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Climate change poses severe threats to global tourism systems,
affecting natural resources, destination competitiveness, and long-
term sustainability. This review synthesizes contemporary literature
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frameworks, and stakeholder roles needed to support climate-resilient
tourism futures. Findings reveal that integrated planning, renewable
energy integration, sustainable mobility innovations, and community
engagement form the foundation of effective climate mitigation in
tourism destinations.
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where tourism is both affected by and contributes to climate
change—necessitates urgent attention to sustainable and
climate-sensitive tourism development strategies.

Introduction

Climate change represents one of the most pressing and
complex challenges for the global tourism sector. Ris-

ing average temperatures, altered precipitation patterns,
sea-level rise, biodiversity loss, and the increasing frequency
and intensity of extreme weather events are altering the
environmental, social, and cultural conditions that under-
pin destination attractiveness.!Iconic natural and cultural
sites, coastal resorts, and mountain regions are particularly
vulnerable, with physical degradation, habitat loss, and
shifting ecosystems threatening the very resources upon
which tourism depends.

At the same time, tourism itself is a significant contributor
to climate change. Transportation, especially air travel, is
a major source of greenhouse gas emissions, while ener-
gy-intensive accommodations, resource consumption, and
tourism-related infrastructure development amplify the
sector’s carbon footprint.2 This bidirectional relationship—

Sustainable tourism offers a framework for addressing this
dual challenge by balancing economic growth, environmen-
tal protection, and socio-cultural well-being.? Embedding
climate change mitigation into tourism planning involves
reducing carbon emissions, enhancing energy efficien-
cy, promoting renewable energy use, and encouraging
low-carbon travel behaviors. Furthermore, resilient tourism
development requires integrating adaptation strategies,
stakeholder collaboration, and governance mechanisms
to safeguard destination competitiveness and community
livelihoods.

Climate Change Impacts on Tourism Desti-
nations

Tourism destinations are increasingly vulnerable to the
multifaceted impacts of climate change. These impacts
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manifest across environmental, socio-economic, and
temporal dimensions, reshaping the attractiveness,
accessibility, and economic viability of tourism regions.
Understanding these effects is critical for planning adaptive
and resilient strategies.

Environmental Impacts

Environmental degradation driven by climate change
directly threatens the natural assets on which tourism
depends. Phenomena such as coral bleaching, reduced
snow cover, glacier retreat, desertification, and biodiversity
loss are altering ecosystems and diminishing the quality of
visitor experiences.* For instance, coral reef degradation
reduces the aesthetic and recreational value of marine
tourism destinations, affecting activities such as snorkeling,
diving, and eco-tourism, while also undermining fisheries
and local livelihoods. Similarly, the retreat of glaciers and
diminished snow cover in mountain regions threatens
winter sports tourism, resulting in shorter ski seasons and
less reliable snow conditions. Coastal erosion, rising sea
levels, and extreme weather events further exacerbate risks
to beaches, wetlands, and other environmentally sensitive
tourism sites, compromising both ecological integrity and
tourism infrastructure.

Socioeconomic Impacts

The economic stability of tourism-dependent regions
is closely tied to climate-sensitive natural and cultural
resources. Climate change increases the frequency and

severity of hazards such as storms, floods, and heatwaves,
leading to infrastructure damage, heightened maintenance
costs, and increased insurance liabilities.®> Coastal and
island destinations are particularly vulnerable, as rising
sea levels threaten hotels, resorts, ports, and recreational
facilities, while also displacing local communities. Reduced
attractiveness of natural sites diminishes tourist arrivals,
impacting local employment, small businesses, and regional
GDP. In some cases, destinations may experience economic
stagnation or decline, requiring substantial investment in
adaptation measures, diversification of tourism offerings,
or shifts toward more climate-resilient tourism activities.

Seasonal and Spatial Shifts in Tourism Demand

Climate change is also reshaping tourism patterns by
altering seasonality and geographic distribution of visitor
demand. Rising temperatures and changing precipitation
regimes can extend tourism seasons in some temperate
regions, while reducing the appeal of destinations that
become too hot, humid, or ecologically degraded.® Alpine
and snow-dependent regions face declining winter
snowfall, threatening ski resorts and associated economies,
whereas tropical destinations may experience reduced
visitation during periods of extreme heat or storm activity.
These shifts necessitate adaptive planning, including
diversification of tourism products, investment in climate-
resilient infrastructure, and flexible marketing strategies
to respond to evolving visitor preferences.

