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ABSTRACT
Keywords: The tourism sector is directly linked to air transportation, with air travel accounting for a
CO2 Emissions, large share of global travel demand. However, air transportation increases environmental
Air Transportation, impacts and poses a significant threat to sustainability due to its high carbon emissions. In
Tourism, this context, the relationship between tourism and air transportation is a critical area that
ARDL, requires the development of policies and practices to reduce the carbon footprint. This study

Mediterranean countries. investigates the dynamic link among tourism, air transportation and CO: emissions for the
period 1995-2019 in 10 Mediterranean countries. To investigate the relationship between our
variables, autoregressive distributed lag approach is used. According to ARDL long run
estimations, it is stated that the increase air transportation increases the CO: emissions.
Similar to air transportation, increase in tourism and economic growth results in an increase
in CO:z emissions. Finally, causality test of Dumitrescu and Hurlin is applied. Causality
results stated 2 causalities between variables. There are unidirectional causalities from CO2
emissions to air transportation and from tourism to CO2 emissions. Also, policy and further

research implications are discussed regard to selected countries.
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1. Introduction

The global community now seriously worries about
climate change. It is commonly known that greenhouse
gases (GHQ), particularly the rising amount of CO,, are the
main cause of global warming (Rahaman et al., 2022). The
last several decades have been witnessed a remarkable
acceleration of economic activities, and there has been a
rapid rise in greenhouse gas emissions along with this
surge in global economic activity, (Wangzhou et al., 2022;
Wei & Ullah, 2022). CO; emissions cause climate change
by trapping heat in the atmosphere. Consequently, using or
burning any fossil fuel produces some pollution. The
extensive use of fossil fuels is having extremely harmful
repercussions on the planet (Mohsin et al., 2022). Due to
rising energy use and economic activity, carbon emissions
worldwide grew until the year 2020. Because of a stronger
economic growth and higher demand for heating and
cooling in certain regions global energy consumption
increased by 2.3% in 2018 according to the 2019
International Energy Agency report (IEA, 2019).
Governments are currently being urged to present 2030
emission reduction targets at the latest UN Climate Change
Conference in 2021, as they strive to achieve net-zero
emissions by mid-century. To achieve the ambitious goals
set forth by COP26 in 2021, countries must increase

investment in renewable energy sources, hasten the
transition to electric vehicles, decrease deforestation, and
expedite the phase-out of coal (IEA, 2023).

Economic activities resulting environmental degradation
generates pollution. These activities might be exemplified
with tourism, transportation, and inbound and outbound
trade. A trip taken for leisure, business, or other similar
reasons that lasts no longer than a year is referred to as
tourism. In the past century, the tourist sector has played a
substantial role in fostering social and economic growth
(Ozturk et al., 2022). Although tourism is a key driver of
economic growth, empirical data also indicates that it plays
a significant role in determining carbon emissions (Leon et
al., 2014). Air travel, lodging, dining, and other tourism-
related activities all require energy use and raise CO;
emissions according to some studies such as Haseeb et al.
(2018). Contrarily, some other studies thought that tourism
can lead to improve environmental quality via better
environmental investments such as renewable energies and
green tourism policies.

As a key factor of tourism, air transportation gains
importance in economic activities (Raihan et al., 2024).
Especially after deregulation, air transportation has been
grown implausibly. Air transportation business has been a
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frequent target of criticism among experts and
environmentalists for a very long time. It has experienced
fast expansion and produces a sizable amount of CO»
emissions. Between 2000 and 2020, its volume as indicated
by air passenger numbers doubled (ATAG, 2020); as
measured by air passenger kilometers (RPKs), it nearly
doubled within a decade (IATA, 2020). Air transportation
industry’s abrupt growth and its transformation into an
integrated industry bring environmental effects. Activities
taking place at airports are an important cause of air
pollution. Aircraft landing and take-off (LTO) cycles,
APU, GPU and other apron vehicles, which operates 24
hours a day, constantly cause emissions (Masiol &
Harrison, 2014). The main environmental effects of air
transport can be listed as delays, traffic congestion,
accidents, noise, and atmospheric pollution (Ekici et al.,
2022; WHO, 2000).

Emissions related to air transport systems is one of the
important environmental problems to be addressed (Song
et al. 2023). While the share of aviation in the total
emissions rate may not seem very large at first glance, it is
expected that the strong growth in demand for air travel
will cause this rate to increase significantly (Budd & Ison,
2017). If no action is taken, CO2 emissions from air
transport are estimated to account for transport-related
emissions by 23% and overall GHG emissions by 5% until
2050. In addition, the lack of a substitute method for air
transportation strengthens the possibility that emissions
from aviation will be a significant problem (Schlumberger,
2012; ATAG, 2022).

Besides these features, air transportation has numerous
benefits such as speed, safety, reliability, comfort and
easiness (Babetto et al., 2023). Air transportation also
provides benefits in other sectors such as tourism,
production, infrastructure and trade. Thanks to these
advantages, it is preferred more than other transportation
modes (Ekici et al., 2022). Between the modes of
transportation, the share of land transportation has
decreased from 49% to 35%, while the share of air
transportation has increased from about 46% to 59% in
2000 and 2019, respectively (UNWTO, 2020).

Although each type of transportation has its own
advantages and disadvantages, air transportation comes to
the fore. In particular, it plays a key role for tourism in
terms of converging long distances. Transport and tourism
have strong relationships in tourism system. Air
transportation facilitates the relocation of passengers
between their place of origin and destination (Akkan and
Cura, 2022). According to UNWTA (2020) report, the
number of city pairs connected by air transportation has
more than doubled at lower cost over the past two decades.
Therefore, these two concepts are over-straightly bound
each other.

Based on several reasons, the Mediterranean region is
considered in this study. The Mediterranean region has a
considerable impact on global tourism, air transportation,

and the associated carbon dioxide (CO,) emissions. As one
of the most visited tourist destinations worldwide, the
Mediterranean countries attract millions of visitors
annually, thereby making a significant contribution to their
economies through tourism-related activities (Hares et al.,
2010). However, this influx of tourists predominantly
relies on air travel, which is recognized as a significant
contributor to greenhouse gas emissions. It is evident from
the literature that air travel is a significant contributor to
the carbon footprint of tourism, with estimates indicating
that it is responsible for over 90% of emissions associated
with tourism transport (Cohen & Higham, 2011). The
aviation sector, particularly long-haul flights, is
responsible for a disproportionate share of these emissions.
Indeed, some studies have highlighted that long-distance
travel can account for up to 64% of all travel emissions
(Ben-Ari, 2024). The Mediterranean countries are crucial
to global tourism and air transportation, but this comes with
significant environmental costs in terms of CO2 emissions.
Addressing these challenges requires a concerted effort to
promote sustainable travel options and enhance awareness
of the environmental impacts of air travel among tourists
and stakeholders alike (Larsen & Guiver, 2013).

