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Abstract
Climate change affects the comfort level of tourists visiting coastal areas. Researching these impacts is important for a more 
comprehensive understanding of climate change and for developing effective adaptation solutions. Considering this fact, 
the study derived the Holiday Climate Index (HCI: Coast, HCI: Urban, and HCI: Combined) in the Mediterranean coastal 
provinces of Türkiye from 1976 to 2020. Utilizing the derived indices, the effects of climate-related holiday comfort on the 
number of tourist arrivals as well as on overnight stays between 1976 and 2020 were examined by panel data analysis. The 
study examined how comfort patterns could change during the period 2026–2050 under the pessimistic RCP8.5 scenario. It 
was detected that the comfort level significantly and positively affects the number of arrivals and overnight stays of tourists. 
Besides, comfort levels were found to deteriorate in the period 2026–2050 compared to the reference period, 1976–2020. 
As the comfort conditions get worse, the number of tourist arrivals and overnight stays is expected to decline in the future. 
It is envisaged that the results of the study can be useful for tourists, tourism professionals, operators, other stakeholders, 
and policymakers.
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Introduction

Climate change is a long-term change in the world’s cli-
mate system caused by natural and anthropogenic factors. 
It is a phenomenon caused mostly by industrial activities, 
causing substantial changes in temperature, precipitation, 
air movements, and sea level (IPCC 2021). The Paris Agree-
ment aims to limit global warming to 1.5 °C but achieving 
this goal has become increasingly difficult (IPCC 2023). 
The effects of warming may persist for years or centuries 

(Nicholls et al. 2018). It has significant impacts on society 
and various sectors of the economy, including tourism, in 
the form of decreased number of tourist arrivals, deteriora-
tion of settlements and infrastructure, increased mortality 
rates, water and food insecurity, poor welfare, and so on 
(IPCC 2022). Climate change affects human health through 
increased heat stress, respiratory issues, and infectious 
diseases (IPCC 2022; WHO 2016). It significantly affects 
human comfort levels, with rising temperatures, humidity, 
air pollution, and the frequency and intensity of extreme 
weather events causing discomfort. Sustainable development 
aims to mitigate the devastating effects of climate change 
and enable us to adapt to these effects. The consequences 
of climate change constitute an obstacle to development, 
and sustainable development is of critical importance in 
solving this problem. Tourism, by its nature, is one of the 
sectors that develop in harmony with nature, feed on nature 
and is most affected by even small or instantaneous changes 
in nature. A more macro impact, such as climate change, 
which completely changes life on earth, is expected to bring 
about a significant change in the structure, types, and regions 
of tourism. Although adapting to the current situation and 
future scenarios is considered an option, failure to achieve 
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sustainability goals may restrict these adaptation practices 
as temporary and costly options.

Tourism is a critical and rapidly expanding economic 
sector with a continuously increasing impact on the global 
economy. The COVID-19 pandemic in 2020 resulted in a 
dramatic 58% decrease in international tourist arrivals com-
pared to the previous year. Despite this decline, the tourism 
sector remains a major contributor to the global economy, 
representing 10% of global GDP and accounting for one-
tenth of all jobs worldwide (UNWTO 2021). The travel and 
tourism industry made a sectoral contribution of $9.2 tril-
lion (10.4% of global GDP) and provided 334 million jobs 
(10.6% of global employment) in 2019 (WTTC 2021).

The weather has the potential to facilitate or impede 
tourism activities (Gómez-Martín, 2005). Extreme weather 
events can lead to transportation delays, cancellations, and 
accidents, posing risks to tourist safety. Climate change could 
exacerbate these risks in the future. Tourism is vulnerable to 
climate change due to its close relationship with the environ-
ment and climate. One instance of the climate’s impact on 
tourism and the resources accessible to individuals is evident 
in factors such as weather perception, safety, and thermal 
comfort (Scott et al. 2012). Tourism faces challenges from 
climate change, making it crucial to assess weather variabil-
ity effects, design effective policies, and evaluate potential 
economic impacts. The relationship between tourism and 
environmental changes is bi-directional, with environmen-
tal changes impacting tourism and tourism activities also 
contributing to environmental changes. Global tourism, a 
trillion-dollar industry, significantly affects the environment 
through infrastructure, local resource demands, and habitat 
destruction. Also, the tourism industry contributes to envi-
ronmental change through carbon emissions, especially 
because of tourism-related mobility (Lenzen et al. 2018).

Over 400 million international tourists visited the Medi-
terranean Basin in 2019 (UNWTO 2022), causing consider-
able pressure on coastal ecosystems and local populations. 
The region is a popular tourist destination with exceptional 
sociocultural and environmental diversity, transformed 
over thousands of years due to human activities. It receives 
one-third of international tourists, and France, Spain, Italy, 
Türkiye, and Greece are the most popular tourist destina-
tions (UNWTO 2021). Climate change threatens all Medi-
terranean countries in socio-economic sectors since the 
tourism industry in the Mediterranean Basin, which is pre-
dominantly located in coastal areas, is highly vulnerable 
to the impacts of climate change. The basin is expected to 
experience warming that surpasses global rates by over 20%, 
and summer warming is projected to be 40% faster than the 
global average (Lionello and Scarascia 2018). In addition, 
climate models consistently project less precipitation for 
the basin (IPCC 2022). The Mediterranean Basin countries 
will experience a decrease in tourism due to increasing 

temperature extremes and the occurrence of extreme climate 
events (IPCC 2022; Kutiel 2019; Dos Santos et al. 2020). 
It is crucial to identify these effects to facilitate adaptation 
and mitigation efforts because climate change has a signifi-
cant impact on visitors by exacerbating thermal discomfort 
(IPCC 2021; Zinzi and Carnielo 2017) requiring reliable 
information for tourists and organizers.

Various efforts have been undertaken to determine the 
ideal climate conditions for tourism in general and spe-
cific tourism activities. An index approach is beneficial for 
understanding the relationship between climate variables 
and tourism in relation to climate due to its complexity and 
multifaceted nature. During the 1960s and 1970s, there was 
a noticeable expansion in the global tourism sector. Follow-
ing this development, various studies have started to investi-
gate the correlation between destination climate and tourism 
demand (Perry 1972; Mieczkowski 1985; de Freitas 1990; 
Smith 1990). Several attempts have been made to measure 
the climatic comfort experienced by tourists from a biom-
eteorological standpoint. This involves assessing weather 
parameters and the level of outdoor thermal comfort. Miec-
zkowski (1985) identified the necessity for an index to assess 
the climatic conditions of tourist destinations. He developed 
the Tourism Climate Index (TCI), which is the first to assess 
the correlation between tourism and climate and favourable 
and unfavourable climate conditions. Numerous tourism 
climate indices were developed following the creation of 
TCI, such as the Beach Climate Index (BCI) (Morgan et al. 
2000); the Climate Index for Tourism (CIT) (de Freitas 
et al. 2008); the Modified Tourism Climate Index (MCIT) 
(Yu et al. 2009); the Relative Climate Index (RCI) (Li et al. 
2018). HCI was developed as a response to the limitations 
of these indices (Tang 2013; Scott et al. 2016; Rutty et al. 
2020). It is based on objective criteria rather than subjective 
opinions. The determination of rating scales and weights for 
sub-indices is informed by existing literature on visitors’ cli-
mate preferences (Tang 2013; Scott et al. 2016; Rutty et al. 
2020; Demiroglu et al. 2020). Several studies have shown 
that HCI addresses the limitations of TCI and aligns better 
with visiting patterns in urban and beach destinations (Tang 
2013; Scott et al. 2016; Rutty et al. 2020; Demiroglu et al. 
2020; Yu et al. 2021; Samarasinghe et al. 2023).