Table |.Climate Change Impacts on Tourism Destinations

Impact Category Description

Examples in Tourism Context

Environmental Impacts

Degradation of natural ecosystems due to
climate-induced changes.

Coral bleaching, glacier melt, snow decline
affecting ski resorts.

Socioeconomic Impacts

Financial losses and infrastructure damage
caused by extreme weather.

Storm-damaged hotels, reduced tourist
arrivals, increased insurance costs.

Seasonal Shifts

Altered timing of tourism seasons due to
temperature changes.

Extended summer seasons, reduced
winter tourism attractiveness.

Biodiversity Loss

Declining species and habitats impacting
nature-based tourism.

Loss of wildlife viewing opportunities;
degraded marine life.

Spatial Redistribution

Changes in tourist flows to destinations with
more favorable climates.

Shift from Mediterranean peaks to
northern Europe during heatwaves.

Mitigation Pathways for Sustainable Tourism

Mitigating the impact of tourism on climate change
requires comprehensive strategies that target emissions
across transportation, accommodation, energy use, and
resource management. By adopting low-carbon practices,
integrating renewable energy, and implementing effective
policy frameworks, destinations can reduce their carbon
footprint while enhancing resilience and competitiveness.

Low-Carbon Transport Systems

Transportation is one of the largest contributors to tourism-
related greenhouse gas emissions, particularly air travel.
Transitioning to low-carbon transport systems is therefore
critical.” This includes expanding electric mobility for local
transit, developing efficient and extensive rail networks,
and exploring alternative fuels such as hydrogen or biofuels.
Policy interventions can further support emission reduction
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by incentivizing public transport use, implementing
congestion charges, or restricting high-emission vehicles
in sensitive areas. Encouraging active mobility—cycling
and walking infrastructure—also reduces carbon emissions
while improving visitor experiences and health outcomes.

Sustainable Accommodation Practices

Accommodations contribute significantly to tourism energy
consumption and emissions. Sustainable accommodation
practices involve implementing energy-efficient building
designs, installing renewable energy systems such as
solar panels, adopting water-saving technologies, and
establishing circular waste management systems.® Green
building certifications and sustainability standards, such
as LEED or Green Key, provide benchmarks and guidance
for hotels to meet environmental performance targets.
These practices not only reduce environmental impact
but can also enhance the destination’s reputation among
environmentally conscious travelers.

Renewable Energy Integration

Integrating renewable energy solutions into tourism
infrastructure is essential for long-term carbon reduction.®
Solar, wind, and geothermal energy can power hotels,
resorts, and attractions while reducing reliance on fossil
fuels. Destinations that implement renewable energy
demonstrate environmental leadership and strengthen
sustainable branding, appealing to a growing segment
of eco-conscious tourists. Community-based renewable
projects, such as solar microgrids or wind-powered
amenities, also foster local participation and economic
benefits.

Sustainable Resource Management

Effective climate mitigation extends beyond energy and
transportation to sustainable resource management.’*Water

scarcity, waste generation, and biodiversity loss require
integrated solutions that balance tourism development
with ecological preservation. Examples include greywater
recycling systems, rainwater harvesting, composting of
organic waste, and the protection of natural habitats.
Implementing resource efficiency plans not only reduces
environmental burdens but also enhances ecosystem
resilience, ensuring destinations remain attractive and
viable for future tourism.

Tourism Industry Decarbonization Tools

Digital tools and analytical frameworks are increasingly
critical for tracking and reducing tourism emissions.!
Carbon footprint calculators, sustainability audits, and
science-based emission targets enable tourism businesses
to monitor environmental performance, identify reduction
opportunities, and implement effective mitigation
measures. Real-time data analytics, integrated management
dashboards, and mobile applications support data-driven
decision-making, ensuring that interventions are evidence-
based and scalable.

Green Tourism Policy Frameworks

Strong governance and policy frameworks are essential
for mainstreaming climate mitigation into tourism
development.? Governments and destination authorities
can implement incentives for low-carbon investments,
such as tax breaks for renewable energy adoption, grants
for energy-efficient renovations, or preferential loans for
sustainable transport initiatives. Environmental certification
schemes, mandatory emissions reporting, and strategic
tourism plans aligned with national climate commitments
ensure accountability and support sector-wide transition
toward sustainability. Policies that integrate mitigation
with adaptation measures further strengthen destination
resilience in the face of climate change.

Table 2.Mitigation Pathways for Sustainable Tourism

Mitigation Pathway Key Actions

Examples of Application

Low-Carbon Transport hydrogen fuels.

