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1  Introduction

The rapid urbanization and economic development world-
wide, occurring in increasingly complex and dynamic urban 
environments (Baz et al. 2021; Zhang et al. 2023), has trans-
formed urban lifestyles into consumption-driven patterns 
(Hu et al. 2022; Andres et al. 2022; Sun et al. 2022). Urban 
growth has significantly increased energy and raw mate-
rial demands across various sectors, including production, 
transportation, and tourism (Avtar et al. 2019; Kulińska and 
Dendera–Gruszka 2019; Elavarasan et al. 2022; He 2022). 
These human activities, centered on mass production and 
consumption, have not only degraded urban air quality 
(Isinkaralar and Isinkaralar 2025) but also contributed to 
climate change through increased greenhouse gas emissions 
(López-Pacheco et al. 2021; Halder et al. 2021; Mortoja and 
Yigitcanlar 2021; Kafy et al. 2022). Climate change, in turn, 
affects various aspects of urban life and significantly impacts 
tourism preferences. Tourists seek destinations where tem-
perature, humidity, and weather conditions fall within 
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Abstract
This study investigates the impact of climate change on bioclimatic comfort zones in the Western Black Sea basin, a 
region known for its natural touristic resources. Using global climate change scenarios and two bioclimatic indices (Dis-
comfort Index and Effective Temperature-taking wind Velocity), we analyze potential shifts in the spatial distribution of 
comfortable areas. Findings of the Discomfort Index (DI) simulations reveal significant changes by 2100: cold areas, 
currently covering 88.5% of the region, will decrease to 4.3% under the SSP 585 scenario, while comfortable zones will 
emerge, covering 54.9% of the area. Effective temperature taking wind Velocity (ETv) simulations indicate dominance of 
moderately cold (43.9%) and slightly cool areas (44.4%). Additionally, comfort zones (7.9%) will increasingly emerge. 
These results suggest that the Western Black Sea basin, characterized by a short tourism season and below-average sea 
temperatures, may develop a more favorable bioclimatic structure, particularly for coastal tourism. This research provides 
valuable insights for regional development strategies and upper-scale planning, highlighting the potential for increased 
bioclimatically comfortable areas throughout the basin due to climate change.
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comfortable ranges (Indraganti and Humphreys 2021; Li et 
al. 2022; Tang et al. 2022), as deviations can lead to dis-
comfort, irritability, and fatigue (Lam et al. 2021; Campbell 
et al. 2022). Moreover, climate change can trigger serious 
health issues, particularly respiratory and circulatory dis-
eases among vulnerable groups (Demain 2018; Mayrhuber 
et al. 2018), further influencing tourist movement patterns. 
As a result, understanding the relationship between climate 
change and tourism, especially in cold regions, has become 
crucial for predicting and adapting to shifting tourist prefer-
ences and ensuring sustainable tourism development.

Temperature and thermal comfort influence human 
movement patterns and tourism preferences. Various indices 
have been developed to estimate land surface temperature 
(LST) (Khalil and Kumar 2025a, b) and quantify micro-
climatic conditions. The Physiologically Equivalent Tem-
perature (PET) is widely used for both indoor and outdoor 
thermal comfort assessments (Sulzer et al. 2023), while the 
Discomfort Index (DI) is employed explicitly for outdoor 
evaluations (Fotso-Nguemo et al. 2022; Kishta et al. 2022). 
Other steady-state assessment indicators include the Effec-
tive Temperature taking wind Velocity (ETv) (Lucena et al. 
2016) and the Predicted Mean Vote Index (PMV) (Fanger 
1970). These indices provide numerical representations of 
local microclimates and human perception of thermal con-
ditions. Some comprehensive studies have combined mul-
tiple indices, such as analyzing thermal comfort using DI 
and ETv (Suping et al. 1992), to provide a more holistic 
understanding of thermal comfort in various environments.

However, research on thermal comfort (ThC) within the 
tourism framework and climate risks/scenarios is limited. 
Current research on ThC encompasses various domains, 
including the building scale (Arowoiya et al. 2024; Babich et 
al. 2023; Ouanes and Sriti 2024), urban design (Darbani et 
al. 2023; Deng et al. 2023), and urban and regional planning 
strategies (Cárdenas-Jirón et al. 2023; Yuan et al. 2023). The 
literature on ThC primarily focuses on adaptive ThC (López-
Pérez and Flores-Prieto 2023), ThC assessment (Abd Rahman 
et al. 2022; Elnabawi and Hamza 2019), and indexing (Kim 
et al. 2022). At the building scale, studies explore natural ven-
tilation (Izadyar et al. 2020; Gilvaei et al. 2022) and mate-
rial selection (Nicolalde et al. 2022; Imghoure et al. 2021) 
for energy-saving purposes (Ma et al. 2021). Urban design 
research investigates issues related to building orientations 
and design, street canyon geometry, and the impact of various 
design strategies on microclimate and outdoor comfort (Boyer 
2022; Khraiwesh and Genovese 2023; Yenigun et al. 2025). 
On a macro scale, ThC is linked to comprehensive energy and 
transportation investments and a sustainable regional econ-
omy (Khan et al. 2022). Achieving specific standards that 
move beyond individual thermal perception requires man-
aging the combined effects of these components.

Despite the growing body of research on climate change 
impacts, a significant gap exists in understanding its specific 
effects on tourism. This study aims to address this gap by 
presenting a comprehensive analysis of how climate change 
could affect tourism in colder climates, focusing on Türkiye. 
We concentrate on the Western Black Sea basin, a region 
in northern Türkiye known for its relatively colder climate, 
examining potential impacts towards the end of the century. 
This research makes a significant contribution to the field by 
utilizing climate scenarios and spatial models to map areas 
of bioclimatic comfort. By doing so, we provide an approach 
to understanding the complex interplay between climate 
change and tourism preferences in cold regions. These indi-
ces must guide us regarding changes and sensitive areas in 
the region rather than providing deterministic information. 
This analysis enhances our understanding of future tourism 
patterns in Türkiye. It offers valuable insights that can be 
applied to similar cold regions globally, thus advancing the 
broader field of climate change impacts on tourism.

2  Review of representative works: progress 
and opportunities

Climate change is a major global issue that is having 
impacts around the world. As temperatures rise and extreme 
weather events become frequent, the tourism industry faces 
challenges and opportunities (Enríquez and Bestard 2020). 
Despite the adverse effects of climate change on infra-
structure and natural landscapes, there is a growing trend 
of tourists seeking out destinations that offer unique and 
memorable experiences in the face of changing climate 
patterns (Siddiqui and Imran 2019; Scott et al. 2012). For 
instance, Semenza and Ebi (2019) reported that as tempera-
tures increase and ice cover reduces, previously inaccessible 
regions become more accessible, creating new prospects for 
tourism. Yang et al. (2023) and Shijin et al. (2020) reported 
that ice thawing is uncovering ancient artifacts and struc-
tures, attracting tourists interested in cultural heritage and 
archaeology. Climate change poses severe risks, includ-
ing unpredictable weather patterns and natural disasters, 
impacting tourism infrastructure and visitor safety (De 
Urioste-Stone et al. 2016; Arabadzhyan et al. 2020; Scott 
and Gössling 2022). It is important to implement sustain-
able tourism practices and adaptive management strategies 
to mitigate the adverse impacts of climate change on the 
sector and promote responsible tourism to address these 
challenges and risks.