This study aimed to assess the top ten Mediterranean 
coastal provinces in Türkiye that are most popular among 
tourists during the summer season (Adana, Antalya, Aydın, 
Balıkesir, Çanakkale, Edirne, Hatay, İzmir, Mersin, Muğla). 
The primary objective was to analyse the evolution of human 
comfort patterns in these provinces from 1976 to 2020. The 
second objective of this study was to examine the impact 
of climatic characteristics on tourism activities in the listed 
ten provinces. The third objective was to examine the future 
trends in HCI indices for the study area. The study used three 
derived HCI indices (HCI: Urban, HCI: Coast, and HCI: 
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Combined) to analyse the impact of climate change on tour-
ism patterns. Then, these indices were regressed on the num-
ber of tourist arrivals and overnight stays using panel data 
analysis. Finally, future (2026–2050) trends in HCI indices for 
ten provinces were analysed. 1976–2020 was determined as 
the reference period in the study. All available data was used 
for the section where the relationship between the number of 
tourist arrivals and overnight stays and tourist comfort has 
been examined by regression analysis, that is, 1976–2020.

To the best of our knowledge, this study is the first one that 
examines the relationship between the HCI and the number of 
tourist arrivals and the days of overnight stays on the Mediter-
ranean coasts of Türkiye. The analysis of the impacts of climate 
change on the comfort levels of tourists is beneficial in order 
to gain a thorough comprehension of the potential effects of 
climate change on the tourism industry and to formulate effi-
cient strategies. The study intends to fill the gap in the regional 
analyses of climate change regarding its implications for holi-
day comfort and tourism activity. The organization of the paper 
is as follows: Sect. 2 introduces the data and the methodol-
ogy. Section "Data" introduces the results regarding HCI trend 
analysis of the number of arrivals and overnight stays between 
1976–2020 and panel data analysis, and the future trends of 
HCI-derived indices between 2026–2050. Section "Domain" 
discusses the implications of the study.

Materials and methods

Data

Domain

According to the Köppen-Geiger classification, the prov-
inces in this study are in the temperate (C) climate class. 

In this group, generally humid climatic features are seen. 
The provinces examined in the study (Adana, Antalya, 
Aydın, Balıkesir, Çanakkale, Edirne, Hatay, İzmir, Mer-
sin, Muğla) are located in the south-southwest and west 
of Türkiye (Fig. 1) and have a Mediterranean climate 
with arid and very hot summers (Türkeş 2022). Mediter-
ranean and Aegean coasts have warm winters, with high 
temperatures during the day (above 25 °C). Swimming, 
sand or sea bathing, and water sports are available for 
200–250 days on the Mediterranean and South Aegean 
coasts and 150–180 days on the North Aegean coasts 
(Doğanay and Zaman 2021).

Climate data

The Max Planck Institute Earth System Model Mixed Reso-
lution (MPI-ESM-MR) and the Met Office Hadley Center 
Earth System Model (HadGEM2-ES) were used as Global 
Circulation Models (GCMs) in this study. Comparative 
results were obtained with these two models. In order to 
obtain regional results, GCM data were dynamically down-
scaled to 10 km grid resolution using the regional climate 
model RegCM4.4 (Giorgi et al. 2012) developed by the 
Abdus Salam International Centre for Theoretical Phys-
ics. High-resolution climate data was obtained from the 
RegCM4.4 regional climate model by using low-resolution 
MPI-ESM-MR (Giorgetta et al. 2013) and HadGEM2-ES 
(Collins et al. 2008; Jones et al. 2011) global climate model 
outputs as input. It is widely used in climate-related research 
around the world (Turp et al. 2014; Sylla et al. 2016; Ozturk 
et al. 2015, 2017, 2018; An et al. 2020). Projection studies 
were conducted using RCP8.5, a scenario in which green-
house gas emissions continue to increase and global CO2 
concentration will reach approximately 936 ppm by 2100 
(van Vuuren et al. 2011; Riahi et al. 2007, 2011).

Fig. 1   The elevation map show-
ing the study area
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Methodology

HCI computation

The Holiday Climate Index (HCI) was developed in 2013 
(Tang 2013) to improve upon existing tourism climate indi-
ces, specifically the TCI, by addressing their limitations, 
and it was improved later (Scott et al. 2016). HCI uses the 
existing literature on tourists’ climate preferences from 
recent surveys to determine the rating scales and weights of 
sub-items. There are two distinct categories of HCI, specifi-
cally HCI: Urban and HCI: Coast. These indices incorporate 
different weights for thermal comfort and cloud cover in 
order to be customized to the specific climatic requirements 
of different tourism segments. HCI: Urban was created for 
urban tourism (Tang 2013; Scott et al. 2016). HCI: Coast 
was created based on research regarding the climate prefer-
ences of coastal visitors (Rutty et al. 2020). In this study, 
while calculating HCI, the HCI: Coast formula was applied 
to the grid points corresponding to the coastal districts of 
each province, the HCI: Urban formula for non-coastal dis-
tricts. Then, HCI: Combined was determined by computing 
the average of all grid points within the borders of the prov-
inces to obtain the provincial average. The decision to cal-
culate HCI: Combined was made to ensure robust results, as 
considering an entire province solely as an urban or coastal 
region would be insufficient.

HCI uses four climate variables related to three tourism-
related factors: relative humidity (%) for thermal comfort 
(TC), cloud cover (%) for aesthetics (A), precipitation (mm) 
and wind (km/h) for physical (P) components. Each climate 
variable is graded on a scale of 0 to 10, and the HCI index 
score ranges from 0 to 100. The HCI: Coast, HCI: Urban, 
and HCI: Combined are calculated as follows:

Panel fixed effects model

The objective of this section was to investigate the impact of 
climate-related comfort on tourism activities in the Mediter-
ranean provinces of Türkiye, specifically focusing on the 
aspect of human comfort. The study employed panel data 
analysis using a fixed effects specification to examine the 
relationship between the number of tourist arrivals and days 
of overnight stay, and the coastal, urban, and combined HCI 
indices derived for the Mediterranean coastal provinces of 
Türkiye. Panel data refers to a collection of data that allows 

(1)HCI ∶ Coast = 2(TC) + 4(A) + 3(P) + (W)

(2)HCI ∶ Urban = 4(TC) + 2(A) + 3(P) + (W)

(3)
HCI ∶ Combined = HCI ∶ Coastxc1 + HCI ∶ Urbanxc2

for the observation of the behaviour of entities (i) over a 
specific period of time (t). When the observation units from 
a cross-sectional sample are inspected many times, the 
resulting observations form a panel or longitudinal data set 
(Dougherty 2016). The utilization of this approach enables 
the management of individual heterogeneity by facilitating 
the analysis of variation and reducing the presence of linear 
correlation among variables (Gujarati 2022).

The utilization of panel data in this research facilitated 
the investigation of the impact of holiday climate indices 
on tourism activities at the province level and throughout 
a broad temporal range (1976–2020). The provinces with a 
coastline to the Mediterranean, covering the Aegean Sea in 
Türkiye’s Mediterranean areas that are considered to have 
the highest number of tourists (Ministry of Culture and 
Tourism, n.d.) were chosen by a pre-determined threshold. 
It was set to include the top 10 coastal provinces with the 
greatest influx of tourists in these regions.

The proposed model can be stated in the following form:

In the given equation, for i = 1,…, N and t = 1,…, T, where 
yit is the dependent variable, Xit is the vector of independent 
variables, α is the constant term, β is the coefficient of HCI, 
and uit is the error term, formatted as follows:

where μi is the unobservable individual-specific effects (i.e., 
fixed effects), and νit is the remainder disturbance. μi is time-
invariant, and it incorporates any individual-specific effects 
that are omitted from the regression. νit varies from indi-
vidual to individual and over time and can be interpreted as 
the usual disturbance in the regression. The fixed effects μi 
cannot be directly predicted. Each μi is a discrete constant 
linked with a specific group or cross-section. Thus, the con-
stant term for every cross-section is α + μi. The remaining 
disturbances νit exhibit stochastic behaviour, are independ-
ent from each other, and follow a uniform distribution (iid). 
The explanatory variables are independent of νit. The fixed 
effects model is the recommended choice when all independ-
ent variables are conditionally associated with individual 
effects, while the random effects model is applicable when 
all independent variables are exogenous to random individ-
ual effects (Mundlak 1978). In the current analysis, we relied 
on Hausman (1978) test based on the difference between the 
fixed and random effects estimators, and consequently fixed 
effects estimator was preferred.

