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1. Introduction

1.1 The Dual Challenge: Climate Change and Sustainable Tourism

The tourism industry is at a focal point of an existential crossroad at which the congruent imperatives of sustainable
development and climate change mitigation can no longer be a personal choice but are vital. On one hand, tourism
has to decarbonize its infrastructure, operations, and transport systems at high rates in order to help achieve the global
targets of emissions reduction. At the other end, it should take care that guests and employees can be comfortable
and safe in more extreme climate conditions. Climate change has led to a lack of predictable seasonal changes,
increased frequency of heatwaves, and less predictability of thermal conditions - and has a direct negative impact on
tourist destinations around the world (Cui et al., 2024; Yin et al., 2025). Sustainable tourism is now not the issue
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concerning ecological protection alone, but also climate resilience and energy responsibility (Jain, 2024; Menegaki,
2025).

In addition, holiday resorts in seaside resorts, in tropical towns, and heritage cities are unfairly bushwhacked. These
spheres need to strike a fine balance: on the one hand, they should be appealing to the tourists using up materials and
equipment that stand a test of heat, on the other hand, fulfill the needs of the locals in terms of heat-resistance of
infrastructure, energy consumption, and quality of services (Shatnabi et al., 2025; Zhang and Cao, 2024). Therefore,
the two-fold paradox is balancing the issue of an ecologically sustainable tourism industry to align with comfort-or
tourismism services due to the climate that is becoming hotter and warmer.

1.2 Rise of Extreme Heat Events and Their Impact on Tourism

Extreme heat can significantly modify the spatial and operational logic of tourism because of its indexation. Long-
term heatwaves and the heightened temperatures outside at night (as a result of UHIs) cause both decreased outdoor
leisure activities and greater energy use on cooling facilities (Ekanayaka et al., 2025; Genovese et al., 2025).
Uncontrolled heat exposure has led to low levels of visitor satisfaction in tourism-driven economies in cities such as
Colombo, Hangzhou, and Mangaluru during the summer time, where most of the visitors prefer touring during this
period (Xu et al., 2025; Nooji et al., 2025). Interestingly, vacation spots boasting of poor urban ventilation channels,
shortage of urban greenery, and large land surface temperatures (LST) areas are the most vulnerable (Lei, 2025;
Roosto & Vakilinezhad, 2025).

Tourist employees, such as guides, street vendors and entertainers and those who work in outdoor environments are
at an increased risk of heat-related illnesses like heat stroke, exhaustion, and impaired cognition (Kenny et al., 2020;
Piil et al., 2021). These health and economic risks combined with each other to form a vicious circle: decreased
quality of the services, increased operating costs, and the argument against tourist destinations that could not improve.

1.3 Importance of Aligning Energy Transition with Guest Comfort

With the shift to low-carbon and renewable energy sources in energy systems, tourist destinations have to reconsider
the ways in which they can control concepts of indoor and outdoor thermal environments. Although alternative energy
sources such as solar, geothermal heating, and cooling, and smart HVAC solutions are legitimate ways to reduce
emissions, they should not affect the comfort levels and standards that constitute the guest value (Zhang, Wang, and
Zhu, 2024; He, Xiong, and Dong, 2023). Designing buildings with the principle of energy efficiency and comfort
would necessitate architecture and building design, which include shading exposed areas, efforts that passively
ventilate buildings without temperature regulation, and intelligent management of energy based on occupancy and
real-time weather conditions (Tonmoy et al., 2025; Jonas, 2025).

Renewable energy solutions must therefore not only be adopted at the technological level, but also at the experiential
and spatial design of tourism sites. Impermeable surfaces and microsystem Infrastructure. In addition to enhancing
the aesthetic appearance and ecology of the tourist sites, blue-green infrastructure (including water bodies, vegetation
right-of-way, and green roofing) is important in naturally cooling ambient atmospheric temperatures (Genovese et
al., 2025; Yin et al., 2025). The comfort of tourists should not be thus regarded as something secondary since it is a
driver of sustainable innovation.

