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ABSTRACT: Global warming leads to climate change and hence effects tourism activities. Bioclimatic comfort indices
are used to understand the changing climates of outdoor tourism. In this study, the models for the automatic calculation
of the tourism climate index (TCI), heat index (HI), and new summer simmer index (NSSI) from bioclimatic comfort
indices are used to determine the climatic conditions of outdoor tourism. The study compared the maps generated
by the models with those manually created maps in ArcGIS. In order to statistically reveal how accurately the models
produced maps, the relationship between the maps obtained from QGIS and ArcGIS software was assessed by linear
regression technique. As a result of the regression analysis performed on the data calculated as annual averages, the
R? value for all models was 1. The high R? value indicates that there is a very high correlation between three different
bioclimatic comfort index maps obtained from QGIS and ArcGIS software. As a result of this situation, these models
produced for use in open source QGIS software can be easily used for the evaluation of tourism activities. It has been
revealed that the model developed in QGIS can be used without producing maps using formulae in any GIS software.
The developed models can be accessed at https://github.com/efdalkaya/QGIS_Model (accessed on 10 December 2024)
in GitHub.

KEYWORDS: Remote sensing (RS); geographical information systems (GIS); QGIS modelling; tourism climate index
(TCI); heat index (HI); new summer index (SSI)

1 Introduction

While climate change has negative impacts that require global attention, it also causes significant losses
in terms of tourism in countries in different regions. In order to reduce these losses, effective tourism
planning is required. For this reason, the effect of climate on outdoor spaces must be determined. Climate
change does not only have negative impacts on the tourism sector. A different understanding of tourism can
emerge after all kinds of disasters suddenly occur worldwide. Mainly, the COVID-19 pandemic has caused
tourism activities to change in all countries of the world [1-4].

According to the United Nations Framework Convention on Climate Change, climate change refers
to alterations in the climate caused by human activities that disrupt the global atmosphere’s composition,
along with natural climate variations over similar timeframes. The World Meteorological Organization’s
2023 report reveals that between 1970 and 2021, 11,778 disasters attributed to climate change led to over 2
million global deaths and USD 4.3 trillion in economic losses due to extreme events like floods, droughts,
and storms [5]. The World Health Organization highlights that 3.6 billion individuals reside in the most
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affected regions by climate change. Between 2030 and 2050, about 250,000 people annually face the threat
of malnutrition, malaria, diarrhea, and heat stroke due to climate change alone [6,7].

Turkiye is one of the rare countries in the world where four seasons are experienced together due to
its location. With this feature, it will become a much more critical country regarding tourism in the coming
years. In addition to the four distinct seasons that Turkiye experiences, diverse climatic conditions also reveal
regional variations. Every region can realize different tourism activities during every season. The most crucial
factor in the uninterrupted realization of tourism activities at any time according to the seasons. Tourism
climate indices (TCI) developed to reveal the positive impact of these environmental conditions on tourism
in a planned manner can be used. TCI enables the daily or even hourly planning of tourism activities in
a region based on the weather conditions. Calculating TCI based on changing climatic conditions ensures
planned continuity in tourism activities. This continuity leads to an increase in the number of tourists visiting
countries while also contributing economically. TCI, HI, and SSI are among the most important indices
used in the planning of tourism activities worldwide [8-11]. These indices enable the sustainable planning of
tourism activities based on environmental conditions. Given that not all parts of the world experience the
same climatic conditions, we can use these indices to plan tourism activities that can withstand temperature,
humidity, and wind speed variations. These indices enable practical and sustainable tourism planning by
evaluating the environmental conditions in outdoor areas [9].