The analysis was conducted taking the number of tour-
ist arrivals and the days of overnight stays as the depend-
ent variables for the ten provinces from 1976 to 2020. A 
6-month and annual analysis was conducted on the HCI: 
Coast, HCI: Urban, and HCI: Combined. The sea water 

(4)yit = a + Xit� + uit

(5)uit = �i + �it
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temperature in the Mediterranean coasts during May–Octo-
ber can reach 20–28 °C, contributing to their extended holi-
day season (Zengin 2006). Therefore, the study examined 
the six months with the highest number of tourist visits, 
which are considered the summer tourism season for the 
Mediterranean coasts in Türkiye (Gao and Giorgi 2008; 
Türkeş et al. 2009; Rutty and Scott 2010; Cook et al. 2016; 
Demiroglu et al. 2017). The dynamically downscaled MPI-
ESM-MR and HadGEM2-ES models were used to analyse 
these months, along with the annual data.

Results

HCI trend analysis for the 1976–2020 period

In this section, a trend analysis was performed to evaluate 
the changes in the HCI indices between 1976 and 2020. 
Trend analyses were examined on annual and 6-month basis 
in both models (MPI-Annual, HG-Annual, MPI-6-Month, 
and HG-6-Month). The Mann–Kendall test and Sen’s slope 
estimator are important for trend analysis. They are widely 
used for detecting and quantifying trends in various envi-
ronmental time series data, such as temperature, rainfall, 
runoff, and groundwater levels, which is crucial for envi-
ronmental monitoring and resource management (Partal and 
Kahya 2006; Atta-ur-Rahman and Dawood 2017; Rahman 
et al. 2017; Güçlü, 2018; Perera and Rathnayake, 2019). 

In conducting the trend analysis for the Holiday Climate 
Index (HCI) in our study, we examined time series data from 
popular coastal provinces in Türkiye. We did not employ 
the Mann–Kendall test or Sen’s slope estimator for trend 
analysis because our approach focused on comparing trends 
observed in different regions rather than applying specific 
statistical tests. With this method, we distinguished patterns 
and differences in HCI trends among the provinces examined 
in the study. Table 1

The trend of the comfort conditions for HCI: Urban 
between 1976–2020 shows lower comfort conditions in 
Adana, Mersin, and Antalya in both annual and 6-month 
analyses. In the 6-month analyses, comfort scores are gener-
ally higher when all of the MPI-Annual, MPI-6-Month, HG-
Annual, and HG-6-Month analyses are considered. When 
looking at the results in regard to HCI: Coast, it is seen that 
Mersin has the lowest comfort score. In both annual and 
6-month analyses, it is seen that the best comfort conditions 
are in Adana and Aydın. However, MPI-Annual and HG-
Annual analyses show that the difference between these two 
months and the other months is greater. As in HCI: Urban, 
comfort scores in 6-month analyses, including May–Octo-
ber, are generally higher when looking at all analyses of 
MPI-Annual, MPI-6-Month, HG-Annual, and HG-6-Month. 
When HCI: Combined is concerned, it is seen that the prov-
ince with the least comfort conditions is Mersin. In MPI-
Annual and HG-Annual analyses, it is seen that Antalya 
and Muğla have lower scores than other provinces. In the 

Table 1   The ratings of thermal 
comfort (based on humidex), 
aesthetic (based on cloud 
cover), precipitation, wind, and 
HCI: Coast scores

*  adapted from Tang (2013); Scott et al. (2016); Rutty et al. (2020);Demiroglu et al. (2020)

Thermal Comfort 
(TC)

Aesthetic (A) Precipitation Wind HCI: Coast Score

Humidex Cloud Cover

Rate % Rate mm Rate km/h Rate Rate

(-∞, 10)
[10, 15)
[15, 17)
[17, 18)
[18, 19)
[19, 20)
[20, 21)
[21, 22)
[22, 23)
[23, 26)
[26, 28)
[28, 31)
[31, 33)
[33, 34)
[34, 35)
[35, 36)
[36, 37)
[37, 38)
[38, 39)
[39, ∞)

-10
-5
0
1
2
3
4
5
6
7
9
10
9
8
7
6
5
4
2
0

[0, 1)
[1, 15)
[15, 26)
[26, 36)
[36, 46)
[46, 56)
[56, 66)
[66, 76)
[76, 86)
[86, 96)
[96, 100]

8
9
10
9
8
7
6
5
4
3
2

[0, 0.01)
[0.01, 3)
[3, 6)
[6, 9)
[9, 12)
[12, 25)
[25, ∞)

10
9
8
6
4
0
-1

[0, 0.6)
[0.6, 10)
[10, 20)
[20, 30)
[30, 40)
[40, 50)
[50, 70)
[70, ∞)

8
10
9
8
6
3
0
-10

[0, 20)
[20, 40)
[40, 50)
[50, 60)
[60, 70)
[70, 80)
[80, 90)
[90, 100)

Dangerous
Unacceptable
Marginal
Acceptable
Good
Very Good
Excellent
Ideal
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MPI-6-Month and HG-6-Month analyses, the scores of these 
provinces were closer to the other provinces (Figs. 2, 3 and 
4).

In general, since there was no noticeable decrease 
in comfort conditions between 1976 and 2020, the first 
hypothesis of the study, “Comfort levels are expected to 
decrease from the past to the present,” was not fully con-
firmed. In the 6-month analyses performed for HCI: Urban, 
HCI: Coast and HCI: Combined in Aydın, Balıkesir, Çan-
akkale, Hatay and İzmir, decreases of 1–2 points were 
noticed between 1976 and 2020. Table 2

Results of the panel data analysis

The findings derived from the study of panel data are pre-
sented (Table 3). Each row in the table shows six regres-
sion equations, where the dependent variable is either 
arrivals or overnight stays for the analysis of coastal, 
urban regions, and the whole province, respectively. In 
each equation, there is only one independent variable that 
represents the HCI (urban, coast, or combined). As such, 
each regression analyses the impact of holiday comfort 

on the number of tourist arrivals and overnight stays by 
doing separate regressions for each specification of the 
HCI (namely, MPI-6-month, MPI-annual, HG-6-month, 
and HG-annual) used as the independent variable.

Arrivals

The findings of HCI: Urban analysis indicate that the vari-
ables HG-annual, MPI-6-month, and MPI-annual have a 
positive impact on the influx of tourists in the metropoli-
tan areas of the chosen regions. Nevertheless, the statisti-
cal analysis reveals that the coefficient associated with the 
HG-6-month variable is not statistically significant. The 
findings indicate that the comfort factor markedly influ-
ences the number of tourists going to the urban areas of 
the coastal provinces, implying that better climatic condi-
tions and related comfort attract more tourists. It is evident 
that the MPI-annual variable exhibits greater importance 
compared to the other comfort variables, as indicated by 
its higher coefficient.

The findings of the HCI: Coast analysis indicate that the 
comfort variables, specifically referred to as MPI-6-month, 
and MPI-annual, HG-6-month, and HG-annual in the present 

Fig. 2   Trend analysis for HCI: Urban a) MPI-Annual b) HG-Annual c) MPI-6-Month d) HG-6-Month
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study, have a positive effect on the number of visitors to 
the coastal locations under investigation. These findings 
show that climatic conditions considerably affect the level 
of comfort experienced by tourists. Furthermore, the level 
of comfort plays a crucial role in attracting tourists to the 
coastal regions of the provinces in the study. The coefficient 
associated with the MPI-annual variable is much higher 
compared to the coefficients of the other comfort variables. 
It implies that an increase in the MPI-annual level has a 
more pronounced impact on the number of visitors relative 
to the other comfort factors.

The findings of the analysis indicate a positive relation-
ship between the variables MPI-6-month, MPI-annual, and 
HG-annual, and the number of tourists at the province level. 
This finding demonstrates the significance of the comfort 
factor in attracting tourists to the provinces under investi-
gation. Specifically, when the level of comfort improves, 
there is an increase in the number of tourists visiting these 
regions. As in the case of HCI: Coast and HCI: Urban, it 
is observed that MPI-annual has a greater impact on the 
number of tourists due to its higher coefficient compared to 
those of the other variables.

