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Abstract

The tourism sector has become an important contributor to global greenhouse 2025
gas emissions, making climate change mitigation a critical priority for sustainable

development. Achieving internationally accepted temperature stabilization
goals requires substantial reductions in carbon emissions from tourism activities
through coordinated action across governments, businesses, destinations, and
travelers. This review examines carbon management in tourism by exploring four
interconnected dimensions: governance levels, emission boundaries, stakeholder
responsibilities, and mitigation pathways. It synthesizes evidence from the existing
literature to evaluate methods used for estimating tourism-related emissions,
approaches for assigning accountability across geographical and administrative
scales, and strategies designed to reduce carbon intensity throughout the tourism
value chain. The review highlights the importance of comprehensive emission
accounting, collaborative governance, technological innovation, renewable
energy adoption, sustainable transport, resource-efficient accommodation,
and responsible visitor behavior. It also discusses institutional, economic, and
operational challenges that constrain the implementation of effective mitigation
measures. The findings suggest that without coordinated carbon reduction
initiatives, tourism emissions will continue to grow and place increasing pressure
on the global carbon budget. Strengthened policy frameworks, cross-sector
collaboration, and long-term investment in low-carbon development are therefore
essential to support a climate-resilient and environmentally sustainable tourism
industry.
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INTRODUCTION

Tourism has emerged as one of the world's fastest-growing
economic sectors, contributing substantially to employment,
foreign exchange earnings, and regional development. The
expansion of domestic and international travel has improved
economic opportunities for destinations while simultaneously
increasing pressure on natural ecosystems and environmental
resources.  Transportation, accommodation, recreational
activities, and tourism-related infrastructure collectively generate
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considerable greenhouse gas emissions, making tourism an
important contributor to global climate change. As concerns
regarding environmental degradation intensified before 2020,
researchers and policymakers increasingly recognized the
necessity of integrating climate mitigation into tourism planning
and management [1] .

Carbon management has become a central concept for addressing
the environmental impacts of tourism. It involves measuring,
monitoring, reducing, and compensating for carbon emissions
produced throughout the tourism value chain. Effective carbon
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management extends beyond individual organizations and
requires cooperation among governments, tourism operators,
transport providers, local communities, and travelers. The
growing emphasis on sustainability encouraged destinations to
adopt environmentally responsible practices while maintaining
economic competitiveness. Before 2020, numerous international
agreements and policy discussions highlighted the need for
tourism development that balances environmental protection
with economic growth [2].

CARBON EMISSIONS AND THEIR
SOURCES IN TOURISM

Tourism-related carbon emissions originate from multiple
interconnected activities, each contributing differently to the
sector's environmental footprint. Air transportation represents
the largest source of emissions because of the extensive use
of fossil fuels during long-distance travel. Road transport,
cruise operations, and rail services also contribute significantly
depending on destination accessibility and travel patterns.
Accommodation facilities consume considerable amounts of
electricity and fuel for lighting, heating, cooling, water supply,
and hospitality services, increasing indirect emissions associated
with energy generation [3].

Additional emissions arise from tourism attractions, food
production, waste management, shopping activities, and
infrastructure development. Construction of hotels, airports,
roads, and recreational facilities requires significant material
and energy inputs that create long-term environmental
impacts. Seasonal tourism often increases resource
consumption during peak periods, placing additional pressure
on local ecosystems. Researchers before 2020 emphasized
that understanding these diverse emission sources is essential
for designing effective mitigation strategies and establishing
reliable carbon inventories capable of supporting sustainable
tourism policies (Table 1) [4-9].
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STAKEHOLDER ROLES IN CARBON
MANAGEMENT

Successful carbon management depends upon coordinated
participationamong numerous stakeholders operating at different
organizational and geographical levels. National governments
establish environmental regulations, energy policies, taxation
mechanisms, and climate action plans that influence tourism
operations. Regional and local authorities integrate sustainability
objectives into destination planning, transport systems, land-
use management, and infrastructure development to encourage
environmentally responsible tourism growth [10].

Private tourism enterprises play an equally important role
by adopting energy-efficient technologies, reducing waste
generation, improving water conservation, and encouraging
environmentally friendly business practices. Hotels may
implement renewable energy systems and resource-efficient
building designs, while transport operators invest in fuel-
efficient vehicles and operational improvements. Tourists
themselves influence environmental outcomes through travel
choices, accommodation preferences, transportation modes,
and consumption behavior. Educational campaigns and
environmental awareness programs before 2020 demonstrated
that informed tourists are more likely to support sustainable
tourism initiatives and participate in voluntary carbon reduction
activities. Academic institutions and environmental organizations
further contribute by conducting research, developing carbon
assessment methodologies, and promoting knowledge sharing
among stakeholders (Table 2) [11-17].