As a result of the developments in information technologies, the use of geographical information
has diversified. This situation has led to the emergence of Geographic Information Systems (GIS) as an
actor [12,13]. Many fields use GIS, including forestry, health, urban climate, air pollution, and climate
modeling. The software serves as a tool for creating GIS projects. Examples include ArcGIS, Maplnfo, Global
Mapper, QGIS, and GRASS. License fees are required to use most GIS software (ArcGIS, MapInfo, Global
Mapper, etc.). License fees create financially challenging situations for many institutions and organizations.
Conversely, individuals can utilize open-source software without incurring a license fee. Different users are
constantly developing new aspects of QGIS due to its simplicity and the ability to develop models with
different programming languages. For this reason, it differs from other open-source software. Open-source
QGIS software’s license fee-free nature and the ease with which scientific studies can implement various add-
ons and models lead to a daily surge in its user base. Researchers from various professional disciplines have
developed code scripts, plugins, and models for use in their studies. The tourism sector is shrinking during
pandemic periods. A study conducted to investigate the impact of air quality in Kocaeli Province during the
COVID-19 pandemic observed a decrease in air pollution levels. The study emphasizes the need to develop
plans to reduce air pollution when red alerts are issued [14]. A study was conducted in Rize Province using
ArcGIS software, elevation, aspect, slope, etc., map from GIS to identify potential avalanche areas [15]. The
Gaussian model in QGIS software analyzed the effect of plant emissions on land cover in the Kirkuk region
of Iraq after examining the models developed in the literature. Plant emission values were divided into four
classes, and pollution on land cover was classified [16]. Nielsen et al. (2017) presented a tool in their study
that pertains to the aquatic ecosystem in QGIS [17]. The goal of this tool is to evaluate aquatic ecosystem
models. This tool was created as a graphical interface. The interface performs 2D and 3D hydro-dynamic
ecosystem modeling. With another extension made with QGIS, a numerical weather forecasting model can
be developed. Numerical weather prediction models use different data sets. Instead of recalculating each time
with these data sets, a model called GIS4WRF was developed. After the model’s input parameters are defined,
numerical weather forecasts can be made. GIS4WRF combines new and existing tools for data processing,
configuration, simulation, and visualization in a single graphical environment and offers WRF-CMake
binary distributions for Windows, macOS, and Linux [18]. Molina-Navarro et al. (2018) developed the SWAT
plugin to control wetlands in watersheds, enabling the simulation of land use’s impact on water resources and
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the prediction of their future state [19]. With the THYRSIS model developed for hydrogeological modeling
that combines water and geological data, it is possible to model flow and transport from local to regional
areas at different scales [20]. Rainmondi et al. (2023) presented a physically based model for predicting the
spatial location of rain-induced shallow landslides using QGIS software [21]. A DEWS package (Distance,
Elevation, Watershed, and Slope Unit) was developed to automatically select reference rainfall indicators for
rainfall thresholds triggering landslides [22]. The Python programming language is used to develop a FSLAM
plugin within the QGIS software for rapid landslide susceptibility assessment in a region. This plugin utilizes
hydrological and geotechnical parameters to quickly evaluate landslide susceptibility in the desired area
within a short timeframe, such as a few minutes [23]. Evapotranspiration calculation using energy balance
models is complex. To overcome this complexity, a QGIS plugin called “QWaterModel” has been developed.
This model is based on the deriving atmosphere turbulent transport useful to dummies using temperature
(DATTUTDUT) energy balance model and uses land surface temperature. The developed plugin can be
easily used to calculate evapotranspiration thanks to its simple interface [24]. Another plugin developed for
the purpose of detecting human flow is the “MLIT People Flow Visualization Tool”. The “MLIT People Flow
Visualization Tool” was developed as a prototype in the 2022 People Flow Data Visualization Study conducted
by the Information Promotion Division, Real Estate and Construction Economy Bureau, Ministry of Land,
Infrastructure, Transport and Tourism. This tool was developed as a prototype to promote the utilization
of people flow data, aiming to provide an opportunity for users who have never handled people flow data
with GIS or BI tools to start utilizing people flow data. For this reason, they have packaged this tool by
focusing on expressions that are often used in visualizing people flow data to make it as easy as possible
to visualize [25]. Wilkinson et al. (2021) developed the Mapping Opportunity & Pressures for Sustainable
Tourism (MOPST) plugin. This plugin allows users to run multiple scenarios quickly and easily to understand
current and proposed tourism pressures and opportunities using a variety of data. It was created as part
of the BioCultural Heritage Tourism Project by the University of Exeter, Geospatial Training Solutions and
Devon County Council [26]. These packages are used to select representative rain gauges, an essential step
in defining empirical rainfall threshold models. Different researchers can download and use these models
within the software. QGIS has no package, module, or model for bioclimatic comfort indices to evaluate
tourism activities. This study has filled this gap in the literature.

