
Chapter 33 
Evaluating the Spatial Distribution 
of Thermal Comfort Conditions 
in a High, Elevated Lakeside City, Van 

Savaş Çağlak 

Abstract Thermal comfort can be defined as the state of people feeling comfort-
able/happy in their environment. This study is aimed to explain the distribution of 
thermal comfort conditions in the city of Van, which is a historical city with a high 
altitude established on the shores of Lake Van. In the study, the data of three meteo-
rology stations was evaluated according to the physiological equivalent temperature 
(PET) index, and their spatial distribution was explained by taking into account 
many variables related to the field with Geographic Information Systems (GIS). As a 
result of the study, cold stress perceptions were dominant in the city from November 
to March, and “slightly warm” and “warm” stresses were dominant in the summer 
season. During the transition seasons, “slightly cool” stress and “comfortable” condi-
tions are effective. Due to urbanisation, it has been observed that city centres have 
different thermal comfort conditions compared to the rural and semi-rural areas 
around them, and the thermal conditions of the city have slightly milder characteris-
tics than the effect of Lake Van. For sustainable urbanisation, it is necessary to make 
urban design and planning with a geographical perspective that takes into account 
human, ecological and physical conditions. 

Keywords Thermal comfort · Urban climate · Lakeside city · PET · Van 

Introduction 

Climate, which is the most important composition of the natural environment, has an 
impact on all human activities. Distribution of world population, economic activities, 
transportation, tourism, health, culture, architecture, settlement, etc. activities are 
under the control of the climate. Within the settlements, cities are the places where 
inventions that change the age of humanity are developed, socio-economic progress 
is recorded, and cultural interactions accelerate. Thanks to these features, cities are 
universal heritage areas of human history with their intangible and tangible cultural
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features (Author, 2006). However, the migration from rural to urban areas, which 
gained momentum with the industrial revolution, caused the number of cities to 
increase and their areas to expand. As a result of this situation, urban areas have been 
covered with impermeable surfaces such as asphalt and concrete, green areas in the 
city have been destroyed, and the air quality of the cities has deteriorated with the 
use of motor vehicles, industrial and domestic wastes. Due to all these factors, cities 
have had different climatic conditions from the semi-rural and rural areas around 
them. This situation has been demonstrated in many studies conducted in different 
parts of the world (Lerner 1964; Oke  1973; Mayer 1993; Unger 1999; Çiçek and 
Doğan 2005; Charalampopoulos et al. 2013; Türkeş and Erlat 2017). 

With the increasing level of knowledge and technological developments, many 
studies have begun to study thermal comfort conditions, which are the state of feeling 
the common effect of all climate elements, according to the specific climatic condi-
tions of each city. In the most general sense, thermal comfort can be defined as 
the state of feeling comfortable or comfortable/happy in the thermal environment 
(air temperature, relative humidity, wind, solar radiation, mean radiant temperature, 
etc.) (Olgyay 1973; Sungur 1980). It can also be expressed as a state of thermally 
undisturbed or neutral discomfort between uncomfortable heat and uncomfortable 
cold (Parsons 2003). In uncomfortable conditions, there are many social, economic 
and physical negativities such as decrease in people’s welfare and happiness, health 
problems and increase in energy use, decrease in work efficiency (Anderson and 
Bell 2009; Nastos and Matzarakis 2011; Scherber et al. 2014; Huang et al. al. 2015; 
Błażejczyk et al. 2018; Fallah and Mayvaneh 2012; Aboubakri et al. 2020). The first 
studies started in the early 1900s (Haldane 1905) in order to present the thermal 
comfort conditions in a concrete way, and it has become an important issue with the 
methods developed day by day. Today, more than 100 thermal comfort indices have 
been developed, and bibliographic studies have been conducted on them (Lands-
berg 1972; Driscoll 1992; Epstein and Moran 2006; Parsons 2014; de Freitas and 
Grigorieva 2015). Thermal comfort indices, which were started to be developed to 
increase the work efficiency of the employees, are used in areas such as the outdoor 
conditions of cities, tourism-climate relations, human health, climate change and 
energy consumption, especially in the temperate zone. Among these indices, the 
physiological equivalent temperature (PET) index, which is widely used to deter-
mine the outdoor thermal conditions, especially in urban areas. In addition, PET 
index is an ideal tool for calculating human thermal comfort in different climate 
types (Toy 2010). The PET index is the latitude, longitude, elevation, etc. of the 
studied area. The radiation model, which can be entered in information and works 
in all computer operating systems, is calculated with RayMan software (Matzarakis 
et al. 2000). Therefore, the PET index was used in the study. 

