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Abstract

As many business activities—especially those associated with the energy-intensive industries—continue to be major sources
of greenhouse gas emissions, and hence significantly contributing to global warming, there is a perceived need to identify
ways to make business activities eventually carbon neutral. This paper explores the implications of a changing climate for
the global tourism business and its intertwining global aviation industry that operates in a self-regulatory environment.
Adopting a bibliometric analysis of the literature in the domain of global tourism and climate change (772 articles), the
paper reveals the underlying sustainability issues that entail unsustainable energy consumption. The aviation industry as a
significant source of carbon emission within the sector is then examined by analyzing the top 20 largest commercial airlines
in the world with respect to its ongoing mitigating measures in meeting the Paris Agreement targets. While self-regulatory
initiatives are taken to adopt Sustainable Aviation Fuels (SAF) as alternative fuel production and consumption for drasti-
cally reducing carbon emission, voluntary alignment and commitment to long-term targets remain inconsistent. A concerted
strategic approach to building up complementary sustainable infrastructures among the global network of airports based in
various international tourist destination cities to enable a measurable reduction in carbon emission is necessary to achieve
a transformational adaptation of a business sector that is of essence to the recovery of the global economy while attempting
to tackle climate change in a post-COVID-19 era.

Keywords Climate change - Tourism business - Aviation industry - Energy sustainability - Paris agreement - Self-
regulation - International airports

Introduction

Global efforts to combat climate change revolve around
debates on who should take responsibility for carbon emis-
sion reductions; nonetheless, the significance of business
and its potential impacts has been widely asserted (Dessens
et al. 2016; Sivapuram and Shaw 2020; Johnstone et al.
2021). While there are still differences among governments
on how to advance the Paris agreement (Gunfaus and Wais-
man 2021), the business sectors have already begun evaluat-
ing measures to take to claim their role. Despite a decrease
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in the global greenhouse gas emissions during the COVID-
19 period (Le Quéré et al. 2021), businesses will have to step
up their efforts to maintain this momentum. The urgency for
businesses to take long-term measures in boosting sustain-
ability can be elucidated with respect to nominal, legislative,
or market-based drivers (Kara et al. 2014; Santa-Maria et al.
2021; Hao and Renneboog 2019).

The discourse to mitigate global warming and adapt to
climate change creates a major agenda item, especially for
some of the material sectors, which are largely business sec-
tors or industries that depend heavily upon the use of vari-
ous raw materials, particularly fossil fuels. Due to the risks
posed by climate change, it is expected that businesses have
to bear increased operating costs, and only a few companies
are prepared for such challenges under a major transforma-
tion in the supply of raw materials and related logistics pro-
cesses (Arnell et al. 2021; Wang et al. 2020; Gerlak et al.
2018; Sun et al. 2020). Since climate change mitigation and
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adaptation measures have the potential to affect the future
livelihood of businesses, a well-calculated, negotiated and
mutually agreeable implementation mechanism must be set
in place.

Market-based green finance mechanisms for emis-
sions trading and climate change have long been discussed
(Chevallier 2009), and various tools have been presented
(Ng 2018). Among the earlier ones were carbon or emis-
sions trading schemes, an outcome of the Kyoto Protocol for
the undersigned governments to take part in the mandatory
emissions market. Other countries have formed a voluntary
market, a more relaxed but also less efficient system. Others
followed, from carbon taxes to climate bonds, all forming
a set of financing mechanisms in line with the principle of
‘common but differentiated responsibility and respective
capabilities’, as set out in the United Nations Framework
Convention on Climate Change and the 1.5 °C target set
in place by the Paris Agreement (IPCC 2018). However,
with respect to adopting the Paris agreement targets, specific
strategies aligned with independent scientific reviews and
developing countries to cap carbon emissions are not yet
in place (Schumacher 2020; Roberts et al. 2021). Among
others, Kotchen (2020) provided a framework for evaluating
the feasibility of climate finance to facilitate international
agreement and, based on a conceptual model, showed that
complementary financial transfers are feasible if they are
bounded by the net benefits of avoided climate damages and
forgone economic growth.

Businesses are a key part of this concentrated effort
towards this transformation. While this mobilization will
be significant to most business sectors, certain sectors,
such as tourism, are considered relatively more impactful
in terms of materializing environmental sustainability. In
the discussion of climate change mitigation and adaptation,
the global tourism sector and its comprising aviation indus-
try call for much attention, while there are global targets
from the Paris Agreement, specific strategies to cap carbon
emissions from specific material sectors/industries are not
in place yet despite the emerging efforts of climate finance.
A number of prior studies have pointed out the cruciality
of developing green transport infrastructures to enhance
sustainability within the tourism sector and the aviation
industry (Monsalud et al. 2015; Erdogan 2020; Santa et al.
2020; Kazancoglu et al. 2021). In this relation, there are
studies noting the importance of adopting cleaner energy to
transform the unsustainability of local economies that rely
on tourism (Rizzo 2017; Lin et al. 2018; Jea 2019). Inter-
disciplinary studies on such transformation for smart and
sustainable tourism are desirable, as the world is to undergo
a challenging period of recovery from COVID-19 (Casado-
Aranda et al. 2021).

Against this background, this paper first provides
an extended literature review on the underlying issues
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connecting global tourism business, climate change, and the
aviation industry, which are complemented by a bibliometric
analysis of literature in the domain of climate change and
tourism (772 articles) as well as an analysis of 20 repre-
sentative cases in the global aviation industry, taking into
consideration the industry’s mitigating measures through a
self-regulatory approach to reducing carbon emission sys-
tematically by 2050. It aims to investigate the industry’s cur-
rent approach to reducing carbon emissions in alignment
with the Paris Agreement and to the limitations of a self-reg-
ulatory environment. It contributes to the existing literature
by examining the relevance of adopting cleaner energy and
green infrastructures to the sustainability of global tourism
as key possible ways to augment carbon reduction through
such innovative and transformative measures.

Climate change and tourism as a business
sector

Global tourism and climate change

The global tourism industry has been rapidly expanding
over the past decades into a significant contributor to many
national economies. During the last 25 years, worldwide
international tourism more than doubled, from 1.08 bil-
lion international arrivals in 1995 to 2.40 billion in 2019
(WDG 2021). In 2019, national and international tourism
accounted, directly or indirectly, for 10.3% of global GDP
and 330 million jobs (WTTC 2020). The World Travel and
Tourism Council (WTTC) and the UN World Tourist Organ-
ization (UNWTO) have been promoting tourism as a means
to reduce poverty and preserve cultural heritage. Yet, there
has also been substantial criticism of international tourism
due to its negative impact on the environment and its contri-
bution to climate change (Scott et al. 2012). Alongside this
criticism, the immediate negative influence of ‘over-tourism’
on the tourist destinations and the local habitants’ well-being
is increasingly discussed and considered by policymakers
(Hoogendoorn and Fitchett 2018; Kajan and Saarinen 2013;
Saeporsdottir and Hall 2020).

Theoretically, there is a two-way interaction between cli-
mate change and global tourism (Hewer and Gough 2018;
Hoogendoorn and Fitchett 2018; Njoroge 2015) (see Fig. 1).
Tourism has a significant impact on the environment and
climate (Lenzen et al. 2018; Scott et al. 2012; Scott and
Becken 2010). Nature-based tourism, particularly along the
coastline and in winter destinations, is vulnerable to weather
and climate change (Morrison and Pickering 2013; Spandre
et al. 2019). On the other hand, tourists’ perceptions and
responses to this environmental change are yet to be fully
understood (Dube and Nhamo 2020; Hindley and Font 2017;
Morrison and Pickering 2013). The assessment of tourism
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Fig. 1 Global tourism and climate change: interrelations

development and climate change interconnections has been
given much attention and intensively studied in developing
countries that are potentially vulnerable to climate change,
and yet economically dependent on tourism (Chapagain
et al. 2020; Le 2020; Scott et al. 2012).

As illustrated in Fig. 1, we can see the current complex,
overall interconnections of global tourism and climate
change. Tourism contributes to climate change via green-
house gas emissions, while climate change impacts tourism
in multiple ways (UNWTO 2008):

i. directly, by the weather changes resulting in, e.g.,
severe weather conditions or less snow in winter
sports destinations;

ii. indirectly, through reduced landscape aesthetics, loss
of biodiversity, lower water availability, or increased
incidence of diseases;

iii. through mitigation policies that may result in changing
tourists’ travel patterns; and

iv. through societal impacts, possibly resulting in social
unrest and political instability.