Numerous studies conducted worldwide have exten-
sively examined the effects of climate conditions on tourism. 
Wilkins et al. (2018) argued that warmer temperatures could 
lead to increased tourism during the summer and fall seasons. 
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This suggests potential opportunities for colder destinations 
like Maine and the United States to capitalize on the warmer 
months. The researchers concluded that Maine and other rel-
atively colder destinations could benefit from higher tourist 
activity during warmer months. In another study, Zhong et 
al. (2019) demonstrated climate change’s significant impact 
on Tibet’s tourism industry. They found that climate comfort 
levels have increased in northwestern Tibet but declined in 
its southeastern parts. The researchers emphasized the need 
for different regions to adopt alternative tourism products, 
energy conservation, and green infrastructure to adapt to and 
mitigate the effects of climate change on tourist destinations 
(Gebre and Gebremedhin 2019). These findings align with 
Amelung et al. (2007) and Amelung and Nicholls (2014) 
perspectives, who suggested that climate change could alter 
the most desirable conditions for the tourism industry, thus 
requiring investment in indoor amenities and infrastructure 
to accommodate potential increases in visitor numbers.

During shoulder seasons (i.e., spring and autumn) in 
Mediterranean regions, Köberl et al. (2016) reported that 
climate change may lead to revenue gains in Sardinia (Italy) 
and Cap Bon (Tunisia). However, they also found that losses 
could be incurred in the summer due to increased heat stress, 
which may deter tourists from visiting the region. They con-
cluded that significant climate-induced reductions in total 
available water may somewhat counteract the positive direct 
impacts of climate change by placing additional water costs 
on the tourism industry. Similarly, Filho (2022) reported 
that climate change is intensifying the already challenging 
effects of COVID-19 on the tourism sector. They empha-
sized the need for a strategic approach to address imme-
diate impacts and support local livelihoods. These studies 
also highlighted the limited preparedness of the sector to 
handle the harsh conditions posed by climate stressors. Fur-
ther, Zhang et al. (2021) suggested that climate change will 
improve thermal comfort conditions in high-income regions 
but worsen them in low-income regions due to the increase 
in warm and uncomfortable days. They concluded that pri-
oritized support for climate mitigation and adaptation in 
developing nations is justified and urgently needed.

Climatic parameters should stay within the optimum 
range for survival and thermal comfort (Brousse et al. 2019; 
Ravindra et al. 2020; Psomas et al. 2021). Under optimum 
conditions, overall mood disturbance is minimal, and an 
average temperature of 23.5  °C increases human perfor-
mance (Sharma et al. 2024). Feeling comfortable while liv-
ing in an urban area increases our quality of life. Regional 
city plans, which aim to determine the most suitable areas 
for spatial location selection and are produced for specific 
targets, are developed through this approach, and compre-
hensive analyses are conducted considering natural, eco-
nomic, and social aspects. Existing research has contributed 

to determining the heat and cold stress levels in cities and 
exploring potential impacts on human health and well-being. 
These have enabled decision-makers to propose effective 
planning strategies (Nouri et al. 2023). Current studies have 
also shown a proven relationship between thermal comfort 
conditions, air temperature, and respiratory diseases (Sun et 
al. 2021; Fan et al. 2022). There is a need to do more case-
specific studies due to unique climatic conditions in different 
parts of the world. Several recent studies, including those 
mentioned above, have primarily focused on limited areas or 
scales to determine the suitability of bioclimatic conditions 
for tourist destinations (Cokola et al. 2020). Regional spatial 
research on this subject has widely utilized geographic infor-
mation systems (Bouras et al. 2019; Korpilo et al. 2022).

According to the Final Report of the Future of Tür-
kiye Project conducted by WWF- Türkiye, temperatures 
are expected to increase significantly after the 2030s. The 
region, rich in forest assets and forestry-related sectors, has 
experienced a noticeable decline in winter precipitation. In 
the literature, local and urban studies have revealed changes 
in bioclimatic conditions. As the impacts of climate change 
become increasingly evident worldwide, the tourism indus-
try in Türkiye must adapt and innovate to meet the evolving 
needs of tourists who seek unique and sustainable experi-
ences. By prioritizing environmental conservation, promot-
ing eco-friendly practices, and embracing the opportunities 
that arise from the changing climate, Türkiye can estab-
lish itself as a leading destination for tourists interested in 
exploring the effects of climate change on the natural world. 
This study aims to comprehensively analyze how climate 
change could enhance tourism in cold regions, focusing on 
insights from Türkiye to build on the existing knowledge. 
The study investigates the effects of climate change in the 
Western Black Sea basin, a region in the northern part of 
Türkiye known for its relatively colder climate. It consid-
ers the impacts of various climate parameters on the entire 
basin and makes future predictions (2020–2100) using two 
different indices. What sets this study apart is its innovative 
approach of utilizing a spatial model to map areas of bio-
climatic comfort under different scenarios. This approach 
aims to capitalize on the potential benefits that the chang-
ing climate could bring to the tourism industry because of 
changing demands due to extreme conditions.

3  Materials and methods

3.1  The area of study

The Western Black Sea Basin is located between 40o34’42’’- 
41o27’52’’ northern latitudes and 30o52’33’’- 35o12’12’’ 
east longitudes in the Black Sea Region of Türkiye in 
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data. The basin is also characterized by a dense network of 
rivers and tributaries that flow northward into the Black Sea. 
This abundant water resource has led to the development of 
numerous hydroelectric power plants throughout the region.

The Western Black Sea basin constitutes 3.7% of Türki-
ye’s surface area. The research area includes the coastal cities 
of the Western Black Sea basin, which experience some of the 
lowest average sea water temperatures in Türkiye, contrast-
ing sharply with the warmer southern coastlines. The basin in 
Fig. 2 is located within the borders of Ankara, Bartın, Bolu, 
Çankırı, Düzce, Karabük, Kastamonu, Sakarya, Samsun, 
Sinop, and Zonguldak provinces. Between 1970 and 2023, the 
average seawater temperature in the Black Sea was recorded 
at 15.3 °C, with 2019 Marking the warmest year in 53 years 
at 18.5  °C. This aligns with the warming sea temperatures 
observed in Türkiye’s coastal waters. Despite the relatively 
cool waters, the region boasts an average annual air tempera-
ture of 13.0 °C and is rich in geographical features attractive to 
tourists, including numerous valleys, canyons, and waterfalls. 

Fig. 1. The area has various climate types due to its loca-
tion in the Western Black Sea Basin, lying horizontally along 
the coast and rising towards the interior. A predominantly 
mountainous terrain characterizes the region. The region’s 
climate exhibits a distinct gradient as one moves inland from 
the coastline. Closer to the sea, the area experiences a more 
moderate maritime climate. However, as the distance from 
the coast increases, the climatic conditions gradually transi-
tion to resemble those of Central Anatolia. This transition is 
marked by decreased precipitation throughout the year and 
more pronounced temperature variations between seasons. 
The Black Sea climate prevails in the northern part of the 
basin, while the transitional climate between the Black Sea 
climate and the Central Anatolian climate prevails in the 
southern part. The Bolu and Karabük regions, which are 
located in the Filyos sub-basin, are influenced by the Black 
Sea and Central Anatolian climates. This results in winters 
that are cold and rainy and mild summers. There are a total of 
81 weather stations in the area that provide specific climate 

Fig. 1  Study area a: the cities of the region and b: the location of the West Black Sea basin in Türkiye
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We used the DI (Thom 1959) and ETv to classify the area 
regarding bioclimatic conditions. All layers were in 1 × 1 km 
spatial resolution, and DI as follows (Giles et al. 1990):

DI = (Tdbt) − 0.55
[1 − (0.01) (RH)] ∗ [Tdbt − 14.5] � (2)

where Tdbt is the dry bulb temperature (°C), RH is the Rela-
tive humidity (%), and v is wind speed (m/s).