1.4 Research Aim and Scope

The purpose of this article is to build an integrative insight into how to use renewable energy solutions in order to
promote thermal-robust tourism measures. The research uses a multidisciplinary approach of studies covering urban
design, energy systems, as well as environmental science and tourism management. Based on the systematic review
of 29 academic sources, the paper explores the intersection of thermal comfort/renewable energy infrastructure/land-
use dynamics/climate adaptation strategies within various geographies, such as Hangzhou, Budapest, Amman,
Jakarta, Hyderabad, Zhengzhou, and others (Baron, 2025; Prasad, 2025; Coradescu-Rosca et al., 2023).
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Table 1: Heat-Induced Impacts on Tourism across Dimensions

Dimension Heat-Related Impact Implications for Tourism Operations

Health & Safety Heat exhaustion, stroke, reduced cognitive | Increased liability, medical
function (Kenny et al., 2020; Piil et al., 2021) | preparedness, staff rotation

Infrastructure Stress | HVAC overload, grid instability (Menegaki, | Operational costs rise, reduced cooling
2025; He et al., 2023) reliability

Visitor Behavior Reduced outdoor engagement, shorter stays (Xu | Decline in experience ratings and return
et al., 2025; Zhang & Cao, 2024) rates

Energy Demand Higher peak electricity loads (Zhang et al., | Pressure to adopt solar/renewable load-
2024; Yin et al., 2025) balancing systems

Economic Service delivery disruption, labor fatigue | Loss of revenue, inconsistent guest

Productivity (Shatnawi et al., 2025; Prasad, 2025) service quality

Environmental Overuse of fossil-based cooling (Yeboah et al., | Climate-negative feedback loops; need

Degradation 2025; Tonmoy et al., 2025) for clean energy infrastructure

The study scope is conceptual and practical, both giving an evidence-based overview and a roadmap to urban-tourism
actors. It investigates the issue of policy creation, spatial planning, the assimilation of technology, and socio-
behavioral aspects of thermal adaptation, especially in low-income and middle-income areas of urban tourism. The
matter being suggested will eventually provide the actionable solutions that are a combination of climatic ethics, the
sustainability of op-operations, and visitor welfare.

2. Literature Review

2.1 The study will examine Urban Heat Island (UHIs) and Thermal Discomfort in Urban Tourism Areas

The impact of extreme temperatures in densely populated tourist destinations is serious due to Urban Heat Islands
(UHIs), which directly jeopardizes the satisfaction of the visitor and the urban quality of life. The UHI effect in cities
where more space is covered with impervious surfaces and less with vegetation makes the ambient temperatures
increase by a few degrees higher than in rural settings, especially at night (Genovese et al., 2025; Deng et al., 2025).
This worsens indoor and lacks outdoor tourism experiences in areas like Colombo, Hangzhou, and Jakarta, which are
tropical and subtropical (Ekanayaka et al., 2025; Suryawan et al., 2024). The association between population density,
spatial heterogeneity, and land cover has been well-documented, and the literature reveals that urban development
that is not planned appropriately is largely associated with the intensity of UHI and less visitor dispersion (Yeboah
et al., 2025; Yin et al., 2025).

Moreover, the UHI phenomenon is magnified by the zoning and land-use changes in tourist cities on the coast, adding
to the increase of the Land Surface Temperatures (LSTs) and deteriorating thermal landscapes (Nooji et al., 2025;
Roosta and Vakilinezhad, 2025). You will find that tourism areas that have not been designed to cater to thermal
usage are usually plagued by a lack of competitiveness, particularly during the seasons of high temperatures. UHIs,
therefore, not only constitute a physical and environmental issue, but they also mean an economic burden to tourism
economies.

2.2 Heat Stress Effects on the Tourist Behavior, Safety and Experience

The physical and psychological effects of heat stress are transforming the way tourists respond, in both direct and
extensive ways. Tourists are likely to minimize their activity levels, pursue shaded or interior places, decrease the
scheduled tours, and they are likely to feel uncomfortable, which affects destination perception (Zhang, Wang, and
Zhu, 2024; Xu et al., 2025). Studies have shown that temperature as a factor has a substantial impact on destination
shunning, and it is additive in terms of its effect on the image of a destination, especially when instances of heat occur
frequently (Jain, 2024; Baron, 2025).