Overnight stays

The findings of the analysis indicate that the variables MPI-
6-month, MPI-annual, HG-6-month, and HG-annual have 
a positive effect on the number of overnight stays made by 
tourists in the coastal regions of the chosen provinces. In 
addition, climatic conditions influence the level of comfort 
experienced by tourists. The level of comfort has a substan-
tial and positive impact on the duration of their stay in the 
provinces under investigation. The effectiveness of the MPI-
annual variable is observed to be superior to that of the other 
comfort variables.

The findings of the analysis indicate that the variables 
HG-annual, MPI-6-month, and MPI-annual are positively 
associated with an increase in the number of overnight stays 
of tourists in urban areas. The comfort element considerably 
influences the duration of tourists’ visits to these provinces. 
Nevertheless, the coefficient of the HG-6-month variable 
lacks statistical significance, indicating that there is no dis-
cernible impact of HG-6-month on the number of overnight 
stays. The MPI-annual variable appears to have a greater 
impact in comparison to the other variables.

Fig. 3   Trend analysis for HCI: Coast a) MPI-Annual b) HG-Annual c) MPI-6-Month d) HG-6-Month
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Fig. 4   Trend analysis for HCI: Combined a) MPI-Annual b) HG-Annual c) MPI-6-Month d) HG-6-Month

Table 2   The ratings of thermal 
comfort (based on humidex), 
aesthetic (based on cloud 
cover), precipitation, wind, and 
HCI: Urban scores

*  adapted from Tang (2013); Scott et al. (2016); Rutty et al. (2020);Demiroglu et al. (2020)

Thermal Comfort 
(TC)

Aesthetic (A) Precipitation Wind HCI: Urban Score

Humidex Cloud Cover

Rate % Rate mm Rate km/h Rate Rate

(-∞, -6)
[-6, 0)
[0, 7)
[7, 11)
[11, 15)
[15, 18)
[18, 20)
[20, 23)
[23, 26)
[26, 27)
[27, 29)
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The findings of the analysis indicate that there is a posi-
tive relationship between the MPI-6-month, MPI-annual, 
and HG-annual components and the number of overnight 
stays by tourists at the province level. Climatic conditions 
notably influence the level of comfort experienced by tour-
ists. Moreover, the level of comfort has a substantial impact 
on the duration of their vacation to the provinces under 
investigation. The marginal impact of the MPI-annual vari-
able in increasing overnight stays is observed to be higher 
compared to the other variables.

Results for future HCI projections for the 10 
provinces

Findings on future HCI trends of ten provinces are presented 
in time series. Red and green lines represent trend graphs 
showing projections for MPI-ESM-MR and HadGEM2-
ES, respectively. 1976–2020 is shown on the left axis and 
2026–2050 is shown on the right axis. The analysis focused 
on the time frame spanning from 1976 to 2020, aiming to 
examine the trend in the number of tourist arrivals and over-
night stays up until the year 2020.

When the annual trend of 6-month HCI: Urban is exam-
ined, HadGEM2-ES predicts lower HCI values than MPI-
ESM-MR. For Çanakkale and İzmir, HadGEM2-ES HCI 
values are expected to decrease by approximately 1 point 
and MPI-ESM-MR by 0.5 points. For Edirne, HadGEM2-
ES and MPI-ESM-MR predict a decrease of 1.5 points and 
1 point, respectively. For Balıkesir, both models predict 
a slight decrease in HCI values. A very small increase is 
expected for Muğla. While a 0.5-point decrease is pre-
dicted in HadGEM2-ES and MPI-ESM-MR for Aydın, an 
increase is expected for Antalya and Mersin. HadGEM2-ES 
predicts a slight decrease for Adana, while MPI-ESM-MR 
predicts a slight increase. Both models predict a decrease in 
HCI values for Hatay. The analysis for the annual trend of 
the 6-month HCI means for HCI: Coast projects a 1-point 
decrease for HadGEM2-ES in Adana; however, a slight 

increase is expected for MPI-ESM-MR. For Çanakkale, 
Edirne, İzmir, and Balıkesir, an increase of 1 point for MPI-
ESM-MR and 2 points for HadGEM2-ES is projected. A 
1-point increase is expected for both MPI-ESM-MR and 
HadGEM2-ES in Muğla, Aydın, and Antalya. In contrast 
to other provinces, it is predicted that Mersin will have a 
2-point increase in both MPI-ESM-MR and HadGEM2-ES. 
A slight increase for HadGEM2-ES and a 1-point increase 
for MPI-ESM-MR are projected for Hatay. When the annual 
trend of 6-month HCI: Combined is examined, HadGEM2-
ES predicts lower HCI values than MPI-ESM-MR in several 
provinces. For Çanakkale and İzmir, both models project 
a slight increasing trend. HadGEM2-ES and MPI-ESM-
MR project a slight downward trend for Edirne and a stable 
trend for Balıkesir. Both models show a 0.5-point decrease 
in Aydın and a 1-point increase in Muğla. For Antalya and 
Mersin, both models predict an increase of up to 2 points. 
Decreasing HCI values are noticeable in both HadGEM2-ES 
and MPI-ESM-MR models for Adana and Hatay (Fig. 5).

When HCI values related to the annual trend in the HCI: 
Urban calculation are examined, HadGEM2-ES projects 
a slight decrease and MPI-ESM-MR projects a 1-point 
increase for Adana. For Çanakkale, Edirne, İzmir, Balıkesir, 
Muğla, Aydın, a slight increase is expected in both MPI-
ESM-MR and HadGEM2-ES. For Antalya and Mersin, 
MPI-ESM-MR, and HadGEM2-ES projects that HCI scores 
will increase. For Hatay, a slight decrease in HadGEM2-ES 
HCI values and an increase in MPI-ESM-MR are expected. 
When the annual trend of HCI: Coast is examined, both 
HadGEM2-ES and MPI-ESM-MR show a 1-point increase 
for Adana. An increase of 1 point in MPI-ESM-MR and 
2 points in HadGEM2-ES is predicted for Çanakkale. For 
Edirne, MPI-ESM-MR shows an increase of 1 point, while 
HadGEM2-ES shows an increase of 3 points. For Izmir, 
both MPI-ESM-MR and HadGEM2-ES predict a 1-point 
increase. For Balıkesir, Aydın, and Hatay, MPI-ESM-MR 
predicts a 1-point and HadGEM2-ES a 2-point increase. 
A 2-point increase is expected in both models for Muğla, 

Table 3   Results of the panel fixed effects analysis for arrivals and overnight stays

*  Standard errors in parentheses. Detailed regression outputs are presented in Supplementary Material (Tables S1-S12)

HCI: Coast HCI: Urban HCI: Combined

Arrivals Overnight Stays Arrivals Overnight Stays Arrivals Overnight Stays

MPI-6-month 0.393414***
(0.0724480)

0.291711***
(0.0771619)

0.457794***
(0.120510)

0.357312**
(0.121140)

0.454280***
(0.0887818)

0.265394***
(0.0705967)

MPI-annual 0.495255***
(0.0728887)

0.369180***
(0.0796245)

0.650364***
(0.103466)

0.486967***
(0.115467)

0.588650***
(0.0833335)

0.351897***
(0.0799702)

HG-6-month 0.399214***
(0.0648793)

0.285411***
(0.0693395)

0.0201439
(0.164345)

0.0249142
(0.144356)

0.284532**
(0.108336)

0.176227*
(0.0879703)

HG-annual 0.295060***
(0.0357107)

0.209762***
(0.0395575)

0.299709***
(0.0650180)

0.216766***
(0.0651156)

0.324008***
(0.0461290)

0.162905***
(0.0471146)
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Antalya, and Mersin. When the trend of annual HCI val-
ues is examined, HadGEM2-ES and MPI-ESM-MR models 
show similar values in the HCI: Combined calculation. For 
Edirne, Çanakkale, Balıkesir, İzmir, and Aydın, HCI shows 

an increasing trend over time in both models. For Muğla, 
Antalya, Mersin, Adana, and Hatay, both models project 
increases of up to 2.5 points. Increases in annual means indi-
cate that periods that were previously unfavourable or less 

Fig. 5   6-Month time series of 
a) HCI: Urban b) HCI: Coast 
c) HCI: Combined for the MPI-
ESM-MR and HadGEM2-ES
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favourable in terms of tourism will become more favourable 
in the future (Fig. 6).