Equation 3 is used to calculate the Effective temperature-
taking wind Velocity (ETv) (Lucena et al. 2016):

ETv = 37 −
[

(37−Tdbt)∗(1.76+1.05v)
(0.68−0.0014RH+1)

]

− (0.29) ∗ (Tdbt) ∗
[
1 − RH

100
] � (3)

The change in the bioclimatic comfort areas of the basin 
was analyzed using DI and ETv indexes during 2021–2040, 
2041–2060, 2061–2080, and 2081–2100. According to DI, 
−1.7 to 12.9 means cold, 13 to 14.9 is cool, 15 to 19.9 is com-
fortable, and 20 to 26.4 is hot (Benaddi et al. 2024). While 
interpreting the ETv, 10 to 12.9 moderately cold, 13 to 15.9 
quite cool, 16 to 18.9 slightly cool, 19 to 21.9 mild, 22 to 
24.9 comfortable, and 25 to 27.9 warm (Lucena et al. 2016).

4  Results

The bioclimatic comfort status in the Western Black Sea 
basin from 2020 to 2100 was determined using the DI tech-
nique based on SSP 245 and SSP 585 scenarios, as depicted 

However, the region’s northern location, rugged topography, 
and high altitude contribute to a shorter tourism season than 
other parts of the country. This unique combination of cool 
waters, diverse landscapes, and a compressed tourist season 
makes the area particularly interesting for studying the poten-
tial impacts of climate change on tourism patterns.

3.2  Methodology of the modeling

The climate parameters of the Lawrence Livermore National 
Laboratory’s National Department of Energy were mod-
eled for regional or local areas using the SSP 245 and SSP 
585 scenarios of the CNRM-CM6-1 model. The purpose of 
choosing these models is to reveal the most adverse condi-
tions and an average level of change. The values used in the 
index formula were obtained from spatial data downloaded 
from ‘WorldClim 2’. These data were processed in the Arc-
GIS 10.8. Simulation maps were created using the “Inverse 
Distance Weighted (IDW)” method, based on the climate 
data obtained after applying the transformation process in 
the software, at a resolution of 30 m x 30 m. The data were 
calculated according to Eq.1 using the ArcGIS program:

z (xo) =
∑

n
i=1z (xi) .d−r

i0∑
n
i=1d−r

i0
� (1)

Where the estimation location X0 is determined by neigh-
boring measurements n [z(X0i) and i = 1, 2, …, n], as well as 
by the top r that defines the range assigned to each observa-
tion, and the distance d that separates the observation loca-
tion Xi from the prediction location X0.

Fig. 2  Digital elevation model and the provinces within the borders of the basin
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dominated by slightly cool and mild areas. These findings 
demonstrate a shift in the research area from colder condi-
tions to more suitable bioclimatic comfort ranges.

Wilkins et al. (2018) argued that warmer temperatures 
could lead to increased tourism during summer and fall 
seasons in colder destinations. One possible ramification of 
climate change involves a decrease in energy consumption 
within regions that typically experience significant heating 
demands (Cassarino and Barrett 2022; D’Agostino et al. 
2022; Fortes et al. 2022). This provides opportunities for 
tourism investment in these areas since studies in the south-
ern parts of Türkiye emphasize the emergence of a warmer 
geography beyond bioclimatic comfort values (Shah and 
Lone 2022). Such changes could potentially deter tourists 
from visiting the currently popular southern areas during 
peak summer months, as noted by Köberl et al. (2016) in 
their study of Mediterranean regions. The study area can 
then benefit from this shift.

Overall, our results suggest that the local climate of 
the Western Black Sea basin may become more attractive 
for tourism in the near future due to its changing climate 
parameters. This aligns with the findings of Zhong et al. 
(2019) in Tibet, where climate comfort levels increased in 
some regions. The Western Black Sea basin boasts diverse 
geological and geomorphological formations, including 
canyons, waterfalls, streams, and caves, combining high-
altitude geography with a sea coast. In this context, there 
could be opportunities to invest in nature-based tourism 
activities such as sea, highland, and winter tourism, which 
are widely practiced due to the region’s natural values, espe-
cially its forests and water resources. Moreover, many stud-
ies already emphasize that regional climate change, which 
is often overlooked in coastal tourism development strat-
egies, can have positive and negative effects (Kostianaia 
and Kostianoy 2021). Especially in regions at risk from the 
climate crisis, the adverse effects of changes in parameters 
(Isinkaralar et al. 2025) and the emphasis on many extreme 
weather events come to the fore.

5.2  Limitations and future research

This study set out to investigate the impact of climate 
change on bioclimatic comfort zones in the Western Black 
Sea basin of Türkiye, with a particular focus on its implica-
tions for tourism. By utilizing climate scenarios and indices 
to map areas of bioclimatic comfort, we have addressed a 
significant gap in understanding the specific effects of cli-
mate change on tourism in cold regions. Using the DI and 
ETv indices, our analysis revealed significant changes in the 
region’s bioclimatic comfort zones by 2100. The DI simula-
tions showed a dramatic decrease in cold areas from 88.5% 
to 4.3%, with comfortable zones emerging to cover 54.9% 

in Figs. 3 and 4. Presently, 88.5% of the study area is clas-
sified as cold, while 11.5% is considered cool. No areas are 
currently deemed bioclimatically comfortable or hot. How-
ever, projections after 2040 indicate that 3.3% of the area 
will become comfortable under SSP 245 and 5.5% under 
SSP 585. To the east lies Sinop, a coastal province, and the 
west the Çaycuma district in the Zonguldak region. These 
regions encompass vital pulp and paper mills of the coun-
try. The climate’s impact on this forest-rich production area 
may have significant sectoral implications.

Today, the elevation model states that cool areas are prev-
alent near sea level. By 2080, SSP 585 projects a balanced 
distribution of cold (33.9%), cool (33.3%), and comfortable 
(32.8%) areas. SSP 245 suggests these areas will become 
more suitable for comfort classification until 2100, while 
SSP 585 indicates the emergence of hot areas. Cold regions 
constitute 88.5% but are projected to decrease to 4.3%. 
Conversely, the comfortable zone is modeled to become the 
most extensive, covering 54.9%, as depicted in Fig. 5.

In models produced with ETv technique according to SSP 
245 and SSP 585 scenarios, in present conditions, 43.9% of 
the area is moderately cold, 29.3% is cold, 24.2% is quite 
cool, and 2.1% is slightly cool. Accordingly, the place is 
generally cold/cool, and there is no comfortable area regard-
ing bioclimatic conditions, as shown in Fig. 5. Mild regions, 
which have a rate of 0.5% today and are starting to appear, 
will reach 1.8% by 2100 according to SSP 245 and 35.1% 
according to SSP 585, as shown in Fig. 6. Bioclimatically 
comfortable areas will appear for the first time in the SSP 
585 scenario before 2100, constituting 7.9% of the site. 
These areas include Sinop, Sakarya, Düzce, Zonguldak city 
center, and Kozlu and Ereğli district centers.