Moreover, it is heating stress that affects safety outcomes. The cases of heatstroke, dehydration, and exhaustion are
more prevalent among the tourists who are not accustomed to the local extreme weather in terms of synchrony in the
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conditional regions with a low level of thermal control or emergency services to address such issues (Kenny et al.,
2020; Prasad, 2025). There is also a deterioration in thinking under heat, which creates attractive conditions to
travelers because most people easily fall victim to mishaps or lose their way in transit areas (Piil et al., 2021). There
is an eventual compound of these factors that form a layered risk environment - personal safety, along with a visitor
experience, as well as a long-term image of the tourist destinations, are both under threat.

2.3 Smart infrastructures, Vernacular architecture, and climate adaptable architecture

Combining smart infrastructure and the vernacular design principles is an effective direction towards creating
climate-adaptable tourism architecture. Development Cities like Bushehr, Iran, and Jakarta have become increasingly
interested in recovering age-old city designs, like wind towers, shaded alleys, and courtyard patterns, to enhance
resiliency against heat in the modern day (Roesta and Vakili Nizzah, 2025; Suryawan et al., 2024). Combined with
alternative energy sources and machinery integrated into buildings to manage artificial intelligence, these
architectural designs would provide both cultural authenticity and thermal performance (Lei, 2025; He, Xiong, and
Dong, 2023).

Predictive HVAC systems, sensors, and solar-shading analytics implemented in smart buildings are also being piloted
in a number of Asian urban tourist centers, demonstrating their capacity to ensure comfort at reduced energy loads
(Tonmoy et al., 2025; Menegaki, 2025). Additionally, the idea of humane cities encourages the importance of being
practical, inclusive, and imperfect - promoting flexible, instead of extreme, solutions when creating tourism-focused
public spaces (Jonas, 2025). These innovations are a solution between historical knowledge and modern-day
sustainability demands.

2.4 Blue Green and Vent roads, and land surface Temperature (LST) dynamics

Blue-green infrastructure (victoria-covered corridors, water in the city, green roofs and green parks) is paramount in
allowing the cooling of urban tourism environments in a more natural way. Urban areas with the strategic location of
water bodies and urban forests minimise LST and promote airflow, which makes urban areas more tolerable in heat
waves (Genovese et al., 2025; Fan et al., 2025). When urban ventilation corridors are planned correctly along with
transport and architecture systems, they have been proven to reduce the ambient temperature and enhance the comfort
of pedestrians (Ekanayaka et al., 2025; Yin et al., 2025).

The comparison of vertical and a planar green infrastructure as reviewed by Yin et al. (2025) depicts that a hybrid
model is a better cooling option in locations with limited space in tourism. Also, spatial mapping analysis in
Hangzhou, Zhengzhou, and Budapest are able to identify the direct relationships between land-use development
patterns, density of trees and LULC shifts, and the heat exposure in tourist affected regions (Xu et al., 2025; Erfalvy
et al., 2023). The blue-green coverage can also be included in the areas of tourism focus on transit to boost resiliency
and support more eco-friendly aesthetic (Suryawan et al., 2024; Deng et al., 2025).

2.5 Occupational heat exposure, and recreational heat exposure: HA -Implications of health

Exposure to job-related heat among workers in tourism industry - particularly in the outdoor services - has become a
major national health concern. Such employees usually do not have access to cooled down resting areas, hydration
and medication observation, which causes chronic heat-stress, lowered output and degradation health (Kenny et al.,
2020; Usman et al., 2023). Females, the elderly labor force, and other vulnerable people with underlying health are
even more heat vulnerable; it requires special workplace design and labor regulation efforts (Piil et al., 2021; Prasad,
2025).
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As voluntary as recreational, but exposure may also be hazardous to tourists under the stress and strain of physical
ventures like walking or touring historical heritage, or participating in sports. Heat stress has not only adverse impacts
on physical endurance, mood, attention, and decision-making abilities, but also influences tourism experience,
shaping moods, attention, and making decisions (Yao & Jin, 2025; Baron, 2025). The presence of overlapping areas
between the areas where tourism and residential areas are located in node cities equally presents the community-wide
exposure that generates cross-sector strains on healthcare and emergency services (Tonmoy et al., 2025; Corodescu-
Rosca et al., 2023).

2.6 Review of Policy Gaps in Climate Resilience for Tourism

Policy frameworks on heat resilience in tourism have been rather patchy and, in many cases, reactive in nature in
spite of increasing awareness. The policies related to the planning of cities and tourism still largely think of climate
adaptation as an environmental concern and not only operational and economic (Baron, 2025). Such a limited
governance model leads to the fact that the chances to connect the heat-responsive design, energy innovation, and
mobility systems based on a single strategy are overlooked (Tonmoy et al., 2025; Deng et al., 2025).

