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Environmental and atmospheric conditions are very important for human life. The importance of climatic
conditions is undeniably high for people to perform their daily activities comfortably. Among the climatic
elements, temperature, wind, precipitation, and humidity are the main factors affecting comfort status.
Climate-based indexes have been developed to determine the comfort zones of people. In this study, by
using the wind chill index, one of these indices, the comfort condition of the Central Anatolia Region
throughout the year was determined. For this purpose, the temperature and wind speed values of the
Central Anatolia Region were used for the Windchill index. In July and August, the wind speed increased
in places in Salt Lake and its surroundings and the east of the region. It is seen that the temperature values
in the region fall below 0°C in winter. Apart from this, temperature values in the region are above 0°C in
summer, spring, and autumn seasons. Depending on the temperature and wind speed values, in April,
May, June, September, and October in the Central Anatolia Region, areas in the "no risk" and “zero"
category have been identified in the entire region according to the Windchill index. Especially in the
whole winter season (December, January, February, and in the first month of spring in March), especially
in the south and east of the region, some areas fall into the "low risk" and "medium risk" category. and

they must wear thick clothing, otherwise, hypothermia and subsequent frostbite deaths may occur.

(Y4

Anahtar Kelimeler:
ic Anadolu Bolgesi,
Wind Chill,
Biyoklimatik Konfor,
Sicaklik,

Riizgar.

Cevresel ve atmosferik sartlar insan yasami igin oldukca ¢nemlidir. Insanlarin giinliik yasamdaki
aktivitelerini konforlu gergeklestirebilmeleri i¢in iklim sartlarinin dnemi yadsinamaz derecede fazladir.
Iklim elemanlarindan sicaklik, riizgar, yagis ve nem konfor durumunu etkileyen baslica etmenlerdendir.
Insanlarin konfor alanlarmin belirlenebilmesi igin iklim eksenli indeksler gelistirilmistir. Bu calismada da
bu indekslerden riizgar iisiime sicakligi indeksi (Wind chill) kullamlarak i¢ Anadolu Bélgesi’nin yil
boyunca konfor durumu tespit edilmistir. Bu amagla Wind chill indeksi i¢in ¢ Anadolu Bolgesi’nin
sicaklik ve rizgar hizi degerleri kullanilmistir. Temmuz ve Agustos aylarinda Tuz Golii ve cevresi ile
bolgenin dogusunda yer yer riizgar hizi artmistir. Bolgedeki sicaklik degerleri ise kis mevsiminde 0 °C’nin
altina diistiigii goriilmektedir. Bunun diginda da bolgede yaz, ilkbahar ve sonbahar mevsimlerinde sicaklik
degerleri 0 °C’nin {izerinde seyretmektedir. Sicaklik ve riizgar hizi degerlerine bagli olarak I¢ Anadolu
Bolgesi’nde Nisan, Mayis, Haziran, Eyliil ve Ekim aylarinda Wind chill indeksine gore bdlgenin tiimiinde
“risk yok” ve “sifir”” kategorisine giren alanlar tespit edilmistir. Ozellikle kis mevsiminin tamaminda
(Aralik, Ocak, Subat ve ilkbaharin da ilk ayinda (Mart) 6zellikle bolgenin giineyinde ve dogusunda
“diislik risk” ve “orta risk” kategorisine giren alanlarin varligi goriilmektedir. Bu aylarda belirtilen
alanlarda yasayan insanlarin ¢ok uzun siire agik alanda kalmamalari ve kalin giysiler kullanmalar
gerekmekte aksi takdirde hipotermi ve sonrasinda da donmaya bagli dliimler goriilebilmektedir.