In this study developed separate models that automatically calculate TCI, HI, and SSI in open-source
QGIS software. Because these indices are re-formulated every time they are calculated. To avoid re-
formulation, the models have been developed within the open-source QGIS software for use by everyone.
Due to these models, GIS software no longer requires formula calculations. Previous studies used GIS
software’s raster calculator tools to calculate the index maps. The desired bioclimatic comfort index is
calculated by typing the index formula into this tool. Examining the models’ formulas reveals that the HI
formula (Eq. (2)) primarily contains float-type coeflicients. These coeflicients can cause misspellings when
formulated within the raster calculator tool. This can lead to multiple repetitions of operations and significant
time and data loss. These models aim to prevent such errors. This study has prevented these errors and
repetitions. These coeflicients can cause misspellings when formulated within the raster calculator tool. This
can lead to multiple repetitions of operations and significant time and data loss. These models aim to prevent
such errors. This study has prevented these errors and repetitions. The raster calculator tool has the potential
to miswrite these coeflicients during formulation. These models effectively prevent such mistakes. This study
eliminates the need for repetition. Furthermore, the open-source and free QGIS software allows for the
integration and repeated use of the models. The fact that there is no difference between the three different
models and the raster-based maps produced due to the formulas written in ArcGIS confirms the models’
reliability. This study enriched the literature by developing models for evaluating tourism activities.
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This study requires raster-based maps to calculate the indices. Different inverse distance-weighted
interpolation methods converted the monthly averages of meteorological observation stations into raster-
based maps for the TCI calculation. The model selected these raster-formatted maps and automatically
generated the TCI map. The model developed to calculate HI and SSI values uses raster-based monthly
average temperature and monthly average humidity maps. Climate data provided to users by WorldClim was
used to calculate these indices. The model automatically generates HI and SSI maps by entering the relevant
parameters in the required places.

2 Materials and Methods
2.1 Study Area

Mersin Province was selected as the study area. Mersin is located in the south of Turkiye, between
32°56' and 35°11’ north latitude and 37°26" and 36°01’ east longitude, covering a large part of the Eastern
Mediterranean Basin, geographically located in the south of Turkiye. The study area is surrounded by Antalya
Province, one of the most important tourism destinations in the world, to the west; Adana Province to the
east; Karaman, Konya, and Nigde Provinces to the north; and the Mediterranean Sea to the south [27] (Fig. 1).
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Figure 1: Location of study area

Mersin has a Mediterranean climate with hot and dry summers and mild and rainy winters. The
Mediterranean climate classification places Mersin in the arid climate type with an aridity coefficient 0f 1.02,
while the DeMartonne climate classification places it in the semi-arid to humid climate type class with an
aridity index value 0f 10.71 [28]. The average annual precipitation is 615.5 mm, according to the average value
of the General Directorate of Meteorology (GDM) between 1940 and 2020. The majority of precipitation
occurs in the winter in the form of rain. The average annual temperature is 19.2°C. The highest temperature
is 23.4°C, and the lowest is 14.8°C. However, these values change as you move from the coast to higher
elevations [29,30]. The average duration of sunshine is 7.5 h, and the average number of rainy days is 79. On
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13 January 1950, researchers measured the highest snow thickness at 2 cm. The highest daily precipitation
was 199.5 mm on 26 December 1968 [31].

2.2 WorldClim Data

Between 1970 and 2000, high-resolution spatial data was produced worldwide using data from 9000 to
60,000 stations. The project’s scope produced maximum, average, and minimum temperature maps within
this data set every month. The data from the stations was processed using interpolation techniques and
converted into a raster format [32].

2.3 Calculation of Tourism Climate Index

The tourism climate index (TCI) is used to assess whether climate conditions are favorable for tourism.
TCI is calculated by combining two bioclimatic conditions and three climatic elements. The bioclimatic
elements are daylight comfort index and daily comfort index. The daylight comfort index is calculated by
dividing the temperature values in Fig. 2 by the relative humidity values. The daily comfort index is calculated
by dividing the temperature humidity values in Fig. 2. These calculations are applied to each meteorological
observation station used in the study. The values calculated at the stations are then generalized for the
entire study area using any interpolation technique. Interpolation, shortly, can be defined as the process
of estimating the measurement data at any location without actually taking measurements at that location,
using a developed mathematical model [33]. The Inverse Distance Weighted (IDW) interpolation method is
based on weighting the inverse of the distance between the support points and the point to be predicted. In
the IDW method, the aim is to reduce the influence of the distant point on the predicted value as the distance
to the support points increases. The formula used today to calculate the tourism climate index was first
developed in 1985 to assess climate impact on general tourism activities [10,34]. The TCI’s calculation theory
is based on the human body’s physiological response to climate. The TCI incorporates climate variables like
effective temperature, rainfall, wind, and solar radiation, all of which are crucial for tourists’ activities [34-
37]. This study calculated the TCI to assess the climatic impact of tourism in Mersin Province on human
health. Mieczkowski (1985) developed the formula (Eq. (1)) to calculate the TCI [31].
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Figure 2: Thermal comfort rating system for TCI [31], Copyright © 1985, Canadian Geographer
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TCI =2[4(CID) + CIA+2(R) +2(S) + W] 1)

where TCI is tourism climate index, CID is daytime comfort index (determined by maximum daily air
temperature in °C and minimum relative humidity in %), CIA is daily comfort index (average daily air
temperature in °C and average daily relative humidity in % are used), CID and CIA are calculated based
on Fig. 2. R is average monthly rainfall in mm (Table 1). Q is average daily insolation in hours (Table 2). W
is average wind speed in m/s or km/h (Table 3).