The tourism industry stakeholders are tourists, tour opera-
tors, and the destinations where the services are provided.
Mitigation strategies aim to lower the impact of tourism on
climate change, as the industry simultaneously adapts to the
new climate conditions. While tourists and tour operators
have a high adaptation capacity for climate change (shift-
ing timing or destination, product, and market diversifica-
tion, respectively), the destinations face a limited adaptation
capacity. Even though it was found that consumers identify

air travel as a cause of climate change (Bonini and Oppen-
heim 2008; Brouwer et al. 2008), other studies have evi-
dence that there is little willingness among air passengers
to change their behavior to limit oneself in flying (Cohen
et al. 2011; Hall et al. 2015; Lassen, 2010; Xu et al. 2021).
Consumers are considered to have the most flexibility, i.e.,
having the highest capacity to adapt, as compared to desti-
nations and tourism operators (Njoroge 2015). The willing-
ness to apply mitigation actions is relatively more observable
among the destinations, but the willingness of tourists to vol-
untarily change their travel behavior to reduce environmental
impacts was evidently rather low (Higham and Cohen 2011;
McKercher et al. 2010; Xu et al. 2021).

Mitigating measures and significance of the aviation
industry

The impacts of tourism on the environment in general, and
specifically on the climate, have been receiving significant
attention in the past decades since the essential tourism com-
ponents of traveling are considered carbon intensive. Moreo-
ver, tourism is expected to account for an increasingly larger
share of global greenhouse gas emissions, even if other sec-
tors manage to achieve absolute emission reductions (Gos-
sling et al. 2013). Based on the analysis of traveler habits
in 160 countries between 2009 and 2013, a study (Lenzen
et al. 2018) showed that tourism’s impact on global emis-
sions is four times higher than previously thought. Tourism
contributes to about 8% of global greenhouse gas (GHG)
emissions, resulting mainly from the transport and consump-
tion of goods and services, including food and accommo-
dation. Its findings suggest that tourism has turned into a
carbon-intensive sector and would continue to accelerate
local carbon emissions. Another study warns that at least
15% of global tourism-related emissions associated with
global aviation are under no binding reduction targets in the
Paris Agreement (Lenzen et al. 2018).

The possible impact of tourism on climate change has
raised debates and induced studies during the last decades
of the twentieth century, and since then, related research
has intensified considerably (Hall et al. 2015; Kajan and
Saarinen 2013; Scott 2010; Scott and Becken 2010). The
need for the reduction of emissions in the aviation sector and
for imposing appropriate policies has been declared (Gos-
sling and Hall 2008; Scott et al. 2010). In 2008, the UNWTO
proposed particular mitigation actions that would improve
the situation: to encourage travelers to choose a closer des-
tination, use more public transportation and less aviation,
and provide incentives for tourism operators to improve their
energy and carbon efficiency (UNWTO 2008). The tourism
industry has continued to face pressure from the growing
awareness of the carbon footprint of travel (Becken and Hay
2007; Dawson et al. 2010).
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In fact, the aviation industry has long been recognized
for its adverse impact on environmental sustainability and
climate change (Lee et al. 2009; Fahey and Lee 2016). Such
concerns have been addressed by calls for demand-side man-
agement of aviation (Larkin 2015), owing to the fact that
pre-COVID the aviation sector was predicted to continue
growing at a rate of 4.8% to 2030, a figure far greater than
the technological and operational efficiencies the industry
has been able to demonstrate in recent decades (Lee et al.
2021). This has led to airlines seeking ever more radical
efficiency savings that impede the customer experience, such
as weight-saving measures that include unpainted aircraft,
removal of in-flight safety jackets, and seeking the reduction
of weight from the sale of duty-free products (Heyes et al.
2019). Baumeister (2020) points out that there are five gen-
eral mitigation strategies for the aviation industry, namely
technological changes, market-based changes, operational
changes, regulatory changes, and behavioral changes. In
particular, technological innovation has reached the point
of incremental returns on investment, whilst operational
savings are complex and subject to a range of competing
environmental interdependencies, not least air quality and
noise, both of which are typical of a greater priority to air-
port communities (Hoolhorst 2022).

Advancing mitigation strategies in a post-COVID-19
era for energy sustainability

In 2011, the WTTC position paper issued carbon reduction
targets of 25% by 2020 and 50% by 2035 when compared
to 2005 levels (Scott et al. 2012; UNWTO 2011). How-
ever, from 2005 to 2019 worldwide tourism continuously
expanded. The number of national and international avia-
tion-related tourists has almost doubled, while the number
of international arrivals has risen by 50% and the amount
of total tourism has increased by 125% worldwide (WDG
2021). During the pre-COVID era, the mitigation strate-
gies had yielded limited success. Neither responsible travel
behavior nor technological improvements have alleviated the
increase in tourism’s footprint (Lenzen et al. 2018). Carbon-
intensive tourism at its current scale remains unsustainable.
Until 2019, tourism was producing an increasing share of
GHG emissions each year, and simultaneously, tourists are
generally not willing to apply any mitigation strategies to
their traveling habits. The burden of a shift to sustainable
practices is placed upon destinations and tour operators,
including tourist offices and long-haul transport services,
particularly the aviation industry.

Due to the COVID-19 pandemic, international tourist
arrivals in 2020 dropped by 74% worldwide in compari-
son to 2019 figures (UNWTO 2021). With the start of
vaccination in 2021, the tourism sector looks ahead for
better days and believes in recovery. The 2020 decrease
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in traffic and pollution supports the voices of those who
call for the regulation of tourism due to its high impact on
carbon emissions, which is considerably attributed to vehi-
cles and aviation (Rume and Didar-Ul Islam 2020). Oth-
ers have suggested promoting low-carbon tourism through
regional certifications (Baumber et al. 2021), and market-
ing propagation (D’Souza et al. 2021). To complement
this development, carbon reporting and public disclosure
are increasingly expected from companies in the pertinent
industries on any enhanced application of climate mitiga-
tion measures as demonstrated in other business sectors
(Tang and Demeritt 2018; Bui et al. 2021).

The suggestions of mitigation policies and strategies
to reduce emissions systematically for a transition into
global sustainability in a post-COVID-19 era have been
elaborated in recent scientific literature (Duflot et al. 2021;
Ranjbari et al. 2021). It is advocated that green infrastruc-
tures and systems can be built within the airport facilities
to enhance the energy sustainability of their operations
as a significant part of the carbon emission mitigation
strategies (Santa et al. 2020; Ng et al. 2021; Bragge et al.
2022). With respect to drastically reducing carbon emis-
sions, Sustainable Aviation Fuel (SAF) as cleaner energy
has been considered an imminent solution for commercial
aircraft (Abrantes et al. 2021).

Further mitigating measures from the aviation
industry to reduce carbon emissions

Targets for CO, emissions from the aviation industry are
considered relevant within the Paris Agreement, which
aims to restrict increases in temperature to under 2 °C by
2100 (Lee 2018). To meet the Paris Agreement’s goals,
a significant reduction in global greenhouse gas emis-
sions is necessary for the industry on a global basis. Its
emissions of CO, are overseen by the International Civil
Aviation Organization (ICAO), which has taken measures
to adopt the “Carbon Offsetting and Reduction Scheme
for International Aviation” (CORSIA) and has a carbon-
neutral growth goal for international aviation emissions
of CO, to not surpass 2020 levels (ICAO 2021a). On the
other hand, the International Air Transport Association
(IATA), the trade association representing 290 airlines in
120 countries, has stepped up to support the development
of environmental standards and recommended practices in
ICAO. IATA is the entity that advocates and collaborates
with airlines to identify policies to mitigate the sector’s
impact on climate change (IATA 2021). IATA reckons its
members need to tackle the global challenge of climate
change and has adopted three targets and four pillars to
mitigate CO, emissions from air transport, as summarized
in Table 1.
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Table 1 Adopted framework of targets and pillars for sustainability in the global aviation industry

Targets to reduce emissions:

o T1: past performance: an average improvement in fuel efficiency of 1.5% per year from 2009 to 2020

o T2: near-term performance: a cap on net aviation CO, emissions from 2020 (carbon-neutral growth)

o T3: long-term performance: a reduction in net aviation CO, emissions of 50% by 2050, relative to 2005 levels