It is important to note that the principle of prosilience (the ability to adapt to and outpace disturbance) is quite rarely
taken into account in the scope of tourism masterplans, which means that the sector cannot succeed in other climatic
conditions (Coradescu-Rosca et al., 2023). There is basically no development of legal and fiscal instruments that
create incentives for renewable energy retrofits or implement legislation on green zoning or thermal cooling of those
public tourism facilities (Menegaki, 2025; Zhang and Cao, 2024). In the absence of a paradigm shift to anticipatory
governance, it is dangerous to leave the tourism industry in a vulnerable position.

3. Methodological Framework

3.1 Multidisciplinary Synthesis of Urban Climatology, Renewable Energy, and Tourism Operations

This study uses a multidisciplinary approach to the research problem of examining the overlap of thermal resilience,
sustainability, and comfort in tourism. It combines the knowledge of urban climatology, which investigates the impact
of heat islands, ventilation patterns, and land surface temperature, renewable energy systems, especially reasonable
decentralized and solar-powered cooling solutions (Zhang, Wang, and Zhu, 2024; Menegaki, 2025), and tourism
activities, such as infrastructure planning, visitor experience, and service provision to people in the circumstances of
climate stress (Baron, 2025; Jain, 2024).
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An integrative approach would allow creating a conceptual framework that would account for the morphology of the
built environment, morphology-behavior interaction, and morphology-technological adaptation to extreme heat
conditions. Based on the system theory and principles of an adaptive design, the methodology will combine such
technical solutions (e.g., passive cooling, intelligent HVAC, blue-green infrastructure, etc) with the experiential and
economical needs of the tourism stakeholders (Jonas, 2025; He, Xiong, and Dong, 2023).

3.2 Evidence-Based Model for Balancing Comfort and Sustainability

The overall research design is built on evidence-based synthesis directed to combine empirical results of 29 various
studies to create a framework that will congruen strive to achieve guest thermal comfort, sustainability in consuming
energy, and resiliency to climate. Instead of handling these priorities separately, the model assumes that both energy
efficiency and comfort should be mutually supporting, at least in high-risk urban tourism areas.

The literature reviews of Amman, Zhengzhou, and Hangzhou demonstrate the positive interaction between smart
infrastructure, urban plants, and renewable energy infrastructure and the heat load (Shatnabi et al., 2025; Xu et al.,
2025; Genovese et al., 2025). In the meantime, health analysis and behavioral response to warmer temperatures are
analyzed (Kenny et al., 2020; Piil et al., 2021), revealing the direct dependence between thermal discomfort and
visitor satisfaction and its impact on operations. Thus, the model puts a strong emphasis on design strategies sharing
passive and active systems, policy mandates, as well as Al-managed energy (Tonmoy et al., 2025; Lei, 2025; Roosta
and Vakilinezhad, 2025).

3.3 Use of Case Studies: Jakarta, Colombo, Budapest, and Beyond

The case studies are used to provide information about the details of implementing the new educational program to
gain the needed attention in the city and to concentrate on the main issues connected with it. Comparative case study
analysis is also employed to corroborate the theoretical insights on the real-life applications as the methodological
framework of the study. The chosen cities exemplifying various city types and climatic conditions and provide
different learning opportunities in applying renewable solutions to thermal resilience in tourism:

Such instances across geography enable the opportunity of having a scale of understanding of challenges and
interventions regionally, policy regimes, and development settings.

4. Renewable Energy Plans to Heat Resilient Tourism.

4.1 Passive and Active Cooling Powered by Renewables

The establishment of active and passive cooling systems, driven by renewable energy, is the basis of heat-resilient
tourism infrastructure. Passive measures (e.g., thermal mass, natural ventilation, shading, reflective screens, etc.)
decrease the reliance on mechanical cooling and improve the level of comfort in relation to indoor conditions (Rooust
and Vakilinezhad, 2025; Jonas, 2025). These methods are based on vernacular construction, especially efficient in
hot-humid and dry areas, and have been restored to modern cities such as Bushehr, Jakarta, and Mangaluru to modify
the existing buildings to new thermal conditions (Suryawan et al., 2024; Nooji et al., 2025).