With the increase in urban areas, energy transfer, specific heat, albedo, humidity, 
evaporation, precipitation, air pollution, anthropogenic heat, impermeability of 
surfaces, thermal properties of materials used on surfaces and surface geometry 
change the thermal comfort conditions of cities (Oke 1981). Urban areas have more 
burning, suffocating and suffocating thermal conditions than the surrounding rural 
areas. Clarke and Bach (1971) stated that the suburbs in the city of Cincinnati, Ohio,
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USA, are more comfortable than the city centre, and this difference is most visible 
in the evening hours. Mayer (1993) found that wooded environments in Munich, 
Germany, are more comfortable than treeless environments. It has also been revealed 
in Szeged, Hungary (Unger 1999), a central European city where urban areas are 
more uncomfortable than rural areas, and Warsaw and Łodz, Poland (Blażejczyk 
et al. 2016). Çiçek (2003) stated that in the capital city of Turkey, Ankara, higher 
temperature stresses are experienced in the urban area during the summer season. In 
another study conducted in Ankara, it was stated that different thermal conditions 
were experienced according to the land texture of the city, and these differences 
were more pronounced at night (Türkoğlu et al. 2011). Such unfavourable comfort 
conditions due to urbanisation are located in Erzurum (Toy) in the northeast of Turkey. 

Location and Properties of Study Area 

The city of Van is located in Eastern Turkey, in the Middle East Anatolian Region 
(TRB2 Level 2 Region), on the Iranian border. The city was established between 
latitudes 38° 36' N—38° 25' N and longitudes 43° 29' E—43° 18' E, at an altitude 
of 1627–2000 m, and on the shores of Lake Van, Turkey’s largest lake (Fig. 33.1). 
Lake Van ranks fourth among the closed lakes in the world and has the distinction 
of being the largest soda lake in the world (Koyuncu and Karakılçık 2019).

Van city, BC, it became the capital of the Urartians between 850 and 585 years 
and therefore has a historical texture that reflects the Urartian heritage (Eriçok 2019). 
Van, which has been an important city since the past, has had a dense population 
due to the urbanisation movements experienced all over the world after the industrial 
revolution. The city of Van has metropolitan status and consists of Tusba, İpekyolu 
and Edremit district centres. According to the 2021 Turkey Static Institution (TSI) 
data, the total population is 631,827, with 163.320 people in Tusba district, 339.952 
people in İpekyolu district and 128.555 people in Edremit district. 

According to Köppen-Geiger (Csa) in the city of Van, which has a high altitude 
on the shores of Lake Van, the climate is mild in winter, very hot in summer and 
dry, according to De Martone; steppe—semi-humid and according to Thornthwaite; 
(C1) semi-arid—less humid, according to Erinç; semi-humid climatic conditions are 
experienced (Bölük 2016). 

In the city where continental climate conditions are experienced, the annual 
average temperature is 9.4 ˚C, the maximum average temperature is 28.5 ˚C in 
August, and the minimum average temperature is −7.6 ˚C in January, according 
to long term (1960–2020) averages. The total annual precipitation is 392.8 mm, the 
highest precipitation falls in the spring and autumn seasons, and the least precip-
itation falls in the summer season. The annual average relative humidity is 57%, 
the annual average wind speed is 2.3 (m/s), and the annual average cloud cover is 
3.7 (octa) (Table 33.1 and Fig. 33.2). Due to the high elevation in the east of the city 
and the presence of Lake Van in the west, east–west winds are effective. In addition,
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Fig. 33.1 Location map of the Van city

northeast winds from the hilly areas in the northeast of the city towards the city are 
also effective (Fig. 33.2).