Discussion

Based on the findings of the HCI: Coast analysis, which 
examines the coastal districts, it is evident that the comfort 
variables have a positive effect on both the number of visi-
tors to the coastal areas of the selected regions and the dura-
tion of their stays in these places. A similar outcome was 
obtained in the case of HCI: Urban, with the exception of the 
HG-6-month analysis. This finding demonstrates that com-
fort variables are also effective in activities such as walking. 
The HCI: Combined analysis reveals that the comfort vari-
ables have a positive effect on both the number of tourists 
visiting the selected provinces and the number of overnight 
stays in these places, when considering the provincial aver-
age. The research findings validate existing literature stud-
ies that investigate the impacts of climate change on tourist 
comfort. These studies have identified favorable associations 
between arrival statistics and indices measuring tourist com-
fort (Demiroglu et al. 2020; Aygün Oğur and Baycan 2023). 
Previous research in the literature has provided evidence of 
a robust correlation between tourism indices and the num-
ber of overnight stays in various destinations (Moreno and 
Amelung 2009; Rosselló-Nadal 2014).

If the current climate projections of the IPCC are accu-
rate, popular destinations in the Mediterranean will experi-
ence a decline in attractiveness by the 2050s that can be 
attributed to the excessively high temperatures during the 
summer months, which coincide with peak holiday activity. 
Consequently, the optimal duration for vacationing in these 
destinations is expected to decrease. Furthermore, climate 
change scenarios indicate potential alterations, including 
the Mediterranean region experiencing a more favourable 
environment during the spring and autumn seasons (Ame-
lung and Viner 2006). A study that examines the relationship 
between changes in climate comfort levels and the num-
ber of international tourists using the TCI and a regression 
model suggests that climate change will likely lead to sig-
nificant declines in tourism demand, seasonal shifts, and 
the emergence of alternative destinations (Aygün Oğur and 
Baycan 2023).

The appropriateness of adaptation as a strategy for miti-
gating the tourism industry’s vulnerability to climate change 
has been acknowledged. The necessity of adapting to cli-
mate change is well recognized; however, it is arguable that 
the tourism industry lacks a comprehensive understanding 
of this requirement. Focusing on adaption techniques may 
prove to be a more straightforward and efficient approach 
once the potential impacts of climate change are compre-
hended (Dubois and Ceron 2006). The distinction between 

an impact and an adaptation study lies in this criterion. The 
assessment and understanding of vulnerabilities and corre-
sponding adaptation solutions necessitate a comprehensive 
examination of the impacts of climate change on a given 
system (IPCC 2022). The analysis of the impacts of climate 
change on a particular system necessitates a shift towards the 
assessment and understanding of the system’s vulnerabilities 
and the corresponding strategies for adaptation.

Adaptation to climate change aims to ensure that the strat-
egies implemented mitigate, cope with, and benefit from 
climate events. A sustainable approach to tourism destina-
tions requires having a long-term perspective. Tourism des-
tinations must respond to climate change through adapta-
tion in terms of tourist facilities and services (Fennell and 
Cooper 2020). The tourism sector can adopt some strategies 
to combat climate change and ensure sustainable tourism 
(Mooney et al. 2009): It can balance the carbon emissions 
created by tourism. It can reduce tourism’s impact on cli-
mate change by changing industry practices and consumer 
behaviour. Mitigation can be achieved through behavioural 
(e.g., changing travel patterns), technological (e.g., the 
movement towards electric vehicles), and policy approaches 
(Hopkins and Higham 2018). Tourism destinations and con-
sumer behaviour can be adapted to climate change. Collabo-
ration with climate scientists can be undertaken to increase 
understanding of the links between carbon emissions in 
tourism, climate change, and societal needs and adaptation. 
There is an increasing body of literature that aims to fore-
cast changes in travel patterns caused by climate change. 
The purpose of these publications is to provide guidance 
to the travel industry in terms of planning future operations 
and adapting to evolving climatic conditions (Gössling and 
Hall 2006). The adaptation strategies that are most com-
monly cited are efforts to diversify products or change des-
tinations. The proposal of diversifying tourism products 
has been put forth as a potential mechanism for adaptation, 
and it is widely acknowledged as an effective strategy for 
reducing vulnerability to economic and other crises (Dubois 
and Ceron 2006; Gómez-Martín et al. 2014). Considering 
the risks involved with climate change, it is arguable that 
implementing planned adaptation strategies may be the most 
reasonable approach. However, it is essential for the planned 
adaptation process to incorporate various components such 
as risk management planning, financing of the adaptation 
process, prioritization of research and development initia-
tives, education, and effective communication, as well as 
assuming accountabilities for all stakeholders, ranging from 
residents to governmental entities.

This research has certain limitations. The Ministry of Cul-
ture and Tourism provides data on tourist arrivals and over-
night stays dating back to 1976. Hence, there is a lack of data 
for the pre-1976 period. The study acknowledges the absence 
of reliable data regarding tourism activities in the selected 
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provinces, except for the number of tourists and overnight 
stays. A more thorough examination of historical and pro-
spective data may have been achieved by incorporating 
more indicators related to tourism. The study also provides 

recommendations for further investigation. The research 
in the literature sometimes lacks the inclusion of regional 
analyses pertaining to climate change, holiday comfort, and 
tourism activities. The primary objective of this study is to 

Fig. 6   Annual time series of a) 
HCI: Urban b) HCI: Coast c) 
HCI: Combined for the MPI-
ESM-MR and HadGEM2-ES
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address the existing knowledge gap within this particular 
domain. However, there is a need to enhance the scope of 
impact studies to prioritize research that is centred around 
adaptability in this particular field. There should be a greater 
emphasis on conducting additional validation procedures to 
assess tourist performance measures, such as visitor satisfac-
tion. Given the significance of short-term planning within the 
tourism industry, an analysis has been conducted to assess the 
near-future prospects. However, it is also possible to examine 
the long-term implications, such as those extending to the 
end of the century. The findings are expected to have signifi-
cant implications for many individuals and entities involved 
in the tourism industry, including tourists, tourism profes-
sionals, operators, stakeholders, and policymakers.

Conclusion

This study examines the annual and 6-month analyses of the 
HCI indices, specifically HCI: Coast, HCI: Urban, and HCI: 
Combined, utilizing data from 10 provinces (Adana, Antalya, 
Aydın, Balıkesir, Çanakkale, Edirne, Hatay, İzmir, Mersin, 
Muğla) between the years 1976 and 2020. It employs the 
panel fixed effects model to conduct an econometric analysis 
of the impact of comfort on tourist arrivals and overnight 
stays. Tourism, a sector deeply intertwined with environ-
mental conditions, faces significant challenges due to cli-
mate change, which directly affects tourists' comfort levels. 
As climate patterns change and extreme weather events 
become more frequent, the comfort and safety of tourists 
are increasingly compromised. Rising temperatures, unpre-
dictable weather conditions and environmental degradation 
can lead to discomfort and dissatisfaction for tourists. As 
a result, there appears to be a potential reduction in tourist 
numbers and overnight stays as a result of worsening comfort 
levels caused by climate change. As tourists prioritize des-
tinations with suitable climates and enjoyable experiences, 
destinations facing negative climate impacts may experience 
a decrease in the number of visitors. Implementing meas-
ures to combat climate change and increase tourist comfort is 
essential to ensure the sustainability of the tourism industry 
and its resilience in the face of environmental challenges.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00484-​024-​02704-7.