This study is unique from others in that it is the first of its
kind to investigate the dynamics between CO2 emissions,
air transport, economic growth, and tourism in
Mediterranean countries using panel data of 10 countries
(Turkiye, Spain, Italy, Egypt, Cyprus, Malta, Croatia,
Morocco, Israel and Lebanon) covering the years 1995—
2019. It does this by using panel Dumitrescu and Hurlin
causality and the autoregressive distributed lag (ARDL)
econometric methods. Primary contribution of this study
has two parts. Model specification novelty of the study
comes first and foremost. There is a lack of existing
literature about air transportation and CO2 emissions.
There is not much research in literature examining the
dynamics among air transport and environmental
contamination using econometric approaches. To the best
of our knowledge, the dynamics among tourism, air
transportation, and environmental pollution has never been
directly investigated in the literature; therefore, this
research is covered for the first time in this work. In this
study, we use people who were transported by air.
Secondly, our choice of proxy differs from other studies in
literature. To gather much more reliable results, we
selected tourist numbers rather than a tourism receipts or
tourism revenue percentage. Also, selecting Mediterranean
countries is vital for tourism related research because of
charming environment and cultural richness of the region.

The study proceeds with a review of the literature, data,
model specification, empirical findings, conclusions, and
discussion.
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2. Literature Review

Tourism and CO2 emissions

Tourism and CO2 emissions are frequently debated in the
literature. Katircioglu et al. (2014) used tourism-induced
models to establish a long-term causal connection in
Cyprus. The simulations show that tourism significantly
affects CO2 emissions. Al-Mulali et al. (2015) examined
how transportation-related tourism affects CO2 emissions
in 48 nations. Countries were grouped by region. Analysis
showed that tourism arrivals had a major impact on CO2
emissions in all areas except Europe. Dogan & Aslan
(2017) examined tourism, real income, carbon emissions,
and energy consumption using heterogeneous panel
estimate. The investigation showed a one-way link among
CO2 and tourism. Paramati et al. (2018) examined tourist
investment's influence on CO2 emissions and tourism
development in 28 EU areas from 1990 to 2013. Evidence
indicated tourist investment positively and negatively
affected both factors. Balli et al. (2019) examined panel
data on economic development, tourism, and CO2
emissions. Analysis showed a long-term link between
variables. Tourism raised carbon dioxide and boosted
economic expansion. Eyuboglu & Uzar (2020) used 3
cointegration to investigate energy consumption, CO2
emissions, economic growth, and tourist arrivals in
Tiirkiye from 1960 to 2014. Long- and short-term
connections were observed between factors. Kocgak et al.
(2020) examined how CO2 emissions affected tourism in
the most visited nations from 1995 to 2014. For analysis,
CUP-FM and CUP-BC estimators were utilized. tourist
receipts had a decreasing influence on CO2 emissions,
whereas tourist arrivals had a significant impact. Kumail et
al. (2020) investigate Pakistani CO2 emissions and
economic development, foreign tourism, and innovation
from 1990 to 2017. This study found a bidirectional
association between CO2 emissions and tourism.
Selvanathan et al. (2020) used ARDL, VECM models to
evaluate South Asian economic development, CO2
emissions, energy consumption, and tourism from 1990 to
2014. Tourism increased long-term CO2 emissions,
according to the study. Uzuner et al. (2020) used non-linear
ARDL model and Hatemi-J causality technique to study
CO2 emissions-tourism asymmetry in Tirkiye from 1970
to 2014. The findings show an unbalanced long-term
association between the variables. Leitdo & Lorente (2020)
studied the correlation between tourism, CO2 emissions,
economic growth, and renewable energy in 28 EU
countries. We used FMOLS, DOLS, and GMM estimators.
Results indicate tourism arrivals reduce CO2 emissions.
This indicated that tourist sustainability studies helped the
environment. Aslan et al. (2021) examined energy
consumption, tourism, CO2 emissions, and economic
development. Panel quantile regression was used in this
investigation. This model found sustainable growth based
on CO2 coefficient at modest growth levels. Zhang &
Zhang (2021) used VECM to explore short- and long-term

variable connections in 30 Chinese areas from 2000 to
2017. CO2 emissions and tourism had a long-term
bidirectional link. Rahaman et al. (2022) examined
Bangladesh's 1990-2019 CO2 emissions from tourism,
economic development, foreign direct investment, and
power use. Tourism had long-term positive and negative
effects on CO2 emissions. Ozturk et al. (2022) used
FMOLS and DOLS to study Saudi Arabia's economic
development, pilgrimage tourism, CO2 emissions, and
energy consumption from 1968 to 2017. The findings
found unidirectional causation between pilgrimage tourism
and CO2 emissions. Rahman et al. (2022) used ARDL and
how tourism, foreign labor, and energy consumption
affected Malaysian CO2 emissions. As a result, tourist
arrivals had a favorable influence on CO2 emissions.
Salahodjaev et al. (2022) examined the renewable tourism
- CO2 emissions -energy nexus in Central Asia and Europe
from 1990 to 2015. Tourism reduced CO2 emissions, the
research found. Wangzhou et al. (2022) examined Asian
CO2 emissions and tourism from 1995 to 2019 using
NARDL-AMG panel models. Both positive and negative
shocks boosted CO2 emissions in tourism. Wei & Ullah
(2022) used FMOLS, DOLS models for Asian economies
to study how digital infrastructure and tourism affect
environmental quality. In the models, both factors
improved environmental quality. Ravinthirakumaran &
Ravinthirakumaran (2022) examined CO2 emissions and
tourism in 20 APEC economies from 1995 to 2017 using
heterogeneous panel estimate. Tourism reduced CO2
emissions, according to assessments. Fan et al. (2022) used
ARDL to examine Mexico's 1996-2018 CO2 emissions,
tourism, and health spending. Tourism increased CO2
emissions. Health costs soared as a result. Leito & Lorente
(2020) examined tourism and CO2 emissions in EU
member states from 1995 to 2014. They found that tourism
increased CO2 emissions using FMOLS, DOLS, and
GMM. Mehmood et al. (2021) found that tourism reduced
CO2 emissions in Sri Lanka, Bangladesh, and Nepal from
1995 t0 2016. Tourism decreased carbon dioxide emissions
in 37 Asian nations between 1996 and 2019 utilizing
POLS, FMOLS, and DOLS, according to Wei and Ullah
(2022). Eyuboglu & Uzar (2020) discovered that tourism
reduced CO2 emissions in Tiirkiye between 1960 and 2014
using ARDL, FMOLS, DOLS, and CCR methods. Another
study, Kumail et al. (2020), found that tourism reduced
Pakistan's CO2 emissions between 1990 and 2017.
Tourism reduced carbon dioxide emissions in EU member
states between 1990 and 2013, according to Paramati et al.
(2018). In another study, Selvanathan et al. (2021) found
that South Asian nations' CO2 emissions rose with tourist
arrivals from 1990 to 2014. According to Uzuner et al.
(2020), tourism in Tiirkiye increased with CO2 emissions
from 1970 to 2014. Based on substantial 1995-2019 Asian
data, Wangzhou et al. (2022) prove tourism reduces CO2
emissions. In the study of Wu et al. (2023) about tourism
and energy related CO2 emissions in China between 2014
and 2019, shows that tourism activities cause increase in
CO2 emissions via tourism related transportation activities.
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Pata et al. (2023) indicates that an increase in tourism leads
to an increase in CO2 emission in ASEAN countries
between 1995 and 2018 by using panel ARDL and DH
causality approaches. In their study of literature review,
Segarra et al. (2024) indicates that there are different
results based on the countries and variables used in the
studies. This review study shows that there is a gap and the
need for further studies about tourism-related emissions in
different context with different approaches. Using LMDI
and PVAR approaches, Yan and Phucharoen (2024)
denotes that a decrease in tourism leads to a decrease in
CO2 emissions in China. Bandyopadhyay et al. (2023) also
indicates an increase in tourism lead to an increase in CO2
emissions in India by using ARDL approach.