5  Discussion

5.1  Potential effects of climate change in the region

The change in bioclimatic comfort zones in the Western 
Black Sea basin, located in the northernmost part of Tür-
kiye, was investigated using two climate change scenarios. 
According to the Discomfort Index (DI), no area is cur-
rently suitable for bioclimatic comfort. However, the SSP 
585 scenario, which is more pessimistic, predicts the emer-
gence of hot areas. In contrast, the Effective Temperature-
taking wind Velocity (ETv) does not forecast hot regions but 
models a gradual shift towards a milder and more comfort-
able climate structure over time. The models derived from 
field data indicate that the area’s cold climate is changing 
towards more comfortable conditions according to the DI 
approach. The ETv simulations show a transition from a 
predominantly moderately cold spatial distribution to one 
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Fig. 3  Simulations of bioclimatic areas according to discomfort index (a): 2021; (b): 2040 for SSP 245, (c): 2040 for SSP 585, (d): 2060 for SSP 
245, (e): 2060 for SSP 585, (f): 2080 for SSP 245, (g): 2080 for SSP 585, (h): 2100 for SSP 245, (i): 2100 for SSP 585
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the climate data may not capture all local variations in cli-
mate conditions, which could be particularly significant in a 
region with diverse topography like the Western Black Sea 
basin. Furthermore, the study focused on two specific biocli-
matic indices (DI and ETv) and climate scenarios (SSP 245 
and SSP 585). While these provide a robust foundation for 
analysis, incorporating additional measurements and indi-
ces could add new dimensions to the research. For instance, 
including indices that account for factors such as precipita-
tion patterns, extreme weather events, or sea level rise could 
provide a more comprehensive picture of the region’s future 
climate conditions and their implications for tourism.

Several issues could be explored in future studies to build 
upon this research. Comparing the analysis results with 
basins that have warm climate characteristics could provide 
valuable insights into the differential impacts of climate 
change on various tourism regions. Applying other climate 
scenarios beyond SSP 245 and SSP 585 could help create a 
more granular understanding of potential future outcomes. 
Also, integrating economic models to quantify the potential 
economic impacts of the projected changes in bioclimatic 
comfort on the tourism sector would provide valuable infor-
mation for policymakers and investors. Further, incorpo-
rating qualitative research on stakeholder perceptions and 
adaptive capacities could enhance the practical applicabil-
ity of the findings. Expanding the analysis to include the 
potential impacts of changing bioclimatic conditions on 
local ecosystems and biodiversity could help develop more 
holistic tourism and conservation strategies.

of the area under the SSP 585 scenario. The ETv simulations 
indicated a shift from predominantly moderately cold areas 
to a mix of slightly cool and mild zones, with the emergence 
of comfortable areas (7.9%) by 2100.

In our study, extreme weather events are neglected due 
to their unpredictable nature. It is crucial to note that future 
climate change may also result in uncertainties and extreme 
events that could threaten the region’s tourism industry and 
socioeconomic sustainability. Such potential risks have 
been highlighted by Dogru et al. (2019) in their studies on 
the compounded effects of climate change and COVID-19 
on the tourism sector. Therefore, policymakers in the study 
area should also explore solutions for dealing with poten-
tial risks. Also, a study in Amasya (Çağlak and Matzarakis 
2023) revealed a strong negative correlation between ther-
mal comfort conditions (PET), air temperature, and respira-
tory diseases. These findings offer insights into public health 
implications, particularly regarding respiratory tract dis-
eases in the region. Numerous studies have observed simi-
lar results, indicating that global climate change can cause 
significant and far-reaching modifications worldwide (Zhou 
et al. 2019; Piao et al. 2019; Clarke et al. 2019). Overall, 
climate change could present opportunities and challenges 
for the region, requiring adaptive strategies and sustain-
able tourism practices to capitalize on the potential benefits 
while mitigating the risks associated with climate change.

While this study provides valuable insights, it’s impor-
tant to acknowledge its limitations. The analysis was con-
strained by the data available from existing sources and 
weather stations. The spatial and temporal resolution of 

Fig. 4  Variation of bioclimatic comfort areas according to the scenarios via the DI technique a: SSP 245, b: SSP 585
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Fig. 5  Simulations of bioclimatic areas according to ETv (a): 2021, (b): 2040 for SSP 245, (c): 2040 for SSP 585, (d): 2060 for SSP 245, (e): 2060 
for SSP 585, (f): 2080 for SSP 245, (g): 2080 for SSP 585, (h): 2100 for SSP 245, (i): 2100 for SSP 585
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development of new tourism products that take advantage of 
the region’s unique combination of mountainous terrain and 
coastal areas. Despite the potential benefits of tourism, it is 
crucial to implement policies that protect the region’s rich 
natural resources, including forests, rivers, and coastal eco-
systems, from the potential negative impacts of increased 
tourism and climate change. Also, given the potential health 
implications of changing climate conditions, policies should 
be developed to address public health concerns, particularly 
respiratory diseases and heat-related illnesses. Further, as 
heating requirements may decrease, energy policies should 
be adjusted to reflect changing demand patterns and to 
promote sustainable energy use in the tourism sector. The 

6  Conclusions

These findings have several important policy implications 
for regional development and tourism planning in the con-
text of climate adaptation strategies. Local and regional 
authorities should develop adaptive strategies to capitalize 
on the potential extension of the tourism season due to more 
favorable bioclimatic conditions. This could include invest-
ments in sustainable and low-carbon infrastructure and 
services to accommodate increased tourist numbers during 
shoulder seasons. As the climate becomes more suitable for 
a broader range of activities, there’s an opportunity to diver-
sify tourism offerings. Policymakers should encourage the 

Fig. 6  Variation of bioclimatic comfort areas according to the scenarios via the ETv technique (a): SSP 245, (b): SSP 585
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predicted changes will likely affect multiple sectors beyond 
tourism, including forestry and agriculture. Integrated, 
cross-sectoral planning approaches will be necessary to 
manage these changes effectively.

In conclusion, this study contributes to the growing body 
of literature on climate change impacts on tourism by pro-
viding a detailed analysis of potential changes in bioclimatic 
comfort in a cold region of Türkiye. The findings suggest 
that while climate change poses significant challenges, it 
may also create opportunities for extending and diversify-
ing tourism activities in the Western Black Sea basin. How-
ever, capitalizing on these opportunities will require careful 
planning, sustainable practices, and adaptive management 
strategies.

Acknowledgements  na

Author contributions  Oznur Isinkaralar: Processing analysis, data in-
terpretation, writing original draft, data curation, processing analysis, 
and interpretation. Kaan Isinkaralar: Processing analysis, data inter-
pretation, writing original draft, and data curation. Emmanuel Yeboah: 
Processing analysis, interpretation, validation, review and editing. 
Isaac Sarfo: Formal analysis, validation, review and editing. Ayyoob 
Sharifi: writing original draft, review and editing.

Funding  There is no financial support and commercial support.

Data availability  No datasets were generated or analysed during the 
current study.

Declarations

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent to publish  Not applicable.

Competing interests  The authors declare no competing interests.

References

Abd Rahman NM, Haw LC, Fazlizan A, Hussin A, Imran MS (2022) 
Thermal comfort assessment of naturally ventilated public hospi-
tal wards in the tropics. Build Environ 207:108480. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​2​​1​.​1​0​8​4​8​0

Amelung B, Nicholls S (2014) Implications of climate change for tour-
ism in Australia. Tour Manag 41:228–244. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
6​​/​J​.​​T​O​U​​R​M​A​​N​.​2​0​​1​3​​.​1​0​.​0​0​2

Amelung B, Nicholls S, Viner D (2007) Implications of global climate 
change for tourism flows and seasonality. J Travel Res 45:285–
296. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​0​​4​7​2​8​7​5​0​6​2​9​5​9​3​7

Andres L, Bryson JR, Graves W, Warf B (2022) Urban value chains 
and re-framing agglomeration-centric conceptions of urban theory. 
Urban Geogr. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​2​​7​2​3​​6​3​8​​.​2​0​2​​2​.​​2​1​2​5​6​6​5

Arabadzhyan A, Figini P, García C, González MM, Lam-González 
YE, León CJ (2020) Climate change, coastal tourism, and 
impact chains – a literature review. Curr Issues Tourism 

