Lee and Brahmasrene (2013), Raza and
Shah (2017), Ben Jebli et al. (2019), Danish (2018), and Kongbuamai et al. (2020) but
contradictory to the findings of Anser et al. (2020) in Group of Seven countries, Gulistan
et al. (2020) in 122 countries, Balsalobre-Lorente et al. (2020) in OECD Countries and
Fethi and Senyucel (2021) in 50 tourist destinations.

Moreover, the TOP results are positively significant only at the extreme lowest and
extreme highest quantiles. The CE’s positive outcome reveals that an upsurge in out-
put concerning trade contributes to carbon emissions. The trade may involve the pro-
duction and transfer of goods from one country to another. The increased
production of goods fuelled by excessive utilization of fossil fuels acts as a source of
pollution. The studies of Kurniawan and Managi (2018), Zhang et al. (2017a, 2017b),
Udeagha & Ngepah (2019) and Kwamena Tachie et al. (2020) also found that trade
has noticeable unfavorable concerns for the environment. Moving towards the para-
digm of short-term dynamics, the results reveal that CE’s past values positively affect
current values of CE at the extreme lowest (0.05-0.10) and extreme highest quantiles
(0.80-0.95). The short-term dynamics further reveal that current and past changes in
GDP are significant at the lower bottom (0.05-0.30) and higher bottom quantiles
(0.70-0.95) of CE, and TOR is also found significant at the lowest quantiles (0.05-
0.30) of CE. Unlike the long-run findings, GDP2 and TOP outcomes in the short-run
are found insignificant across all quantiles of CE.
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Like CE, the results in PM2.5 reveal the same findings that the q� is significantly
negative among quantiles (0.05-0.70), reflecting the adjustment speed to the equilib-
rium in the long run. The GDP coefficient is positive and highly significant across
quantiles of 0.20-0.95. The level of significance increases while moving to higher
quantiles while the GDP2 on the other side is highly and significantly negative at the
extreme lowest quantiles, i.e., 0.05-0.40. Like CE, the positive and negative outcome
of GDP and GDP2 validates the EKC hypothesis in the case of PM2.5 in China. Still,
moving from medium to upper quantiles, the results turn insignificant, revealing that
higher economic activities boost economic growth at the cost of environmental degrad-
ation. Shaheen et al. (2019) also confirmed an inverted U-shaped association between
tourism and environment in the panel of the top 10 countries. Like CE, TOR results
are also negatively significant from medium to upper extreme quantiles (0.40-0.95).
The negative and significant cointegrating parameter of long-term TOR indicates the
reduction of PM2.5 with increased tourist arrivals. Like Paramati et al. (2017a, b), the
outcome illustrates that tourist arrivals cannot be overlooked in decreasing PM2.5. And
it further reflects that the Chinese government has adopted stricter environmental regu-
lations focused on conserving energy in freight and passenger transport, which is
expected not to harm the environment with increasing tourists.

The United Nations Environment Programme also delivered the same that tour-
ism-induced emissions can be lessened if the activities and transportation allied with
tourism are escorted with eco-friendly technology. Ohlan (2017) & Işik et al. (2017)
also stated that tourism is advantageous for economic growth if environment-friendly
interventions regulate tourism-led emissions. In the TOP case, the long-term cointe-
grating parameter is found positively significant at the lowest quintiles specifying a
positive association between PM2.5 and TOP in the long run in China. It shows that
PM2.5 can be aggravated due to the rise in TOP as China is known to have the
world’s most enormous trading volume worth $4.1 with $2260 billion of exports
(World Bank, 2018). The increased trade and resultantly increased domestic produc-
tion in China intensified the scale of industries and led to pollution. The recent study
of Jun et al. (2020) also showed that pollution in China increased due to trade open-
ness, especially after 2001 when China joined WTO. After joining WTO in 2001,
trade quadrupled and reached $620.7 in 2002. Most of the quantiles are found insig-
nificant for PM2.5, and it may be since China has adopted new technologies and
high environmental standards. Some negligible environmental effects of trade are also
reported by some other scholars in various countries such as Oh and Bhuyan (2018)
in case of Bangladesh, Shahzad et al. (2017) in case of Pakistan, and Saidi and
Mbarek (2017) in the case of 19 emerging economies. Moving towards the short-term
dynamics, the findings reveal that the past values of PM2.5 have a significant and
positive effect on the current PM2.5 across all quantiles. The current and past GDP
changes have positive and significant effects at extreme lowest and highest quantiles,
while the GDP2 is found insignificant across all quantiles. Unlike the long run, the
TOR results in short-term dynamics are found insignificant across all quantiles of
PM2.5, while TOP is found positively significant at upper quantiles.