Tourism and CO2 emissions are frequently debated in the
literature. Katircioglu et al. (2014) used tourism-induced
models to establish a long-term causal connection in
Cyprus. The simulations show that tourism significantly
affects CO2 emissions. Al-Mulali et al. (2015) examined
how transportation-related tourism affects CO2 emissions
in 48 nations. Countries were grouped by region. Analysis
showed that tourism arrivals had a major impact on CO2
emissions in all areas except Europe. Dogan & Aslan
(2017) examined tourism, real income, carbon emissions,
and energy consumption using heterogeneous panel
estimate. The investigation showed a one-way link among
CO2 and tourism. Paramati et al. (2018) examined tourist
investment's influence on CO2 emissions and tourism
development in 28 EU areas from 1990 to 2013. Evidence
indicated tourist investment positively and negatively
affected both factors. Balli et al. (2019) examined panel
data on economic development, tourism, and CO2
emissions. Analysis showed a long-term link between
variables. Tourism raised carbon dioxide and boosted
economic expansion. Eyuboglu & Uzar (2020) used 3
cointegration to investigate energy consumption, CO2
emissions, economic growth, and tourist arrivals in
Tiirkiye from 1960 to 2014. Long- and short-term
connections were observed between factors. Kogak et al.
(2020) examined how CO2 emissions affected tourism in
the most visited nations from 1995 to 2014. For analysis,
CUP-FM and CUP-BC estimators were utilized. tourist
receipts had a decreasing influence on CO2 emissions,
whereas tourist arrivals had a significant impact. Kumail et
al. (2020) investigate Pakistani CO2 emissions and
economic development, foreign tourism, and innovation
from 1990 to 2017. This study found a bidirectional
association between CO2 emissions and tourism.
Selvanathan et al. (2020) used ARDL, VECM models to
evaluate South Asian economic development, CO2
emissions, energy consumption, and tourism from 1990 to
2014. Tourism increased long-term CO2 emissions,
according to the study. Uzuner et al. (2020) used non-linear
ARDL model and Hatemi-J causality technique to study
CO2 emissions-tourism asymmetry in Tiirkiye from 1970
to 2014. The findings show an unbalanced long-term
association between the variables. Leitdo & Lorente (2020)

studied the correlation between tourism, CO2 emissions,
economic growth, and renewable energy in 28 EU
countries. We used FMOLS, DOLS, and GMM estimators.
Results indicate tourism arrivals reduce CO2 emissions.
This indicated that tourist sustainability studies helped the
environment. Aslan et al. (2021) examined energy
consumption, tourism, CO2 emissions, and economic
development. Panel quantile regression was used in this
investigation. This model found sustainable growth based
on CO2 coefficient at modest growth levels. Zhang &
Zhang (2021) used VECM to explore short- and long-term
variable connections in 30 Chinese areas from 2000 to
2017. CO2 emissions and tourism had a long-term
bidirectional link. Rahaman et al. (2022) examined
Bangladesh's 1990-2019 CO2 emissions from tourism,
economic development, foreign direct investment, and
power use. Tourism had long-term positive and negative
effects on CO2 emissions. Ozturk et al. (2022) used
FMOLS and DOLS to study Saudi Arabia's economic
development, pilgrimage tourism, CO2 emissions, and
energy consumption from 1968 to 2017. The findings
found unidirectional causation between pilgrimage tourism
and CO2 emissions. Rahman et al. (2022) used ARDL and
how tourism, foreign labor, and energy consumption
affected Malaysian CO2 emissions. As a result, tourist
arrivals had a favorable influence on CO2 emissions.
Salahodjaev et al. (2022) examined the renewable tourism
- CO2 emissions -energy nexus in Central Asia and Europe
from 1990 to 2015. Tourism reduced CO2 emissions, the
research found. Wangzhou et al. (2022) examined Asian
CO2 emissions and tourism from 1995 to 2019 using
NARDL-AMG panel models. Both positive and negative
shocks boosted CO2 emissions in tourism. Wei & Ullah
(2022) used FMOLS, DOLS models for Asian economies
to study how digital infrastructure and tourism affect
environmental quality. In the models, both factors
improved environmental quality. Ravinthirakumaran &
Ravinthirakumaran (2022) examined CO2 emissions and
tourism in 20 APEC economies from 1995 to 2017 using
heterogeneous panel estimate. Tourism reduced CO2
emissions, according to assessments. Fan et al. (2022) used
ARDL to examine Mexico's 19962018 CO2 emissions,
tourism, and health spending. Tourism increased CO2
emissions. Health costs soared as a result. Leito & Lorente
(2020) examined tourism and CO2 emissions in EU
member states from 1995 to 2014. They found that tourism
increased CO2 emissions using FMOLS, DOLS, and
GMM. Mehmood et al. (2021) found that tourism reduced
CO2 emissions in Sri Lanka, Bangladesh, and Nepal from
1995 t0 2016. Tourism decreased carbon dioxide emissions
in 37 Asian nations between 1996 and 2019 utilizing
POLS, FMOLS, and DOLS, according to Wei and Ullah
(2022). Eyuboglu & Uzar (2020) discovered that tourism
reduced CO2 emissions in Tiirkiye between 1960 and 2014
using ARDL, FMOLS, DOLS, and CCR methods. Another
study, Kumail et al. (2020), found that tourism reduced
Pakistan's CO2 emissions between 1990 and 2017.
Tourism reduced carbon dioxide emissions in EU member
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states between 1990 and 2013, according to Paramati et al.
(2018). In another study, Selvanathan et al. (2021) found
that South Asian nations' CO2 emissions rose with tourist
arrivals from 1990 to 2014. According to Uzuner et al.
(2020), tourism in Tiirkiye increased with CO2 emissions
from 1970 to 2014. Based on substantial 1995-2019 Asian
data, Wangzhou et al. (2022) prove tourism reduces CO2
emissions. In the study of Wu et al. (2023) about tourism
and energy related CO2 emissions in China between 2014
and 2019, shows that tourism activities cause increase in
CO2 emissions via tourism related transportation activities.
Pata et al. (2023) indicates that an increase in tourism leads
to an increase in CO2 emission in ASEAN countries
between 1995 and 2018 by using panel ARDL and DH
causality approaches. In their study of literature review,
Segarra et al. (2024) indicates that there are different
results based on the countries and variables used in the
studies. This review study shows that there is a gap and the
need for further studies about tourism-related emissions in
different context with different approaches. Using LMDI
and PVAR approaches, Yan and Phucharoen (2024)
denotes that a decrease in tourism leads to a decrease in
CO2 emissions in China. Bandyopadhyay et al. (2023) also
indicates an increase in tourism lead to an increase in CO2
emissions in India by using ARDL approach.