Table 1: The precipitation variable [31], Copyright © 1985, Canadian Geographer

Beaufort scale Precipitation (mm)

5.0 0.0-14.9
4.5 15.0-29.9
4.0 30.0-44.9
35 45.0-59.9
3.0 60.0-74.9
2.5 75.0-89.9
2.0 90.0-104.9
1.5 105.0-119.9
1.0 120.0-134.9

Table 2: Wind ratio scale [31], Copyright © 1985, Canadian Geographer

Wind speed (m/s) Beaufortscale Normal system Trade wind system Hot climate system

<0.79 1 5.0 2.0 2.0
0.80-1.59 2 4.5 2.5 1.5
1.60-2.50 2 4.0 3.0 1.0
2.51-3.39 2 35 4.0 0.5
3.40-5.49 3 3.0 5.0 0
5.50-6.74 4 2.5 4.0 0
6.75-7.99 4 2.0 3.0 0
8.00-10.70 5 1.0 2.0 0

>10.7 6 0 0 0

Table 3: Insolation variable [31], Copyright © 1985, Canadian Geographer

Rates 10 h or More
5.0 19-9 h 59 min
4.5 8-8 h 59 min
4.0 7-7 h 59 min
3.5 6-6 h 59 min
3.0 5-5h 59 min
2.5 4-4h 59 min

(Continued)
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Table 3 (continued)

Rates 10 h or More
2.0 3-3h 59 min
1.5 2-2h 59 min
1.0 h-1h 59 min

0 Lessthan1h

The formula in Eq. (1) produces the TCI map by multiplying the raster-based maps with the coefficients.
The graphin Fig. 2 is utilized to calculate CID and CIA. For each observation, the new value in the bioclimatic
comfort rating system is found after the maximum daily air temperature is proportioned to the minimum
relative humidity. Interpolation techniques transform these values into a raster-based map, resulting in
the production of the CID map. For CIA, average air temperature and relative humidity are proportioned
using Fig. 2, and new bioclimatic comfort rating system values are found. The CIA map is then converted
into a raster-based map with interpolation techniques, and the CIA map is produced. Tables 1-3 are used
during the production of R, S and W maps.

The rainfall values obtained from meteorological observation stations are converted into a new value
corresponding to the precipitation value in Table 1. Interpolation techniques transform this value into a
raster-based map. This map is substituted in the formula and used to calculate TCI. Examining Table 1 reveals
that areas with low rainfall have a high score value, while those with high rainfall have a low score value.

The wind speed values of the meteorological observation stations are converted into the new normal
system value corresponding to the wind speed value in Table 2. Interpolation techniques convert these values
into a raster-based map. This map is substituted in the formula and used to calculate TCI. Examining Table 2
reveals that the coefficient is low in high wind speed areas and high in low wind speed areas.

The sunshine duration value obtained from meteorological observation stations is converted into rates
corresponding to the 10 H or more value in Table 3. Interpolation techniques transform these values into a
raster-based map, which we then substitute in Eq. (1) to calculate TCI. Analysis of Table 3 reveals a linear
relationship between the insolation time and the coefficient. If the duration of sunshine is high, the coefficient
is high, while if the duration of sunshine is low, the coeflicient is low. More sunshine will lead to more daytime
tourism activities in the region.

Eq. (1) substitutes the raster-based maps created for TCI calculation, transforms the numerical values
into thematic maps based on the code column values in Table 4, and interprets the results according to the
climate category for tourism.

Table 4: TCI Index value and climate category [31], Copyright © 1985, Canadian Geographer

TCI value (%) Code Climate category
90-100 9 Ideal
80-89 8 Excellent
70-79 7 Very good
60-69 6 Good
50-59 5 Acceptable
40-49 4 Marginal

(Continued)
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Table 4 (continued)

TCI value (%) Code Climate category
30-39 3 Unfavorable
20-29 2 Very unfavorable
10-19 1 Extremely

unfavorable
-9-9 0 Impossible
-20--10 -1 Very impossible

According to the index values, Table 4 analyzes destinations between 60% and 69% as “good” destina-
tions with a climate suitable for tourism.