According to the annual average values, in the city of Van, the mean temperature 
ranges between 7.5 and 9.6 ˚C, the maximum temperature ranges between 13.5 and 
15.6 ˚C, and the minimum temperature ranges between 1.9 and 3.9 ˚C. While the 
highest values are observed along the coast of Lake Van, the values decrease with 
the increase in altitude from the coast to the interior. The total annual precipitation 
in the city ranges between 379 and 602 mm. While precipitation decreases along the 
coast of Lake Van, precipitation increases from the coast towards the interior. The
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Table 33.1 Average and extreme meteorological values of the city of Van (1960–2020) 

Months Mean 
temperature 
(°C) 

Maximum 
temperature 
(°C) 

Minimum 
temperature 
(°C) 

Precipitation (mm) Relative 
humidity 
(%) 

Wind 
velocity 
(m/s) 

Cloud 
cover 
(octa) 

1 −3.1 2.0 −7.6 35.3 68.0 2.0 5.3 

2 −2.5 2.7 −7.1 32.7 68.0 2.0 5.2 

3 1.6 6.6 −2.8 46.6 68.0 2.0 5.2 

4 7.8 12.9 2.6 55.1 61.0 2.5 5.1 

5 13.2 18.6 7.1 45.4 56.0 2.3 4.2 

6 18.3 24.0 10.9 18.6 49.0 2.3 2.2 

7 22.3 28.3 14.7 6.3 45.0 2.4 1.7 

8 22.2 28.5 14.6 5.8 43.0 2.4 1.2 

9 17.8 24.4 10.8 15.5 45.0 2.5 1.4 

10 11.3 17.4 5.7 46.5 59.0 2.3 3.6 

11 4.9 10.3 0.4 47.1 66.0 2.2 4.5 

12 −0.4 4.5 −4.6 37.9 67.0 2.1 5.3 

Annual 9.4 15.0 3.7 392.8 57.0 2.3 3.7 

Fig. 33.2 Diagrams showing the climatic characteristics of the city of Van (1960–2020)

mean relative humidity is between 57 and 69%, while the relative humidity values are 
low in the urban area, and it increases in the urban peripheries. Mean wind velocity 
is between 0.8 and 3.6 (m/s). While the wind velocity is low due to the effect of 
buildings in the urban area, it increases in the city peripheries and the high areas to 
the southwest of the Bostaniçi Pond (Fig. 33.3).
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Fig. 33.3 Maps showing the climatic characteristics of the city of Van (1960–2020) 

Materials and Methods 

In the study, between 2015 and 2021 (7 years), hourly, temperature, relative humidity, 
wind speed and cloudiness data were used. Meteorology station 17170 is located at 
an altitude of 1665 m in the open area at Ferit Melen Airport, at an altitude of 1675 m 
in the urban area consisting of surfaces with built surfaces of meteorology station 
17172, and meteorological station 17482 is at an altitude of 1647 m on the shore 
of Lake Van. Meteorology stations are located at close elevations and on different 
terrains (Table 33.2 and Fig. 33.4). 

The first scientific approach to thermal comfort was formed by Heberden (1826) 
and noticed that humidity affects the temperature felt by humans as well as air 
temperature. But the first serious work was done by Haldane (1905). The first biocli-
matic comfort index was the effective temperature index developed by Houghton and 
Yagloglou (1923). More than 100 indices have been developed to determine thermal 
comfort conditions, and bibliographic studies have been conducted on them (Lands-
berg 1972; Epstein and Moran 2006; de Freitas and Grigorieva 2015). Examples of 
indices used in thermal comfort studies are given in Table 33.3 according to their 
historical development.