Promote rail travel, electric vehicles,

Electric shuttle buses; bike-sharing systems
for visitors.

Energy-Efficient

Accommodation energy waste.

Retrofit buildings, adopt green design, reduce

Solar-powered hotels; green building
certified resorts.

Renewable Energy

Integration in tourism zones.

Deploy solar, wind, geothermal technologies

Solar farms powering island tourism
sectors.

Sustainable Resource
Management

Efficient water use, waste reduction,
biodiversity protection.

Greywater recycling; composting systems
in eco-lodges.

Decarbonization Tools . .
tracking, audits.

Carbon footprint calculators, emission

Hotel carbon calculators; Al-based
sustainability apps.

Green Tourism Policies
standards.

Regulations, incentives, and sustainability

Low-emission zones; tax breaks for green
infrastructure.
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Climate-Resilient Destination Development

Developing climate-resilient tourism destinations requires
an integrated approach that combines strategic planning,
ecosystem-based interventions, community participation,
and adaptive infrastructure. Resilience in this context refers
to a destination’s ability to anticipate, prepare for, and
respond to climate-related hazards while maintaining
economic viability, social well-being, and environmental
integrity.

Integrated Climate and Tourism Planning

Effective destination resilience begins with the integration
of climate science into tourism planning. Aligning tourism
development strategies with national and regional climate
policies helps reduce vulnerability to extreme weather
events, sea-level rise, and other climate impacts.®Integrated
planning involves assessing climate risks, forecasting
long-term environmental changes, and incorporating
adaptive strategies into land-use planning, infrastructure
development, and visitor management. This approach
ensures that tourism growth occurs in harmony with
environmental limits and community needs, strengthening
long-term sustainability and competitiveness.

Nature-Based Solutions (Nbs)

Nature-based solutions (NbS) are increasingly recognized
as dual-purpose strategies that provide climate mitigation
and adaptation benefits while enhancing tourism
experiences.* Initiatives such as coral reef restoration,
mangrove rehabilitation, coastal dune stabilization,
and forest conservation help sequester carbon, protect
shorelines, and maintain biodiversity. Simultaneously, these
interventions offer new opportunities for tourism activities,
including eco-education programs, guided conservation
tours, voluntourism, and wildlife observation. By integrating
NbS into destination development, tourism can contribute
to ecological resilience while promoting authentic and
environmentally responsible visitor experiences.

Community Engagement and Inclusive Governance

Local communities are central to building climate-resilient
tourism destinations. Participatory planning ensures that
adaptation and mitigation strategies reflect local knowledge,
priorities, and capacities.? Inclusive governance models
foster stakeholder collaboration across public authorities,
private operators, and civil society, creating shared
ownership of resilience measures. Community engagement
enhances social acceptance of climate initiatives, supports
equitable benefit distribution, and encourages long-term
stewardship of natural and cultural resources. Destinations
that actively involve residents in decision-making are better
equipped to implement sustainable tourism practices and
respond effectively to climate challenges.

Climate-Smart Infrastructure

Investments in climate-resilient infrastructure are essential
to safeguard tourism assets and ensure visitor safety.
This includes elevated coastal buildings, flood-resistant
transport systems, green roofs, permeable surfaces, and
stormwater management systems.>Resilient infrastructure
mitigates the risks associated with extreme weather events,
reduces economic losses from climate-related disasters,
and strengthens the capacity of destinations to maintain
operations under changing conditions. Furthermore,
climate-smart construction practices can integrate energy
efficiency, renewable energy, and resource conservation,
complementing broader sustainability and carbon reduction
goals.

Business Innovation And Industry Responses

Tourism businesses play a critical role in implementing
climate mitigation measures and promoting sustainable
practices. Innovation and proactive responses from
the industry are essential for reducing environmental
impacts, enhancing operational efficiency, and maintaining
competitiveness in an increasingly climate-conscious
market.

Eco-Certification and Environmental Standards

Eco-certification and environmental standards have
emerged as key tools for guiding tourism businesses
toward sustainable practices.® Programs such as Green
Key, EarthCheck, and I1SO 14001 provide frameworks for
energy efficiency, waste reduction, water conservation,
and responsible sourcing. These certifications not only
help businesses lower their carbon footprint but also
signal credibility to environmentally conscious travelers,
reducing concerns about greenwashing. Additionally,
certified businesses often experience enhanced market
differentiation, stronger brand reputation, and increased
visitor trust, creating both environmental and economic
benefits.