Using geothermal or solar energy in active systems, a scalable and low-carbon climate control solution for hotels,
resorts, and transit hubs can be provided. Hybrid approaches involving the application of solar-assisted HVAC
techniques with passive design in Zhengzhou and Colombo showed considerable changes in the peak of the energy
demand and heat exposure in the interior (Xu et al., 2025; Ekanayaka et al., 2025). Coupling renewable energy to
cooling networks provides increased resilience but leads to better energy equity, especially in off grid or semi rural
tourism areas where there is still a high reliance on fossil fuels (Cui et al., 2024; Yin et al., 2025).

4.2 Solar Cooling technologies and green building envelopes

Solar cooling has also become a popular alternative energy used in the tourism industry, where there is an
environmentally friendly alternative to the traditional air conditioning known as solar cooling. Absorption chillers
powered by photovoltaic (PV)-driven chillers, solar-assisted desiccant cooling systems, and hybrid PV/T systems
become more and more popular in resorts and tourism facilities (Menegaki, 2025; Zhang, Wang, and Zhu, 2024).
Besides cutting down on the emissions of operations, these technologies would increase the level of energy
independence, specifically in the sun-filled areas such as South Asia, the Middle East, and sub-Saharan Africa.
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Solar cooling is also enhanced with green building wraps such as vegetated roofs, solar-reflecting facade, and
dynamic shading (Fan et al., 2025; Yin et al., 2025). However, when used in combination, these technologies improve
the environments by a tremendous margin in lowering the temperatures and consumption rate of energy and coming
in line with such green certifications as LEED, EDGE, and WELL (Tonmoy et al., 2025). Solar cooling and
bioclimatic building technologies have reportedly demonstrated that it is possible to apply solar cooling and
bioclimatic building policies even in dense urban areas (Genovese et al., 2025; Prasad, 2025).

4.3 Decentralized Resort and Tourist District Resort and Tourist Districts Energy Systems

Decentralized energy systems, such as solar microgrids, community-scale energy storage, and building-scale
integrated renewables, can be used to provide a flexible, location-specific solution to power heat-resistant tourism
infrastructure. In comparison with centralized grids, they will be able to run the cooling processes during peak heat
conditions or grid outages, which guarantee their guests will experience services to meet their cooling needs and be
satisfied (Deng et al., 2025; Zhang and Cao, 2024). Decentralized energy systems have also increasingly been
considered the climate-resilient and economical choice in tourist islands, coastal resorts, and remote eco-lodges (He,
Xiong, and Dong, 2023; Lei, 2025).

As an illustration, at the hotels in Colombo, solar-battery hybrids have been pioneered and are helpful in ensuring
that the excess energy spent during the day can be stored and used during the night to cool the buildings (Ekanayaka
et al., 2025). Equally, responsible rooftop solar alongside the local energy market has been implemented through
transit-oriented development schemes in Jakarta, alleviating the strain on the national grids and energy delivery
networks during the summer season (Suryawan et al., 2024). Such systems are particularly effective together with
the local climate zoning and Al predictive maintenance applications (Tian et al., 2022; Roosta and Vakilinezhad,
2025).

4.4 Intelligent Grids, Demand-Side control, and Predictive Energy Systems

When connected with a tourism base, smart grid technologies enable real-time optimization of the energy settings, in
particular, the work at peak heating situations. Demand-side management (DSM), comprising automated load
shifting, smart pricing, and occupancy identification, can be used to achieve the trade-off between comfort and grid
stability, minimizing energy waste (Tonmoy et al., 2025; Baron, 2025). On the one hand, predictive systems, based
on the principles of machine learning, consider the weather predictions, the tastes of the guests, and their occupancy
in order to optimally regulate the use of energy in the cooling systems (Lei, 2025; Jonas, 2025).

Case studies conducted in Budapest revealed how an implementation approach of smart metering and DSM allowed
hotels to redistribute the cooling loads to off-peak time without disturbing the satisfaction of guests (Erfalvy et al.,
2023). Equally, Al-rendered HVAC loops in Amman have been able to save energy and at the same time uphold
temperature standards to suit the thermal comfort indices (Shatnabi et al., 2025). The innovations would especially
come in handy in mixed-use urban districts wherein tourism is integrated with residential and retail areas that cause
compounded stress on the energy infrastructure.