In GHGs, the q* at the lowest quintiles is again highly significant at a 1% signifi-
cance level, while it is significant at 10% at the medium quintiles. Further, in the long
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run, the reversion to equilibrium is also evidenced by its negative sign across all
quantiles. In Table 5, the results for economic growth display that GDP is signifi-
cantly positive at the upper quintiles. But the results for GDP2 are found highly and
negatively significant only at lower extreme quintiles. The findings support the EKC
hypothesis that initial economic growth phases aggravate the environment by emit-
ting pollutants in the form GHGs. Later on, the increased income can help the econ-
omy lessen environmental damage by opting for environment-friendly technologies.
But in medium to higher quantiles, the results turn insignificant, which infers that
economic growth does not further help the economy improve the environment qual-
ity. The TOR outcome is negatively significant, primarily at the extreme lowest and
then at the highest quintiles. Like CE and PM2.5, the results suggest that the sustain-
able transportation policies in serving tourists in China effectively mitigate tourism-
induced emissions. The results align with the findings of Zhang and Jing (2016) for
China and Lee and Brahmasrene (2013) for European countries that also evidenced
the same environmental consequences of tourism. Zhao and Shu-Min (2018) evi-
denced that a series of other measures such as green hotel programs and further
green technology innovation has been implemented in China to reduce pollution
(Razzaq, Wang, et al. 2021; Razzaq et al. 2021a). Moreover, improved infrastructure
construction and enhanced environmental awareness concerning traffic pollution, the
high energy consumption of hotels, and tourists’ uncivilized behavior have discour-
aged combating pollution in China.

Moreover, the outcome of TOP at the lowest quintiles is found positively signifi-
cant but at a 10% significance level, and after that, the results turn insignificant. The
results infer that trade increases the GHGs at the lowest quantiles. The TOR prolifer-
ate the consumption of fossil fuels that is recognized as a significant contributory fac-
tor in the global environment pollution (Aziz et al. 2020c; Kurniawan and Managi
2018; Fang et al. 2018; Balin et al. 2017; Jamel and Maktouf 2017; Fern�andez-Amador
et al. 2017; Kebede 2017). The results propose that switching to renewable energy
sources can improve the environment (Koondhar et al., 2021; Si et al. 2021). But
from medium to highest quantiles, the results again turn insignificant like CE and
PM2.5, reflecting that trade openness is not influencing the GHGs in the long run.
The short-run dynamics results reveal that past values of GHGs are positively signifi-
cant on the current GHGs across all quantiles. Like other proxy variables such as CE
and PM2.5, the present and past GDP changes are only significant at the lower bot-
tom of GHGs. In contrast, the results for GDP2 are not found significant throughout
the quantiles of GHGs. Unexpectedly, in the case of TOR and TOP, the results are
only found significant for trade openness, and unlike the long run, the short-run
reveals that trade openness helps reduce GHGs in the short run. The results of Kim
et al. (2019) and Le et al. (2016) also stressed that trade openness could reduce pollu-
tion through the technique effect. In the case of China, Gordon (2012), De Sousa
et al. (2015), and Xu et al. 2019 revealed that China’s scientific and technological
behavior does effectively play a role in environmental protection.