Four pillars of strategy to achieve environmental sustainability:

e P1: improved technology, including the deployment of Sustainable Aviation Fuels

e P2: more efficient aircraft operations

e P3: infrastructure improvements, including modernized air traffic management systems

e P4: a single global market-based measure, to fill the remaining emissions gap

Source: adjusted from IATA (2021)

Methods

This study aims to explore the implications of the changing
climate for businesses, with a focus on tourism as a business
sector and its intertwining global aviation industry, and to
examine the initiatives taken by the pertinent industry actors
to reduce the carbon footprint of the business activities. It
adopts a mixed-method approach to examine the underly-
ing relationship between business and climate change in the
sector. First, text mining is performed to reveal the research
landscape of prior studies, based on the bibliometric analysis
method. Of different bibliometric analysis techniques, this
study mainly relies on co-occurrence analysis to examine
issues related to climatic impacts and sustainability implica-
tions of tourism. Subsequently, being informed by the results
of the text analysis, the research team identifies and exam-
ines representative cases of 20 of the largest commercial
airline operators from the global aviation industry which
disclose their commitment to a global framework approach
embraced by the industry. This mixed-method approach ena-
bles an external validation of the underlying research land-
scape by examining in-depth the current practice of these
representative cases by analyzing their disclosures, thereby
mitigating the possible limitation of merely reviewing prior
studies considering the evolving climate change issues.

Bibliometric analysis method

The rapid rate of scientific publication has made it chal-
lenging to obtain knowledge about the overall structure of
a field using traditional methods based on manual analysis.
To solve this issue, several software tools for bibliometric
analysis of the literature have been developed in the past dec-
ade that can provide an overview of the research landscape
using text mining methods. VOS viewer is a frequently used
bibliometric analysis tool that, among other things, allows
one to identify major thematic focus areas in a research field
using the term co-occurrence analysis (van Eck and Walt-
man 2010). The input data for term co-occurrence analysis

can be downloaded from scientific databases such as the
Web of Science (WoS) and Scopus. In a recent study on
human mobility behavior in COVID-19 by Benita (2021),
bibliometric analysis is adopted to conduct a systematic lit-
erature review.

In this study, we have used WoS for its broad coverage of
quality peer-reviewed articles related to the topic. A broad-
based search string that includes different variants of terms
related to climate change mitigation and tourism was used to
retrieve relevant articles (see the Appendix for the complete
search string). The terms used in the search were selected in
a way to cover multiple issues related to climate change and
tourism. The literature search was conducted on February
28, 2020, with 850 returned articles. Titles and abstracts of
these articles were screened to select those that are within
the scope of the paper. In the end, 772 articles were selected
for final analysis using the VOSviewer. The output of the
term co-occurrence analysis (see Fig. 2) is a network of
nodes and links. Each node represents a term, and node size
is proportional to its frequency of occurrence. Terms that
have co-occurred are linked to each other, and link width is
proportional to the strength of the connection between two
terms. In other words, terms that have co-occurred more
frequently are connected by wider links. The frequently co-
occurred terms establish clusters that represent major the-
matic focus areas.

Multiple-case study

Complementing the bibliometric analysis, a multiple-case
method is adopted to examine the global aviation industry,
with individual airlines as units of analysis (Yin 2003). The
top 20 largest commercial airlines in the world, in terms of
aircraft size, are selected to assess their above-mentioned
performance, based on their public disclosures in Febru-
ary/March 2021 (Airportcodes 2021). Under supervision
for a systematic approach to data collection and analysis,
five independent researchers reviewed such disclosures and
evaluated their performance against the adopted framework

@ Springer
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Fig.2 The output of the term co-occurrence analysis

of sustainability strategies for the industry presented in
Table 1. Each researcher was initially assigned to assess
four airlines regarding compliance and performance; sub-
sequently, the results were compared to ensure consistency
in terms of biases.

Results and discussion
Bibliometric analysis

Through the bibliometric analysis, two major clusters can
be identified in Fig. 2. The cluster on the left has a clear

Table 2 Most cited papers of the green cluster
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focus on emissions and mainly focuses on terms and issues
related to climatic impacts and sustainability implications
of tourism, while the one on the right focuses on key eco-
nomic issues related to tourism. The cluster on the right
has a clear focus on economic issues and has links between
tourism-led growth and environmental degradation. The top
10 articles related to each cluster are listed in Tables 2 and
3, respectively. The term tourism has co-occurred frequently
with CO, emissions and climate change, indicating ample
research on and evidence of tourism’s impacts on climate
change and mitigation policies (Akadiri et al. 2020; Lenzen
et al. 2018; Rico et al. 2019). In addition, there are rela-
tively strong connections between tourism and terms such

No. Paper title

References

1 Investigating the influence of tourism on economic growth and carbon emissions: evidence from panel
analysis of the European Union

2 Estimating tourism-induced energy consumption and CO, emissions: the case of Cyprus

3 International tourism, energy consumption, and environmental pollution: the case of Turkey

4 Testing the tourism-induced EKC hypothesis: the case of Singapore

5  Tourism development, energy consumption, and Environmental Kuznets Curve: trivariate analysis in the
panel of developed and developing countries

6 The carbon footprint of global tourism

7  The Effects of Tourism on Economic Growth and CO, Emissions: a Comparison between Developed and
Developing Economies

8  Revisiting the environmental Kuznets curve hypothesis in a tourism development context
Tourist arrivals and macroeconomic determinants of CO, emissions in Malaysia

10  Investigating the impacts of energy consumption, real GDP, tourism, and trade on CO, emissions by
accounting for cross-sectional dependence: a panel study of OECD countries

Lee and Brahmasrene (2013)

Katircioglu et al. (2014)
Katircioglu (2014a)
Katircioglu (2014b)
Zaman et al. (2016)

Lenzen et al. (2018)
Paramati et al. (2016)

de Vita et al. (2015)
Solarin (2014)
Dogan et al. (2017)
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Table 3 Most cited papers of the red cluster

No. Paper title

References

Global environmental consequences of tourism

2 Can tourism deliver its “aspirational” greenhouse gas emission reduction targets?

Gossling (2002)
Scott et al. (2010)

3 Measuring National Carbon Dioxide Emissions from Tourism as a Key Step Towards Achieving Sustainable Becken and Patterson (2006)
Tourism

4 Estimating the carbon footprint of Australian tourism Dwyer et al. (2010)

5  The eco-efficiency of tourism Gossling et al. (2005)

6  Energy use is associated with different travel choices Becken et al. (2003)

7  National emissions from tourism: an overlooked policy challenge? Gossling (2013)

8  The greenhouse gas intensity of the tourism sector: the case of Switzerland Perch-Nielsen et al. (2010)

9  Analysing International Tourist Flows to Estimate Energy Use Associated with Air Travel Becken (2002)

10 Quantifying energy use, carbon dioxide emission, and other environmental loads from island tourism based ~ Kuo and Chen (2009)

on a life cycle assessment approach

as ecological footprint (total link strength value of 201), pol-
lution (total link strength value of 196), and environmen-
tal sustainability (total link strength value of 318). This is
indicative of the ecological impacts of the tourism sector
that have been discussed in the literature (Lee and Chen
2021; Ozturk et al. 2016). As for issues related to the nexus
between tourism and CO, emissions/climate change, strong
connections with transportation-related terms (e.g., mobility,
transport, aviation) and terms related to energy consump-
tion and renewable energy demonstrate the significant roles
of the energy and transportation sectors in contributing to
tourism-related emissions (Spasojevic et al. 2018). Tourism-
related air and land transportation accounts for about 10% of
the annual global CO, emissions (Bella 2018). Accordingly,
sustainable tourism initiatives should enhance the efficiency
of these sectors in contributing to climate change mitigation.

In addition, promoting travel to closer destinations and
further investment in public transportation networks may
also contribute to reducing travel-related emissions. Another
likely influential actor is the hospitality industry, which
could be water and energy intensive (Cazcarro et al. 2014;
Chen 2019). The term “water resources” has relatively co-
occurred less frequently with other terms. This may indicate
that existing research is mainly focused on energy-related
issues. In addition to their significance for climate change
adaptation, water resources also have links to energy resil-
ience (through the water-energy nexus) and deserve further
attention. Therefore, both energy and water consumption
should be considered in studying enhanced management
practices for optimizing the sustainability performance of
hotels. Overall, it is evident that sustainable and responsible
tourism is needed to reduce CO, emissions, to ensure the
conservation of ecosystem services, and to minimize the
ecological footprint.