Digitalization for Low-Carbon Tourism

The tourism industry increasingly leverages digital tools
and smart technologies to optimize operations and reduce
resource consumption.'*Smart energy management systems
allow hotels and resorts to monitor and control electricity
use in real time, while Al-driven demand forecasting helps
optimize occupancy rates and minimize energy waste.
Environmental monitoring platforms provide data on water
use, waste generation, and emissions, enabling businesses
to implement data-driven efficiency improvements.
Digitalization also supports visitor engagement through
mobile apps, online booking systems, and digital signage that
promote sustainable choices and low-carbon transportation
options, further enhancing the sustainability profile of
tourism services.
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Sustainable Tourism Products and Experiences

Business innovation extends to the creation of low-carbon
tourism products and experiences that actively reduce
emissions while promoting responsible travel.® Examples
include cycling and walking tours, eco-lodges powered by
renewable energy, farm and agro-tourism experiences,
wildlife conservation volunteering, and renewable energy
park visits. Such offerings not only minimize environmental
impacts but also diversify destination markets, attract niche
tourist segments, and foster authentic engagement with
local culture and ecosystems. By integrating sustainability
into the core product design, businesses can align profit
motives with climate action goals, thereby supporting
broader destination-level mitigation strategies.

Challenges in Implementing Climate Mitigation
in Tourism

Despite growing awareness and policy emphasis on
climate mitigation, tourism destinations and businesses
face multiple barriers to effective implementation. These
challenges span financial, regulatory, behavioral, and
technical dimensions, limiting the widespread adoption
of low-carbon and sustainable practices.

Financial and Resource Constraints

One of the most significant barriers to climate mitigation in
tourism is the high upfront cost of implementing renewable
energy systems, energy-efficient infrastructure, and low-
carbon transport solutions.?? Small and medium-sized
enterprises (SMEs) in tourism often lack the capital required
for retrofitting accommodations, installing solar or wind
energy systems, or developing climate-resilient facilities.
Developing countries face additional challenges, including
limited access to finance, technological constraints, and
competing developmental priorities. Without targeted
financial support, incentives, or low-interest funding
mechanisms, many tourism businesses struggle to adopt
mitigation measures at scale.

Policy Gaps and Weak Governance

The effectiveness of climate mitigation in tourism is also
constrained by policy and governance shortcomings.®
Fragmented regulations, lack of coordination between
governmental agencies, and weak enforcement of existing
environmental standards can undermine sustainability
initiatives. In some cases, tourism policies prioritize short-
term economic growth over long-term climate goals, leading
to unsustainable development patterns. Strengthening
regulatory frameworks, integrating climate mitigation into
destination management plans, and fostering public-private
collaboration are essential to overcome these governance
challenges.

Behavioral Barriers among Tourists

Tourist behavior presents another critical challenge for
climate mitigation. Many travelers remain reluctant to
pay premium prices for low-carbon options or sustainable
accommodations, while habitual preferences favor carbon-
intensive travel modes, particularly air transportation.?
Awareness campaigns and incentives can help shift behavior,
but ingrained habits and perceptions of convenience and
cost often limit adoption of environmentally responsible
choices. Encouraging sustainable travel requires education,
marketing, and nudging strategies that make low-carbon
alternatives both attractive and accessible.

Data Limitations and Monitoring Issues

Accurate data on tourism-related emissions is essential for
effective planning, monitoring, and evaluation of mitigation
measures. However, current data collection systems are
often inadequate, inconsistent, or lacking in granularity.!
This makes it difficult to identify emission hotspots, evaluate
the effectiveness of interventions, and set measurable
targets. Developing comprehensive monitoring systems,
adopting standardized carbon accounting methods, and
leveraging digital tools for real-time data collection are
critical to informing evidence-based mitigation strategies
and improving decision-making at both business and
destination levels.

Table 3.Challenges in Implementing Climate Mitigation in Tourism

Challenge Description

Implications for Tourism Destinations

Financial Barriers

High initial costs for renewable energy and
green infrastructure.

Limited adoption in developing regions;
reliance on donor funding.

Governance and Policy

Gaps frameworks.

Weak regulation and fragmented policy

Inconsistent climate actions across
tourism sectors.

Tourist Behavioral
Resistance

Low willingness to shift from high-carbon
travel patterns.

Aviation dependence persists; low uptake
of low-carbon tourism.

Data and Monitoring

Limitations tracking tools.

Lack of accurate tourism emission data and

Difficulty planning long-term mitigation
strategies.

Infrastructure

Vulnerability extremes.