The Wald test has been applied to further assess the asymmetries in the relation-
ship between exogenous variables, i.e., GDP, GDP2, TOR, TOP, with all proxies of
environment pollution. Generally, the Wald test doesn’t exhibit the standard
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asymptotic distribution but detects the instability for both intercept and coefficients.
The Wald test has the further advantage of identifying the structural changes both
with known and unknown breakpoints. Table 6, the Wald test results for all types of
environment pollution, suggest an asymmetric relationship between GDP, TOR, and
TOP, with CE, PM2.5, and GHGs in the long run. Still, there is a symmetric relation-
ship of GDP2 with CE and GHGs as the null hypothesis, in the long run, is rejected
by the Wald test at a 1% significance level. The parameters’ dependability for associ-
ation in the short run is also rejected as most of the coefficients are significant for all
proxies. But, shifting towards the collective effect in the short term reveals a substan-
tial difference between all proxy variables. Referring to the collective short-term effect,
the variables are not found asymmetrically related to CE and GHGs. In contrast, vari-
ables portrayed the asymmetric relationships with PM2.5 based on collective effects.

Lastly, the causality between the quantiles of key variables is detected using the
Troster (2018) test. Table 7 provides the granger-causality test results in quantiles and
illustrates that a uni-directional causal relationship runs from TOR to CE and PM2.5.
This finding corresponds well with the previous finding of Dogan and Aslan (2017)

Table 6. Wald test results for the constancy of parameters.
Variables Wald-statistics (CE) Wald-statistics (PM2.5) Wald-statistics (GHG)

q 7.123���
[0.000]

5.321���
[0.000]

19.417���
[0.000]

bGDP 6.351���
[0.000]

4.951���
[0.000]

8.310���
[0.000]

bGDP2 1.030
[0.162]

9.990���
[0.000]

0.750
[0.358]

bTOR 5.976���
[0.000]

18.010���
[0.000]

10.417���
[0.000]

bTOP 5.159���
[0.000]

3.939���
[0.000]

7.017���
[0.000]

u1 3.011���
[0.001]

10.498���
[0.000]

6.103���
[0.000]

x0 2.975���
[0.005]

2.010��
[0.045]

5.020��
[0.000]

x1 – 0.977
[0.184]

0.016
[0.999]

k0 6.202���
[0.000]

1.019
[0.169]

6.665���
[0.000]

h0 8.145���
[0.000]

5.059���
[0.000]

3.357���
[0.000]

h1 0.789
[0.217]

– –

�e0 0.315
[0.999]

4.025���
[0.000]

16.215���
[0.000]

�e1 – – 1.010
[0.172]

Cumulative short-term effect:
x� – 3.579���

[0.000]
1.110
[0.413]

h� 1.054
[0.345]

– –

�e� – – 0.846
[0.621]

Note: Wald-test estimation results are reported in this table. Moreover, square brackets enclosed the p-values.
Asterisk ���, �� and � denote the significance level at 1%, 5% and 10%, respectively.
Source: Author Estimations.
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that also manifested the one-way long-run causal relationship between tourism and
CE. In contrast, Jebli et al. (2014) manifested the bidirectional causality between tour-
ism and CE. In the case of GHGs, Khan et al. (2019) found a uni-directional relation-
ship between tourism and GHGs in high-income countries. Still, our study supported
a bi-directional causal association running between the TOR and GHGs in China.
The overall verdicts illustrate that the Chinese government can decrease the emissions
by altering the percentage of renewable sources in the energy mix and using environ-
ment-friendly vehicles and machines to entertain the bulk of tourists to sustain
unpolluted and viable tourism in China.