The cluster on the right revealing the causality between
tourism flow and different variables such as economic

growth, financial development, income growth, energy
consumption, and environmental pollution has been studied
in the literature using various economic methods, such as
co-integration and time series analysis (Bella 2018; Ozturk
et al. 2016). There is consensus in the literature that tour-
ism development can lead to economic growth, but this
could have significant impacts on the environment (Ozturk
et al. 2016; Zaman et al. 2016). Figure 2 shows that the
term “Kuznets curve” has occurred frequently in the tour-
ism literature. Indeed, there is a vast body of research from
different countries that examines the validity of the environ-
mental Kuznets curve hypothesis in the context of tourism-
led development (Bella 2018; Ozturk et al. 2016; Zaman
et al. 2016).

These studies often validate the hypothesis, indicating
that responsible tourism development policies in the context
of economic growth will eventually result in reduced envi-
ronmental degradation. It is essential to further prioritize
sustainable tourism in environmental and climate policies
that aim to meet ambitious decarbonization targets (Bella
2018). Climate-friendly and sustainable tourism can also
provide sustainable livelihood options for many communi-
ties, especially those in developing countries that are eco-
nomically dependent on tourism (Chapagain et al. 2020; Le
2020; Scott et al. 2012). All in all, the carbon emission is
perceived to be the central issue for tourism sustainability
as demonstrated in this bibliometric analysis which needs to
be mitigated by the industry.

Multiple-case analysis

As reflected in the literature overview using the term co-
occurrence analysis, tourism-related air travel is identified
as a major contributor to global emissions (Lenzen et al.
2018; Lee et al. 2021). The multiple-case analysis is under-
taken to examine actions taken by the aviation industry
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towards reducing emissions. Against the adopted framework
(Table 1), the multiple-case analysis of the aviation industry
reveals four main observations of the 20 leading operators in
their implementation approach to the sustainability strategy.
First, it reveals that more than half of them have recognized
the target of achieving a reduction in net aviation CO, emis-
sions by 50% by 2050 (T3) (see Fig. 3). European airlines
have shown to be disclosing the most commitments to the
50% reduction target. Second, improvement in immediate
and near-term efficiency in aircraft operations is a pillar (P2)
embraced by most of the airlines, cultivating the economic
incentives driven by lowered operating costs and enhanced
profitability (see Fig. 4). Third, Sustainable Aviation Fuel
(SAF) is widely adopted among airlines as an innovative
approach or pillar (P1) that improves sustainability among
top airlines from advanced economies, particularly in North
America and Europe. Fourth, infrastructure improvement,

such as the synergistic role of the airport facilities and sys-
tems for sustainability, appears to be lagging as a pillar (P3).

While complementary green infrastructure is considered
critical for transforming the sustainability performance of
the airlines, airports that enable the supply of SAF and per-
tinent technological infrastructure are integral to the aviation
industry in this respect. As depicted in Fig. 5 and summa-
rized in Table 4, there are currently 22 international airports
that can deliver SAF, concentrated in Europe and North
America (ICAO 2021b). Despite the increasing market
share of tourism and aviation activities among the emerging
economies, SAF delivery infrastructure is missing in these
regions. To complement the data in Fig. 5, Table 4 presents a
list of the airports using SAF, based in various international
tourist destination cities around the world.

It is worth noting that most airports using SAF are in
Europe and North America, illustrating a notable disparity in

Status of Commitment to 2050 Target of Reducing CO, by Top 20 Airlines
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Asia
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Fig.5 International airports
with batch or ongoing delivery
of Sustainable Aviation Fuel

(SAF). (Source: Adaptation NORTH 3 EUROPE
from ICAO 2021b) iRica ﬁé;i.\.ff
B8
+ £ ASIA
AFRICA
SOUTH
AMERICA
AUSTRALI¢
»i\ Airport with batch of SAF delivery
Airport with ongoing SAF delivery
Table 4 List of International Batch Delivery of SAF Ongoing De]ivery of SAF

Airports with SAF Supply

Karlstad Airport (Europe)

Chicago O'Hare Airport (N. America)

Brisbane Airport (Australia)

Toronto-Pearson Airport (N. America)
Montreal Trudeau Airport (N. America)

AreOstersund Airport (Europe)

Goteborg Landvetter Airport (Europe)

Visby Airport (Europe)
Luled Airport (Europe)
Van Nuys Airport (Europe)

Jackson Hole Airport (N. America)

Umed Airport (Europe)
Malmé Airport (Europe)

Los Angeles Airport (N. America)
Oslo Airport (Europe)

San Francisco Airport (N. America)
Stockholm Arlanda Airport (Europe)
Bergen Airport (Europe)
VaxjoSmaland Airport (Europe)
Halmstad City Airport (Europe)
Stockholm Broma Airport (Europe)
Kalmar Oland Airport (Europe)

Source: ICAO (2021b)

such fuel supply infrastructures across geographical regions
that have yet to be effusively developed.

Conclusions

This paper has provided an overview of the extent to which
the global tourism business contributes to the production of
carbon emissions and, inter alia, to climate change as dem-
onstrated in the bibliometric analysis. Because of the sig-
nificant impacts of the aviation industry in association with
global tourism, its sustainability status has been examined
as the focus. Emphasis was given to reveal the industry’s
ongoing adoption of different sustainable approaches, the
development of building capacity for drastically improving
operational efficiency, as well as the utilization of cleaner

energy sources among a set of the largest international com-
mercial airlines.

First, carbon-intensive tourism, at the pre-pandemic scale,
has been evidently unsustainable, largely based on a self-
regulatory approach. Until 2019, i.e., prior to the COVID-19
pandemic, its share of global GHG emissions increased year
by year. As it is expected that travel will gradually resume
over time, GHG emissions levels are likely to grow again.
This “rebound” effect is already being seen now, as some
airlines are slowly returning more and more of their aircraft
back to business. This trend is compounded by the fact that
not all tourists are accustomed to or willing to engage in
mitigation strategies associated with their traveling (e.g.,
purchase of carbon credits to offset the emissions associ-
ated with their travel), due to the additional costs.

Second, whereas a considerable portion of the shift
towards sustainable practices is mostly placed upon the
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aviation industry, its key operators are not yet fully prepared
to handle it. Based on the results of our analysis of the top
20 global aviation operators, their targets, and their activities
towards CO, emission reductions, it is apparent that specific
strategies and particular attempts to establish sustainable
practices are mostly ad hoc and not part of a consistent strat-
egy. Moreover, as discussed by Lenzen et al. (2018), each of
the historically formulated mitigation strategies has yielded
only limited success so far. Neither responsible travel behav-
ior nor technological improvements have led to significant
reductions in the carbon footprint of the tourism industry.

This state of affairs suggests that unless more effective
measures to address the current trends associated with the
tourism sector are implemented, the goal to reduce GHG
emissions by 50% by 2050 will be endangered. In addition
to the existing self-regulatory approach being adopted by
the industry, some other carbon reduction measures initiated
among airlines could include the following:

i. Providing resources and incentives to operate more
efficient aircraft and to scale up the production and
consumption of Sustainable Aviation Fuel (SAF)
across various geographical regions around the world,
based on the success achieved in the places where it
has been implemented. This approach is considered by
the International Air Transport Association (IATA) as
a promising way to reduce the carbon footprint and, to
some extent, the environmental impacts of the avia-
tion sector. Airports of international tourist destina-
tion cities situated among the emerging economies, as
key components of the global travel network, would
need to consider providing the availability of SAF by
investing in complementary facilities and infrastruc-
tures to supply such a cleaner fuel.

ii. The setup or—where it is available—upscaling of
complementary green infrastructures at airports and
hotels to cater to the many land-based sources of GHG
emissions systematically (e.g., renewable energy use,
energy savings means, food processing, and waste,
etc.). Such infrastructures for facilitating direct or
indirect sustainable consumption by the sector’s stake-
holders are expected to enable more comprehensive
carbon neutrality solutions while reducing operating
costs.

iii. Encouraging operators to enhance and promote the
usefulness of carbon offset schemes among travelers,
with the objective to reduce unnecessary long-haul
travels.