84



Dogan et al., 6(2):84-94, 2020

1. Introduction

With the increase in the welfare of people, their desire for a comfortable life has also increased. The comfort conditions
that affect the quality of life in almost every activity, from daily life to business life, are very important today. The fact
that people who live in the physical environment has caused environmental characteristics to have profound effects on all
human activities [1-13]. The suitability of the climatic conditions of a region is an important factor that is considered
today. Space where people can live comfortably is called the comfort zone. To determine the comfort zone correctly,
conditions such as temperature, relative humidity, radiation, and wind must first be determined and determined [14-20].
In determining the comfort zones, Olgyay used combinations depending on these values in his study conducted in 1973
by evaluating the temperature from 21.0°C to 27.5°C, relative humidity as 30-65%, and wind speed as 5m/s [21-27].
Temperature and relative humidity are used in most climatic indices and bioclimatic comfort studies, and sometimes only
the wind parameter is used [22-32]. Thermal comfort indices play an important role in bioclimatic studies. These indexes
are based on the measurement of people's reactions to meteorological parameters. Nowadays, several thermal comfort
indexes have been developed using various meteorological parameters [28-33]. The basis of these indexes is human body
temperature and meteorological parameters. The internal temperature of the human body is 36.5-37°C. If the body loses
more of the heat produced, the internal body temperature will drop. With the falling internal temperature, the body shows
a shivering reflex as a reaction. Although the body temperature continues to decrease, the body goes into hypothermia. In
addition to the decrease in temperature, wind also has a great effect on the decrease of body internal temperature. The
wind chill index was developed to determine the comfort conditions of people with combinations between temperature
and wind. In 1945, the Windchill index was developed by Siple and Passel to examine the effect of the temperature in the
shade and the cooling power of the wind. Therefore, they started experiments in Antarctica [34,35]. As a result of
experiments, they developed formulas that calculate the cooling power of the atmosphere [36]. The foundations of the
wind chill index were laid in this way. It is known that wind speed is very important in addition to low temperatures in
high cooling rates, and in extreme conditions such as -25°C temperature and 49 km/h wind speed, the cooling power
reaches a minimum of 19-20 cal/cm? [36]. In this respect, the relationship between temperature and wind, as well as the
relationship between temperature and humidity, appears to be an effective combination in determining human comfort
zones. Air, which is the subject of our study, is an important factor that directly affects human health [40].

In this study, the determination of comfort zones according to the Windchill index developed based on the low
temperature and wind conditions that people are exposed to in the Central Anatolia Region are discussed. The formula of
the wind chill index is the most common formula used by many foreign researchers and different disciplines [37-39]. The
wind chill index formula is widely used by foreign researchers and the wind chill index in the scarcity of studies related
to the selection index in Turkey has been an important factor. The high altitude and the low-temperature values and the
suitable wind conditions have been important factors in the selection of the area. However, this index can be used
frequently in the Eastern Anatolia Region as well as in the Central Anatolia Region and can contribute to the management
and determination of human activities.

2. Material and Method

The wind chill is defined as the temperature value calculated by taking the average of the effect of outdoor
temperature on the human body and the wind speed [36]. The feeling of coldness, which is felt more on windy days
in winter, negatively affects climate comfort. Figure 1 shows the Relation of Wind Chill Index, Temperature, and
Wind Speed. Central Anatolia Region selected as the study area is located between 41°04791", 36°9°03” Northern
latitudes and 29°71'21", 38°43'32" East longitudes (Figure 2). After the Central Anatolia Region with 163 057 km?,
Eastern Anatolia in Turkey to have the largest surface area is Zone 2. On the other hand, with its population of
12,705,812, it is the Region with the highest population after the Marmara Region. The average temperature and
wind speed data of the region were obtained from the site https://www.worldclim.org/. Wordclim is a database that
shares high spatial resolution satellite images and climate data obtained from terrestrial stations on a global scale.
Providing data used in mapping and modeling climate data, the platform provides a base for many climate studies.
The data in the cellular data format with a spatial resolution of approximately 1 km? provides monthly temperature,
precipitation, wind speed, and solar radiation data from 1970 to the present. The wind speed and temperature data
obtained for our study area were calculated using the cellular data calculation module in ArcGIS Pro software and
the Wind Chill Index and the results obtained were mapped. The wind chill Index is below:
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Wl =0.323 (189 7WV —V +37.62)(33 - T)

WCI: Wind Chill Index (W/m?)

