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1. Introduction

Abstract

The main reason for technological developments is to make human life more comfortable.
Bioclimatic comfort areas are areas where people feel the most comfortable and comfortable
in terms of climate. As a result of global climate changes, the temperature in the world is
increasing day by day moreover increase in terms of people living in our country and other
countries which the need for comfortable and comfortable spaces increases in all seasons.
Bioclimatic comfort areas are the most needed in the summer months. However, the average
temperature increases day by day in all seasons due to climate change. For this reason,
within the scope of this study, the most suitable bioclimatic comfort areas were calculated
with the HEAT index by using the average temperature and humidity maps for the fall,
winter, spring, and summer seasons of 2019. While creating temperature and humidity
maps, a point database was created for the neighborhoods in Kocaeli Province, temperature
and humidity data were combined in this database. The temperature and humidity map for
each season was open-source code the Inverse Distance Weighted (IDW) interpolation
method in the QGIS 3.16 software was transformed into a map in raster format. The heat
index was created by using temperature and relative humidity maps in raster format. Then,
the relationship between the created heat index maps and morphological factors was
examined.

and air circulation to bring clean air and remove polluted
air [1].

The most important factor affecting human life and
relationships can be considered climate. Humans interact
in various ways with their environment. It wants the
environmental conditions to be suitable during this
interaction. The suitability of these environmental
conditions is directly related to the bioclimatic comfort
zones.

When the accepted researches in the world are
examined, people are comfortable in a certain
temperature and humidity range and clean air
environments. This range is defined as the comfort zone.
Excessive or low temperature causes discomfort such as
dry throat and burning in the eyes, as well as excessive
humidity, which causes sweating and a feeling of
suffocating warmth. In addition, the air in the
environment should be clean and fresh. It is necessary to
filter dust, smoke, pollen, and other harmful substances,

The most appropriate values for the climatic comfort
situation; For the summer months, the felt temperature
values evaluated considering the absolute humidity are
between 22.8 - 26.1 °C, while it is considered to be
between 20.0 - 23.9 °C in the winter months. The
temperature value ranges felt in the trial rooms were
obtained subjectively with the experiments conducted
on middle-aged groups. In these laboratory experiments,
the individual's responses to temperature in indoor and
outdoor environmental conditions were examined and
the average temperature values felt were revealed.

The temperature felt by individuals in a space, which
appears to be a completely separate atmospheric feature,
is affected separately by all atmospheric features
(humidity, wind, cloudiness, solar radiation, etc.). Due to
this accumulative effect, the temperature of the air in an
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area has a dominant effect on all beings in that area and
represents all-climate elements [2- 12].

Factors affecting bioclimatic comfort; external factors
are divided into three as factors that vary depending on
the individual and other factors. External factors that
affect bioclimatic comfort in an environment are air
temperature, radiation, wind, and absolute humidity [13-
18]. The parameters that vary depending on the
individual are the temperature regulation of the
metabolism depending on the activity, the activity level,
and the clothing insulation [2, 3,8, 11, 12, 19-28].

There are many approaches to calculating bioclimatic
comfort. These approaches are generally based on the
human heat balance model or the physiological
approach. According to physiological approaches, the
sum of the heat gained or produced by the body and the
heatlost should be equal to zero. Factors with positive or
negative values in this balance refer to the physiological
and physical characteristics of the body and
environmental factors [2-12, 29].

People spend a certain amount of energy to reach a
bioclimatic comfort state or to adapt to their
environment. According to the report of Cinar [30] the
bioclimatic comfort state is; It is defined as the conditions
in which a person can adapt to his environment by
spending the least amount of energy. One of the most
used methods in determining bioclimatic comfort is the
"Bioclimatic Comfort Chart" developed by Olgyay [2-12,
19-26, 31].

According to Olgyay [32], the bioclimatic comfort
value is; 21.0 - 27.5 °C temperature value in an open area,
30-65 % relative humidity and wind speeds up to 5
m/sec were taken as a combination and used in
bioclimatic evaluation [2, 3, 6-12, 19-26].

In order to determine the bioclimatic comfort
situation in space, first of all, it is necessary to determine
and evaluate the temperature, relative humidity,
radiation, and wind conditions. Besides these basic
factors; The number of hot days, precipitation, diseases,
and pests due to weather events, air pollution, and the
amount of oxygen in the atmosphere also affect human
comfort. "Bioclimatic Comfort" status can be determined
by considering all of these effects [2, 3, 6-12, 19-26]. In
this study, bioclimatic comfort areas were tried to be
determined by using the heat index.