Table 3. Summary of Renewable Energy Strategies for Heat-Resilient Tourism

Strategy Primary Function Example Locations / | References
Projects
Passive Cooling Design | Reduce heat gain naturally | Bushehr, Mangaluru, | Roosta & Vakilinezhad (2025);
via shading, materials Jakarta Jonas (2025); Nooji et al. (2025)
Solar Cooling Systems | Power air conditioning via | Hangzhou, Colombo, | Zhang et al. (2024); Menegaki
solar-assisted methods Hyderabad (2025); Prasad (2025)

Colombo resorts, Jakarta
TOD zones

Provide localized, clean

energy for cooling

Deng et al. (2025); Suryawan et al.
(2024)

Decentralized
Renewable Microgrids

Smart Grids & Demand

Management

Optimize load timing and
energy efficiency

Budapest hotels, Amman
districts

Baron (2025); Erfalvy et al. (2023);
Shatnawi et al. (2025)

Al & Sensor-Based
Automation

Real-time climate control
and predictive operations

Hyderabad tourism sites,
Colombo public spaces

He et al. (2023); Piil et al. (2021);
Prasad (2025)
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5. City and Building Design

5.1 Vernacular Extremity and Material Optimization

Vernacular architecture provides low-energy solutions in regions suffering extreme heat, like early vernacular
construction in Ahmedabad, India, with a low reliance on energy. The thermal comfort of a building promoted by
traditional design techniques, such as thick-walled technology, shaded courtyards, wind catchers, earth-touching
materials, and others, is inherently obtained without mechanical mechanisms (Roosta and Vakilinezhad, 2025;
Suryawan et al., 2024). A good case study of the adaptation of traditional methods with the modern cooling systems
to create culturally authentic and climatically efficient tourism settings is Bushehr, Iran.

The selection of materials is also very crucial. Cool walls, insulated walls, porous pavement, and ventilated walls
reflect heat and support cooling passively (Jain, 2024; Jonas, 2025). Recent uses in Mangaluru and Udupi demonstrate
how high-albedo and locally sourced (as well as porous) materials can be used to diminish the effect of building-level
heating heat trapping and reduce neighbourhood level LST (Nooji et al., 2025). All these strategies are not only cheap
but also meet the requirements of green building schemes and sustainability in tourism.

5.2 Blue-Green urban and Ecological cooling of the Tourism Destinations

The relationship between thermally comfortable tourism areas and the introduction of blue-green infrastructure, i.e.,
a composite of Water and vegetation-based infrastructure, has arisen as a potent instrument in managing Zones of
Thermally Pete Dominance. Water in-city wetlands, bio-swales, green lights, and retention ponds assist in the
moderation of temperatures, runoff, and enhance the aesthetic beauty to the visitors (Genovese et al., 2025; Fan et
al., 2025). Such systems have been implemented in a tourism area in both Hangzhou and Zhengzhou and have resulted
in quantifiable decreases in the LST and perceived thermal discomfort by tourists (Xu et al., 2025).

Figure 1. Comparative Effectiveness of Urban Cooling Strategies in Heat-Resilient Tourism Design

Sh Urban Cooling Strategies for Heat-Resilient Tourism

Impact on Thermal Comfort
Climate Adaptability

9.5

9.0

8.5

Effectiveness Score (out of 10)

8.01

Design Strategy
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5.3 Importance of Urban Ventilation Corridors and Tree Canopies Designs

Urban ventilation corridors - open walks built to encourage the movement of air are becoming popular in urban
tourism planning as a non-mechanical way of communicating heat. These corridors, when connected to the current
winds and incorporated into the city grid level, reduce the stagnant hot air and cause natural cooling at the city level
(Ekanayaka et al., 2025; Deng et al., 2025). Good examples include Colombo and Jakarta, where such corridors have
been incorporated in high-density transit and tourism areas to ensure they remain walkable as well as thermal stresses.

At the same time, tree canopy designs prove to be among the most effective and cost-efficient solutions for providing
shade and heat reliability. The high density of trees ensures the microclimate control, improves the walkability, and
the pattern of tourist movements (Yeboah et al., 2025; Yin et al., 2025). Statistics on Amman and Budapest show that
the surface temperature in regions with properly laid pathways with trees is significantly smaller and the lifespan of
the tourists is higher (Erfalvy et al., 2023; Shatnawi et al., 2025).