V: Wind Speed (km/h)
T: Air Temperature (°C)

It has been formulated. Wind Chill Index value is calculated in relation to air temperature and wind speed. The values
obtained as a result of the calculations are categorized according to the risk level for the human body (Table 1). The risk

level scale specified in the table was mapped according to the wind chill index results and visualized.

Table 1. Wind chill Index Classification

Between -28 to -39°C

(Skin exposed to cold can freeze
within 10-30 minutes)

Wind Chill Index Risk Level General Feel Condition
Between 0 to -9°C Low Risk Feeling uncomfortable. Feeling cold.
Risk of hypothermia and freezing if left outside
Between -10 to -27°C Medium Risk for long periods without uncomfortable cold and
adequate protection.
High risk of frostbite and numbness of the face
High risk and limbs and cold bites.

High risk of hypothermia if outside for long
periods without adequate clothing or cold
protection.

Between -40 to -47°C

Very High Risk
(Skin exposed to cold can freeze
within 5 to 10 minutes)

Very high frost risk.

High risk of frostbite and high risk of
hypothermia if outside for long periods without
adequate clothing or cold protection.

Between -48 to -54°C

Severe Risk
(Skin exposed to cold can freeze
within 2 to 5 minutes)

Serious frostbite risk. The freezing time of the
face and limbs is too short.
Risk of severe frosthite and severe hypothermia
if outside for long periods without adequate
clothing or cold protection

Between -55 and cooler

Extreme Risk (Skin exposed to
cold can freeze in less than 2
minutes)

Outdoor conditions are dangerous for human
life.
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Figure 1. Relation of Wind Chill Index, Temperature and Wind Speed
Source: https://www.sciencebase.com/science-blog/what-is-wind-chill-index.html
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Figure 2. The location of Study Area
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3. Results

The western and inner parts of the region have a flat appearance in terms of topography, especially around Konya
Plain and Salt lake. Mountainous and rugged areas in the region are seen in the south and west. Erciyes and Hasan
Mountains in the south, Tahtali, Binboga, Tecer Mountains and Uzunyayla plateau in the west have an elevated and
rugged structure. (Figure 3) In the Central Anatolia Region, which has a flat structure with its inner parts surrounded by
mountains due to its general morphological structure, the typical continental climate is dominant, where there is a high-
temperature difference between summer and winter, and precipitation is generally seen in winter. The decrease in
temperature during the winter season, the increase in wind speed, and the decrease in the type of precipitation in the form
of snow made it necessary to carry out wind chill analysis in the region.

ooy
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Figure 3. Elevation Map of the Study Area and its Surroundings

When the monthly average wind speed is evaluated, it has been determined that the wind speed varies within the
region according to the months. In the region where the wind speed varies between 1 m/ sec - 5 m/ sec per hour, it has
been determined that the fastest flowing values are around Salt Lake in the inner parts of the region, in Uzunyayla Plateau,
around Erciyes Mountain, Akdag and Elmadag in July and August. It is October, November, December, and January
when the wind speed is the lowest. However, in these months, in the high parts of the Erciyes, Hasan, and Melendiz
Mountains, the passing speed reaches 5 m / sec per hour. In general, it has been determined that the areas with the highest
wind speed in the region are high, while the areas with the lowest wind speed are low areas along the Kizilirmak valley
(Figure 4).
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Figure 4: Annual Wind Speed Map of the Study Area

Looking at the temperature conditions; It has been determined that there are important differences between winter and
summer in the Central Anatolia Region. The coldest month is January and the hottest month is July. When the annual
average temperature in the region is evaluated, it has been found that it is high in Konya, Aksaray, and Eskisehir Plains,
whereas it is low in the fields where Erciyes, Ak, and Tecer Mountains are located. When the temperature values of the
region are evaluated monthly, it was observed as 0 °C in the whole region in January. In July and August, it was observed
that it was above 16 °C except for the high peaks of the mountains. Temperatures in February and December were found
to be between -2 and 6 oC, showing a great similarity. It was determined that the temperatures were between 0 and 8 °C
in March and between 4 and 14 °C in April. (Figure 5).
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Figure 5. Annual Temperature Map of the Study Area