2. Bioclimatic Comfort

In many climatic indices, bioclimatic comfort status
was evaluated depending on the combination of
temperature, humidity, and wind elements, sometimes
alone or all together. The most used criterion in
determining comfort is 'Feel Temperature'. Thermal
comfort is 80% effective in creating bioclimatic comfort.
In this context, bioclimatic comfort has been examined as
'human temperature comfort' in many works of
literature [21, 24-26, 31]. Bioclimatic comfort is accepted
as the perceived temperature value of 17.0 - 24.9 °C
depending on temperature, humidity, and wind in the
middle latitudes where Turkey is located [22, 24-26, 34].

As Cinar [30] it is emphasized that the bioclimatic
comfort status based on the temperature felt is a
subjective value and varies according to space, time, and
person. The temperature values felt at 15.0 - 27.0 °C in
the evaluations; It was calculated for a person aged 25
years, indoors, with no health problems, normally
dressed and not moving (Table 1). In outdoor conditions,
these values can be 5°C, low or high.

Table 1. The temperature values felt in determining the
bioclimatic comfort [21,22,24,25]

Sensed Comfort Class
Temperature (°C)
28> Comfort is highly impaired
27-28 Comfort is disturbed
25-26.9 pass value (hot)
17-24.9 Comfort
15-16.9 pass value (cold)
15< Comfort is disturbed

3. Method

The main material of the study are the climate data of
Kocaeli Province. Climate data were obtained from the
General Directorate of Meteorology. Kocaeli spatial
boundary information was obtained from Kocaeli
Metropolitan Municipality. The polygon data received
from the relevant Municipality has been converted into a
point database. A database was prepared for the analysis
by assigning climate data to the database (Figure 1). The
reason why the study was chosen as Kocaeli is that the
climate of both the Marmara region and the Black Sea
region is effective because it is located in the southern
part of the Marmara Region. Materials used in the study:
Temperature and relative humidity information for
Kocaeli province.

WP1 Providing Data: The polygon type data
obtained from Kocaeli Metropolitan Municipality was
transferred to the QGIS 3.16 environment. It has been
arranged by taking the average temperature and relative
humidity values from the Provincial Meteorology
Directorate. After the editing process was completed, it
was saved in CSV format.

WP2 Transformation of Data: A dot was drawn in
the middle of the polygon type data using QGIS 3.16
software. After the point data were prepared in excel and
saved in CSV format, the average temperature and
relative humidity values of the autumn, winter, spring,
and summer months of 2019 were combined. By using
the temperature and relative humidity values on the
combined point data, it has been converted into a raster
with the Inverse Distance Weighted interpolation
method.
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The workflow chart of the study is given in Figure 2.

WP1: providing data
WP2: data conversion L
WP3: heat index map i

WP4: Interpretation of results i

Figure 2. Work flow chart

WP3 Creating a Heat Index Map: The heat index is
an index that combines the air temperature and relative
humidity in shaded areas, the equivalent temperature
perceived by the human, how warm it feels if the
humidity is another value in the shade. The perceived air
temperature is also known as the apparent temperature,
the actual feel, or the felt temperature.

Effects of heat index (Shadow values)

® 26-32 °C caution: fatigue is possible with prolonged
exposure and activity. Continued activity can cause heat
cramps.

e 32-41 °C extreme caution: heat cramps and heat
exhaustion are possible. Continued activity can cause
heatstroke.

* 41-54 °C danger: heat cramps and heat exhaustion
are likely. Heatstroke is likely with continued activity.

» hazard above 54 °C: heat stroke is inevitable.

How people are affected by temperature can be
revealed with the heat index. The formula to be used
during this study:

Figure 1. Location map of the study area

HI = 0.5 * {T + 61.0 + [(T-68.0) * 1.2] + (RH*0.094)}

HI: heat index
T: Temperature
RH: Relative Humidity

The calculation of the heat index is a refinement of a
result obtained by multiple regression analysis
conducted by lans P. Rothfusz [35] National Weather
Service (NWS) technical supplement (SR 90-23).
Rothfuss's regression equation, the symbol T represents
the Fahrenheit unit of temperature measurement. The
RH symbol represents relative humidity in percent and is
the English abbreviation of relative humidity. However,
if the temperature values in the heat index calculation are
80°F, the heat index calculations do not give accurate
results, so Steadman's simplified formula is used [34].

While calculating the heat index, the calculation was
made in °F in the first place, then the formula °C= (°F -
32) / 1.8 was converted to degrees Celsius (°C) in the
raster calculator tool in QGIS 3.16.