Air transportation and CO2 emissions

Studies from all around the world such as Italy, China,
Turkey, U.S., England, and Greece clearly point that there
is a high amount of air pollution in and around the airport
(Moussiopoulos et al., 1997). Air transportation
significantly contributes to air pollution, as evidenced by
emission calculations and quality control procedures on a
per-flight basis (Hu, et al., 2009; Zhou, et al., 2019;
Shirmohammadi, et al., 2017). In the study conducted in
2021, which analyzed air pollution between 2013 and
2019, Lin et al. (2021) observed that the rate of air pollution
is higher in the winter period in many sectors, including the
aviation sector. For the last few decades many studies
examine air transport sector’s impact on air pollution using
different values (Glirgam et al., 2021; Schlenker & Walker,
2015; Stettler, Eastham, & Barrett, 2011; Grote, Williams,
& Preston, 2014; Chen et al., 2021). Landing and take of
(LTO) cycle, APU, GPU, apron vehicle traffic and ground
handling activities are marked as main causes of air
pollution during airline operations (Masiol & Harrison,
2014; Giirgam et al., 2021; Christodoulakis, et al., 2022;
Vichi, et al., 2016; Hsu, et al., 2013). Number of aircraft in
the air has increased with the reduction of aircraft sizes in
order to increase the frequency of flights. Although
individually, the emission rate is higher in wide-body
aircraft compared to narrow-body aircraft, because of the
number of flights increases, emission rate is getting higher
(Givoni & Rietveld, 2010). Studies also indicate that the
increase in flights increases the delay and taxi times, which
triggers the increase in emissions (Schlenker & Walker,
2015). Furthermore, data obtained by toxic monitoring
programs revealed that jet fuels cause a high amount of air

301

pollution due to their physical and chemical contents
(Tesseraux, 2004). It was also emphasized that this
situation adversely affected the people’s life quality who
lives around the airport (Cohen et al., 2007). Report,
sponsored by international aviation organizations, stated
that there are many pollutants and air toxic criteria emitted
by aircraft and other airport sources, and projects are
developed to reduce them (Levy et al., 2008). Since
emission rate is quite high in airline operation, some
studies also recommended to develop special electric
vehicles that will follow the aircraft after landing and until
takeoff and use alternative transportation modes besides air
transportation in  order to reduce  emission
(Christodoulakis, et al., 2022; Corazza et al., 2022).
Reducing the number of flights by regulations will also
reduce the pollution, but sector stakeholders do not have a
positive look on that (Grote et al., 2014). In another study,
to reduce air pollution, more suitable flight times, taxation
and altitude solutions were offered (Ekici et al., 2022).
Jahanger et al. (2024) indicates that air transportation leads
to an increase in environmental pollution in G7 countries
using MMQR approach with data spanning from 1994 to
2020. Similarly, Song et al. (2023) indicates a causality
from air transportation to CO2 emissions in South Korea
between 2010 and 2018 using Granger causality analysis.
In their study on G7 countries, Erdogan et al. (2024)
indicates that air transportation demand shows an
incremental effect on CO2 emission by 0,04-0,12% using
FMOLS approach. Contrarily, Akbulut Yildiz and Yildiz
(2024) reveals a negative relationship between air freight
transportation and CO2 emissions by 0,02% in G5
countries using AMG approach. These results also
indicates the need for further studies in the context of
different panel groups or time series across countries.

Air transport has a very important place for international
tourism, which is very preferred for traveling long
distances. Hussain (2023) has conducted a Granger
causality test, which using data between 1996 and 2020,
bidirectional relationship confirmed among outbound and
inbound tourism and air transportation. So, developments
in air transportation are directly affected by the
development of tourism (Madurapperuma & Higgoda,
2022). The opposite is also possible (Dinu, 2018).
Therefore, tourism and air transport are linked (Duval,
2013; Graham & Frederic, 2019; Robinson et al., 2020).
Air transportation handles globally 58% of international
tourists and impact economically including indirect and
direct activities related to tourism was estimated at $3.5
trillion (ATAG, 2020). In addition, air transport increases
the economic value of touristic destinations (Seetaram et
al., 2013). So, it is quite fair to reach the conclusion that air
transport is a necessity for the development of tourism
(Balsalobre-Lorente et al., 2019). Since tourism is so vital
for air transportation, even The International Air Transport
Association (IATA) takes tourism impact of COVID-19
into consideration while making estimation on future air
traffic (Pearce, 2020). In another study which investigating
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the social and economic effects of the air transportation on
tourism observed that the aviation industry increased
economic employment and had an induced impact on
industrialization (Abdullahi et al., 2018). It has been also
observed in many studies that the airline industry is
effective in tourism policies (Liasidou et al. 2022).
Moreover, while determining tourism policies, it is
necessary to establish close ties with airline companies
(Liasidou, 2017). Air transport and tourism are an area with
different and relatively unexplored paths which should be
explored perpetually (Papatheodorou, 2021).

3. Methodology

In this section, the data used in the study, model
specification and methodologies are given. In the data
section, brief information about data is given. In model
specification section, function and econometric model are
given. In the methodology section, methods and techniques
used in the study are given respectively.

Table 1 — Sources of Data

Variables Proxies Sources
CO: Emissions CO; emissions from Word Databank WDI
liquid fuel consumption
(kt)
Air Transportation Passengers carried Word Databank WDI
Tourism International tourism, Word Databank WDI

number of arrivals

Source: Authors’ own elaboration
Data

In this study, which examines the dynamics between air
transportation, carbon emissions, and tourism, we use data
from 10 Mediterranean countries (Turkiye, Spain, Italy,
Egypt, Cyprus, Malta, Croatia, Morocco, Israel and
Lebanon) for the years 1995 to 2019. Independent and
dependent variables are listed in Table 1. As an indicator
of air transportation, passengers number carried via air
transportation obtained from World Databank database.

Table 2 — Descriptive Statistics

CO: AIR TOUR

Mean 61587.40 13072317 23735907
Median 27157.80 4109489 6777000
Max 265006.8 1.00E+08 1.16E+08
Min 1342.122 644.1000 424000.0
Std. Deviation 70057.54 19096663 30276456
Skewness 1.339024 2.043195 1.255911
Kurtosis 3.808225 7.149665 3.346248
Jarque-Bera 70.75262 306.6780 58.13015
Probability 0.000000 0.000000 0.000000
Observations 217 217 217

Source: Authors’ own elaboration

The World Bank database is also used to provide
information on CO2 emissions and tourism. The
fundamental analysis model includes each variable
logarithmically. Descriptive statistics of the study is given
in Table 2.

3.2. Model Specification

In this paper, the link between air transport, carbon
emissions, economic growth, and tourism are considered

for the first time to our knowledge, so we have also
considered the similar studies (Shakouri et al., 2017;
Katircioglu et al., 2014; Ozturk et al., 2022) in the
definition of the model. The function used in this paper is
comparable to that of Ozturk et al. (2022):

€0, = f(AIR,TOUR, GDP) (1)

The explanatory factors are, respectively, the number of
tourists (TOUR) and air transportation (AIR), and the
response variable is CO, (CO2). The primary hypothesis in
the scope of the model chosen is that air travel, economic
growth and tourism will affect air pollution in a positive
direction. The following describes the econometric model
created using Equation (1):

lnCOZt = ﬁo + ﬂllnAIRt + ﬁzlnTOURt + ﬁnglGDPt
L

(2)

where t stands for a time series (1995-2019). Later, u,
denotes the estimation residual. Each B indicates the
coefficient of slope of the respective variable. A
logarithmic analysis is performed on each variable.