1 3

Page 11 of 14  543

https://doi.org/10.1080/13683500.2020.1825351
https://doi.org/10.1080/13683500.2020.1825351
https://doi.org/10.1016/j.enbenv.2023.05.004
https://doi.org/10.1016/j.enbenv.2023.05.004
https://doi.org/10.3390/resources8030136
https://doi.org/10.3390/resources8030136
https://doi.org/10.1016/j.jobe.2023.106405
https://doi.org/10.1016/j.jobe.2023.106405
https://doi.org/10.1016/j.energy.2021.120357
https://doi.org/10.1016/j.energy.2021.120357
https://doi.org/10.1016/j.enbuild.2024.113909
https://doi.org/10.1038/s41598-019-55251-2
https://doi.org/10.1038/s41598-019-55251-2
https://doi.org/10.1007/978-981-19-3536-7_4
https://doi.org/10.1016/j.uclim.2018.12.004
https://doi.org/10.1007/s10389-023-01887-4
https://doi.org/10.1007/s10389-023-01887-4
https://doi.org/10.3390/su142113805
https://doi.org/10.1016/j.uclim.2022.101361
https://doi.org/10.1016/j.uclim.2022.101361
https://doi.org/10.1016/j.apenergy.2021.118051
https://doi.org/10.1016/j.apenergy.2021.118051
https://doi.org/10.1016/j.agrformet.2019.03.005
https://doi.org/10.1016/j.agrformet.2019.03.005
https://doi.org/10.1186/s12898-020-00335-1
https://doi.org/10.1016/j.energy.2021.122479
https://doi.org/10.1016/j.energy.2021.122479
https://doi.org/10.1016/j.buildenv.2021.108480
https://doi.org/10.1016/j.buildenv.2021.108480
https://doi.org/10.1016/J.TOURMAN.2013.10.002
https://doi.org/10.1016/J.TOURMAN.2013.10.002
https://doi.org/10.1177/0047287506295937
https://doi.org/10.1080/02723638.2022.2125665


O. Isinkaralar et al.

He BJ (2022) Green building: a comprehensive solution to urban heat. 
Energy Build 271:112306. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​n​b​​u​i​l​​d​.​2​0​​2​2​​
.​1​1​2​3​0​6

Hu Y, Duan W, Chen Y, Zou S, Kayumba PM, Qin J (2022) Exploring 
the changes and driving forces of water footprint in central Asia: 
a global trade assessment. J Clean Prod 375:134062. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​l​​e​p​r​​o​.​2​0​​2​2​​.​1​3​4​0​6​2

Imghoure O, Belouaggadia N, Ezzine M, Lbibb R, Younsi Z (2021) 
Performance evaluation of phase change materials for thermal 
comfort in a hot climate region. Appl Therm Eng 186:116509. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​p​p​​l​t​h​​e​r​m​a​​l​e​​n​g​.​2​0​2​0​.​1​1​6​5​0​9

Indraganti M, Humphreys MA (2021) A comparative study of gender 
differences in thermal comfort and environmental satisfaction in 
air-conditioned offices in Qatar, India, and Japan. Build Environ 
206:108297. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​2​​1​.​1​0​8​2​9​7

Isinkaralar O, Isinkaralar K (2025) Sustainable urban growth bound-
aries for ecological protection via 2046 models of İzmir. Spat 
Inform Res 33(1):1–13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​1​3​2​4​-​0​2​4​-​0​0​6​
0​1​-​0

Isinkaralar O, Yeboah E, Isinkaralar K, Sarfo I, Öztürk S, Yilmaz D, 
Bojago E (2025) Investigating the effects of local climate zones 
on land surface temperature using spectral indices via linear 
regression model: a seasonal study of Sapanca Lake. Environ 
Monit Assess 197(3):252. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​6​6​1​-​0​2​5​-​1​
3​7​0​5​-​3

Izadyar N, Miller W, Rismanchi B, Garcia-Hansen V (2020) A numeri-
cal investigation of balcony geometry impact on single-sided nat-
ural ventilation and thermal comfort. Build Environ 177:106847. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​2​​0​.​1​0​6​8​4​7

Kafy AA, Al Rakib A, Fattah MA, Rahaman ZA, Sattar GS (2022) 
Impact of vegetation cover loss on surface temperature and car-
bon emission in a fastest-growing city. Cumilla Bangladesh. 
Build Environ 208:108573. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​
0​2​​1​.​1​0​8​5​7​3

Khalil M, Kumar JS (2025a) Predictive modeling of land surface 
temperature dynamics in Damascus, Syria using Google Earth 
Engine: a remote sensing and random forest approach. Earth Sci 
Inf 18(3):1–20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​1​4​5​-​0​2​5​-​0​1​8​4​4​-​7

Khalil M, Kumar JS (2025b) Assessing urban heat Island intensity in 
Damascus City using Google Earth engine and Landsat 8 and 9: a 
comparative analysis. Remote Sens Earth Syst Sci. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​0​7​​/​s​4​​1​9​7​6​-​0​2​5​-​0​0​2​0​2​-​x

Khan MAH, Bennia A, Lateb M, Fellouah H (2022) Numerical investiga-
tion of thermal comfort using the mixing and displacement ventilation 
systems within a fitting room. Int J Heat Mass Transf 198:123379. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​j​h​​e​a​t​​m​a​s​s​​t​r​​a​n​s​f​e​r​.​2​0​2​2​.​1​2​3​3​7​9

Khraiwesh MM, Genovese PV (2023) Outdoor thermal comfort inte-
grated with energy consumption for urban block design optimi-
zation: a study of the hot-summer mediterranean city of Irbid. 
Jordan. Sustainability 15(10):8412. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​s​u​​1​5​
1​0​8​4​1​2

Kim Y, Yu S, Li D, Gatson SN, Brown RD (2022) Linking landscape 
spatial heterogeneity to urban heat island and outdoor human 
thermal comfort in Tokyo: application of the outdoor thermal 
comfort index. Sustain Cities Soc 87:104262. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​1​6​​/​j​.​​s​c​s​.​2​0​2​2​.​1​0​4​2​6​2

Kishta M, Robaa SM, Wahab MA, Al Abadla Z (2022) Spatial distri-
bution of outdoor thermal human comfort in the UAE. World J 
Adv Res Reviews 13(2):043–049. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​0​5​7​​4​/​w​​j​a​r​​
r​.​2​​0​2​2​.​​1​3​​.​2​.​0​1​0​4

Köberl J, Prettenthaler F, Bird D (2016) Modelling climate change 
impacts on tourism demand: a comparative study from Sardinia 
(Italy) and cap Bon (Tunisia). Sci Total Environ 543:1039–1053. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​c​i​​t​o​t​​e​n​v​.​​2​0​​1​5​.​0​3​.​0​9​9

Korpilo S, Kaaronen RO, Olafsson AS, Raymond CM (2022) Pub-
lic participation GIS can help assess multiple dimensions of 

in arid regions: the case of historical, contemporary and modern 
urban areas in Mashhad, Iran. Sustain Cities Soc 89:104339. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​c​s​.​2​0​2​2​.​1​0​4​3​3​9

De Urioste-Stone SM, Le L, Scaccia MD, Wilkins E (2016) Nature-
based tourism and climate change risk: visitors’ perceptions 
in Mount desert Island. Maine J Outdoor Recreation Tourism 
13:57–65. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​o​r​t​.​2​0​1​6​.​0​1​.​0​0​3

Demain JG (2018) Climate change and the impact on respiratory and 
allergic disease: 2018. Curr Allergy Asthma Rep 18(4):1–5. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​8​8​2​-​0​1​8​-​0​7​7​7​-​7