2.4 Calculation of Heat Index (HI)

In July 1995, more than 700 deaths occurred in Chicago, USA, in an attempt to investigate the
relationship between air temperatures and the bioclimatic comfort index [34]. This index examines the
relationship between ambient temperature and relative humidity. Studies on the heat index have observed
that variations in temperature and relative humidity can influence the felt temperature [35-37]. Eq. (2) [38]
provides the formula to calculate the heat index.

HI = (-42.379 + (2.04901523 % T) + (10.14333127  R) — (0.22475541  TR) — (6.83783 + TT)
— (5.481717 * RR) + (1.22874 + TTR) + (8.5282 * TRR) — (1.99 + TTRR)) )

where HI is heat index, T is air temperature (°F), R is relative humidty (%).

A classification is used to evaluate the results of the applied formulas. The classification used in the
results evaluation is given below. In evaluating the results obtained from the calculation, the classes given
in Table 5 were used for the classes of HI values.

Table 5: HI classification scheme [39], Copyright © 1990, Technology Attachment

Celcius (°C) Fahrenheit (°F) Impact of human body

<27 <80 Comfort
27-32 80-90 Caution
32-41 90-105 Extreme caution
41-54 105-130 Danger

>54 >130 Extreme danger

Table 5 reveals that individuals should exercise caution when venturing outdoors at temperatures
exceeding 27°C. Hazardous situations may occur, especially when the felt ambient temperature is higher than
54°C. Heat stroke, in particular, may occur in the human body [40].

2.5 New Summer Simmer Index (NSSI) Calculation

The Summer summer index, initially developed by Pepi in 1987 [40] and then developed by different
researchers in the following years, is an index that calculates the felt temperature using temperature and
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humidity based maps. In general, this index is based on scientific principles, verified by independent
physiological models, and supported by hundreds of tests on human individuals [41-43]. The most important
feature of this index is that the effect of temperature and humidity on the human body is proved by
testing. The concerns and discomfort caused by thermal stress on the human body are converted into
meaningful equivalent temperature values. During the creation of this index, the existing literature of the
past 75 years was analyzed and the deficiencies were removed. The Summer Temperature Index is based on
scientific principles, validated by independent physiological models, and supported by hundreds of tests on
human subjects. This index translated thermal stress and discomfort concerns into meaningful equivalent
temperature values. Existing literature from the past 75 years was reviewed, and gaps were identified. The
new summer simmer index (NSSI) was then created. Kansas State University tested and analyzed the results
from the work of the American Society of Heating and Refrigerating Engineers (ASHRAE). The SSI is the
only temperature-humidity index that uses proven physiological models and human testing results. It can
tulfill all subjective and objective requirements for a dry environment. Therefore, people can use it not only
as an indicator of their body temperature but also as a clear warning for those at risk of the physiological
hazards of heat exposure. Eq. (3) [40] calculates the index.

SSI=1.98 x (T, - (0.55—0.0055 % U,) * (T, —58) —56.83) (3)

where NSSI is new summer simmer index, T, is air temperature (°F), U, is relative humidity (%). Table 6
displays the classes of SSI values after the calculation.

Table 6 shows people’s thermal comfort classes according to the calculated SSI value.

Table 6: SSI classification scheme [41], Copyright © 2010, Industrial Health

SSI value (°F) Zone Thermal comfort class for human

70 <881 <77 1 Most people are comfortable, but slightly cool

77 < SS1< 83 2 Nearly everyone feels quite comfortable

83 <SSI<91 3 Most people are comfortable, but slightly warm

91 < SSI < 100 4 Increasing discomfort (warm)
100 < SSI < 112 5 A caution of sunstroke and heat exhaustion exists for prolonged exposure

and activity, along with significant discomfort (extremely warm)
Virtually everyone is uncomfortable, a danger of heatstroke and great
discomfort exists (hot)
125 < SSI < 150 7 There is an extreme danger of heatstroke, especially for the weakened or
elderly, and even young children. Maximum discomfort exists at these
conditions (extremely hot)
150 < SSI 8 Circulatory collapse is imminent for prolonged exposure

112 < SSI < 125

@)}

2.6 Model Development in QGIS for Tourism Climate Index

The ModelBuilder tool in QGIS software enables the design of numerous models for various purposes.
This tool enables the models to incorporate functions from the plug-ins downloaded into QGIS. This tool
enabled the realization of the model design.