Methodology

The initial stage in our study is examining whether the
series are stationary. The IPS and LLC tests, which were
first presented by Im et al. (2003) and Levin et al. (2002),
are utilized in this work in order to conduct an exhaustive
investigation into the stationarity characteristics of the
series. The most often used tests appear to be IPS and LLC,
with LLC being the most popular method. Based on the
ADF test, it is assumed as a homogenous group. Equation
(3) below shows the basics of LLC test method:

Yvit = piYit—l + ZLtY+ultY =1 ...N;: 1..T
(3)

In this equation, z;; represents a constant such as zero or
one, a fixed impact, or a time trend, u;, represents the
stationary process, and Y;, represents the dependent
variable. Residuals have a mean of zero and equal variance
for all i values according to the LLC test. The variable
which is dependent of lag’ coefficient is assumed to be
homogeneous in the entire panel cross-section. The null
hypothesis, HO: p=1, states unit root in all series. The other
hypothesis, H1: p<l, asserts that all series are stationary.

The IPS test, developed by Im et al. (2003), is a variant of
the LLC test which accounts for heterogeneity in the
autoregressive coefficients for all panel members, thereby
relaxing the homogeneity assumption. This approach
demonstrates a clear understanding of the complexities
involved in panel data analysis and showcases the authors'
expertise in the field. The following equation (4) is the
fundamental formula for the IPS panel unit root tests:
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j=1
=12,..,N

(4)

Where p is chosen to make the residuals uncorrelated over
time, Y;; stands for each variable being considered in our
model, for all i and t, it is confidently assumed that &;; is a
random variable with a normal distribution. It is
independent of each other, with zero means and finite
heterogeneous variance. The individual fixed effect is
confidently denoted by «;. The alternative hypothesis
suggests that p; < 0 for some i=1,...,N1 and p_i=0 for
i=N1+1,...,N, while the null hypothesis assumes that p; =
0 for all 1.

The Pedroni cointegration test (1999, 2004) is used to
examine long-term variable cointegration. The series'
stationary was tested using LLC and IPS unit root tests
first. The Pedroni cointegration test has been used to
identify long-term variable integration in several research
(Khan et al., 2022; Musa, Safdar, Shah, 2022). Pedroni
(1999, 2004) constructed seven test statistics to evaluate
the null hypothesis that nonstationary panels contain no
cointegration. The Pedroni cointegration test only works
for stationary variables at first difference. The panel's
seven test statistics account for short-run dynamics and
long-run slope and intercept coefficient variations.
Traditional time-series analysis considers normalization
and cointegrating relationships, whereas this tool does not.
The hypothesis test evaluates panel cointegration between
variables.

The seven-test metrics are divided into statistics of group-
mean, which sum up the outcomes for each nation, and
panel measures, which aggregate the results for each
aspect. This allows for a comprehensive assessment of the
performance of different countries in various aspects. Both
groups used parametric (ADF and v) and nonparametric (p
and t) metrics. Pedroni panel cointegration test equation is
given in the Equation 5 below:

lnCOZl‘t = + 8it + ﬁlilnAIR,-t + BZilnTOUR,-t
+ BgilnGDPit + Eit

(5)

where i=1,...,N denotes the panel's participants (10
Mediterranean nations), t=1,...,.N denotes the time frame
(1995-2019), CO; denotes CO, emissions, AIR denotes air
transportation, TOUR denotes tourism, and 8 denotes the
slope of the coefficients. The individual impacts are
denoted by the parameter &; which stands for the
deterministic trend effects. Finally, «; is used to represent
the predicted residual deflections from the long-term
connection.

303

At the following stage, provided that the cointegration
relation has been established, the coefficients are
estimated. The ARDL bounds test method, developed by
Pesaran et al. (2001), is utilized to investigate long-run and
short-run equilibrium and the presence of co-integration in
the time series data under consideration. The ARDL
specification, which has a linear structure, has been widely
used by academics to examine the relationship between
variables (Korkut Pata & Balsalobre-Lorente, 2022;
Avishek Khanal et al., 2022; Aydin, 2022; Bandyopadhyay
et al., 2023; Fan et al., 2022; Mehmood et al., 2022). This
passage highlights the importance of utilizing the ARDL
approach to analyze the complex relationships between
multiple variables. The ARDL model is used to estimate
both the long- and short-term coefficients simultaneously.
Compared to other single cointegration techniques, ARDL
offers several advantages. Firstly, it is flexible in terms of
variables’ stationary properties, which can be a
combination of stationary in level or in first difference.
Secondly, despite the small sample size, the ARDL
technique can produce more reliable and consistent data
(Liu & Bae, 2018). Additionally, the technique allows for
the simultaneous evaluation of long- and short-run
coefficients of one variable on another (Sikder et al., 2022).
The short-term coefficients depict the relationship between
the dependent variable's divergence from its long-run
trend. The ARDL method can be suitably employed to
evaluate the impact of estimates derived from the long-run
association of variables. This method carries the added
advantage of incorporating a bootstrap bias-correction
procedure. Moreover, it comprises functional elements of
the conditional error correction model coefficients that
exhibit nonlinearity. To identify a long-term relationship,
we create the following equation:

q q
AlnCOZt = ay + Z alAlnCOZt_,- + Z azAlnAIRt_i
i=1 i=1
q
+ a3;AlInTOUR,_;

i=1
q

+ Z a4 AInGDP,_; + &,
i=1

(6)

where the word for pure white noise & and the first
difference operator A are both present. The model's ARDL
(3,3,3,3) model was estimated with a maximum lag
duration of 3. The long-term and short-term coefficients
based on the estimation results of the ARDL (3,3,3,3)
model are shown in Table 5.

Finally, to determine the causal relationship between
variables, the Dumitrescu and Hurlin causality analysis
developed by Dumitrescu & Hurlin (2012) is used. This
approach is advantageous because it accounts for the
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presence of sectional dependencies among the member
countries of the panel (Dumitrescu and Hurlin, 2012).

4. Empirical Results

An analysis of stationary variables was first performed.
The Table 3 presents the results of the Levin, Lin and Chu
(LLC) and Im, Pesaran and Shin (IPS) unit root tests. The
LLC test results indicate that the CO2 variable is non-
stationary at the level but becomes stationary at the 1%
significance level when the first difference is taken.
Similarly, the AIR, TOUR and GDP variables are generally
stationary at the level according to the LLC test. However,
in some test conditions (in models with constant and trend),
evidence of non-stationarity was also observed for these
variables. The IPS test indicates that the CO2 and GDP
variables are not stationary at the level. However, when
first differences are taken, all variables (CO2, AIR, TOUR
and GDP) become stationary at the 1% significance level.
The results indicate that CO2 and GDP are integrated at
first order (I(1)), whereas the remaining variables are
stationary at level or first difference. Consequently, the
first differences of the non-stationary variables were taken
and included in the analysis during the modelling phase.

Unit root tests denotes that the coefficient and
cointegration estimation techniques applied in the study
satisfy the requirement that each of the three variables is
stationary-at-first difference. The cointegration findings
presented in the Table 4. Based on the Pedroni
cointegration test results, nine out of the eleven discoveries
had a significant probability at a level of 1%. The collected
data was found to be cointegrated, and the null hypothesis
was ruled out. The ARDL was then used to analyze the
long-term association between the factors.