5.4 High-Density Zones vs. Landscape Design: Balancing LST

When focusing on dense touristic zones in cities, it is common that urban heat disposition can be well localized in
high density, where many surfaces remain unpermeable (impermeable surfaces such as streetways), the development
of close building spaces, and the abundance of built areas leave no room to dissipate heat. In response to this, cities
are focusing on urban design that is landscape sensitive, which will include green buffers, permeable areas, and a
layered vegetation (Yin et al., 2025; Deng et al., 2025). Vertical gardens and pocket parks have been implemented in
Zhengzhou and Hangzhou in the urban and commercial tourism honeypots to cool down the surfaces and offer
thermal buffer areas (Genovese et al., 2025; Xu et al., 2025).

It is not just aesthetical that density and greenery need to balance each other, but also a practical plan to decrease LST
and enhance the air quality and therefore provide tourists with psychologically pleasant environments (Jonas, 2025;
Fan et al., 2025). Moreover, urban heat mapping in high resolution in both Budapest and Mangaluru has been
applicable in the prioritization of zones to approach in order to focus resources on areas where cooling will have
maximum effects on people (Erfalvy et al., 2023; Nooji et al., 2025).

6. Discussion

6.1 ldentifying the Relations amongst Comfort, Energy, and Adaptation to Climatic Conditions

The dynamic nature of tourism demands a fresh paradigm - the paradigm that traverses the relationship among thermal
comfort, innovation in energy and adaptation to climate. With the increase in temperatures, the overall visitor
experience and the functioning of a specific place are more and more reliant on the ability of infrastructure and
renewable energy sources to resist shocks (Cui et al., 2024; Zhang and Cao, 2024). Techniques like solar cooling,
artificial intelligence powered HVAC systems, and vernacular have the potential not only to help decrease carbon
intensity but also directly influence the subjective well-being of tourists (Jonas, 2025; Menegaki, 2025).

Notably, indoor comfort can no longer be considered as being limited to the indoors. The design of cities and urban
areas such as ventilation thoroughfares, tree canopy coverings, and the incorporation of blue green environments
determines the movement, relaxation and interaction of tourists in hot climatic regions (Genovese et al., 2025;
Ekanayaka et al., 2025). As a result, the energy policy and climate resilience planning should have a human-focused
nature involving both the physical, behavioral, as well as emotional aspects of the tourism experiences (Jain, 2024;
Piil et al., 2021).

6.2 Policy Design: The use of Spatial Heterogeneity and Land Cover

When examining avian response to climate elements, urban form, land utilization, and ecological structure vary across
an urban center, which, to a great extent, determine the success of climate adaptation changes (Yeboah et al., 2025;
Yin et al., 2025). In the case of exceptionally urbanized districts, impervious surfaces, low plants, and poor airflow
can be the causes of the thermal hotspots, which can result in uneven loads of heat (Xu et al., 2025; Fan et al., 2025).
Such variations are very decisive in the tourism sector, where visitor density, open space planning, and the form of
buildings differ radically across districts.

Thus, the zoning and land-use policies based on evidence-based approaches and high-resolution spatial information
have to be created to support cooling actions in the priority areas (Erfalvy et al., 2023; Deng et al., 2025). Cities need
to be treated as a homogeneous heat exhaust; otherwise, risky policies will ignore the presence of microclimatic
variability and the advantages of access to cooling innovation. Spatial heat mapping in Colombo, Budapest, and
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Amman has been critical towards informing public upgrades to infrastructures, particularly in hot tourist locations
(Shatnabi et al., 2025; Suryawan et al., 2024).

6.3 Collaborating Research- Policy-Practice Gaps

Although the research on heating hazards is increasingly in focus, the need to make a difference between research
and practice is a burning issue. There is a tendency for academic models to be disconnected from urban governance,
and policies are made by providing limited contributions to the scientific community (Baron, 2025; Coradescu-Rosca
et al., 2023). This void undermines the practicalization of climate-adaptive tourism policy, particularly in developing
economies where the ability to implement is already constrained by financial, technical, and institutional resources
(Prasad, 2025; Usman et al., 2023).