On the consumer front, the promotion of more respon-
sible travel behavior to support the efforts to improve the
sustainability of the overall tourism sector does not suffice
on its own. A complementary global regulatory strategy that

@ Springer

aligns with the goal of GHG emissions reductions, as stated
in the Paris Agreement, to revive the global tourism sector
would be necessary for reinforcing capital investments in
pertinent green infrastructures, particularly in the aviation
industry, which will facilitate sustainable energy consump-
tion. Such an investment strategy to redirect the allocation
of resources into such infrastructures would harmonize with
the advocated climate finance mechanism deployed to meet
the targets set under the Paris Agreement.

Appendix

Search string:

TS = ((“climate change mitigation” OR “climate miti-
gation” OR “carbon footprint*” OR “carbon dioxide” OR
“CO,” OR “greenhouse gas emission*” OR “GHG*” OR
“carbon flow*”) AND (“tourism” OR “tourist*”))

Indexes = SCI-EXPANDED, SSCI, A&HCI, ESCI Times-
pan=All years

Acknowledgement This paper is part of the “100 Papers to Accelerate
Climate Change Mitigation and Adaptation” initiative.

References

Abrantes I, Ferreira AF, Silva A, Costa M (2021) Sustainable avia-
tion fuels and imminent technologies—CO, emissions evolution
towards 2050. J Clean Prod 313:127937

Airportcodes (2021) Top 20 Airlines. https://airportcodes.io/en/blog/
top-20-biggest-airlines-by-fleet-size/. Accessed 1 Mar 2021

Akadiri SS, Lasisi TT, Uzuner G, Akadiri AC (2020) Examining the
causal impacts of tourism, globalization, economic growth and
carbon emissions in tourism island territories: bootstrap panel
Granger causality analysis. Curr Issue Tour 23(4):470-484.
https://doi.org/10.1080/13683500.2018.1539067

Arnell NW, Kay AL, Freeman A, Rudd AC, Lowe JA (2021) Changing
climate risk in the UK: a multi-sectoral analysis using policy-
relevant indicators. Clim Risk Manag 31:100265. https://doi.org/
10.1016/j.crm.2020.100265

Baumber A, Merson J, Lockhart Smith C (2021) Promoting low-carbon
tourism through adaptive regional certification. Climate. https://
doi.org/10.3390/cli9010015

Baumeister S (2020) Mitigating the Climate change impacts of avia-
tion through behavioural change. Transp Res Proc 48:2006-2017.
https://doi.org/10.1016/j.trpro.2020.08.230

Becken S (2002) Analysing international tourist flows to esti-
mate energy use associated with air travel. J Sustain Tour
10(2):114-131

Becken S, Hay JE (2007) Tourism and climate change: risks and oppor-
tunities. In: Tourism and climate change: risks and opportunities,
pp 1-329

Becken S, Patterson M (2006) Measuring national carbon dioxide emis-
sions from tourism as a key step towards achieving sustainable
tourism. J Sustain Tour 14(4):323-338

Becken S, Simmons DG, Frampton C (2003) Energy use associated
with different travel choices. Tour Manag 24(3):267-277


https://airportcodes.io/en/blog/top-20-biggest-airlines-by-fleet-size/
https://airportcodes.io/en/blog/top-20-biggest-airlines-by-fleet-size/
https://doi.org/10.1080/13683500.2018.1539067
https://doi.org/10.1016/j.crm.2020.100265
https://doi.org/10.1016/j.crm.2020.100265
https://doi.org/10.3390/cli9010015
https://doi.org/10.3390/cli9010015
https://doi.org/10.1016/j.trpro.2020.08.230

Sustainability Science (2023) 18:983-996

993

Bella G (2018) Estimating the tourism induced environmental Kuznets
curve in France. J Sustain Tour 26(12):2043-2052. https://doi.
org/10.1080/09669582.2018.1529768

Benita F (2021) Human mobility behavior in COVID-19: a systematic
literature review and bibliometric analysis. Sustain Cities Soc
70:102916

Bonini S, Oppenheim J (2008) Cultivating the green consumer. Stanf
Soc Innov Rev 6(4):56-61

Bragge P, Becker U, Breu T et al (2022) How policymakers and other
leaders can build a more sustainable post-COVID-19 “normal.”
Discov Sustain 3:7. https://doi.org/10.1007/s43621-022-00074-x

Brouwer R, Brander L, Van Beukering P (2008) “A convenient truth”:
air travel passengers’ willingness to pay to offset their CO, emis-
sions. Clim Change 90(3):299-313. https://doi.org/10.1007/
$10584-008-9414-0

Bui B, Houge MN, Zaman M (2021) Climate change mitigation: carbon
assurance and reporting integrity. Bus Strateg Environ. https://
doi.org/10.1002/bse.2843

Casado-Aranda LA, Sanchez-Fernandez J, Bastidas-Manzano AB
(2021) Tourism research after the COVID-19 outbreak: insights
for more sustainable, local and smart cities. Sustain Cities Soc
73:103126

Cazcarro I, Hoekstra AY, Sanchez Choéliz J (2014) The water footprint
of tourism in Spain. Tour Manag 40:90-101. https://doi.org/10.
1016/j.tourman.2013.05.010

Chapagain D, Baarsch F, Schaeffer M, D’haen S (2020) Climate change
adaptation costs in developing countries: insights from existing
estimates. Clim Dev 12(10):934-942. https://doi.org/10.1080/
17565529.2020.1711698

Chen L-F (2019) Green certification, e-commerce, and low-car-
bon economy for international tourist hotels. Environ Sci
Pollut Res 26(18):17965-17973. https://doi.org/10.1007/
s11356-018-2161-5

Chevallier J (2009) Emissions trading: what makes it work? Int J Clim
Change Strateg Manag 1(4):400-406. https://doi.org/10.1108/
17568690911002915

Cohen SA, Higham JES, Cavaliere CT (2011) BINGE FLYING behav-
ioural addiction and climate change. Ann Tour Res 38(3):1070—
1089. https://doi.org/10.1016/j.annals.2011.01.013

D’Souza C, Apaolaza V, Hartmann P, Brouwer AR (2021) Marketing
for sustainability: travellers’ intentions to stay in green hotels. J
Vacat Mark. https://doi.org/10.1177/1356766720975063

Dawson J, Stewart EJ, Lemelin H, Scott D (2010) The carbon cost of
polar bear viewing tourism in Churchill, Canada. J Sustain Tour
18(3):319-336. https://doi.org/10.1080/09669580903215147

de Vita G et al (2015) Revisiting the environmental Kuznets curve
hypothesis in a tourism development context. Environ Sci Pollut
Res 22(21):16652-16663

Dessens O, Anandarajah G, Gambhir A (2016) Limiting global
warming to 2 °C: what do the latest mitigation studies tell us
about costs, technologies and other impacts? Energ Strat Rev
13-14:67-76. https://doi.org/10.1016/j.esr.2016.08.004

Dogan E, Seker F, Bulbul S (2017) Investigating the impacts of energy
consumption, real GDP, tourism and trade on CO2 emissions
by accounting for cross-sectional dependence: a panel study of
OECD countries. Curr Issues Tour 20(16):1701-1719

Dube K, Nhamo G (2020) Tourist perceptions and attitudes regard-
ing the impacts of climate change on Victoria Falls. Bull
Geogr Socio Econ Ser 47(47):27-44. https://doi.org/10.2478/
bog-2020-0002

Duflot R, Baumeister S, Burgas D et al (2021) Building up an eco-
logically sustainable and socially desirable post-COVID-19
future. Sustain Sci 16:1397-1403. https://doi.org/10.1007/
$11625-021-00940-z

Dwyer L et al (2010) Estimating the carbon footprint of Australian
tourism. J Sustain Tour 18(3):355-376

Erdogan S (2020) Analyzing the environmental Kuznets curve hypoth-
esis: the role of disaggregated transport infrastructure invest-
ments. Sustain Cities Soc 61:102338

Fahey D, Lee D (2016) Aviation and climate change: a scientific per-
spective. Carbon Clim Law Rev 10(2):97-104

Gerlak AK, Weston J, McMahan B, Murray RL, Mills-Novoa M (2018)
Climate risk management and the electricity sector. Clim Risk
Manag 19(September 2017):12-22. https://doi.org/10.1016/j.
crm.2017.12.003

Gossling S (2002) Global environmental consequences of tourism.
Global Environ Change 12(4):283-302

Gossling S (2013) National emissions from tourism: an overlooked
policy challenge? Energy Policy 59:433-442

Gossling S, Hall M (2008) Swedish tourism and climate change miti-
gation: an emerging conflict? Scand J Hosp Tour 8§(2):141-158.
https://doi.org/10.1080/15022250802079882