In order to analyze the factors that affect CO, emissions,
we use the panel ARDL-PMG technique. The panel results
are figured in Table 5. Based on the ARDL-PMG results,
all computed coefficients are determined to be significantly
statistically valid. Overall, long-term data show that the
number of air transportation, tourism and economic growth
are all pretend as a contributor to rising CO, emissions for
the chosen panel of nations. The short-term analysis shows
that the AIR coefficient is not statistically significant in the
link among air transportation and the environmental
degradation. However, at the 1% significant in the long
term. An increase of 1% in air passengers leads to a 0.05%
increase in carbon dioxide emissions in the long term. Our
long-term result is in line with Demir (2022) on United
Kingdom, Shirmohammadi et al. (2017) on United States,
and Zhou et al. (2019) on China. As expected, tourist
arrival’s increase by 1% increase CO; emissions by 0.14%.
The result is in line with Selvanathan et al. (2020) and
Wangzhou et al. (2022).This long-term outcome is not
consistent with ben Jebli et al. (2019) in South and Central
America, Lee & Brahmasrene (2013) on nations in the
European Union, and Katircioglu (2014) on Singapore.
Our findings, however, conflict with those of Kogak et al.
(2020) for the most visited nations, Eyuboglu & Uzar

(2020) about Turkiye, and Ozturk et al. (2022) regarding
Saudi Arabia. Also, economic growth contributes to an
increase in CO2 emissions by 0.71% in the long term. The
result is in line with the literature (Isik et al., 2024; Zhang
and Sharifi, 2024; Alam and Hossain, 2024)

The study continues by employing known as DH causality
technique to examine the causal link between the variables,
subsequent to coefficient estimation. The results are shown
in Table 6. The Dumitrescu-Hurlin causality analysis offers
significant advantages in econometric research,
particularly in the context of heterogeneous panel data.
This method allows for the examination of causal
relationships across different cross-sectional units,
accommodating variations in both the structure and
behavior of the data. For instance, Kacemi and Hassan
(2018) highlight that the Dumitrescu-Hurlin test accounts
for heterogeneity in the panel, which enhances the
robustness of the causal inference compared to traditional
Granger causality tests that assume homogeneity across
units. Similarly, Bozkurt et al. (2021) demonstrate its
application in tourism economics, where the test
effectively identifies causal links between demand and
exchange rate shocks, revealing insights that are crucial for
policymaking.

The estimates of probability in Table 6 demonstrate the
presence of three causal relationships. Firstly, air
transportation has a one-way causal relationship with
carbon dioxide emissions. This result is in line with Arvin
et al. (2015). On the other hand, our result is contrary to
Saleem et al. (2018) which found no causality between air
transportation and carbon dioxide emissions. Secondly,
CO2 emissions cause a unidirectional increase in the
number of tourist arrivals. This result is partly in line with
Bandyopadhyay et al. (2023) which determined a bi-
directional causality between tourism and CO; emissions.
Also, Ozturk et al. (2022) supports our result of causality.
It is contrary to results of Raihan & Tuspekova (2022), and
Pata et al. (2023). Our result might be commented like that
metropoles which produce carbon dioxide emissions pull
more tourism activities to countries. Finally, tourism has
been found to have a unidirectional causality with air
transportation. As expected, number of tourist arrivals
leads to air transportation because of transportation needs
of tourism activities.

An analysis of stationary variables was first performed.
The Table 3 presents the results of the Levin, Lin and Chu
(LLC) and Im, Pesaran and Shin (IPS) unit root tests. The
LLC test results indicate that the CO2 variable is non-
stationary at the level but becomes stationary at the 1%
significance level when the first difference is taken.
Similarly, the AIR, TOUR and GDP variables are generally
stationary at the level according to the LLC test. However,
in some test conditions (in models with constant and trend),
evidence of non-stationarity was also observed for these
variables. The IPS test indicates that the CO2 and GDP
variables are not stationary at the level. However, when
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Table 3 — Unit root test results

Levin, Lin and Chu (LLC)

Level First Difference
Variables With Intercept With Intercept and Trend With Intercept With Intercept and Trend
CO, -1.26377 -0.03742 -9.47383 *** -8.54686 ***
AIR -6.30975%** -26.7124%** -63.4576%** -55.9271%**
TOUR -3.41271%** -2.28506** -10.4372%** -9.66942%**
GDP -2.64750%** -1.54512% -8.30553*** -6.21791%**
Im, Pesaran and Shin (IPS)
Level First Difference
Variables With Intercept With Intercept and Trend With Intercept With Intercept and Trend
CO, 1.38997 1.96996 -9.31675 *** -8.26702 ***
AIR -6.52289%** -13.7725%%* -25.9048*** -23.9804***
TOUR 0.89162 -0.37221 -9.04320%** -8.14428%**
GDP 0.55224 -0.67254 -8.98282%** -7.0798 1 ***

**% and **: Statistically significant at 1% and 5%, respectively.
Source: Authors’ own elaboration

first differences are taken, all variables (CO2, AIR, TOUR
and GDP) become stationary at the 1% significance level.
The results indicate that CO2 and GDP are integrated at
first order (I(1)), whereas the remaining variables are
stationary at level or first difference. Consequently, the
first differences of the non-stationary variables were taken
and included in the analysis during the modelling phase.

Unit root tests denotes that the coefficient and
cointegration estimation techniques applied in the study
satisfy the requirement that each of the three variables is
stationary-at-first difference. The cointegration findings
presented in the Table 4. Based on the Pedroni
cointegration test results, nine out of the eleven discoveries
had a significant probability at a level of 1%. The collected
data was found to be cointegrated, and the null hypothesis
was ruled out. The ARDL was then used to analyze the
long-term association between the factors.

In order to analyze the factors that affect CO, emissions,
we use the panel ARDL-PMG technique. The panel results
are figured in Table 5. Based on the ARDL-PMG results,
all computed coefficients are determined to be significantly
statistically valid. Overall, long-term data show that the
number of air transportation, tourism and economic growth
are all pretend as a contributor to rising CO, emissions for
the chosen panel of nations. The short-term analysis shows
that the AIR coefficient is not statistically significant in the
link among air transportation and the environmental
degradation. However, at the 1% significant in the long
term. An increase of 1% in air passengers leads to a 0.05%
increase in carbon dioxide emissions in the long term. Our
long-term result is in line with Demir (2022) on United
Kingdom, Shirmohammadi et al. (2017) on United States,

and Zhou et al. (2019) on China. As expected, tourist
arrival’s increase by 1% increase CO, emissions by 0.14%.
The result is in line with Selvanathan et al. (2020) and
Wangzhou et al. (2022). This long-term outcome is not
consistent with ben Jebli et al. (2019) in South and Central
America, Lee & Brahmasrene (2013) on nations in the
European Union, and Katircioglu (2014) on Singapore.
Our findings, however, conflict with those of Kocak et al.
(2020) for the most visited nations, Eyuboglu & Uzar
(2020) about Turkiye, and Ozturk et al. (2022) regarding
Saudi Arabia. Also, economic growth contributes to an
increase in CO2 emissions by 0.71% in the long term. The
result is in line with the literature (Isik et al., 2024; Zhang
and Sharifi, 2024; Alam and Hossain, 2024)

The study continues by employing known as DH causality
technique to examine the causal link between the variables,
subsequent to coefficient estimation. The results are shown
in Table 6. The Dumitrescu-Hurlin causality analysis offers
significant advantages in econometric  research,
particularly in the context of heterogeneous panel data.
This method allows for the examination of causal
relationships across different cross-sectional units,
accommodating variations in both the structure and
behavior of the data. For instance, Kacemi and Hassan
(2018) highlight that the Dumitrescu-Hurlin test accounts
for heterogeneity in the panel, which enhances the
robustness of the causal inference compared to traditional
Granger causality tests that assume homogeneity across
units. Similarly, Bozkurt et al. (2021) demonstrate its
application in tourism economics, where the test
effectively identifies causal links between demand and

Table 4 —Cointegration Test Results

Test Within Dimension Test Between Dimension
Stat. Prob. Weighted Stat. Prob.
Stat. Prob.