Author Contributions  Conceptualization, B.B., S.A., N.A., and M.T.T.; 
methodology, B.B., S.A., N.A., and M.T.T., software, B.B., S.A., Z.D., 
and M.T.T.; validation, S.A., N.A., and M.T.T.; formal analysis, B.B., 
S.A., and Z.D.; investigation, B.B., S.A., Z.D., N.A., and M.T.T.; 
resources, B.B., and S.A.; data curation, B.B., S.A., Z.D., and M.T.T.; 
writing—original draft preparation, B.B.; writing—review and edit-
ing, B.B., and S.A., visualization, B.B., and Z.D.; supervision, S.A., 
M.L.K.; project administration, S.A., M.L.K. All authors have read and 
agreed to the published version of the manuscript.

Funding  Open access funding provided by the Scientific and Tech-
nological Research Council of Türkiye (TÜBİTAK). This research 
received no external funding.

Data Availability  The datasets are available from the corresponding 
author upon reasonable request.

Declarations 

Competing Interests  The authors declare no conflict of interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Amelung B, Viner D (2006) Mediterranean tourism: Exploring the 
future with the tourism climatic index. J Sustain Tour 14(4):349–
366. https://​doi.​org/​10.​2167/​jost5​49.0

An N, Turp MT, Türkeş M, Kurnaz ML (2020) Mid-term impact of 
climate change on hazelnut yield. Agriculture 10(5):159. https://​
doi.​org/​10.​3390/​agric​ultur​e1005​0159

Atta-ur-Rahman DM (2017) Spatio-statistical analysis of temperature 
fluctuation using Mann-Kendall and Sen’s slope approach. Clim 
Dyn 48:783–797. https://​doi.​org/​10.​1007/​s00382-​016-​3110-y

Aygün Oğur A, Baycan T (2023) Assessing climate change impacts on 
tourism demand in Turkey. Environ Dev Sustain 25:2905–2935. 
https://​doi.​org/​10.​1007/​s10668-​022-​02135-7

Collins WJ, Bellouin N, Doutriaux-Boucher M, Gedney N, Hinton 
T et al. (2008) Evaluation of the HadGEM2 Model. Met Office 
Hadley Centre. https://​www.​inscc.​utah.​edu/​~reich​ler/​publi​catio​
ns/​papers/​Colli​ns_​08_​MetOf​fi ce_​74.​pdf. Accessed 2 Feb 2023

Cook BI, Anchukaitis KJ, Touchan R, Meko DM, Cook ER (2016) 
Spatiotemporal drought variability in the Mediterranean over the 
last 900 years. J Geophys Res Atmos 121(5):2060–2074. https://​
doi.​org/​10.​1002/​2015J​D0239​29

de Freitas CR (1990) Recreation Climate Assessment. Int J Climatol 
10(1):89–103. https://​doi.​org/​10.​1002/​joc.​33701​00110

de Freitas CR, Scott D, McBoyle G (2008) A second generation climate 
index for tourism (CIT): Specification and verification. Int J Biom-
eteorol 52:399–407. https://​doi.​org/​10.​1007/​s00484-​007-​0134-3

Demiroglu OC, Akbas A, Turp MT, Ozturk T, An N et al (2017) Case 
study Turkey: Climate change and coastal tourism: Impacts of 
climate change on the Turquoise coast. In: Jones A, Phillips M 
(eds) Global climate change and coastal tourism: Recognizing 
problems, managing solutions and future expectations. CABI, 
Boston, pp 247–262

Demiroglu OC, Saygili-Araci FS, Pacal A, Hall CM, Kurnaz ML 
(2020) Future Holiday Climate Index (HCI) performance of 
urban and beach destinations in the Mediterranean. Atmosphere 
11(9):911. https://​doi.​org/​10.​3390/​atmos​11090​911

https://doi.org/10.1007/s00484-024-02704-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2167/jost549.0
https://doi.org/10.3390/agriculture10050159
https://doi.org/10.3390/agriculture10050159
https://doi.org/10.1007/s00382-016-3110-y
https://doi.org/10.1007/s10668-022-02135-7
https://www.inscc.utah.edu/~reichler/publications/papers/Collins_08_MetOffice_74.pdf
https://www.inscc.utah.edu/~reichler/publications/papers/Collins_08_MetOffice_74.pdf
https://doi.org/10.1002/2015JD023929
https://doi.org/10.1002/2015JD023929
https://doi.org/10.1002/joc.3370100110
https://doi.org/10.1007/s00484-007-0134-3
https://doi.org/10.3390/atmos11090911


1786	 International Journal of Biometeorology (2024) 68:1773–1787

Doğanay H, Zaman S (2021) Tourism Geography of Türkiye. Pegem 
Akademi, Ankara

Dougherty C (2016) Introduction to econometrics. Oxford University 
Press, Oxford

Dubois G, Ceron JP (2006) Tourism and climate change: Proposals 
for a research agenda. J Sustain Tour 14(4):399–415. https://​doi.​
org/​10.​2167/​jost5​39.0

Fennell DA, Cooper C (eds) (2020) Sustainable tourism: Principles, 
contexts and practices. Channel View Publications, Bristol

Gao X, Giorgi F (2008) Increased aridity in the Mediterranean region 
under greenhouse gas forcing estimated from high resolution 
simulations with a regional climate model. Glob Planet Change 
62(3–4):195–209. https://​doi.​org/​10.​1016/j.​glopl​acha.​2008.​02.​
002

Giorgetta MA, Jungclaus J, Reick CH, Legutke S, Bader J et al (2013) 
Climate and carbon cycle changes from 1850 to 2100 in MPI-
ESM simulations for the Coupled Model Intercomparison Project 
phase 5. J Adv Model Earth Syst 5(3):572–597. https://​doi.​org/​
10.​1002/​jame.​20038

Giorgi F, Coppola E, Solmon F, Mariotti L, Sylla MB et al (2012) 
RegCM4: Model description and preliminary tests over multiple 
CORDEX domains. Clim Res 52:7–29. https://​doi.​org/​10.​3354/​
cr010​18

Gómez-Martín MB (2005) Weather, climate and tourism a geographi-
cal perspective. Ann Tour Res 32(3):571–591. https://​doi.​org/​10.​
1016/j.​annals.​2004.​08.​004

Gómez-Martín MB, Armesto-López XA, Cors-Iglesias M, Muñoz-
Negrete J (2014) Adaptation strategies to climate change in the 
tourist sector: The case of coastal tourism in Spain. Tour Int Inter-
discip J 62(3):293–308

Gössling S, Hall CM (2006) Uncertainties in predicting tourist flows 
under scenarios of climate change. Clim Change 79:163–173. 
https://​doi.​org/​10.​1007/​s10584-​006-​9081-y

Güçlü YS (2018) Multiple Şen-innovative trend analyses and partial 
Mann-Kendall test. J Hydrol 566:685–704. https://​doi.​org/​10.​
1016/J.​JHYDR​OL.​2018.​09.​034

Gujarati DN (2022) Essentials of econometrics. SAGE Publications, 
California

Hopkins D, Higham J (2018) Climate change and tourism: Mitigation 
and global climate agreements. In: Cooper C, Volo S, Gartner 
WC, Scott N (eds) The Sage handbook of tourism management. 
SAGE Publications, London, pp 422–436

IPCC (2021) Climate change 2021: The physical science basis. Con-
tribution of working group I to the sixth assessment report of the 
intergovernmental panel on climate change. Cambridge Univer-
sity Press, Cambridge. https://​report.​ipcc.​ch/​ar6/​wg1/​IPCC_​AR6_​
WGI_​FullR​eport.​pdf. Accessed 9 Jan 2023

IPCC (2022) Climate change 2022: Impacts, adaptation, and vulner-
ability. Contribution of Working Group II to the Sixth Assess-
ment Report of the Intergovernmental Panel on Climate Change. 
Cambridge University Press, Cambridge. https://​report.​ipcc.​ch/​
ar6/​wg2/​IPCC_​AR6_​WGII_​FullR​eport.​pdf. Accessed 9 Jan 2023

IPCC (2023) Climate change 2023: Synthesis report. Contribution 
of Working Groups I, II and III to the Sixth Assessment Report 
of the Intergovernmental Panel on Climate Change. Cambridge 
University Press, Cambridge. https://​www.​ipcc.​ch/​report/​ar6/​syr/​
downl​oads/​report/​IPCC_​AR6_​SYR_​Longe​rRepo​rt.​pdf. Accessed 
25 Mar 2023