Our main input parameters in the model produced for TCI calculation are CID, CIA, P, S, and W in
raster format. The values obtained from the ratio of CID and CIA values to the temperature and humidity
values in Fig. 2 should be converted into raster format using interpolation techniques. In the exact figure, the
parameters P, S, and W should be converted to the class values in Tables 1-3, respectively. Raster maps of these
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class values should be given as input parameters. In order to output the resulting map of the study area in
raster format, it is optional for the user to enter the pixel size and coordinate system information of the raster.
The model requests an output area within the polygon structure to obtain the desired area. This way, the user
can get the output at the desired pixel size and coordinate system information for the desired area (Fig. 3).
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Figure 3: TCI model design

2.7 Model Development in QGIS for Heat Index (HI)

The primary input parameters for HI calculations are raster-format air temperature and relative
humidity maps. It is optional to input the raster’s pixel size and coordinate system information to shape the
output. However, the output area must be entered as a polygon to produce a map according to an area. Upon
completion of the entered information, running the model activates the dialog window. This dialog displays
the model’s input parameters, after which the model generates the maps (Fig. 4). Tables 4 and 5 automatically
classify the generated maps based on the class values. Users can manipulate these class maps if they wish.

2.8 Model Development in QGIS for the New Summer Simmer Index (NSSI)

The American Meteorological Society introduced the SSI, a much more advanced form of comfort
indices used to determine bioclimatic comfort conditions for summer tourism, as the “New Millennium
Index” at its meeting in Long Beach, California, in July 2000. This index is based on the simultaneous effect
of temperature and relative humidity, which was revealed by studies conducted by ASHRAE and confirmed
by tests and analyses performed by Kansas State University using the results of physiological models that
have been validated for more than 75 years [40-43].

The primary input parameters for the SSI calculation are the air temperature and relative humidity maps
in raster format. It is optional to input the raster’s pixel size and coordinate system information to shape the
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output. However, the output area must be entered as a polygon to produce a map according to an area. After
completing the entered information, running both models activates the dialog window. This dialog displays
the model’s input parameters, after which the model generates the maps (Fig. 5). Tables 4 and 5 automatically
classify the generated maps based on the class values. Users can manipulate these class maps if they wish.
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Figure 5: SSI model design

There are two ways to run the created models. The first way is to call the model using the
Model Builder tool in QGIS. The algorithm is run with the run model command. The second method
involves locating the directory where QGIS stores the production models. The name of this directory is
“C:\Users\username\AppData\Roaming\QGIS\QGIS3\profiles\default\processing\models™

The generated models can be run automatically if placed in this directory. Detailed information about
the models and installation is available at https://github.com/efdalkaya/QGIS_Model (accessed on 16 January
2025). Users who want to use the models can download them from GitHub and run them using one of the
two methods mentioned above. The Model Builder tool allows users to open models and add desired features.


https://github.com/efdalkaya/QGIS_Model
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3 Results

The expectations of scientists conducting research in earth science are evolving due to advancements
in computer technology. They are looking for the answer to how to analyze the data obtained most recently.
The development of computer technology, especially in recent years, has positively impacted GIS technology.
Writers in various programming languages develop new scientific analysis techniques using open-source
software. The QGIS software continuously adds new analysis features and numerous add-ons. This study
has gained essential features for geoscientists and researchers working on tourism through the design of
models. Presenting the developed models to the users also allows different scientists to develop new models
by making edits to the plug-in.

Today, one can carry out tourism activities regardless of the time of day. This study modeled three
models for evaluating tourism activities in QGIS, making calculations possible without the need to write
formulas repeatedly (Fig. 6).
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Figure 6: (Continued)
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Figure 6: Dialog windows obtained by running (a) TCI, (b) HI and (c) SSI models