Panel v-Statistic -1.529104 0.9369 -2.022715 0.9977 Group rho- -2.973427%%* 0.0015
Statistic

Panel rho-Statistic -3.665646***  0.0001 -3.885273%** 0.0001 Group PP-Statistic ~ -10.21525%%%* 0.0000

Panel PP-Statistic -7.269410%**  0.0000 -8.595635%** 0.0000 Group ADF- -9.520452%%* 0.0000

Panel ADF-Statistic -7.294217***  (0.0000 -8.531390*** 0.0000 Statistic

*** indicates significant at 1%.
Source: Authors’ own elaboration
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exchange rate shocks, revealing insights that are crucial for
policymaking.

The estimates of probability in Table 6 demonstrate the
presence of three causal relationships. Firstly, air
transportation has a one-way causal relationship with
carbon dioxide emissions. This result is in line with Arvin
et al. (2015). On the other hand, our result is contrary to
Saleem et al. (2018) which found no causality between air
transportation and carbon dioxide emissions. Secondly,
CO2 emissions cause a unidirectional increase in the
number of tourist arrivals. This result is partly in line with
Bandyopadhyay et al. (2023) which determined a bi-
directional causality between tourism and CO; emissions.
Also, Ozturk et al. (2022) supports our result of causality.
It is contrary to results of Raihan & Tuspekova (2022), and
Pata et al. (2023). Our result might be commented like that
metropoles which produce carbon dioxide emissions pull
more tourism activities to countries. Finally, tourism has
been found to have a unidirectional causality with air
transportation. As expected, number of tourist arrivals
leads to air transportation because of transportation needs
of tourism activities.

An analysis of stationary variables was first performed.
The Table 3 presents the results of the Levin, Lin and Chu
(LLC) and Im, Pesaran and Shin (IPS) unit root tests. The
LLC test results indicate that the CO2 variable is non-
stationary at the level but becomes stationary at the 1%
significance level when the first difference is taken.

Similarly, the AIR, TOUR and GDP variables are generally
stationary at the level according to the LLC test. However,
in some test conditions (in models with constant and trend),
evidence of non-stationarity was also observed for these
variables. The IPS test indicates that the CO2 and GDP
variables are not stationary at the level. However, when
first differences are taken, all variables (CO2, AIR, TOUR
and GDP) become stationary at the 1% significance level.
The results indicate that CO2 and GDP are integrated at
first order (I(1)), whereas the remaining variables are
stationary at level or first difference. Consequently, the
first differences of the non-stationary variables were taken
and included in the analysis during the modelling phase.

Unit root tests denotes that the coefficient and
cointegration estimation techniques applied in the study
satisfy the requirement that each of the three variables is
stationary-at-first difference. The cointegration findings
presented in the Table 4. Based on the Pedroni
cointegration test results, nine out of the eleven discoveries
had a significant probability at a level of 1%. The collected
data was found to be cointegrated, and the null hypothesis
was ruled out. The ARDL was then used to analyze the
long-term association between the factors.

In order to analyze the factors that affect CO2 emissions,
we use the panel ARDL-PMG technique. The panel results
are figured in Table 5. Based on the ARDL-PMG results,
all computed coefficients are determined to be significantly
statistically valid. Overall, long-term data show that the

Table 5 —Long-term and short-term estimation results

Variables Coefficients Std. Error t-statistics
Long-run results

AIR 0.055126%*** 0.019827 2.780354
TOUR 0.141310%*** 0.021311 6.630964
GDP 0.714823 %% 0.050430 14.17464
Short-run results

D(CO2(-1)) -0.115598 0.251457 -0.459712
D(CO2(-2)) -0.170752 0.189233 -0.902342
D(AIR) -0.019151 0.057240 -0.334582
D(AIR(-1)) 0.062119 0.060876 1.020423
D(AIR(-2)) 0.100827 0.098173 1.027033
D(GDP) -0.543840 0.354368 -1.534677
D(GDP(-1)) 0.338836 0.373251 0.907798
D(GDP(-2)) -0.109006 0.342676 -0.318103
D(TOUR) 0.088408 0.100265 0.881739
D(TOURC(-1)) 0.001204 0.100534 0.011980
D(TOUR(-2)) 0.084549 0.096332 0.877681
ECM -0.688362** 0.279614 -2.461835
C -0.005150* 0.002938 -1.753137

The symbols ***, ** and * denote 1%, 5%, and 10% level of significance, respectively.

Source: Authors’ own elaboration
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Table 6 — Dumitrescu and Hurlin Causality Results

Z-bar Statistics P- value Causality
AIR#>CO2 1.28931 0.1973 CO2->AIR
CO2#>AIR 1.90161* 0.0572
TOUR#>CO2 2.69924%** 0.0069 TOUR - CO2
CO2#£>TOUR 0.58715 0.5571
TOUR#>AIR 1.63153 0.1028 No Causality
AIR#TOUR 1.44013 0.1498
GDP#£>CO2 0.69852 0.4849 No Causality
CO2#>GDP -0.47271 0.6364
GDP#TOUR -0.21904 0.8266 No Causality
TOUR#>GDP 0.99305 0.3207
GDP#>AIR 0.31023 0.7564 No Causality
AIR#>GDP 0.74088 0.4588

The symbols ***, ** and * denote 1%, 5%, and 10% level of significance, respectively. =2: Unidirectional Relationship

Source: Authors’ own elaboration

number of air transportation, tourism and economic growth
are all pretend as a contributor to rising CO2 emissions for
the chosen panel of nations. The short-term analysis shows
that the AIR coefficient is not statistically significant in the
link among air transportation and the environmental
degradation. However, at the 1% significant in the long
term. An increase of 1% in air passengers leads to a 0.05%
increase in carbon dioxide emissions in the long term. Our
long-term result is in line with Demir (2022) on United
Kingdom, Shirmohammadi et al. (2017) on United States,
and Zhou et al. (2019) on China. As expected, tourist
arrival’s increase by 1% increase CO2 emissions by 0.14%.
The result is in line with Selvanathan et al. (2020) and
Wangzhou et al. (2022). This long-term outcome is not
consistent with ben Jebli et al. (2019) in South and Central
America, Lee & Brahmasrene (2013) on nations in the
European Union, and Katircioglu (2014) on Singapore.
Our findings, however, conflict with those of Kogak et al.
(2020) for the most visited nations, Eyuboglu & Uzar
(2020) about Turkiye, and Ozturk et al. (2022) regarding
Saudi Arabia. Also, economic growth contributes to an
increase in CO2 emissions by 0.71% in the long term. The
result is in line with the literature (Isik et al., 2024; Zhang
and Sharifi, 2024; Alam and Hossain, 2024)

The study continues by employing known as DH causality
technique to examine the causal link between the variables,
subsequent to coefficient estimation. The results are shown
in Table 6. The Dumitrescu-Hurlin causality analysis offers
significant advantages in econometric research,
particularly in the context of heterogeneous panel data.
This method allows for the examination of causal
relationships across different cross-sectional units,
accommodating variations in both the structure and
behavior of the data. For instance, Kacemi and Hassan
(2018) highlight that the Dumitrescu-Hurlin test accounts
for heterogeneity in the panel, which enhances the
robustness of the causal inference compared to traditional
Granger causality tests that assume homogeneity across
units. Similarly, Bozkurt et al. (2021) demonstrate its
application in tourism economics, where the test
effectively identifies causal links between demand and
exchange rate shocks, revealing insights that are crucial for
policymaking.