Gossling S et al (2005) The eco-efficiency of tourism. Ecol Econ
54(4):417-434

Gossling S, Scott D, Hall CM (2013) Challenges of tourism in a low-
carbon economy. Wiley Interdiscip Rev Clim Chang 4(6):525—
538. https://doi.org/10.1002/wcc.243

Gunfaus MT, Waisman H (2021) Assessing the adequacy of the global
response to the Paris Agreement: toward a full appraisal of cli-
mate ambition and action. Earth Syst Gov. https://doi.org/10.
1016/j.esg.2021.100102

Hall CM, Amelung B, Cohen S, Eijgelaar E, Gossling S, Higham J,
Leemans R, Peeters P, Ram Y, Scott D (2015) On climate change
skepticism and denial in tourism. J Sustain Tour 23(1):4-25.
https://doi.org/10.1080/09669582.2014.953544

Hao L, Renneboog L (2019) Corporate social responsibility and sus-
tainable finance: a review of the literature. Sustain Account
Manag Policy J 10(1):183-207

Hewer MJ, Gough WA (2018) Thirty years of assessing the impacts
of climate change on outdoor recreation and tourism in Canada.
Tour Manag Perspect 26:179—192. https://doi.org/10.1016/j.tmp.
2017.07.003

Heyes G, Callum T, Hooper P, Urquhart C (2019) The implications of
sustainable development for airport duty-free business models.
J Airport Manag 14(1):67-80

Higham JES, Cohen SA (2011) Canary in the coalmine: Norwegian
attitudes towards climate change and extreme long-haul air travel
to Aotearoa/New Zealand. Tour Manag 32(1):98-105. https://doi.
org/10.1016/j.tourman.2010.04.005

Hindley A, Font X (2017) Ethics and influences in tourist perceptions
of climate change. Curr Issue Tour 20(16):1684—1700. https://
doi.org/10.1080/13683500.2014.946477

Hoogendoorn G, Fitchett JM (2018) Tourism and climate change: a
review of threats and adaptation strategies for Africa. Curr Issue
Tour 21(7):742-759. https://doi.org/10.1080/13683500.2016.
1188893

Hoolhorst AB (2022) ANIMA D2.7—Recommendations for the use of
tools and metrics to allow environmental performance interde-
pendencies to be quantified and illustrated. Zenodo. https://doi.
org/10.5281/zenodo.6121926

IATA (2021) Three targets and four pillars https://www.iata.org/en/
programs/environment/corsia/. Accessed 20 Mar 2021

ICAO (2021a) Carbon Offsetting and Reduction Scheme for Interna-
tional Aviation. https://www.icao.int/environmental-protection/
CORSIA/Pages/default.aspx. Accessed 13 Mar 2021a

ICAO (2021b) Sustainable Aviation Fuels. https://www.icao.int/envir
onmental-protection/Pages/SAF.aspx. Accessed 13 Mar 2021b

IPCC (2018) Global warming of 1.5°C. https://www.ipcc.ch/site/assets/
uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf

Jea B (2019) Decoupling analysis of CO, emissions from transport
sector in Cameroon. Sustain Cities Soc 51:101732-101732

@ Springer


https://doi.org/10.1080/09669582.2018.1529768
https://doi.org/10.1080/09669582.2018.1529768
https://doi.org/10.1007/s43621-022-00074-x
https://doi.org/10.1007/s10584-008-9414-0
https://doi.org/10.1007/s10584-008-9414-0
https://doi.org/10.1002/bse.2843
https://doi.org/10.1002/bse.2843
https://doi.org/10.1016/j.tourman.2013.05.010
https://doi.org/10.1016/j.tourman.2013.05.010
https://doi.org/10.1080/17565529.2020.1711698
https://doi.org/10.1080/17565529.2020.1711698
https://doi.org/10.1007/s11356-018-2161-5
https://doi.org/10.1007/s11356-018-2161-5
https://doi.org/10.1108/17568690911002915
https://doi.org/10.1108/17568690911002915
https://doi.org/10.1016/j.annals.2011.01.013
https://doi.org/10.1177/1356766720975063
https://doi.org/10.1080/09669580903215147
https://doi.org/10.1016/j.esr.2016.08.004
https://doi.org/10.2478/bog-2020-0002
https://doi.org/10.2478/bog-2020-0002
https://doi.org/10.1007/s11625-021-00940-z
https://doi.org/10.1007/s11625-021-00940-z
https://doi.org/10.1016/j.crm.2017.12.003
https://doi.org/10.1016/j.crm.2017.12.003
https://doi.org/10.1080/15022250802079882
https://doi.org/10.1002/wcc.243
https://doi.org/10.1016/j.esg.2021.100102
https://doi.org/10.1016/j.esg.2021.100102
https://doi.org/10.1080/09669582.2014.953544
https://doi.org/10.1016/j.tmp.2017.07.003
https://doi.org/10.1016/j.tmp.2017.07.003
https://doi.org/10.1016/j.tourman.2010.04.005
https://doi.org/10.1016/j.tourman.2010.04.005
https://doi.org/10.1080/13683500.2014.946477
https://doi.org/10.1080/13683500.2014.946477
https://doi.org/10.1080/13683500.2016.1188893
https://doi.org/10.1080/13683500.2016.1188893
https://doi.org/10.5281/zenodo.6121926
https://doi.org/10.5281/zenodo.6121926
https://www.iata.org/en/programs/environment/corsia/
https://www.iata.org/en/programs/environment/corsia/
https://www.icao.int/environmental-protection/CORSIA/Pages/default.aspx
https://www.icao.int/environmental-protection/CORSIA/Pages/default.aspx
https://www.icao.int/environmental-protection/Pages/SAF.aspx
https://www.icao.int/environmental-protection/Pages/SAF.aspx
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf

994

Sustainability Science (2023) 18:983-996

Johnstone P, Rogge KS, Kivimaa P, Farné Fratini C, Primmer E (2021)
Exploring the re-emergence of industrial policy: perceptions
regarding low-carbon energy transitions in Germany, the United
Kingdom and Denmark. Energy Res Soc Sci. https://doi.org/10.
1016/j.erss.2020.101889

Kajan E, Saarinen J (2013) Tourism, climate change and adaptation: a
review. Curr Issue Tour 16(2):167-195. https://doi.org/10.1080/
13683500.2013.774323

Kara S, Ibbotson S, Kayis B (2014) Sustainable product development
in practice: an international survey. ] Manuf Technol Manag
25(6):848-872. https://doi.org/10.1108/IMTM-09-2012-0082

Katircioglu ST (2014a) International tourism, energy consumption,
and environmental pollution: the case of Turkey. Renew Sustain
Energy Rev 36:180-187

Katircioglu ST (2014b) Testing the tourism-induced EKC hypothesis:
the case of Singapore. Econ Model 41:383-391

Katircioglu ST, Feridun M, Kilinc C (2014) Estimating tourism-
induced energy consumption and CO, emissions: the case of
Cyprus. Renew Sustain Energy Rev 29:634-640

Kazancoglu Y, Ozbiltekin-Pala M, Ozkan-Ozen YD (2021) Prediction
and evaluation of greenhouse gas emissions for sustainable road
transport within Europe. Sustain Cities Soc 70:102924

Kotchen MJ (2020) On the scope of climate finance to facilitate inter-
national agreement on climate change. Econ Lett 190:109070.
https://doi.org/10.1016/j.econlet.2020.109070

Kuo N-W, Chen P-H (2009) Quantifying energy use, carbon diox-
ide emission, and other environmental loads from island tour-
ism based on a life cycle assessment approach. J Clean Prod
17(15):1324-1330

Larkin AB (2015) All adrift: aviation, shipping, and climate change
policy. Clim Policy 15(6):681-702. https://doi.org/10.1080/
14693062.2014.965125

Lassen C (2010) Environmentalist in business class: an analysis of air
travel and environmental attitude. Transp Rev 30(6):733-751.
https://doi.org/10.1080/01441641003736556

Le Quéré C, Peters GP, Friedlingstein P, Andrew RM, Canadell JG,
Davis SJ, Jackson RB, Jones MW (2021) Fossil CO, emissions in
the post-COVID-19 era. Nat Clim Chang 11(3):197-199. https://
doi.org/10.1038/541558-021-01001-0

Le TDN (2020) Climate change adaptation in coastal cities of devel-
oping countries: characterizing types of vulnerability and adap-
tation options. Mitig Adapt Strat Glob Chang 25(5):739-761.
https://doi.org/10.1007/s11027-019-09888-z