Deng X, Cao Q, Wang L, Wang W, Wang S, Wang S, Wang L (2023) 
Characterizing urban densification and quantifying its effects on 
urban thermal environments and human thermal comfort. Landsc 
Urban Plann 237:104803. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​l​a​n​​d​u​r​​b​p​l​a​​n​.​​2​
0​2​3​.​1​0​4​8​0​3

Dogru T, Marchio E, Bulut U, Suess C (2019) Climate change: vul-
nerability and resilience of tourism and the entire economy. Tour 
Manage. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​J​.​​T​O​U​​R​M​A​​N​.​2​0​​1​8​​.​1​2​.​0​1​0

Elavarasan RM, Pugazhendhi R, Irfan M, Mihet-Popa L, Khan IA, 
Campana PE (2022) State-of-the-art sustainable approaches for 
deeper decarbonization in Europe–an endowment to climate neu-
tral vision. Renew Sustain Energy Rev 159:112204. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​1​6​​/​j​.​​r​s​e​r​.​2​0​2​2​.​1​1​2​2​0​4

Elnabawi MH, Hamza N (2019) Behavioural perspectives of outdoor 
thermal comfort in urban areas: a critical review. Atmosphere 
11(1):51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​a​t​​m​o​s​1​1​0​1​0​0​5​1

Enríquez A, Bestard A (2020) Measuring the economic impact of cli-
mate-induced environmental changes on sun-and-beach tourism. 
Clim Change 160:203–217. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​5​8​4​-​0​2​
0​-​0​2​6​8​2​-​w

Fan M, Fu Z, Wang J, Wang Z, Suo H, Kong X, Li H (2022) A review 
of different ventilation modes on thermal comfort, air quality and 
virus spread control. Build Environ 212:108831. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​2​​2​.​1​0​8​8​3​1

Fanger PO (1970) Thermal comfort. Analysis and applications in envi-
ronmental engineering. Thermal comfort. Analysis and applica-
tions in environmental engineering

Filho W (2022) Will climate change disrupt the tourism sector? Int J 
Clim Change Strateg Manag. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​0​8​​/​i​j​​c​c​s​m​-​0​8​-​2​
0​2​1​-​0​0​8​8

Fortes P, Simoes SG, Amorim F, Siggini G, Sessa V, Saint-Drenan 
YM, Carvalho S, Mujtaba B, Diogo P, Assoumou E (2022) How 
sensitive is a carbon-neutral power sector to climate change? The 
interplay between hydro, solar and wind for Portugal. Energy 
239:122106. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​n​e​r​g​y​.​2​0​2​1​.​1​2​2​1​0​6

Fotso-Nguemo TC, Vondou DA, Diallo I, Diedhiou A, Weber T, Tanes-
song RS, Nghonda JP, Yepdo ZD (2022) Potential impact of 1.5, 
2 and 3 c global warming levels on heat and discomfort indices 
changes over central Africa. Sci Total Environ 804:150099. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​c​i​​t​o​t​​e​n​v​.​​2​0​​2​1​.​1​5​0​0​9​9

Gebre T, Gebremedhin B (2019) The mutual benefits of promoting 
rural-urban interdependence through linked ecosystem services. 
Glob Ecol Conserv 20:e00707. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​g​e​c​c​o​.​2​
0​1​9​.​e​0​0​7​0​7

Giles BD, Balafoutis C, Maheras P (1990) Too hot for comfort: the 
heatwaves in Greece in 1987 and 1988. Int J Biometeorol 34:98–
104. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​B​F​​0​1​0​9​3​4​5​5

Gilvaei ZM, Poshtiri AH, Akbarpoor AM (2022) A novel passive 
system for providing natural ventilation and passive cooling: 
evaluating thermal comfort and building energy. Renew Energy 
198:463–483. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​r​e​n​e​n​e​.​2​0​2​2​.​0​7​.​1​5​1

Halder B, Bandyopadhyay J, Banik P (2021) Monitoring the effect of 
urban development on urban heat island based on remote sensing 
and geo-spatial approach in Kolkata and adjacent areas, India. 
Sustain Cities Soc 74:103186. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​c​s​.​2​0​2​1​
.​1​0​3​1​8​6

1 3

543  Page 12 of 14

https://doi.org/10.1016/j.enbuild.2022.112306
https://doi.org/10.1016/j.enbuild.2022.112306
https://doi.org/10.1016/j.jclepro.2022.134062
https://doi.org/10.1016/j.jclepro.2022.134062
https://doi.org/10.1016/j.applthermaleng.2020.116509
https://doi.org/10.1016/j.applthermaleng.2020.116509
https://doi.org/10.1016/j.buildenv.2021.108297
https://doi.org/10.1007/s41324-024-00601-0
https://doi.org/10.1007/s41324-024-00601-0
https://doi.org/10.1007/s10661-025-13705-3
https://doi.org/10.1007/s10661-025-13705-3
https://doi.org/10.1016/j.buildenv.2020.106847
https://doi.org/10.1016/j.buildenv.2020.106847
https://doi.org/10.1016/j.buildenv.2021.108573
https://doi.org/10.1016/j.buildenv.2021.108573
https://doi.org/10.1007/s12145-025-01844-7
https://doi.org/10.1007/s41976-025-00202-x
https://doi.org/10.1007/s41976-025-00202-x
https://doi.org/10.1016/j.ijheatmasstransfer.2022.123379
https://doi.org/10.1016/j.ijheatmasstransfer.2022.123379
https://doi.org/10.3390/su15108412
https://doi.org/10.3390/su15108412
https://doi.org/10.1016/j.scs.2022.104262
https://doi.org/10.1016/j.scs.2022.104262
https://doi.org/10.30574/wjarr.2022.13.2.0104
https://doi.org/10.30574/wjarr.2022.13.2.0104
https://doi.org/10.1016/j.scitotenv.2015.03.099
https://doi.org/10.1016/j.scitotenv.2015.03.099
https://doi.org/10.1016/j.scs.2022.104339
https://doi.org/10.1016/j.scs.2022.104339
https://doi.org/10.1016/j.jort.2016.01.003
https://doi.org/10.1007/s11882-018-0777-7
https://doi.org/10.1007/s11882-018-0777-7
https://doi.org/10.1016/j.landurbplan.2023.104803
https://doi.org/10.1016/j.landurbplan.2023.104803
https://doi.org/10.1016/J.TOURMAN.2018.12.010
https://doi.org/10.1016/j.rser.2022.112204
https://doi.org/10.1016/j.rser.2022.112204
https://doi.org/10.3390/atmos11010051
https://doi.org/10.1007/s10584-020-02682-w
https://doi.org/10.1007/s10584-020-02682-w
https://doi.org/10.1016/j.buildenv.2022.108831
https://doi.org/10.1016/j.buildenv.2022.108831
https://doi.org/10.1108/ijccsm-08-2021-0088
https://doi.org/10.1108/ijccsm-08-2021-0088
https://doi.org/10.1016/j.energy.2021.122106
https://doi.org/10.1016/j.scitotenv.2021.150099
https://doi.org/10.1016/j.scitotenv.2021.150099
https://doi.org/10.1016/j.gecco.2019.e00707
https://doi.org/10.1016/j.gecco.2019.e00707
https://doi.org/10.1007/BF01093455
https://doi.org/10.1016/j.renene.2022.07.151
https://doi.org/10.1016/j.scs.2021.103186
https://doi.org/10.1016/j.scs.2021.103186


The far-reaching impacts of bioclimatic comfort change and sustainable tourism development for western…

characteristics, behaviors and health in a northern climate. Build 
Environ 198:107885. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​2​​1​.​1​0​
7​8​8​5

Ravindra K, Agarwal N, Mor S (2020) Assessment of thermal comfort 
parameters in various car models and mitigation strategies for 
extreme heat-health risks in the tropical climate. J Environ Man-
age 267:110655. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​e​n​​v​m​a​​n​.​2​0​​2​0​​.​1​1​0​6​5​5