The estimates of probability in Table 6 demonstrate the
presence of three causal relationships. Firstly, air
transportation has a one-way causal relationship with
carbon dioxide emissions. This result is in line with Arvin
et al. (2015). On the other hand, our result is contrary to
Saleem et al. (2018) which found no causality between air
transportation and carbon dioxide emissions. Secondly,
CO2 emissions cause a unidirectional increase in the
number of tourist arrivals. This result is partly in line with
Bandyopadhyay et al. (2023) which determined a bi-
directional causality between tourism and CO2 emissions.
Also, Ozturk et al. (2022) supports our result of causality.
It is contrary to results of Raihan & Tuspekova (2022), and
Pata et al. (2023). Our result might be commented like that
metropoles which produce carbon dioxide emissions pull
more tourism activities to countries. Finally, tourism has
been found to have a unidirectional causality with air
transportation. As expected, number of tourist arrivals
leads to air transportation because of transportation
needs of tourism activities.

5. Conclusion and Implications

The growth of social and economic activities since the
Industrial Revolution has significantly increased
atmospheric carbon dioxide emissions. The injection of
carbon has accelerated over the last few decades. Global
temperatures are increasing and natural disasters like food
shortages, droughts, storms, extreme weather variations are
occurring more frequently as a consequence. Moreover, the
decline in environmental quality has caused major worry
among international and environmental officers and
leaders. As consistent point of this view, many studies have
attempted to investigate the variables that can reduce the
amount of pollution without affecting the process of
economic growth.

This study investigates the causal direction and long-term
dynamics among CO2 emissions tourism, and air transport
in 10 Mediterranean countries, using data between 1995-
2019. The aim of the study is to explore the significance of
the tourism industry and air transportation on the
environment. The study utilized the Autoregressive
Distributive Lag (ARDL) technique. The results of the
paper show that, using ARDL methodologies, CO2
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emissions are affected in positive direction from the arrival
of tourists in the fundamental model. Specifically, CO2
emissions are increasing by 0.14% with an increase in
tourist arrivals of 1%. In the fundamental model with
ARDL estimating technique, the number of passengers
carried by air also affected CO2 emissions in a positive
direction. A 1% increase in passengers carried by air leads
to a 0.05% increase in CO2 emissions in the long term.
Similar to tourism and air transportation, economic growth
shows an incremental effect on CO2 emissions by 0.71%
at an increase in 1% growth. The DH causality test
confirms the presence of causal relationships among
variables, with a unidirectional causality from air
transportation to carbon dioxide emissions. This shows that
air transportation causes air pollution through carbon
dioxide emissions.  The causality test confirms a
unidirectional causality from CO2 emissions to tourism.
Finally, there is a unidirectional causality from tourism to
air transportation, which means that tourism activities lead
to air transportation. The study’s findings on the effect of
tourism on the environment are not unanimous. However,
studies by Leitdo & Lorente (2020), Mehmood et al.
(2021), and Wei & Ullah (2022) suggest that tourism can
enhance environmental quality. Conversely, Eyuboglu &
Uzar (2020), Kumail et al. (2020), Paramati et al. (2018),
Selvanathan et al. (2021), Uzuner et al. (2020), and
Wangzhou et al. (2022) indicate that tourism sector
development has led to environmental degradation.

Some significant policy implications are recommended for
the interested parties based on the findings. Policymakers
in Mediterranean countries should prioritize strengthening
ecotourism  policies by promoting eco-friendly
accommodations, sustainable tourist activities, and
community-based tourism initiatives. Integrating green
infrastructure, such as energy-efficient buildings and eco-
friendly transportation, into the tourism sector is crucial for
reducing environmental impacts. Additionally, the
adoption of renewable energy sources like solar and wind
should be incentivized, leveraging the region's favorable
geological conditions to power tourism activities
sustainably. Carbon reduction strategies, including energy-
efficient practices, carbon offset programs, and retrofitting
existing facilities, can further mitigate emissions. Regional
cooperation should be enhanced to share best practices,
protect shared ecosystems, and promote cross-border
ecotourism programs. Finally, governments should invest
in public awareness campaigns, capacity-building
initiatives, and robust monitoring systems to ensure the
effectiveness and adaptability of these measures, aligning
tourism development with sustainable environmental
goals.

Our research has some drawbacks. Ten nations from the
Mediterranean are chosen for analysis due to a paucity of
data. Additionally, analysis displayed only panel results,
not individual country results, due to our approach. This
opens the door for more investigation into the specific
impacts that air transportation and tourism have on

different nations. The impact can be examined by including
green innovation variable in the models used in the
subsequent research. Our study which does not reflect
noise, water and soil pollution may be more comprehensive
by using markers like ecological footprint instead of CO2
emissions, for further research. We excluded the post-2019
period from our study to prevent the extraordinary effects
of the pandemic on tourism and air passenger transport
from distorting the results. This is a limitation, but it allows
us to evaluate the sudden and structural changes caused by
the pandemic in line with the study's purpose. In the study,
cross section dependence test has not been performed, and
this is since the model assumptions assume of low
dependence. This is considered as a limitation of the study,
and it is suggested to be taken into consideration in future
research.
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Interaction between air transportation, tourism and CO2 emissions: The panel
ARDL approach

Abstract

The tourism sector is directly linked to air transportation, with air travel accounting for a large share of global travel demand. However, air
transportation increases environmental impacts and poses a significant threat to sustainability due to its high carbon emissions. In this context, the
relationship between tourism and air transportation is a critical area that requires the development of policies and practices to reduce the carbon
footprint. This study investigates the dynamic link among tourism, air transportation and CO2 emissions for the period 1995-2019 in 10
Mediterranean countries. To investigate the relationship between our variables, autoregressive distributed lag approach is used. According to ARDL
long run estimations, it is stated that the increase air transportation increases the CO2 emissions. Similar to air transportation, increase in tourism
and economic growth results in an increase in CO2 emissions. Finally, causality test of Dumitrescu and Hurlin is applied. Causality results stated 2
causalities between variables. There are unidirectional causalities from CO2 emissions to air transportation and from tourism to CO2 emissions.
Also, policy and further research implications are discussed regard to selected countries.

Keywords: CO2emissions, air transportation, tourism, ARDL, Mediterranean countries.
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