A solution to this gap would involve terms of translational research, that is, packaging complicated models into easy-
to-use toolkits and scenario-based simulation to tourism planners, architects, and policy parties (Tonmoy et al., 2025;
He et al., 2023). The example of Jakarta and Hyderabad suggests that co-created planning frameworks, in which
municipal agencies, energy providers, and local communities develop solutions based on the place, have their worth
(Suryawan et al., 2024; Roosta and Vakilinezhad, 2025). Through these integrative means, adaptive governance is
achieved, and cities are able to respond to the threat of heat in order to safeguard tourism and remain competitive.

6.4 Towards Transdisciplinary, Evidence-based Models

In the future, the tourism industry should embrace trans-disciplinary and evidence-based approaches that combine
information on urban and climate infrastructures, behavioural sciences, architectural research, energy science, and
policy research (Lei, 2025; Kenny et al., 2020). Increasingly turning cities into a laboratory of heat stress and human
adaptation, tourism provides an essential experiment on exploring climate resilient and human-oriented architecture
(Jonas, 2025; Jain, 2024).

This is the role that such models should play, relying on Al, geospatial, and participatory design, allowing for the
change decisions related to infrastructure in real-time related to weather patterns, movements of visitors, and energy
prices (He et al., 2023; Piil et al., 2021). The combined application of multi-source information, remote sensing, on-
site thermal sensors, etc., is important to formulate the high-resolution adaptation blueprints. Finally, transdisciplinary
collaboration does not exist as a luxurious aspect of the academic community, but rather as an operational tool to
equip tourism ecosystems with a new era of a hotter and more unpredictable future (Cui et al., 2024; Yin et al., 2025).

7. Conclusion and Policy Recommendations

With the increased global temperatures and incidences of extreme temperatures, the tourism industry finds itself at a
cross road. The solution to this issue is to reach a compromise between ensuring a comfortable temperature inside
and upgrading toward sustainable and less oil-driven operations and activities. This article has revealed that not only
is it possible but necessary that heat-resilient tourism should be implemented and demonstrated that, through
thoughtful urban design and evidence-based policy, renewable energy innovations can provide positive,
transformative solutions. Some of the major strategies involve passive and active cooling systems with renewable
energy, vernacular and bio climate constructions, and the application of smart automated energy management. The
urban level interventions like ventilation corridors, blue-green infrastructures, and a multitude of tree canopy
networks are equally crucial to supply natural cooling and to enrich the visitor experience.

Notably, thermal comfort is not to be considered as a domestic issue. It is a greater spatial and policy challenge and
is influenced by land cover, urban infrastructure equity, as well as the spread of heat in urban regions. The future of
thermal stress management depends on local, data-driven, and community-based interventions as demonstrated by
case studies on cities with a large tourist presence.

7.1 Policy and Practice Recommendations
The following recommendations on policy and practice are suggested to lead to the development in the future:

1. Mandate Solar Cooling in Tourism Construction Codes: Require the integration of solar-powered cooling
technologies and energy-efficient design standards in all new tourism-related infrastructure.
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2. Establish Heat Zoning in Tourism Districts: Use land surface temperature (LST) mapping and spatial
analysis to designate heat-vulnerable zones, prioritizing them for green infrastructure and passive cooling
upgrades.

3. Support Decentralized Renewable Energy Systems: Encourage investment in community-level microgrids
and renewable energy clusters in tourist zones, reducing dependency on centralized grids.

4. Implement Al-Driven Energy Management: Promote the use of smart grids, demand-side management
systems, and Al-based climate controls to optimize energy use while maintaining comfort.

5. Bridge Research Policy Practice Gaps: Facilitate transdisciplinary collaboration between urban planners,
climatologists, tourism professionals, and policymakers through living labs and integrated planning
platforms.

6. Design for Thermal Equity: Ensure that heat-resilient infrastructure addresses the needs of vulnerable
groups such as outdoor workers, low-income travelers, and marginalized communities.

Finally, the climate performance of a destination in response to climate action to improve guest well-being will
determine the future of tourism in a warming world. Through an ecological design, renewable energy, and non-
discriminative policy frameworks, tourism can turn into an industry that is climate resilient as well as equitable,
adaptive, and forward-looking. There is no contradiction between comfort and sustainability, so they are two poles
of responsible and future-oriented tourism.
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