Table 33.2 Meteorology stations used in the study 

Station code Latitude Longitude Altitude (m) Surface 

17170 38° 28' 08.4" N 43° 20' 13.2" E 1665 No structure 

17172 38° 28' 09.5" N 43° 20' 45.6" E 1675 Structured area 

17482 38° 30' 46.0" N 43° 18' 22.0" E 1647 Lake shore
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Fig. 33.4 Meteorology stations used in the study

Among these indices, the radiation model RayMan, which is widely used in the 
world, was used. The RayMan model calculates both atmospheric factors (temper-
ature, relative humidity, wind speed, cloudiness and solar radiation) and personal 
factors (clothing, activity, metabolic processes, etc.) together in determining thermal 
comfort conditions (Matzarakis and Mayer 1999). The physiological equivalent 
temperature (PET) index obtained from the model is calculated by taking into account 
all the effects of the thermal environment on humans (short and long wave solar radia-
tion, air temperature, relative humidity and wind speed) and the thermo-physiological 
conditions of the human body (clothing type and activity) (Höppe 1999; Matzarakis 
and Mayer 1999; Gulyas et al. 2006). Details about the RayMan model are given
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Table 33.3 Examples of some of the thermal comfort indices 

Year Index Short Researcher 

1923 Effective temperature ET Houghten and Yagloglou 

1937 Operative temperature OP Winslow, Herington and Gagge 

1945 Wind chill temperature WCT Siple and Passel 

1959 Discomfort index D Thom 

1970 Predicted mean vote PMV Fanger 

1971 Standard effective temperature SET Gagge et al 

1984 Physiological equivalent temperature PET Höppe 

2000 Universal thermal climate index UTCI COST Action 730

in the studies (Matzarakis et al. 2007, 2010; Fröchlic et al. 2018). Thermal sensa-
tion levels of PET index were determined by considering a 35-year-old, 175 cm tall, 
75 kg, male, healthy individual with 0.9 clothing load and 80 W workload (Höppe, 
1999; Matzarakis and Mayer 1999; Table 33.4). 

Geographic Information Systems (GIS) technology, which has developed in recent 
years, is used in the spatial distribution of thermal comfort conditions. Interpolation 
methods are based on station data with GIS software; IDW, Kriging, CoKriging, 
Radial Basis Functions, etc. (Matzarakis et al. 2010; Caliskan 2012; Daneshvar et al. 
2013; Ketterer and Matzarakis 2016). However, the variables related to the land 
cover are not taken into account in the comfort maps produced by these techniques. 
Therefore, in the study, solar radiation, average radiant temperature, wind speed, 
aspect, etc. The newly developed model approach, which takes into account the 
variables related to the land cover and was found to be more than 95% reliable 
in the spatial distribution of thermal comfort conditions (PET), was used (Çağlak 
2021). In this method approach, the distribution of PET values is determined by the 
ArcGIS 10.5 program (demo version) from the Geographical Information Systems

Table 33.4 Human thermal 
sensation and stress ranges 
for PET (Matzarakis and 
Mayer 1999) 

PET (°C) Thermal sensation Level of thermal stress 

<−4.0 Extreme cold Freezing cold stress 

−3.9–0.0 Very cold Extreme cold stress 

0.1–4.0 Moderate cold Strong cold stress 

4.1–8.0 Cold Moderate cold stress 

8.1–13.0 Cool Cool stress 

13.1–18.0 Slightly cool Slight cold stress 

18.1–23.0 Neutral (comfortable) No thermal stress 

23.1–29.0 Slightly warm Slight warm stress 

29.1–35.0 Warm Moderate heat stress 

35.1–41.0 Hot Strong heat stress 

>41.0 Very hot Extreme heat stress 
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Table 33.5 Parameters 
affecting the spatial 
distribution of the PET index 
(Steeneveld et al. 2011; 
Koopmans et al. 2018, 2020; 
Perkhurova et al. 2019) 

Parameters Change PET (˚C) 