4 Discussion

The literature uses licensed and open-source software to calculate bioclimatic comfort indices. Licensed
and open-source software cannot directly calculate all bioclimatic comfort indices. Most studies [42-45] have
used the Raster Calculator tool in ArcGIS software to calculate TCI, HI, and SSI. Kaya (2023) used QGIS to
create a heat index map for Kocaeli Province [46]. He calculated the heat index using the Raster Calculator
tool in QGIS. Studies conducted in the literature using licensed software reveal its limitations. One cannot
conduct a study using licensed software without purchasing modules. This situation limits scientific studies.
However, open-source QGIS software has led to developing unique models and plug-ins for various fields.
Nowak et al. (2023) developed a plug-in that supports ecosystem services for agricultural landscapes [47].
With this model’s help, drought’s impact on biodiversity in agricultural areas can be analyzed. Celik (2023)
developed an open-source linear spectral separation tool for hyperspectral and multispectral images in the
model [48]. For each model developed, there are essential formulas. In the models developed in this study,
the formulas used to calculate TCI, HI, and SSI must be carefully written into the Raster Calculator tool in the
software each time. A mistake in the formulas can produce different class maps. These models, developed in
QGIS, have eliminated this scenario. Open-source software has made an essential contribution by enabling
the automatic calculation of climatic models for the first time in the literature. No software can directly
calculate these three models, but open-source QGIS software can quickly produce TCI, HI, and SSI maps.

Therefore, three indices developed for evaluating bioclimatic climate conditions for tourism were
modeled in QGIS software. Linear regression analysis was performed to investigate the accuracy of the
models. The information about the regression produced as a result of the analysis is shown in Fig. 7.
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Figure 7: Regression analysis results of different models

Fig. 7 shows the results of the regression analysis between the models produced in QGIS and the models
produced in ArcGIS software. As a result of the analyses performed for TCI, HI and SSI, R* value is 1. The
fact that the R* values of the models produced are 1 directly reveals that the models produced from QGIS
software can be used. In order to compare the maps produced as a result of the model, the Raster Calculator
tool in ArcGIS was used. Figs. 8-10 show the maps produced in both ways.

Fig. 8 shows the TCI map for Mersin Province. When the TCI classes for June are analyzed, perfect
classes are observed in Akdeniz, Camliyayla, Tarsus, Toroslar, Yenisehir districts, and the higher parts
of Silifke and Mezitli districts. Anamur, Aydincik, Bozyazi, Giilnar, Mut, and Silifke districts have good
environmental conditions for wet tourism activities. Mersin province can efficiently plan outdoor tourism
activities in June. Analyzing the TCI class map for July reveals that the outdoor sensible temperature values in
Giilnar, Mut, Erdemli, Mezitli, and Yenisehir districts are acceptable. Anamur, Akdeniz, Aydincik, Bozyazi,
Erdemli, Tarsus, and Silifke districts have a suitable outdoor temperature. During the hottest summer
months, perfect and excellent weather conditions are observed in Camliyayla and the higher parts of Toroslar
districts. This month, Taurus and Camliyayla districts can plan nature sports tourism activities. In general,
all kinds of tourism activities can be planned except for the places where acceptable temperature values are
observed. Analyzing the TCI class map for August reveals that only a few parts of Mut and Silifke experience
acceptable weather conditions, whereas most districts enjoy excellent outdoor temperatures. Activities for
nature tourism can be organized, especially in the higher parts of the Taurus region.
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Figure 8: The maps in the left section are the TCI maps produced using ArcGIS, and the maps in the right section are
the T'CI maps produced by running the model in the QGIS environment

TCI maps determine in which periods of the year the climatic conditions are ideal for touristic activities,
and different activities can be organized for tourists in periods with high TCI values. In addition, new tourism
destinations can be created for areas with high TCI values, and indoor activities can be created for areas with
low TCI values. While indoor activities can be organized in almost all of Mersin Province for June, indoor
activities can be organized especially in Mut, Silifke and Tasucu districts for July and August.

Fig. 9 shows the HI map for Mersin Province. Examining the HI classes for June reveals that all districts
are climatically comfortable, except a tiny area in Mut district that requires attention to temperature. When
the HI classes map for July and August is examined, the areas higher than the sea, especially Camliyayla,
Erdemli, Mezitli, and Toroslar districts towards the Taurus Mountains, are in the comfortable class, while
the temperature should be considered in other districts. One should not stay outdoors too much in these
districts when planning tourism activities.
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Figure 9: The maps in the left section are the HI maps produced using ArcGIS, and the maps in the right section are
the HI maps produced by running the model in the QGIS environment

Fig. 10 shows the SSI map for Mersin Province. Examining the SSI class map for June and July reveals
that all districts have excellent climatic conditions, except a small area in Mut district in July that falls into the
slightly excellent category. When the SSI class map for August is examined, it is seen that Camliyayla, Erdemli,
Mezitli, and Toroslar districts, which are higher than the sea, especially towards the Taurus Mountains, have
slightly cool areas, while almost all other districts are in the comfortable area class. Mut District and parts
of Anamur and Silifke districts near the sea have noticeably hot weather. Planning tourism activities should
consider these situations.