Scott D, Gössling S (2022) A review of research into tourism and cli-
mate change - Launching the annals of tourism research curated 
collection on tourism and climate change. Ann Tourism Res 
95:103409. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​n​n​a​l​s​.​2​0​2​2​.​1​0​3​4​0​9

Scott D, Gössling S, Hall C (2012) International tourism and climate 
change. WIREs Clim Change. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​w​c​​c​.​1​6​5

Semenza J, Ebi K (2019) Climate change impact on migration, travel, 
travel destinations and the tourism industry. J Travel Med. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​j​t​​m​/​t​a​z​0​2​6

Shah M, Lone MA (2022) Modeling the impact of climate change on 
the flow regimes of river Sindh of Kashmir Valley. Journal of The 
Institution of Engineers (India): Series A 1–17. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​0​7​​/​s​4​​0​0​3​0​-​0​2​2​-​0​0​6​7​2​-​y

Sharma V, Mathur J, Mathur S (2024) Impact of indoor thermal envi-
ronment on human thermal comfort, psychological response, 
and performance during winter in Jaipur, India. Build Environ 
261:111706. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​2​​4​.​1​1​1​7​0​6

Shijin W, Yaqiong M, Xueyan Z et al (2020) Polar tourism and envi-
ronment change: opportunity, impact and adaptation. Polar Sci 
25:100544. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​o​l​a​r​.​2​0​2​0​.​1​0​0​5​4​4

Siddiqui S, Imran M (2019) Impact of Climate Change on Tourism. 
Environmental Impacts of Tourism in Developing Nations. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​4​​0​1​8​​/​9​7​​8​-​1​​-​5​2​​2​5​-​5​​8​4​​3​-​9​.​C​H​0​0​4

Sulzer M, Christen A, Matzarakis A (2023) Predicting indoor air 
temperature and thermal comfort in occupational settings using 
weather forecasts, indoor sensors, and artificial neural networks. 
Build Environ 234:110077. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​
2​​3​.​1​1​0​0​7​7

Sun C, Cai G, Liu W, Zou Z, Huang C (2021) Thermal comfort in resi-
dences related to respiratory diseases among preschool children 
in Shanghai. Energy Build 236:110729. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​
.​​e​n​b​​u​i​l​​d​.​2​0​​2​1​​.​1​1​0​7​2​9

Sun X, Zhang H, Ahmad M, Xue C (2022) Analysis of influencing 
factors of carbon emissions in resource-based cities in the yel-
low river basin under carbon neutrality target. Environ Sci Pollut 
Res 29(16):23847–23860. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​5​6​-​0​2​1​-​1​
7​3​8​6​-​6

Suping Z, Guanglin M, Yanwen W, Ji L (1992) Study of the relation-
ships between weather conditions and the marathon race, and 
of meteorotropic effects on distance runners. Int J Biometeorol 
36:63–68. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​B​F​​0​1​2​0​8​9​1​5

Tang T, Zhu Y, Zhou X, Guo Z, Mao Y, Jiang H, Fang Z, Zheng Z, 
Chen X (2022) Investigation of the effects of face masks on ther-
mal comfort in Guangzhou, China. Build Environ 214:108932. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​2​​2​.​1​0​8​9​3​2

Thom EC (1959) The discomfort index. Weatherwise 12(2):57–61. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​0​​4​3​1​​6​7​2​​.​1​9​5​​9​.​​9​9​2​6​9​6​0

Wilkins E, Urioste-Stone S, Weiskittel A, Gabe T (2018) Effects of 
weather conditions on tourism spending: implications for future 
trends under climate change. J Travel Res 57:1042–1053. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​0​​4​7​2​8​7​5​1​7​7​2​8​5​9​1

Yang J, Wang Y, Tang F et al (2023) Ice-and-snow tourism in China: 
trends and influencing factors. Humanit Soc Sci Commun 10:826. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​7​​/​s​4​​1​5​9​9​-​0​2​3​-​0​2​2​8​8​-​4

Yenigun K, Bozkurt A, Isinkaralar O, Isinkaralar K (2025) Ancient 
Karez systems in şanlıurfa, türkiye: detection, analysis, and sus-
tainability of historical water supply networks. Spat Inform Res 
33(3):1–13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​1​3​2​4​-​0​2​5​-​0​0​6​2​3​-​2

environmental justice in urban green and blue space planning. 
Appl Geogr 148:102794. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​p​g​e​o​g​.​2​0​2​2​.​
1​0​2​7​9​4

Kostianaia EA, Kostianoy AG (2021) Regional climate change impact 
on coastal tourism: a case study for the Black Sea coast of Russia. 
Hydrology 8(3):133. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​h​y​​d​r​o​l​o​g​y​8​0​3​0​1​3​3

Kulińska E, Dendera–Gruszka M (2019) Green cities–problems and 
solutions in Turkey. Transp Res Procedia 39:242–251. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​t​r​p​r​o​.​2​0​1​9​.​0​6​.​0​2​6

Lam CKC, Hang J, Zhang D, Wang Q, Ren M, Huang C (2021) Effects 
of short-term physiological and psychological adaptation on sum-
mer thermal comfort of outdoor exercising people in China. Build 
Environ 198:107877. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​2​​1​.​1​0​7​8​
7​7

Li X, Zhang Y, Li D, Xu Y, Brown RD (2022) Ameliorating cold stress 
in a hot climate: effect of winter storm Uri on residents of subsi-
dized housing neighborhoods. Build Environ 209:108646. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​2​​1​.​1​0​8​6​4​6

López-Pacheco IY, Rodas-Zuluaga LI, Fuentes-Tristan S, Castillo-
Zacarías C, Sosa-Hernández JE, Barceló D, Iqbal HMN, Parra-
Saldívar R (2021) Phycocapture of CO2 as an option to reduce 
greenhouse gases in cities: carbon sinks in urban spaces. J CO2 
Utilization 53:101704. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​o​u​.​2​0​2​1​.​1​0​1​7​0​4

López-Pérez LA, Flores-Prieto JJ (2023) Adaptive thermal comfort 
approach to save energy in tropical climate educational building 
by artificial intelligence. Energy 263:125706. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​1​6​​/​j​.​​e​n​e​r​g​y​.​2​0​2​2​.​1​2​5​7​0​6

Lucena RL, de Freitas Santos TH, Ferreira AM, Steinke ET (2016) 
Heat and Human Comfort in a Town in Brazil’s Semi-arid Region. 
Impacts and Responses 8(4):15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​8​8​4​​8​/​1​​8​3​5​​-​7​
1​​5​6​/​C​​G​P​​/​v​0​8​i​0​4​/​1​5​-​3​0

Ma Z, Zhao D, She C, Yang Y, Yang R (2021) Personal thermal man-
agement techniques for thermal comfort and building energy sav-
ing. Mater Today Phys 20:100465. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​m​t​p​
h​y​s​.​2​0​2​1​.​1​0​0​4​6​5

Mayrhuber EAS, Dückers ML, Wallner P, Arnberger A, Allex B, 
Wiesböck L, Wanka A, Kolland F, Eder R, Hutter HP, Kutalek 
R (2018) Vulnerability to heatwaves and implications for public 
health interventions–a scoping review. Environ Res 166:42–54. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​n​v​r​e​s​.​2​0​1​8​.​0​5​.​0​2​1

Mortoja MG, Yigitcanlar T (2021) Public perceptions of peri-urban-
ism triggered climate change: survey evidence from South East 
Queensland, Australia. Sustain Cities Soc 75:103407. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​c​s​.​2​0​2​1​.​1​0​3​4​0​7