5. Conclusions & policy implications

This study aims to empirically explore the role of tourist arrivals towards environ-
mental pollution in China by using the recent approach of QARDL. This study is
useful as it provides comprehensive explanations of the association among variables
along various quantiles, which otherwise may be ignored by the traditional methods.
The study further tests the EKC hypothesis in the sample country across quantiles,
the quantile-level desegregation of EKCs is a new addition to the existing literature of
EKC. Many recent studies have used this trend to explore the EKC hypothesis in
many countries, such as Aziz et al. (2020a) in Pakistan, Arshian et al. (2020) in tur-
key, Norazah et al. (2020) in Malaysia, etc. Following the trend, this study also
attempts to explore the quantile-dependent EKC in tourism towards the environment
in China. Unlike the previous studies, the study used different proxy variables of the
environment (such as CE, PM2.5, and GHGs) under the EKC framework. Using
QARDL, the findings reveal that EKC is endorsed in China but only in the long run.
Moreover, it is found that tourist arrivals reduce CE, PM2.5, and GHGs in the long
run. In the case of short-run dynamics, tourist arrivals only reduce CE and do not
reduce PM2.5 and GHGs, which means tourism helps the Chinese economy reduce
only carbon emissions in the short-run dynamics.

Furthermore, the study also includes trade openness (TOP) in the model for
empirical analysis. According to the results, it is found that TOP increases CE,
PM2.5, and GHGs at initial quantiles in the long run, while in the case of the short
run, TOP only reduces PM2.5 and GHGs that means that trade openness aggravates
the pollution in the form of carbon emissions. The expected negative values of ECM
across all quantiles further provide evidence of a return to equilibrium in the long
run. From these results, the Chinese government in tourism uses low sustainable

Table 7. Test results of granger causality in quantile.
Quantiles [0.05-0.95] 0.05 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 0.95

DTORt to CEt 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
DCEt to DTORt 0.489 0.485 0.480 0.480 0.487 0.492 0.510 0.486 0.489 0.489 0.490 0.490
DTORt to GHGt 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
DCEt to DTORt 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
DTORt to PM2.5t 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
DPM2.5t to DTORt 0.605 0.620 0.610 0.554 0.542 0.490 0.566 0.515 0.720 0.675 0.716 0.709

Null hypothesis: No Casual association exist.
Soure: Authors estimations.
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carbon and pollution-intensive strategies to entertain the bulk of tourists. China’s
tourism industry is financing in those actions that are helpful both for the industry
itself and the environment. Overlooking the protection of environment, the tourism
industry can be lost its prospects and the real essence of recreational purpose. Still, it
is also suggested that trade transform the traditional industries engaged in trade to
utilize cleaner energy sources in the production of goods and services (He et al.
2021). The recent study of Raza et al. (2021) also suggested that each nation should
make an effort to improve its environmental performance and economic develop-
ment. The utilization of green innovation and renewable energy is very crucial in this
regard in the context of trade.

For overall sustainable development, the synchronized growth of the environment
with tourism and trade is of particular importance. In this regard, the government
should establish new technologies to improve China’s environmental condition and
maintain the global environment. Our results in the case of tourism are quite inter-
esting, which yield that although China already takes several concrete countermeas-
ures in the tourism sector such as the expansion of bio-energy, energy-saving vehicles
for transport, implementation of pollution tax, green innovation technology, etc.,
these countermeasures should be continued sustainably in future too. Concurrently, it
is also necessary to emphasize the present trade allied environmental concerns; if
necessary, significant laws and rules should be enacted to balance adverse impacts of
environment ensuing from increasing trade. Particular attention needs to be paid to
use clean technologies in the production of goods and services. The trade sector
should design low-carbon trade products and technology through research and devel-
opment. Conclusively, the impact of the factors escalating the severity of pollution in
China is thought-provoking and requires considerable government commitment and
solemnity. To sum up, considering the increasing influence of the tourism and trade
sector on the environment, the Chinese government must promptly implement
appropriate strategies to help develop a sustainable tourism and trade sector. Future
studies can expand the same at other regions to draw the heterogenous effects across
developed and developed countries.
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