In addition, SSI maps for tourism facilities also enable the utilization of solar energy systems. The
utilization of solar energy systems by tourism facilities will also reduce the carbon footprint of the region. SSI
maps allow the establishment of outdoor activities, nature walks and camping areas due to the high sunlight
potential. Examining Figs. 8-10 reveals no difference between the maps produced by building the model and
those produced using ArcGIS software. It was revealed that the maps produced by running the model can
be easily used for various studies. In most of the study area, tourism activities can be carried out without
interruption. Only in certain periods, it is necessary to pay attention to the temperature, which is one of the
climate parameters, and not to stay too long under the sun.
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Figure 10: The maps on the left are SSI maps produced using ArcGIS, and the maps on the right are SSI maps produced
by running the model in the QGIS environment

5 Conclusion and Recommendation

Tourism is one of the most critical sectors that provides economic returns to constantly and rapidly
growing countries. Climatic conditions are one of the most important factors affecting tourism activities.
Climatic conditions directly affect the bioclimatic comfort of tourists participating in tourism activities
according to their activity types. Effective tourism planning relies on determining bioclimatic comfort
conditions. The world is facing almost irreversible climate change. This situation will affect every country
on the planet. These negative impacts on countries’ climates will cause a decrease in tourism activities in
the coming years. Mersin is one of the most critical provinces in Turkiye in terms of tourism. Mersin has a
variety of tourism activities in every season. Tourism plans should be created according to the climate change
scenarios experienced in this province. Tourism activities should be reorganized by considering bioclimatic
climate conditions, and plans should be prepared for the future.

In this study, TCI, HI, and SSI, which are used to assess tourism-oriented climatic conditions, were
designed as models in QGIS software. Temperature, humidity, precipitation, wind speed, and sunshine
duration were used to calculate TCI. When the maps produced using both the model and ArcGIS software
are examined, the TCI classes for Mersin Province in June, July, and August are “acceptable,” “good,” “perfect,’
and “excellent” Temperature and humidity parameters were used for HI. When the HI maps were classified
in terms of bioclimatic conditions, “comfort,” “caution,” and “extreme caution” were found. Especially in July

and August, it is essential for people’s health not to do outdoor activities during the daytime in the center of
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Mersin and Tasucu districts. Temperature and humidity parameters were used for SSI. Bioclimatic conditions
classified the SSI maps into “slightly cool,” “comfortable,” “slightly warm,” “warm,” and “extremely warm.
According to the class map, people should not stay outside for too long in July and August for outdoor tourism
activities in Anamur Center, Mersin Center, Tarsus Center, and Tasucu Center. Climatic conditions may
cause health problems. June has favorable climatic conditions for tourism activities in Mersin. Plan tourism
activities in mountainous areas away from city centers in July and August. Overall evaluation of the study
results reveals that Mersin Province can plan various outdoor activities for the summer season. However,
some city centers should plan long-stay outdoor tourism activities in July and August. It is more climatically
appropriate to plan tourism activities at higher elevations. Mersin Province can enhance its tourism potential

by offering various activities throughout the summer.

This study not only designed a model to evaluate tourism activities in Mersin but also went beyond
that. These models, developed in QGIS to predict tourism demand changes due to climate change, can be
applied to various regions for effective planning. Climate change can cause extreme weather events, changing
temperature conditions and local microclimatic changes. In this context, bioclimatic maps produced with
QGIS support the adaptation of the site to climate change. In addition, with QGIS, risk mapping in the
context of bioclimatic comfort and accurate resource management can be carried out through decision
support tools. Risk analyses can be conducted based on tourism climate indices by utilizing various datasets
in the tourism sector. According to the results of these analyses, forecasts and predictions can be made
to determine future tourism activities. Due to the software’s open-source nature, QGIS software allows
for rapidly developing versatile models, facilitating accurate predictions and forecasts. The study aims to
develop new models and plug-ins in later stages to precisely calculate additional bioclimatic comfort indices.
These models and plug-ins are anticipated to support various studies across professional fields by offering
accessibility to diverse disciplines. In this manner, researchers from various backgrounds can collectively
contribute to the scientific community by adapting the models to their research. The results of this article will
aid in advancing new research focused on assessing the impacts of climate change on tourism through the
utilization of QGIS software. Using web-based applications to present analysis results can serve as a valuable
guide for users and stakeholders in the tourism sector. In addition, this study is planned to be converted into
an extension that allows more climate models to be calculated in the future.
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