Wind velocity 1 (m/s) 2.50 

Mean radiant temperature (mrt) 1 ˚C 0.6 

Elevation 100 (m) 0.5 

Solar radiation (time 14:00) 100 (w/m2) 0.4 

Solar radiation (time 07:00) 100 (w/m2) 1.2

software; altitude, land use, solar radiation, mean radiant temperature (MRT) and 
wind speed base maps (Table 33.5 and Fig. 33.5). In the method, first of all, PET 
values of meteorology stations in the field were distributed to the surface using Inverse 
Distance Weighted (IDW), one of the interpolation techniques. This technique is 
mostly the preferred method for generating grids by interpolation from sample point 
data. Then, taking into account the elevation, land cover, wind velocity, mean radiant 
temperature and solar radiation bases, in Table 33.4, the PET distribution obtained 
by the IDW technique was recalculated. Then, the values were classified according to 
the thermal comfort ranges of the PET index. In this calculation, the raster calculator 
tool in ArcGIS 10.5 software was used. Because the sun’s position on the horizon 
changes throughout the day, the solar radiation base map time of day must be taken 
into account (Fig. 33.5). 

Wind speed maps are arranged as 1.1 m, which constitutes the reference level of 
the centre of gravity of the human body (Nastos et al. 2013; Nastos and Matzarakis 
2019). The wind speed data obtained from the meteorology station was evaluated 
according to 1.1 m using the following formula (Eq. 33.1). 

WS1.1 = WSh · (1.1/h)a (33.1) 

In the equation, a = 0.12 · z0 + 0.18; 
WSh: wind speed value measured at altitude (m/s) (usually 10 m). 
H: height of the station (usually 10 m). 
A: an empirical exponent based on surface roughness. 
z0: surface roughness length (Troen and Petersen 1989). 
The roughness length (z0) value was obtained from the European Wind Atlas. 

Results 

The spatial distribution of the thermal comfort conditions of the city of Van was 
prepared monthly as mean, maximum and minimum. The distribution of thermal 
comfort conditions was followed in astronomical seasonal order to explain similar 
conditions one after another throughout the year.
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Fig. 33.5 Base maps used in the spatial distribution of thermal comfort conditions

Mean Conditions 

According to the distribution of monthly average thermal comfort conditions, in 
December, ‘very cold’ stress is perceived in urban areas and ‘extreme cold’ stress in 
areas on the periphery of the city. While ‘very cold’ stress is perceived in the majority 
of the city in February, ‘moderate cold’ stress is perceived in densely populated areas 
in the city, and ‘extreme cold’ stress is perceived in high areas on the city periphery. 
In March and November, ‘cold’ stress is experienced in medium and dense urban 
areas, ‘moderate cold’ stress in low-density urban areas and ‘very cold’ stress in 
non-residential high areas of the city. While ‘cool’ stress was dominant in the urban 
area in April, ‘slightly cool’ stress was determined in dense and high-rise areas in the 
city, and ‘cold’ stress was determined in the hilly area in the Tusba district. While 
the ‘slightly cool’ stress is effective in May, ‘comfortable’ conditions in the densely 
textured urban area and ‘cool’ stress in the hilly area of the Tusba district are effective. 
‘Slightly warm’ stress is experienced in the middle and densely textured urban area 
in June, ‘comfortable’ conditions on the city periphery and ‘slightly warm’ stress in 
the city in July and August, and ‘warm’ stress is experienced in dense and high-rise 
buildings in İpekyolu district. While ‘comfortable’ conditions are dominant in the
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city in September, ‘slightly warm’ stress is also seen in dense and high-rise buildings 
in the İpekyolu district. In October, ‘slightly cool’ stress is perceived in urban areas 
and ‘cool’ stress in urban peripheries (Fig. 33.6). 