Nicolalde JF, Cabrera M, Martínez-Gómez J, Salazar RB, Reyes E 
(2022) Selection of a phase change material for energy storage 
by multi-criteria decision method regarding the thermal comfort 
in a vehicle. J Energy Storage 51:104437. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
6​​/​j​.​​e​s​t​.​2​0​2​2​.​1​0​4​4​3​7

Nouri AS, Rodriguez-Algecíras J, Matzarakis A (2023) Establishing 
initial urban bioclimatic planning recommendations for Ankara 
to address existing and future urban thermophysiological risk fac-
tors. Urban Clim 49:101456. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​u​c​l​i​m​.​2​0​2​
3​.​1​0​1​4​5​6

Ouanes S, Sriti L (2024) Regression-based sensitivity analysis and 
multi-objective optimisation of energy performance and ther-
mal comfort: building envelope design in hot arid urban context. 
Build Environ 248:111099. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​u​i​​l​d​e​​n​v​.​2​​0​
2​​3​.​1​1​1​0​9​9

Piao S, Liu Q, Chen A, Janssens IA, Fu Y, Dai J, Liu L, Lian X, Shen M, 
Zhu X (2019) Plant phenology and global climate change: current 
progresses and challenges. Glob Change Biol 25(6):1922–1940. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​g​c​​b​.​1​4​6​1​9

Psomas T, Teli D, Langer S, Wahlgren P, Wargocki P (2021) 
Indoor humidity of dwellings and association with building 

1 3

Page 13 of 14  543

https://doi.org/10.1016/j.buildenv.2021.107885
https://doi.org/10.1016/j.buildenv.2021.107885
https://doi.org/10.1016/j.jenvman.2020.110655
https://doi.org/10.1016/j.annals.2022.103409
https://doi.org/10.1002/wcc.165
https://doi.org/10.1093/jtm/taz026
https://doi.org/10.1093/jtm/taz026
https://doi.org/10.1007/s40030-022-00672-y
https://doi.org/10.1007/s40030-022-00672-y
https://doi.org/10.1016/j.buildenv.2024.111706
https://doi.org/10.1016/j.polar.2020.100544
https://doi.org/10.4018/978-1-5225-5843-9.CH004
https://doi.org/10.4018/978-1-5225-5843-9.CH004
https://doi.org/10.1016/j.buildenv.2023.110077
https://doi.org/10.1016/j.buildenv.2023.110077
https://doi.org/10.1016/j.enbuild.2021.110729
https://doi.org/10.1016/j.enbuild.2021.110729
https://doi.org/10.1007/s11356-021-17386-6
https://doi.org/10.1007/s11356-021-17386-6
https://doi.org/10.1007/BF01208915
https://doi.org/10.1016/j.buildenv.2022.108932
https://doi.org/10.1016/j.buildenv.2022.108932
https://doi.org/10.1080/00431672.1959.9926960
https://doi.org/10.1080/00431672.1959.9926960
https://doi.org/10.1177/0047287517728591
https://doi.org/10.1177/0047287517728591
https://doi.org/10.1057/s41599-023-02288-4
https://doi.org/10.1057/s41599-023-02288-4
https://doi.org/10.1007/s41324-025-00623-2
https://doi.org/10.1016/j.apgeog.2022.102794
https://doi.org/10.1016/j.apgeog.2022.102794
https://doi.org/10.3390/hydrology8030133
https://doi.org/10.1016/j.trpro.2019.06.026
https://doi.org/10.1016/j.trpro.2019.06.026
https://doi.org/10.1016/j.buildenv.2021.107877
https://doi.org/10.1016/j.buildenv.2021.107877
https://doi.org/10.1016/j.buildenv.2021.108646
https://doi.org/10.1016/j.buildenv.2021.108646
https://doi.org/10.1016/j.jcou.2021.101704
https://doi.org/10.1016/j.energy.2022.125706
https://doi.org/10.1016/j.energy.2022.125706
https://doi.org/10.18848/1835-7156/CGP/v08i04/15-30
https://doi.org/10.18848/1835-7156/CGP/v08i04/15-30
https://doi.org/10.1016/j.mtphys.2021.100465
https://doi.org/10.1016/j.mtphys.2021.100465
https://doi.org/10.1016/j.envres.2018.05.021
https://doi.org/10.1016/j.envres.2018.05.021
https://doi.org/10.1016/j.scs.2021.103407
https://doi.org/10.1016/j.scs.2021.103407
https://doi.org/10.1016/j.est.2022.104437
https://doi.org/10.1016/j.est.2022.104437
https://doi.org/10.1016/j.uclim.2023.101456
https://doi.org/10.1016/j.uclim.2023.101456
https://doi.org/10.1016/j.buildenv.2023.111099
https://doi.org/10.1016/j.buildenv.2023.111099
https://doi.org/10.1111/gcb.14619
https://doi.org/10.1111/gcb.14619


O. Isinkaralar et al.

Zhou Y, Hartemink AE, Shi Z, Liang Z, Lu Y (2019) Land use and cli-
mate change effects on soil organic carbon in North and Northeast 
China. Sci Total Environ 647:1230–1238. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​1​​6​​
/​j​.​​s​c​i​t​​o​t​​e​​n​v​​.​​2​0​1​​8​.​0​8​.​0​1​6

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) 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.

Yuan T, Hong B, Qu H, Liu A, Zheng Y (2023) Outdoor thermal com-
fort in urban and rural open spaces: a comparative study in Chi-
na’s cold region. Urban Clim 49:101501. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​
/​j​.​​u​c​l​i​m​.​2​0​2​3​.​1​0​1​5​0​1

Zhang Y, Bai H, Hou H, Zhang Y, Xu H, Ji Y, He G, Zhang Y (2021) 
Exploring the consumption-based carbon emissions of industrial 
cities in China: a case study of Tianjin. Environ Sci Pollut Res 
28(21):26948–26960. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​5​6​-​0​2​1​-​1​2​5​6​
3​-​z

Zhang J, You Q, Ren G, Ullah S, Normatov I, Chen D (2023) Inequal-
ity of global thermal comfort conditions changes in a warmer 
world. Earths Future. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​2​9​​/​2​0​​2​2​E​F​0​0​3​1​0​9

Zhong L, Yu H, Zeng Y (2019) Impact of climate change on Tibet tour-
ism based on tourism climate index. J Geogr Sci 29:2085–2100. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​4​4​2​-​0​1​9​-​1​7​0​6​-​y

1 3

543  Page 14 of 14

https://doi.org/10.1016/j.scitotenv.2018.08.016
https://doi.org/10.1016/j.scitotenv.2018.08.016
https://doi.org/10.1016/j.uclim.2023.101501
https://doi.org/10.1016/j.uclim.2023.101501
https://doi.org/10.1007/s11356-021-12563-z
https://doi.org/10.1007/s11356-021-12563-z
https://doi.org/10.1029/2022EF003109
https://doi.org/10.1007/s11442-019-1706-y
https://doi.org/10.1007/s11442-019-1706-y

	﻿The far-reaching impacts of bioclimatic comfort change and sustainable tourism development for western black sea basin: a spatiotemporal study in the context of climate adaptation
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Review of representative works: progress and opportunities
	﻿3﻿ ﻿Materials and methods
	﻿3.1﻿ ﻿The area of study
	﻿3.2﻿ ﻿Methodology of the modeling

	﻿4﻿ ﻿Results
	﻿5﻿ ﻿Discussion
	﻿5.1﻿ ﻿Potential effects of climate change in the region
	﻿5.2﻿ ﻿Limitations and future research

	﻿6﻿ ﻿Conclusions
	﻿References