Jones CD, Hughes JK, Bellouin N, Hardiman SC, Jones GS et al 
(2011) The HadGEM2-ES implementation of CMIP5 centennial 
simulations. Geosci Model Dev 4(3):543–570. https://​doi.​org/​
10.​5194/​gmd-4-​543-​2011

Kutiel H (2019) Climatic uncertainty in the Mediterranean Basin and 
its possible relevance to important economic sectors. Atmos-
phere 10(1):10. https://​doi.​org/​10.​3390/​atmos​10010​010

Lenzen M, Sun Y-Y, Faturay F, Ting Y-P, Geschke A et al (2018) The 
carbon footprint of global tourism. Nat Clim Change 8:522–528. 
https://​doi.​org/​10.​1038/​s41558-​018-​0141-x

Li H, Goh C, Hung K, Chen J (2018) Relative Climate Index and its 
effect on seasonal tourism demand. J Travel Res 57(2):178–192. 
https://​doi.​org/​10.​1177/​00472​87516​687409

Lionello P, Scarascia L (2018) The relation between climate 
change in the Mediterranean region and global warming. 
Reg Environ Change 18:1481–1493. https://​doi.​org/​10.​1007/​
s10113-​018-​1290-1

Mieczkowski Z (1985) The tourism climatic index: A method of 
evaluating world climates for tourism. Canadian Geographer/le 
Géographe Canadien 29(3):220–233. https://​doi.​org/​10.​1111/j.​
1541-​0064.​1985.​tb003​65.x

Ministry of Culture and Tourism. (n.d.). Konaklama istatistikleri. 
https://​yigm.​ktb.​gov.​tr/​TR-​201120/​konak​lamai​stati​stikl​eri.​html. 
Accessed 3 Feb 2023

Mooney H, Larigauderie A, Cesario M, Elmquist T, Hoegh-Guldberg 
O et al (2009) Biodiversity, climate change, and ecosystem ser-
vices. Curr Opin in Environ Sustain 1:46–54

Moreno A, Amelung B (2009) Climate change and tourist comfort 
on Europe’s beaches in summer: A reassessment. Coast Manage 
37(6):550–568. https://​doi.​org/​10.​1080/​08920​75090​30549​97

Morgan R, Gatell E, Junyent R, Micallef A, Özhan E et al (2000) 
An improved user-based beach climate index. J Coast Conserv 
6:41–50. https://​doi.​org/​10.​1007/​BF027​30466

Mundlak Y (1978) On the pooling of time series and cross section 
data. Econometrica 46:69–85

Nicholls RJ, Brown S, Goodwin P, Wahl T, Lowe J et al (2018) 
Stabilization of global temperature at 1.5°C and 2.0°C: 
Implications for coastal areas. Philos Trans Royal Soc A 
376(2119):20160448. https://​doi.​org/​10.​1098/​rsta.​2016.​0448

Ozturk T, Ceber ZP, Türkeş M, Kurnaz ML (2015) Projections of 
climate change in the Mediterranean Basin by using downscaled 
global climate model outputs. Int J Climatol 35(14):4276–4292. 
https://​doi.​org/​10.​1002/​joc.​4285

Ozturk T, Turp MT, Türkeş M, Kurnaz ML (2017) Projected changes 
in temperature and precipitation climatology of Central Asia 
CORDEX Region 8 by using RegCM4.3.5. Atmos Res 183:296–
307. https://​doi.​org/​10.​1016/j.​atmos​res.​2016.​09.​008

Ozturk T, Turp MT, Türkeş M, Kurnaz ML (2018) Future projec-
tions of temperature and precipitation climatology for COR-
DEX-MENA domain using RegCM4.4. Atmos Res 206:87–107. 
https://​doi.​org/​10.​1016/j.​atmos​res.​2018.​02.​009

Partal T, Kahya E (2006) Trend analysis in Turkish precipitation 
data. Hydrol Process 20(9):2011–2026. https://​doi.​org/​10.​1002/​
HYP.​5993

Perry AH (1972) Weather, climate and tourism. Weather 27(5):199–
203. https://​doi.​org/​10.​1002/j.​1477-​8696.​1972.​tb042​91.x

Rahman M, Lou Y, Sultana N (2017) Analysis and prediction of rain-
fall trends over Bangladesh using Mann-Kendall, Spearman’s 
rho tests and ARIMA model. Meteorol Atmos Phys 129:409–
424. https://​doi.​org/​10.​1007/​s00703-​016-​0479-4

Riahi K, Gruebler A, Nakicenovic N (2007) Scenarios of long-term 
socio-economic and environmental development under climate 
stabilization. Technol Forecast Soc Change 74(7):887–935. 
https://​doi.​org/​10.​1016/j.​techf​ore.​2006.​05.​026

Riahi K, Rao S, Krey V, Cho C, Chirkov V et al (2011) RCP 8.5—A 
scenario of comparatively high greenhouse gas emissions. Clim 
Change 109:33–57. https://​doi.​org/​10.​1007/​s10584-​011-​0149-y

Rosselló-Nadal J (2014) How to evaluate the effects of climate change 
on tourism. Tour Manage 42:334–340. https://​doi.​org/​10.​1016/j.​
tourm​an.​2013.​11.​006

Rutty M, Scott D (2010) Will the Mediterranean become “Too Hot” 
for tourism? A Reassessment Tour Hosp Plan Dev 7(3):267–281. 
https://​doi.​org/​10.​1080/​14790​53X.​2010.​502386

https://doi.org/10.2167/jost539.0
https://doi.org/10.2167/jost539.0
https://doi.org/10.1016/j.gloplacha.2008.02.002
https://doi.org/10.1016/j.gloplacha.2008.02.002
https://doi.org/10.1002/jame.20038
https://doi.org/10.1002/jame.20038
https://doi.org/10.3354/cr01018
https://doi.org/10.3354/cr01018
https://doi.org/10.1016/j.annals.2004.08.004
https://doi.org/10.1016/j.annals.2004.08.004
https://doi.org/10.1007/s10584-006-9081-y
https://doi.org/10.1016/J.JHYDROL.2018.09.034
https://doi.org/10.1016/J.JHYDROL.2018.09.034
https://report.ipcc.ch/ar6/wg1/IPCC_AR6_WGI_FullReport.pdf
https://report.ipcc.ch/ar6/wg1/IPCC_AR6_WGI_FullReport.pdf
https://report.ipcc.ch/ar6/wg2/IPCC_AR6_WGII_FullReport.pdf
https://report.ipcc.ch/ar6/wg2/IPCC_AR6_WGII_FullReport.pdf
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://doi.org/10.5194/gmd-4-543-2011
https://doi.org/10.5194/gmd-4-543-2011
https://doi.org/10.3390/atmos10010010
https://doi.org/10.1038/s41558-018-0141-x
https://doi.org/10.1177/0047287516687409
https://doi.org/10.1007/s10113-018-1290-1
https://doi.org/10.1007/s10113-018-1290-1
https://doi.org/10.1111/j.1541-0064.1985.tb00365.x
https://doi.org/10.1111/j.1541-0064.1985.tb00365.x
https://yigm.ktb.gov.tr/TR-201120/konaklamaistatistikleri.html
https://doi.org/10.1080/08920750903054997
https://doi.org/10.1007/BF02730466
https://doi.org/10.1098/rsta.2016.0448
https://doi.org/10.1002/joc.4285
https://doi.org/10.1016/j.atmosres.2016.09.008
https://doi.org/10.1016/j.atmosres.2018.02.009
https://doi.org/10.1002/HYP.5993
https://doi.org/10.1002/HYP.5993
https://doi.org/10.1002/j.1477-8696.1972.tb04291.x
https://doi.org/10.1007/s00703-016-0479-4
https://doi.org/10.1016/j.techfore.2006.05.026
https://doi.org/10.1007/s10584-011-0149-y
https://doi.org/10.1016/j.tourman.2013.11.006
https://doi.org/10.1016/j.tourman.2013.11.006
https://doi.org/10.1080/1479053X.2010.502386