Fig. 33.6 Distribution of monthly average thermal comfort conditions of the city of Van
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Maximum Conditions 

According to the monthly maximum thermal comfort conditions, ‘extreme cold’ 
stress was not determined in any month in Van. In December, ‘cold’ stress is perceived 
in medium and densely textured urban areas, and ‘moderate cold’ stress is perceived 
in low-density urban areas and city peripheries. In January, ‘moderate cold’ stress 
in urban areas and ‘very cold’ stress in urban peripheries were determined in ‘cold’ 
stressed areas. In February, ‘cold’ stress is experienced in urban areas, ‘moderate 
cold’ stress is experienced in urban peripheries, and ‘cool’ stress is experienced in 
dense and high-rise buildings. In March and November, the ‘cool’ stress prevails in 
the city. In April, ‘comfortable’ conditions are perceived in the medium and densely 
textured urban area, while ‘slightly cool’ stress is perceived in other areas. ‘Slightly 
warm’ stress in the urban area in May, ‘comfortable’ conditions in the city periphery, 
‘warm’ stress in the urban area in June, ‘slightly warm’ stress in the city periphery 
and ‘hot’ stress in the city in July are effective. In August, ‘hot’ stress is perceived in 
densely textured urban areas, and ‘warm’ stress in other areas. Although the ‘slightly 
warm’ stress was dominant in the city in September, ‘warm’ stressed areas were also 
seen. While ‘comfortable’ conditions are experienced in the majority of the city in 
October, ‘slightly warm’ stress is experienced in the high areas of the city (Fig. 33.7).

Minimum Conditions 

According to the minimum thermal comfort conditions, from December to March in 
the city of Van, ‘extreme cold’ stress with freezing effects is experienced throughout 
the field. ‘Moderate cold’ stress in urban areas in April, ‘very cold’ stress in urban 
areas, ‘cool’ stress in urban areas in May, ‘cold’ stress in urban areas, ‘slightly 
cool’ stress in urban areas in June and ‘cool’ stress in urban areas were determined. 
‘Comfortable’ conditions in the urban area in July, ‘slightly cool’ stress in the city 
periphery, ‘comfortable’ conditions in the medium and dense urban area in August 
and ‘slightly cool’ stress in the low-density urban area and the city periphery were 
determined. While the ‘slightly cool’ stress is experienced in the densely textured 
urban area in September, the ‘cool’ stress is experienced in other areas. In October, 
‘cold’ stress in urban areas and ‘moderate cold’ stress in urban peripheries were 
determined. In November, ‘extreme cold’ stress is dominant in the city, but ‘very cold’ 
stress is effective in dense and high-rise buildings in İpekyolu district (Fig. 33.8).
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Fig. 33.7 Distribution of monthly maximum thermal comfort conditions of the city of Van

Percentages of Spatial Distributions of Thermal Comfort 
Conditions 

The city of Van, which is the study area, consists of a total area of 133 km2. According 
to the areal distributions of the average thermal comfort conditions of this area, 
‘extreme cold’ stress is effective for three months in the city, in December, January 
and February (respectively, 37.6%, 99.1%, 10.7% of the field), and ‘very cold’ stress 
is effective from November to March (respectively, 1.5%, 1.5% of the field). About
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Fig. 33.8 Distribution of monthly minimum thermal comfort conditions of the city of Van

62.4, 0.9, 88.4 and 3.4% were observed to be effective for 5 months. ‘Moderate cold’ 
stress is in the city during the three months of February, March and November (0.9%, 
87.7%, 50.3% of the field, respectively), and ‘cold’ stress is in March, April and 
November (respectively, 8.8%, % of the field). About 3.4, 48.2% for three months, 
‘cool’ stress for three months in April, May and October (95.7%, 1.5%, 26.0% of the 
field, respectively) and ‘slightly cool’ stress for April, May, September and October 
months (0.9%, 89.6%, 2.4%, 74.0% of the field, respectively) were determined. 
‘Comfortable’ conditions in the city from May to September (respectively, 8.8%, 
51.8%, 1.5%, 1.8%, 95.9% of the field) for 5 months and ‘slightly warm’ stress



33 Evaluating the Spatial Distribution of Thermal Comfort Conditions … 775

Table 33.6 Percentages of spatial distributions of monthly mean thermal comfort conditions 