When the Central Anatolia Region wind chill index is evaluated according to the risk scale, it has been determined
that low-grade and medium-risk areas are concentrated in the winter months (Figure 6). In December, January and
February, it was determined that there are low and medium-risk areas in the low areas on the west side of the region and
all areas except Konya plain. It is seen that Sivas, Kayseri, Nigde, and Cankir1 are low and medium risk areas, especially
in winter. The main reason for this is the high altitude in these areas. Also, the areas with Erciyes, Hasan, Melendiz, Ak,
Tecer Mountains, and Uzunyayla Plateau are classified as medium risk according to the wind chill index comfort status.
In this classification, the risk is expressed as hypothermia and freezing if the person is left outside for a long time. Low-
grade risk has also been identified around Aksaray and Konya. It was determined that there was uncomfortable weather
in these areas in January. Considering the month of February, Ak, Tecer, and Hinzir and the high parts of Erciyes, Hasan,
and Melendiz Mountains in the east of the region and a large part of Sivas and Kayseri and certain regions of Nigde are
included in the medium-risk classification. Aksaray, Konya plains, and Cihanbeyli and Haymana Plateaus have been
identified as the regions where the temperature is 0 °C. By March, the high parts of the Erciyes, Hasan, Melendiz
Mountains are in the middle-risk group, while the high parts of the Ak and Tecer Mountains are in the low-risk category.
In this month, Konya, Aksaray and Eskisehir Plains and Kizilirmak Valley were identified as places that do not carry any
risk in terms of wind chill. It has been determined that there is no risk in terms of wind chill throughout the Central
Anatolia Region from April to November. During this period, it has been determined that there is a low-risk factor at the
points close to the summit of Mount Erciyes only in April and November. When it comes to December, it was determined
that the risk situation reappeared after 1.500 meters of altitude. Especially, medium-level risk has been detected again
starting from 2,500 m altitude of Erciyes, Hinzir, Ak, and Tecer Mountains. The mountainous morphological structure of
the region has caused the elevation to be high, so it has been observed that the settlements on the foothills and the
settlements around the high areas are in low and medium-risk groups.
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Figure 6:Windchill Index Status of the Study Area

4, Conclusions

The thermal conditions of the Central Anatolia Region, which have different elevations and different climatic
conditions, change seasonally. Especially in January, it is seen that the temperature values in the region fell below 0°C.
In December and February, the temperature values in the east of the region are below 0 °C. The most important reason
for this is the high altitude in the east of the region. Apart from that, the wind conditions also vary in the region of 1-2.5
m / s during these months. In March, April, and May, the wind speed in the region increased up to 3.5-4 m /s, and the
temperature values varied between 4 °C and 18 °C in these months. Temperature values in the region increased
considerably in June, July, and August and reached up to 26 °C. The wind speed has also increased up to 4.5-5 m/ sec on
the Konya Plain and its surroundings, especially in July and August. In September and October, the temperature values
in the region tended to decrease by 10 °C, from time to time to -6 °C in November. In the wind values, a speed of 1-1.5
m / sec in the north of the region and 4-4.5 m / sec in places in the east has been observed. Looking at these values,
seasonal differences are observed in the comfort zones according to the Windchill index of the Central Anatolia Region.
Especially in the winter season, "medium risk" and occasionally "low risk" regions have been identified in the east of the
region. Apart from this, "no risk" and "zero risks" groups were determined in the region in other months. The high altitude
of the region, low temperature and high wind speed, and the continental climate cause difficult winter conditions.
Accordingly, in determining the comfort zones of the region according to the Windchill index, people living in cities and
settlements have been affected by this situation at a "medium risk" level. People who stay outside without protection for
a long time at the "medium risk" level will be exposed to hypothermia and freezing events. It is vital that people living in
"medium risk™ regions, which are seen especially during the winter months, do not stay in unprotected areas for a long
time. Human life needs to determine the comfort areas according to the wind chill index at the local level in Central
Anatolia and Eastern Anatolia, where winter conditions are difficult in our country. It is expected that this study will
guide other studies in which comfort zones will be determined according to the wind chill index and contribute to the
literature.
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