Existing facilities not built for climate

Increased maintenance costs; safety risks.
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Cultural and Social
Barriers

Local reluctance to adopt new
sustainability measures.

Conflicts in community-based projects,
low compliance.

Future Directions

Addressing climate change in tourism requires forward-
looking strategies that integrate scientific insights,
stakeholder collaboration, and technological innovation.
Emerging directions focus on enhancing destination
resilience, reducing carbon emissions, and promoting
sustainable visitor behavior.

Integration of Climate Models into Tourism Planning

Incorporating advanced climate modeling and scenario
analysis into tourism planning allows destinations to
anticipate environmental changes, assess vulnerability,
and design adaptive strategies.® Predictive models can
inform infrastructure placement, visitor management,
and resource allocation, helping destinations prepare for
long-term shifts in climate conditions, seasonal patterns,
and extreme weather events. Integrating these models into
planning frameworks ensures that mitigation measures are
proactive rather than reactive.

Strengthening Collaboration Among Stakeholders

Effective climate mitigation in tourism requires coordinated
action across government agencies, industry actors, and local
communities.? Collaborative frameworks facilitate alignment
of mitigation priorities, resource sharing, and knowledge
transfer. Public-private partnerships, multi-stakeholder
councils, and community advisory boards can enhance the
legitimacy and effectiveness of climate strategies while
fostering shared responsibility for sustainable tourism
development.

Scaling Up Renewable Energy Systems

Expanding the adoption of renewable energy
solutions—including solar, wind, geothermal, and
microgrid technologies—is essential for decarbonizing
tourism operations [9]. Scaling these systems across
accommodations, attractions, and transport networks
reduces carbon footprints, strengthens resilience to
energy price volatility, and enhances sustainable branding.
Financial incentives, technological support, and regulatory
frameworks can accelerate large-scale adoption, particularly
in regions with high tourism dependency.

Promoting Low-Carbon Tourism Behavior

Encouraging sustainable travel choices among tourists
is a critical component of climate mitigation.? Incentives
such as discounts for low-emission transport, rewards
for eco-friendly accommodations, and educational
campaigns highlighting the environmental impact of travel
can motivate behavioral shifts. Innovative approaches,

including gamification, mobile apps, and personalized
recommendations, can further promote low-carbon
practices and increase tourist engagement in sustainability
initiatives.

Development of Standardized Emission
Measurement Tools

Reliable data on tourism emissions is fundamental for
monitoring progress, setting targets, and implementing
effective mitigation strategies.!* Developing standardized,
sector-specific measurement tools enables consistent
reporting across destinations and tourism subsectors.
Integration of digital monitoring, carbon calculators, and
real-time tracking systems allows destinations to measure,
benchmark, and communicate their climate performance
transparently, enhancing accountability and fostering
evidence-based policy interventions.

Conclusion

Climate change represents one of the most profound chal-
lenges facing global tourism, threatening natural attractions,
infrastructure, economic stability, and the long-term viabil-
ity of destinations. Rising temperatures, extreme weather
events, sea-level rise, and biodiversity loss not only disrupt
tourism activities but also undermine the livelihoods of
communities dependent on tourism revenues. Simultane-
ously, tourism itself contributes to greenhouse gas emis-
sions, primarily through transportation, energy-intensive
accommodations, and resource consumption . This dual
role underscores the urgent need for integrated mitigation
and adaptation strategies.

Mitigation pathways—ranging from the adoption of renew-
able energy systems, low-carbon transport, sustainable
resource management, and energy-efficient accommoda-
tions to digital monitoring, predictive analytics, and carbon
accounting tools—offer practical solutions for reducing the
tourism sector’s environmental footprint. Complementa-
ry approaches, including eco-certifications, low-carbon
tourism products, and stakeholder-driven governance
models, strengthen business and destination-level climate
action while fostering community engagement and social
acceptance.

Effective climate-resilient tourism development also re-
quires robust policy frameworks, financial incentives, and
standardized monitoring systems that support long-term
sustainability and accountability. By integrating climate
considerations into destination planning, infrastructure
design, and tourism product development, destinations can
enhance resilience to climate impacts, maintain competi-
tiveness, and safeguard environmental and cultural assets.
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Looking forward, the tourism sector must embrace innova-
tion, multi-stakeholder collaboration, and evidence-based
decision-making to address evolving climate risks. En-
couraging low-carbon behaviors among tourists, scaling
renewable energy solutions, and adopting adaptive gov-
ernance structures are critical for achieving sustainable,
climate-resilient destinations.
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