Months I II III IV V VI VII VIII IX X XI XII 

Extreme cold 99.1 10.7 37.6 

Very cold 0.9 88.4 3.4 1.5 62.4 

Moderate 
cold 

0.9 87.7 50.3 

Cold 8.8 3.4 48.2 

Cool 95.7 1.5 26.0 

Slightly cool 0.9 89.6 2.4 74.0 

Comfortable 8.8 51.8 1.5 1.8 95.9 

Slightly 
warm 

48.2 97.6 97.7 1.7 

Warm 0.9 0.5 

from June to September (respectively, 48.2% of the field; 97.6%, 97.7%, 1.7%) are 
experienced for four months, and ‘warm’ stress is experienced in July (0.9%) and 
August (0.5%) (Table 33.6). 

According to maximum thermal comfort conditions, the city has not experienced 
any ‘extreme cold’ stress in any month. ‘Very cold’ stress in December (1.5%) and 
January (22.1%), ‘moderate cold’ stress from December to February (50.3%, 77.8%, 
13.1%, respectively) for three months, ‘cold’ stress from November to March for 
5 months (10.7%, 48.2%, 0.1% 86.4%, 8.6%, respectively), ‘cool’ stress in February, 
March, April and November (0.5%, 91.4%, 1.0% 89.25%, respectively), ‘slightly’ 
‘cool’ stress in March, April, October and November (0.1%, 73.1%, 10.7%, 0.05%, 
respectively) are perceived. ‘Comfortable’ conditions are in April, May, September 
and October (25.9%, 30.5%, 1.1%, 89.25%, respectively) for 4 months, ‘slightly 
warm’ stress is in May, June, August, September and October (69.5%, 30.5%, 0.1% 
97.2%, 0.05%, respectively) for 5 months, ‘warm’ stress is for four months from 
June to September (69.5%, 10.7%, 99.3%, 1.7%, respectively), and ‘hot’ stress is for 
July (89.3%)) and in August (0.6%) (Table 33.7).

According to the minimum thermal comfort conditions, ‘extreme cold’ stress 
was determined in the entire field from December to March (4 months) and in 
99.1% of the field in November in the city of Van. ‘Very cold’ stress is in April 
(26.0%) and November (0.9%), ‘moderate cold’ stress is in April, May and October 
(73.95%, 26.0%, 26.0% of the field, respectively), ‘cold’ stress is in April, May, in 
September and October (0.05%, 74.0%, 1.1%, 73.95% of the field, respectively), 
and ‘cool’ stress is perceived in May, August, September and October (10.7%, 0.3%, 
76.7%, 0.05% of the field, respectively). ‘Slightly cool’ stress is for four months 
from June to September (89.25%, 17.2%, 58.1%, 22.2% of the pitch, respectively), 
and ‘comfortable’ conditions are from June to August (0.05%, 82.8%, 41.6% of the 
field, respectively) for three months (Table 33.8).
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Table 33.7 Percentages of spatial distributions of monthly maximum thermal comfort conditions 

Months I II III IV V VI VII VIII IX X XI XII 

Very cold 22.1 1.5 

Moderate 
cold 

77.8 13.1 50.3 

Cold 0.1 86.4 8.6 10.7 48.2 

Cool 0.5 91.4 1.0 89.25 

Slightly cool 0.1 73.1 10.7 0.05 

Comfortable 25.9 30.5 1.1 89.25 

Slightly 
warm 

69.5 30.5 0.1 97.2 0.05 

Warm 69.5 10.7 99.3 1.7 

Hot 89.3 0.6

Table 33.8 Percentages of spatial distributions of monthly minimum thermal comfort conditions 

Months I II III IV V VI VII VIII IX X XI XII 

Extreme 
cold 

100 100 100 99.1 100 

Very cold 26.0 0.9 

Moderate 
cold 

73.95 26.0 26.0 

Cold 0.05 74.0 1.1 73.95 

Cool 10.7 0.3 76.7 0.05 

Slightly cool 89.25 17.2 58.1 22.2 

Comfortable 0.05 82.8 41.6 

Discussion 

Van, one of the developed cities of the Eastern Anatolia Region of Turkey, was 
established and developed on the shores of Lake Van, which is Turkey’s largest lake 
with its high altitude. The city of Van, which was founded in BC, is growing in terms 
of population and structure by getting immigrants from the surrounding rural areas 
day by day. 