CARBON MITIGATION STRATEGIES IN
THE TOURISM INDUSTRY

Numerous mitigation strategies were introduced before 2020
to reduce tourism-related greenhouse gas emissions while
maintaining economic viability. Energy efficiency represented

Relative Carbon
Tourism C t Pri Emission S - Mitigation O tunit
ourism Componen rimary Emission Source Contribution itigation Opportunity
. L . . Fuel-efficient aircraft, route
Air Transport Aviation fuel combustion Very High N
optimization
Road Transport Petrol and diesel vehicles High Electric vehicles, public transport
. . . . Renewable energy, energy-efficient
Accommodation Electricity and heating High .gy. &Y
buildings
. Food production and .
Food and Beverage Services P waste Moderate Local source, waste reduction
. . . Green infrastructure, efficient
Tourism Attractions Energy consumption Moderate .
equipment
Waste Management Landfill emissions Low—Moderate Recycling and composting

Table 1: Major Sources of Carbon Emissions in Tourism.
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Stakeholder Primary Responsibility Example Actions
National Governments Climate policy and regulation Carbon taxation, environmental legislation
Local Authorities Sustainable destination planning Green infrastructure development
Tourism Businesses Operational emission reduction Energy-efficient hotels, waste management
Transport Operators Low-carbon transportation Fuel-efficient vehicles and scheduling
Tourists Responsible travel behaviour Public transport, reduced waste
Research Institutions Knowledge generation Carbon assessment methods and sustainability research

Table 2: Stakeholder Responsibilities for Carbon Management.

one of the most widely adopted approaches, involving improved CHALLENGES AND FUTURE DIRECTIONS

insulation, efficient lighting systems, smart energy management

technologies, and optimized heating and cooling operations in FOR SUSTAINABLE CARBON

tourism facilities. Renewable energy sources, including solarand  MJANAGEMENT
wind power, increasingly supplemented conventional energy

supplies in environmentally conscious destinations [18]. Despite increasing awareness of climate change before 2020,

significant barriers limited the widespread implementation of
Sustainable transportation also became an essential  carbon management throughout the tourism sector. One of
component of carbon mitigation. Governments and tourism  the primary challenges involved the complexity of measuring
operators encouraged the use of public transportation, cycling  emissions across diverse tourism activities, supply chains,
infrastructure, electric vehicles, and integrated transport 3nd international travel networks. Differences in accounting
systems to reduce dependence on fossil fuels. Airlines  methodologies often produced inconsistent emission estimates,

introduced operational improvements, fuel-efficient aircraft, and  making comparisons among destinations and organizations
optimized flight management to lower fuel consumption. Waste  gifficult [23].

reduction, recycling programs, sustainable procurement, water
conservation, and environmentally responsible food sourcing  Financial constraints represented another obstacle, particularly
further contributed to lowering operational emissions across  for small and medium-sized tourism enterprises that lacked
tourism businesses [19-21]. resources to invest in advanced energy-efficient technologies
or renewable energy systems. Limited regulatory enforcement,
Carbon offset programs emerged as complementary mechanisms  jnconsistent environmental policies, and insufficient stakeholder
that allowed organizations and travelers to compensate for  coordination further reduced the effectiveness of mitigation
unavoidable emissions through investments in reforestation, jnitiatives. Behavioral resistance among businesses and tourists

renewable energy, and conservation projects. Although offsetting 3150 slowed the adoption of environmentally responsible
attracted considerable attention, researchers emphasized  practices.

that direct emission reductions should remain the primary

objective, with offsets serving only as supplementary measures.  Future progress depends upon stronger collaboration between
Comprehensive carbon accounting and regular environmental  governments, tourism organizations, researchers, and local
performance monitoring were recognized as essential for communities. Standardized carbon accounting frameworks,
evaluating mitigation progress and supporting continuous  greaterinvestmentincleantechnologies,improved environmental
improvement (Figure 1) [22]. education, and integrated destination management can
significantly strengthen mitigation efforts. A balanced approach
that combines economic development with environmental

e ) responsibility will enable tourism to contribute more effectively
_ to long-term climate protection while supporting sustainable
ek s NN RERENaE growth and preserving natural resources for future generations

Accommodation FEIEETERER Pl (Figure 2).

foad Transport [ 1 E] 15%

Food Services [ | % CONCLUSION

fourist Attractions | 5%

Waste Management | 3% Digital and social media marketing fundamentally transformed
Figure 1: Estimated Relative Contribution of Tourism Activities to !‘narketlhg communication before 2020 by. creating r.’nore
Carbon Emissions. interactive, measurable, and customer-oriented business

_ ) environments. The integration of digital technologies enabled

organizations to reach broader audiences, improve customer
engagement, and develop stronger brand relationships while
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Figure 1: Carbon Management Framework for Sustainable
Tourism.

- J

reducing communication costs. Simultaneously, consumers
gained greater influence over organizational reputation through
online interactions and electronic word-of-mouth, making
transparency and customer satisfaction increasing.

Although digital marketing generated significant opportunities,
organizations also encountered challenges associated with
privacy protection, ethical responsibilities, online trust, and
rapidly evolving consumer expectations. The literature reviewed
in this study indicates that the field was progressing toward more
integrated and technology-enabled marketing strategies while still
requiring stronger theoretical foundations and comprehensive
evaluation frameworks. Overall, this study provides a structured
understanding of the pre-2020 digital and social media marketing
landscape and identifies research directions that can support
future academic inquiry and practical marketing decision-making.
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