1787International Journal of Biometeorology (2024) 68:1773–1787	

Rutty M, Scott D, Matthews L, Burrowes R, Trotman A et al (2020) 
An inter-comparison of the Holiday Climate Index (HCI:Beach) 
and the Tourism Climate Index (TCI) to explain Canadian tourism 
arrivals to the Caribbean. Atmosphere 11(4):412. https://​doi.​org/​
10.​3390/​ATMOS​11040​412

Samarasinghe JT, Wickramarachchi CP, Makumbura RK, Meddage P, 
Gunathilake MB et al (2023) Performances of Holiday Climate 
Index (HCI) for Urban and Beach Destinations in Sri Lanka under 
changing climate. Climate 11(3):48. https://​doi.​org/​10.​3390/​cli11​
030048

Dos Santos M, Moncada S, Elia A, Grillakis M, Hilmi N (2020) Devel-
opment. In: Cramer W, Guiot J, Marini K (eds) Climate and envi-
ronmental change in the Mediterranean basin – current situation 
and risks for the future: first Mediterranean assessment report. 
Union for the Mediterranean, Plan Bleu, UNEP/MAP, Marseille, 
pp 59–180. https://​www.​medecc.​org/​wp-​conte​nt/​uploa​ds/​2021/​
05/​MedECC_​MAR1_5.​1_​Devel​opment.​pdf. Accessed 7 Jan 2023

Scott D, Rutty M, Amelung B, Tang M (2016) An inter-comparison 
of the Holiday Climate Index (HCI) and the Tourism Climate 
Index (TCI) in Europe. Atmosphere 7(6):80. https://​doi.​org/​10.​
3390/​atmos​70600​80

D Scott, CM Hall, S Gössling, 2012 Tourism and climate change: 
Impacts, mitigation and adaptation Routledge, London https://​
doi.​org/​10.​4324/​97802​03127​490

Smith K (1990) Tourism and climate change. Land Use Policy 
7(2):176–180. https://​doi.​org/​10.​1016/​0264-​8377(90)​90010-V

Sylla MB, Pal JS, Wang GL, Lawrence PJ (2016) Impact of land 
cover characterization on regional climate modeling over 
West Africa. Clim Dyn 46:637–650. https://​doi.​org/​10.​1007/​
s00382-​015-​2603-4

Tang M (2013) Comparing the ‘Tourism Climate Index’ and ‘Holiday 
Climate Index’ in major European urban destinations [Master’s 
thesis, University of Waterloo]. UWSpace. http://​hdl.​handle.​net/​
10012/​7638. Accessed 8 Jan 2023

Türkeş M, Koç T, Sariş F (2009) Spatiotemporal variability of precipi-
tation total series over Turkey. Int J Climatol 29(8):1056–1074. 
https://​doi.​org/​10.​1002/​joc.​1768

Türkeş M (2022) Klimatoloji ve meteroloji. Kriter Yayınevi, Istanbul

Turp MT, Ozturk T, Türkeş M, Kurnaz ML (2014) RegCM4.3.5 
bölgesel iklim modelini kullanarak Türkiye ve çevresi bölge-
lerin yakın gelecekteki hava sıcaklığı ve yağış klimatolojileri 
ı ̇çin öngörülen değişikliklerin incelenmesi. Ege Coğrafya Der-
gisi 23:1–24

UNWTO (2021) Tourism highlights, 2020 edition. World Tourism 
Organization. https://​doi.​org/​10.​18111/​97892​84422​456

UNWTO (2022) Yearbook of tourism statistics: Data 2016 – 2020, 
2022 edition. World Tourism Organization. https://​doi.​org/​10.​
18111/​97892​84423​576

van Vuuren DP, Edmonds J, Kainuma M, Riahi K, Thomson A et al 
(2011) The representative concentration pathways: An overview. 
Clim Change 109:5. https://​doi.​org/​10.​1007/​s10584-​011-​0148-z

WHO (2016) World health statistics 2016: monitoring health for the 
SDGs sustainable development goals. WHO library cataloguing-
in-publication data. https://​www.​who.​int/​docs/​defau​lt-​source/​
gho-​docum​ents/​world-​health-​stati​stic-​repor​ts/​world-​heatl​th-​stati​
stics-​2016.​pdf. Accessed 8 Jan 2023

WTTC (2021) Travel & tourism economic impact 2021: global economic 
impact & trends 2021. The world travel & tourism council. https://​
wttc.​org/​Porta​ls/0/​Docum​ents/​Repor​ts/​2021/​Global%​20Eco​nomic%​
20Imp​act%​20and%​20Tre​nds%​202021.​pdf. Accessed 8 Jan 2023

Yu G, Schwartz Z, Walsh J (2009) A weather-resolving index for 
assessing the impact of climate change on tourism related cli-
mate resources. Clim Change 95:551–573. https://​doi.​org/​10.​
1007/​s10584-​009-​9565-7

Yu DD, Rutty M, Scott D, Li S (2021) A comparison of the holiday 
climate index:beach and the tourism climate index across coastal 
destinations in China. Int J Biometeorol 65:741–748. https://​doi.​
org/​10.​1007/​s00484-​020-​01979-w

Zengin B (2006) Tourism Geography. Değişim Yayınları, Sakarya
Zinzi M, Carnielo E (2017) Impact of urban temperatures on energy 

performance and thermal comfort in residential buildings: The 
case of Rome, Italy. Energy Build 157:20–29. https://​doi.​org/​10.​
1016/j.​enbui​ld.​2017.​05.​021

https://doi.org/10.3390/ATMOS11040412
https://doi.org/10.3390/ATMOS11040412
https://doi.org/10.3390/cli11030048
https://doi.org/10.3390/cli11030048
https://www.medecc.org/wp-content/uploads/2021/05/MedECC_MAR1_5.1_Development.pdf
https://www.medecc.org/wp-content/uploads/2021/05/MedECC_MAR1_5.1_Development.pdf
https://doi.org/10.3390/atmos7060080
https://doi.org/10.3390/atmos7060080
https://doi.org/10.4324/9780203127490
https://doi.org/10.4324/9780203127490
https://doi.org/10.1016/0264-8377(90)90010-V
https://doi.org/10.1007/s00382-015-2603-4
https://doi.org/10.1007/s00382-015-2603-4
http://hdl.handle.net/10012/7638
http://hdl.handle.net/10012/7638
https://doi.org/10.1002/joc.1768
https://doi.org/10.18111/9789284422456
https://doi.org/10.18111/9789284423576
https://doi.org/10.18111/9789284423576
https://doi.org/10.1007/s10584-011-0148-z
https://www.who.int/docs/default-source/gho-documents/world-health-statistic-reports/world-heatlth-statistics-2016.pdf
https://www.who.int/docs/default-source/gho-documents/world-health-statistic-reports/world-heatlth-statistics-2016.pdf
https://www.who.int/docs/default-source/gho-documents/world-health-statistic-reports/world-heatlth-statistics-2016.pdf
https://wttc.org/Portals/0/Documents/Reports/2021/Global%20Economic%20Impact%20and%20Trends%202021.pdf
https://wttc.org/Portals/0/Documents/Reports/2021/Global%20Economic%20Impact%20and%20Trends%202021.pdf
https://wttc.org/Portals/0/Documents/Reports/2021/Global%20Economic%20Impact%20and%20Trends%202021.pdf
https://doi.org/10.1007/s10584-009-9565-7
https://doi.org/10.1007/s10584-009-9565-7
https://doi.org/10.1007/s00484-020-01979-w
https://doi.org/10.1007/s00484-020-01979-w
https://doi.org/10.1016/j.enbuild.2017.05.021
https://doi.org/10.1016/j.enbuild.2017.05.021

	A synthetic approach to the Holiday Climate Index for the Mediterranean Coast of Türkiye
	Abstract
	Introduction
	Materials and methods
	Data
	Domain
	Climate data

	Methodology
	HCI computation
	Panel fixed effects model


	Results
	HCI trend analysis for the 1976–2020 period
	Results of the panel data analysis
	Arrivals
	Overnight stays

	Results for future HCI projections for the 10 provinces

	Discussion
	Conclusion
	References