The thermal comfort conditions of the city of Van were evaluated according to 
the PET index, and their spatial distribution was explained with GIS. As a result 
of the study, according to mean PET values, cold stress perceptions were domi-
nant in the city from November to March (five months), and ‘slightly warm’ and 
‘warm’ stresses were dominant in the summer season. In the transitional seasons 
(Spring and Autumn), ‘slightly cool’ stress and ‘comfortable’ conditions are effec-
tive. According to the maximum PET values, ‘cool’ stress in winter and ‘warm’ and 
‘hot’ stress in summer are perceived. During the transition seasons, ‘slightly warm’
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stress and ‘comfortable’ conditions are effective. According to the minimum PET 
values, ‘extreme cold’ stress is experienced from November to March (five months), 
‘slightly cool’ stress and ‘comfortable’ conditions in summer and ‘cold’ and ‘cool’ 
stresses in transition seasons. In addition, Urban Heat Islands were observed in all 
evaluations (mean, maximum, minimum) depending on urbanisation. 

When the findings are compared with the studies in the literature, it has been 
stated that cold stresses are experienced more and hot stresses are less experienced 
in Erzurum, which has altitudes close to and close to the city of Van (Toy 2010). This 
shows that Lake Van has a mild effect on the thermal conditions of the city. Similar 
findings are similar to those of Sun Moon Lake in Taiwan (Lin and Matzarakis 2008) 
and Ourmieh Lake in Iran (Farajzadeh and Matzarakis 2012). 

Erzurum, (Toy 2010; Çağlak et al. 2022), Ankara (Çiçek 2003; Türkoğlu et al. 
2011), Eskişehir, (Toy et al. 2021) where the city centre has negative thermal comfort 
conditions due to urbanisation.), Samsun, Bolu (Çağlak 2017; Çağlak et al. 2021), 
Aydın and İzmir (Kestane and Ulgen 2013; Tonyaloğlu 2019). These findings are in 
Athens, Greece (Charalampopoulos et al. 2013), Munich, Germany (Mayer 1993), 
Szeged, Hungary (Unger 1999), Cincinnati, USA (Clarke and Bach 1971). It has also 
been demonstrated in the Polish cities of Warsaw and Łodz (Blażejczyk et al. 2016). 
In this respect, the results of the study are similar to the studies in the literature. 

According to the results, city centres have different thermal comfort conditions 
depending on urbanisation and lake, etc. It has been observed that the thermal 
conditions of the cities near the water have slightly milder characteristics. 

Conclusion 

This study evaluated the thermal comfort conditions of urban areas by taking into 
account many variables of the land. In this respect, the study has revealed in detail 
how urban land use affects thermal comfort conditions. Thermal comfort conditions 
of cities should be calculated by taking into account all climatic parameters. At the 
same time, the spatial distribution of the obtained values should be done by taking 
into account all the variables of the land. These studies are guiding decision-makers 
and planners. 

Although the world population is increasing day by day, the majority of the popula-
tion lives in cities. It is necessary to reduce these negative thermal comfort conditions 
of cities and to adapt to climate-resistant sustainable cities. In addition, to reduce the 
impact of climate change and prevent climate change, anthropogenic greenhouse gas 
emissions must be reduced very quickly and effectively. To reduce these negative 
thermal conditions of cities and to adapt to climate-resistant sustainable cities, envi-
ronments such as green spaces, city parks, green building designs and water surfaces 
should be increased in urban areas. In addition, when the green areas are distributed 
evenly in the urban area, the ‘fresh air’ air circulation of the city will also be positively 
affected. Urban design and planning should be done from a geographical perspective
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(taking into account human, biotic and physical environmental conditions) to reduce 
the negative thermal conditions of cities and for sustainable healthy cities. 
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