Lee DS (2018) International Aviation and The Paris Agreement Tem-
perature Goals. Department for Transport

Lee JW, Brahmasrene T (2013) Investigating the influence of tourism
on economic growth and carbon emissions: evidence from panel
analysis of the European Union. Tour Manag 38:69-76

Lee C-C, Chen M-P (2021) Ecological footprint, tourism develop-
ment, and country risk: International evidence. J Clean Prod
279:123671. https://doi.org/10.1016/j.jclepro.2020.123671

Lee DS, Fahey DW, Forster PM, Newton PJ, Wit R, Lim LL, Owen B,
Sausen R (2009) Aviation and global climate change in the 21st
century. Atmos Environ 43(22):3520-3537. https://doi.org/10.
1016/j.atmosenv.2009.04.024

Lee DS, Fahey DW, Skowron A, Allen MR, Burkhardt U, Chen Q,
Doherty SJ, Freeman S, Forster PM, Fuglestvedt J, Gettelman A,
De Leén RR, Lim LL, Lund MY, Millar RJ, Owen B, Penner JE,
Pitari G, Prather MJ, Sausen R, Wilcox LJ (2021) The contribu-
tion of global aviation to anthropogenic climate forcing for 2000
to 2018. Atmos Environ 244:117834

Lenzen M, Sun Y-Y, Faturay F, Ting Y-P, Geschke A, Malik A
(2018) The carbon footprint of global tourism. Nat Clim Chang
8(6):522. https://doi.org/10.1038/s41558-018-0141-x

@ Springer

Lin W, Li Y, Li X, Xu D (2018) The dynamic analysis and evalua-
tion on tourist ecological footprint of city: Take Shanghai as an
instance. Sustain Cities Soc 37:541-549

McKercher B, Prideaux B, Cheung C, Law R (2010) Achieving vol-
untary reductions in the carbon footprint of tourism and climate
change. J Sustain Tour 18(3):297-317. https://doi.org/10.1080/
09669580903395022

Monsalud A, Ho D, Rakas J (2015) Greenhouse gas emissions mitiga-
tion strategies within the airport sustainability evaluation pro-
cess. Sustain Cities Soc 14:414-424

Morrison C, Pickering CM (2013) Perceptions of climate change
impacts, adaptation and limits to adaption in the Australian Alps:
the ski-tourism industry and key stakeholders. J Sustain Tour
21(2):173-191. https://doi.org/10.1080/09669582.2012.681789

Ng AW (2018) From sustainability accounting to a green financing
system: Institutional legitimacy and market heterogeneity in a
global financial centre. J Clean Prod 195:585-592

Ng AW, Nathwani J, Fu J, Zhou H (2021) Green financing for global
energy sustainability: prospecting transformational adaptation
beyond Industry 4.0. Sustain Sci Practice Policy 17(1):377-390.
https://doi.org/10.1080/15487733.2021.1999079

Njoroge JM (2015) Climate change and tourism adaptation: literature
review. Tour Hosp Manag 21(1):95-108

Ozturk I, Al-Mulali U, Saboori B (2016) Investigating the environmen-
tal Kuznets curve hypothesis: the role of tourism and ecological
footprint. Environ Sci Pollut Res 23(2):1916-1928. https://doi.
org/10.1007/s11356-015-5447-x

Paramati SR, Alam MS, Chen C-F (2016) The effects of tour-
ism on economic growth and CO, emissions: a comparison
between developed and developing economies. J Travel Res
56(6):712-724

Perch-Nielsen S, Sesartic A, Stucki M (2010) The greenhouse gas
intensity of the tourism sector: the case of Switzerland. Environ
Sci Policy 13(2):131-140

Ranjbari M, Shams Esfandabadi Z, Zanetti MC, Scagnelli SD, Siebers
P-O, Aghbashlo M, Peng W, Quatraro F, Tabatabaei M (2021)
Three pillars of sustainability in the wake of COVID-19: a sys-
tematic review and future research agenda for sustainable devel-
opment. J Clean Prod 297:126660. https://doi.org/10.1016/j.jclep
10.2021.126660

Rico A, Martinez-Blanco J, Montlle6 M, Rodriguez G, Tavares N,
Arias A, Oliver-Sola J (2019) Carbon footprint of tourism in
Barcelona. Tour Manag 70:491-504. https://doi.org/10.1016/j.
tourman.2018.09.012

Rizzo A (2017) Managing the energy transition in a tourism-driven
economy: the case of Malta. Sustain Cities Soc. https://doi.org/
10.1016/j.5¢5.2016.12.005

Roberts JT, Weikmans R, Robinson S et al (2021) Rebooting a failed
promise of climate finance. Nat Clim Chang 11:180-182. https://
doi.org/10.1038/541558-021-00990-2

Rume T, Didar-Ul Islam SM (2020) Environmental effects of COVID-
19 pandemic and potential strategies of sustainability. Heliyon.
https://doi.org/10.1016/j.heliyon.2020.e04965

Saeporsdottir AD, Hall CM (2020) Visitor satisfaction in wilderness
in times of overtourism: a longitudinal study. J Sustain Tour
29(1):123-141. https://doi.org/10.1080/09669582.2020.1817050

Santa SLB, Ribeiro JMP, Mazon G, Schneider J, Barcelos RL, Guerra
JBS (2020) A Green Airport model: proposition based on social
and environmental management systems. Sustain Cities Soc
59:102160

Santa-Maria T, Vermeulen WJV, Baumgartner RJ (2021) Framing and
assessing the emergent field of business model innovation for the
circular economy: a combined literature review and multiple case
study approach. Sustain Prod Consum 26:872-891. https://doi.
org/10.1016/j.spc.2020.12.037


https://doi.org/10.1016/j.erss.2020.101889
https://doi.org/10.1016/j.erss.2020.101889
https://doi.org/10.1080/13683500.2013.774323
https://doi.org/10.1080/13683500.2013.774323
https://doi.org/10.1108/JMTM-09-2012-0082
https://doi.org/10.1016/j.econlet.2020.109070
https://doi.org/10.1080/14693062.2014.965125
https://doi.org/10.1080/14693062.2014.965125
https://doi.org/10.1080/01441641003736556
https://doi.org/10.1038/s41558-021-01001-0
https://doi.org/10.1038/s41558-021-01001-0
https://doi.org/10.1007/s11027-019-09888-z
https://doi.org/10.1016/j.jclepro.2020.123671
https://doi.org/10.1016/j.atmosenv.2009.04.024
https://doi.org/10.1016/j.atmosenv.2009.04.024
https://doi.org/10.1038/s41558-018-0141-x
https://doi.org/10.1080/09669580903395022
https://doi.org/10.1080/09669580903395022
https://doi.org/10.1080/09669582.2012.681789
https://doi.org/10.1080/15487733.2021.1999079
https://doi.org/10.1007/s11356-015-5447-x
https://doi.org/10.1007/s11356-015-5447-x
https://doi.org/10.1016/j.jclepro.2021.126660
https://doi.org/10.1016/j.jclepro.2021.126660
https://doi.org/10.1016/j.tourman.2018.09.012
https://doi.org/10.1016/j.tourman.2018.09.012
https://doi.org/10.1016/j.scs.2016.12.005
https://doi.org/10.1016/j.scs.2016.12.005
https://doi.org/10.1038/s41558-021-00990-2
https://doi.org/10.1038/s41558-021-00990-2
https://doi.org/10.1016/j.heliyon.2020.e04965
https://doi.org/10.1080/09669582.2020.1817050
https://doi.org/10.1016/j.spc.2020.12.037
https://doi.org/10.1016/j.spc.2020.12.037

Sustainability Science (2023) 18:983-996

995

Schumacher K (2020) Green investments need global standards and
independent scientific review. Nature 584(7822):524. https://doi.
org/10.1038/d41586-020-02472-5 (PMID: 32839566)

Scott D (2010) Why sustainable tourism must address climate change.
J Sustain Tour 19(1):17-34. https://doi.org/10.1080/09669582.
2010.539694

Scott D, Becken S (2010) Adapting to climate change and climate pol-
icy: progress, problems and potentials. J Sustain Tour 18(3):283—
295. https://doi.org/10.1080/09669581003668540

Scott D, Peeters P, Gossling S (2010) Can tourism deliver its oaspira-
tionalo greenhouse gas emission reduction targets? J Sustain Tour
18(3):393—-408. https://doi.org/10.1080/09669581003653542