4. Research Findings
The average temperature map and relative humidity
maps required for the determination of bioclimatic

comfort zones were created in Figure 3 and Figure 4 for
each season in 2019.
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Figure 4. Average relative humidity maps for Kocaeli Province for four seasons
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When the average temperature map is examined
seasonally, the lowest temperature values for the
autumn season are 14.58 °C, and the temperature values
are low in the northern parts of the Gulf, Cayirova, Darica,
Dilovasi, Gebze, and Karamiirsel in the southern parts.
The highest temperature is 20.16 °C in Izmit, Kandira,
Derince, partly in Goélciik and in the southern parts of
Korfez District. In winter, temperatures vary between
7.77 and 2.04 °C. The lowest temperature in the winter
period was observed in Cayirova, Korfez, Karamiirsel,
and partially in Gebze. The highest temperature is
observed in izmit, Kandira, partially Golciik Districts and
northern parts of Basiskele District. The lowest
temperature in the spring is seen in Basiskele, Cayirova,
Darica Districts and partially in Korfez District. The
highest temperature is observed in izmit, Kandira, and
partially Golciik Districts. The lowest temperature in
summer is seen in Basiskele, Cayirova, Darica Districts
and partially in Korfez and Gebze Districts. The highest
temperature is observed in izmit, Kandira, and partially
Golciik Districts.

When the average relative humidity map is examined
seasonally, the lowest humidity value for the autumn

The relationship between comfort maps and
topography was examined seasonally.

For the autumn season, the temperature index value
in the high regions of Kartepe and Basiskele Districts is
around 17 degrees. In the districts of Korfez, zmit,

Figure 5. Bioclimatic comfort zone map according to the hea

season is seen in [zmit, Kandira Districts and partially in
Golciik, Karamiirsel, Kartepe Districts. The highest
humidity value is seen in Basiskele, Cayirova, Darica,
Derince, Dilovasi and Gebze Districts.

The lowest humidity value in winter was seen in
Izmit, Kandira Districts and partially in Derince, Golciik,
Karamiirsel, Kartepe and Korfez Districts. The highest
humidity value is seen in Basiskele, Cayirova, Darica,
Dilovasi and Gebze Districts.

The lowest humidity value in spring is seen in Izmit
and Kandira Districts, partially in Derince, Goélciik and
Kartepe Districts. The highest humidity value is seen in
Basiskele, Cayirova, Darica, Dilovasi, Gebze, Karamdiirsel,
Korfez and partially Golciik Districts.

The lowest humidity value in summer is seen in Izmit,
Kandira Districts, and partially in Derince and Golciik
Districts. The highest humidity value is seen in Basiskele,
Cayirova, Darica, Dilovasi, Gebze, Karamiirsel, Korfez and
partially Golctik Districts.

The bioclimatic comfort map created according to the
heat index is shown in Figure 5.

300

tindex

Basiskele, and Golciik near the sea, the temperature value
is around 19 degrees.

For the winter season, the heat index value in the
limited area in the districts in the high regions was
around 5 degrees. The remaining fields have values close
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to 0. In areas at altitudes close to the sea level, the
temperature index was around 6 degrees.

For the spring season, the heat index value in the high
regions was around 11 degrees. In areas at high sea level,
the heat index was around 12.5.

For the summer season, there are very few places
where the heat index value is high in high regions. In the
regions close to the sea, especially in Golctk, {zmit, and
Korfez Districts, the temperature index is around 20
degrees, and the highest values are observed in the low-
altitude seaside location of Golcuk District, almost all of
the Izmit District and the majority of Kandira District.
This shows that they are the most uncomfortable areas
according to the heat index in the summer seasons.

5. Discussion and conclusions

The seasonal heat index map for the province of
Kocaeli for 2019 was created with relative humidity and
temperature maps. There are many indices for the
evaluation of bioclimatic comfort zones. With the heat
index, comfort zones can be determined and they can
shape the daily lives of living things.

According to the heat index results, the lowest heat
index value for the autumn season is 14.3 degrees. The
highest temperature is 20.3. It should not be exposed to
a temperature for a long time in these range values.
Fatigue is possible with activity.

According to the heat index results, the lowest heat
index value for the winter season is 0.6 degrees. The
highest temperature is 6.8. Since the air temperature is
low, the heat index does not affect the winter season.

According to the heat index results, the lowest heat
index value for the spring season is 8 degrees. The
highest temperature is 13.6. When the heat index effects
are examined, it is seen that it is comfortable.

According to the heat index results, the lowest heat
index value for the summer season is 18.3 degrees. The
highest temperature is 24.9. It should not be exposed to
a temperature for a long time in these range values.
Fatigue is possible with activity.

It should not be forgotten that the evaluation of the
regions that provide bioclimatic comfort values in terms
of settlement is very important for human health, and
settlement areas should be determined by considering
bioclimatic comfort in future planning studies for Kocaeli
province.
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