Scott D, Gossling S, Hall CM (2012) International tourism and climate
change. Wiley Interdiscip Rev Clim Chang 3(3):213-232. https://
doi.org/10.1002/wcc.165

Sivapuram VRKP, Shaw R (2020) International investments and busi-
nesses as enablers of globalization of local risks: a case for risk
communication and climate fragility reduction. Progr Disaster
Sci 8:100125. https://doi.org/10.1016/j.pdisas.2020.100125

Spandre P, Francois H, Verfaillie D, Pons M, Vernay M, Lafaysse M,
George E, Morin S (2019) Winter tourism under climate change
in the Pyrenees and the French Alps: relevance of snowmaking
as a technical adaptation. Cryosphere 13(4):1325-1347. https://
doi.org/10.5194/tc-13-1325-2019

Spasojevic B, Lohmann G, Scott N (2018) Air transport and tourism—
a systematic literature review (2000-2014). Curr Issue Tour
21(9):975-997. https://doi.org/10.1080/13683500.2017.1334762

Solarin SA (2014) Tourist arrivals and macroeconomic determinants of
CO, emissions in Malaysia. Anatolia 25(2):228-241

Sun 'Y, Yang Y, Huang N, Zou X (2020) The impacts of climate change
risks on financial performance of mining industry: evidence from
listed companies in China. Resour Policy 69(April):101828.
https://doi.org/10.1016/j.resourpol.2020.101828

Tang S, Demeritt D (2018) Climate change and mandatory carbon
reporting: impacts on business process and performance. Bus
Strateg Environ 27:437-455. https://doi.org/10.1002/bse.1985

UNWTO (2008) Climate Change and Tourism - Responding to Global
Challenges. World Tourist Organization, United Nations Envi-
ronmental Programme. https://www.e-unwto.org/doi/book/10.
18111/9789284412341

Authors and Affiliations

Walter Leal Filho'2
Chinmai Hemani'®

- Artie W. Ng3*>

- Graeme Heyes''® . Dennis Njau'2

Walter Leal Filho
walter.leal2 @haw-hamburg.de

Ayyoob Sharifi
Sharifi @hiroshima-u.ac.jp

Jitka Janova
janova@mendelu.cz

Pimar Gokgin Ozuyar
pinar.ozuyar @eas.bau.edu.tr

Chinmai Hemani
chinmayhemani @ gmail.com
Graeme Heyes
g.heyes@mmu.ac.uk

Dennis Njau
dennis @palmeconsultants.com

- Ayyoob Sharifi%”’

UNWTO (2011) United Nations World Tourist Organization
(UNWTO). Tourism Towards 2030-Global Overview

UNWTO (2021) United Nations World Tourism Organization
(UNWTO). International tourism and Covid-19. https://www.
unwto.org/international-tourism-and-covid-19

van Eck NJ, Waltman L (2010) Software survey: VOSviewer, a
computer program for bibliometric mapping. Scientometrics
84(2):523-538. https://doi.org/10.1007/s11192-009-0146-3

Wang T, Qu Z, Yang Z, Nichol T, Clarke G, Ge YE (2020) Climate
change research on transportation systems: climate risks, adapta-
tion and planning. Transp Res Part d: Transp Environ 88(Octo-
ber):102553. https://doi.org/10.1016/j.trd.2020.102553

WDG (2021) The World Bank Group (WBG). The Yearbook of Tour-
ism statistics. International tourism, number of arrivals. https://
data.worldbank.org/indicator/ST.INT.ARVL

WTTC (2020) World Trade & Tourist Council (WTTC). Economic
Impact Reports. https://wttc.org/Research/Economic-Impact

Xu S, Stanis SW, Zhang H, Groshong L, Morgan M (2021) Impact of
travel distance and experience use history on visitors’ climate
friendly behavior and support for climate friendly management
action. J Sustain Tour. https://doi.org/10.1080/09669582.2020.
1855435

Yin RY (2003) Case study research: design and methods. Sage, Thou-
sand Oaks

Zaman K, Shahbaz M, Loganathan N, Raza SA (2016) Tourism devel-
opment, energy consumption and Environmental Kuznets Curve:
Trivariate analysis in the panel of developed and developing
countries. Tour Manag 54:275-283. https://doi.org/10.1016/].
tourman.2015.12.001

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.

- Jitka Janova® - Pinar Gokgin Ozuyar® -

-1zabela Rampasso'3

Izabela Rampasso
izarampasso @ gmail.com

Department of Natural Sciences, Manchester Metropolitan
University, Chester Street, Manchester M1 5GD, UK

International Climate Change Information and Research
Programme, Research and Transfer Centre “Sustainable
Development and Climate Change Management”, Hamburg
University of Applied Sciences, Hamburg, Germany

Centre for Sustainable Business, International Business
University, Toronto, Canada

Waterloo Institute for Sustainable Energy, University
of Waterloo, Waterloo, Canada

Research Centre for Green Energy, Transport and Building,
The Hong Kong Polytechnic University, Hung Hom,
Hong Kong SAR

@ Springer


https://doi.org/10.1038/d41586-020-02472-5
https://doi.org/10.1038/d41586-020-02472-5
https://doi.org/10.1080/09669582.2010.539694
https://doi.org/10.1080/09669582.2010.539694
https://doi.org/10.1080/09669581003668540
https://doi.org/10.1080/09669581003653542
https://doi.org/10.1002/wcc.165
https://doi.org/10.1002/wcc.165
https://doi.org/10.1016/j.pdisas.2020.100125
https://doi.org/10.5194/tc-13-1325-2019
https://doi.org/10.5194/tc-13-1325-2019
https://doi.org/10.1080/13683500.2017.1334762
https://doi.org/10.1016/j.resourpol.2020.101828
https://doi.org/10.1002/bse.1985
https://www.e-unwto.org/doi/book/10.18111/9789284412341
https://www.e-unwto.org/doi/book/10.18111/9789284412341
https://www.unwto.org/international-tourism-and-covid-19
https://www.unwto.org/international-tourism-and-covid-19
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1016/j.trd.2020.102553
https://data.worldbank.org/indicator/ST.INT.ARVL
https://data.worldbank.org/indicator/ST.INT.ARVL
https://wttc.org/Research/Economic-Impact
https://doi.org/10.1080/09669582.2020.1855435
https://doi.org/10.1080/09669582.2020.1855435
https://doi.org/10.1016/j.tourman.2015.12.001
https://doi.org/10.1016/j.tourman.2015.12.001
http://orcid.org/0000-0002-3993-8974
http://orcid.org/0000-0002-1388-5835
http://orcid.org/0000-0002-8983-8613
http://orcid.org/0000-0002-4326-7456
http://orcid.org/0000-0002-8073-1975
http://orcid.org/0000-0003-4946-452X

996

Sustainability Science (2023) 18:983-996

&

Graduate School of Humanities and Social Sciences,
and Network for Education and Research On

Peace and Sustainability, Hiroshima University,
Higashi-Hiroshima 739-8530, Japan

Center for Peaceful and Sustainable Futures (CEPEAS),
Hiroshima University, Higashi-Hiroshima 739-8530, Japan

Department of Statistics and Operational Analysis, Faculty
of Business and Economics, Mendel University in Brno,
Zemedelska 1, Brno, Czech Republic

Faculty of Economics, Administrative and Social Sciences,
Bahgesehir University, Istanbul, Turkey

Springer

RuChiNi ESP, Delhi, India

Centre for Enterprise, Faculty of Business and Law,
Manchester Metropolitan University Business School, All
Saints, Manchester, UK

Prime Research Division, Palme Research and Training
Consultants, Nairobi, Kenya

Departamento de Ingenieria Industrial, Universidad Catélica
del Norte, Antofagasta, Chile



	Global tourism, climate change and energy sustainability: assessing carbon reduction mitigating measures from the aviation industry
	Abstract
	Introduction
	Climate change and tourism as a business sector
	Global tourism and climate change
	Mitigating measures and significance of the aviation industry
	Advancing mitigation strategies in a post-COVID-19 era for energy sustainability
	Further mitigating measures from the aviation industry to reduce carbon emissions

	Methods
	Bibliometric analysis method
	Multiple-case study

	Results and discussion
	Bibliometric analysis
	Multiple-case analysis

	Conclusions
	Appendix
	Acknowledgement 
	References




