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Abstract

In order to determine the air pollution risk in Ankara city centre, a series of analyses including quantitative
measurements of anthropogenic and meteorological parameters were carried out. After the quantitative results
were normalised, relevant categorical values were assigned to each parameter. These parameters were overlaid
with the overlapping technique by considering their weight scores. According to the research findings, almost all
of Cankaya, the south of Yenimahalle and the east of Etimesgut were found to have "Very High (5)" and "High
(4)" levels of air pollution, respectively. The results show that 19.78% of the total study area has "very high",
28.92% "high", 30.33% "medium", 16.68% "low" and 4.29% "very low" air pollution risk levels. In future studies,
different parameters with different weights can be added to the method based on other environmental factors
and requirements in the research area.
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Ankara'da Hava Kirliligi Risk Deseninin Anlasilmasi:Antropojenik ve

Meteorolojik Etkiler

0z

Ankara kent merkezinde hava kirliligi riskinin belirlenmesi amaciyla antropojenik ve meteorolojik parametrelere
iliskin nicel éIctimleri iceren bir dizi analiz siireci yiiriitiilmistiir. Nicel sonug¢lar normalize edildikten sonra, her bir
parametreye ilgili kategorik dedgerler atanmistir. Bu parametreler, agirlik puanlari dikkate alinarak (st liste
bindirme teknigi ile ¢akistirlmistir. Arastirma bulgularina gére, Cankaya'nin neredeyse tamami ile
Yenimahalle'nin giineyi ve Etimesgut'un dogusunun sirasiyla "Cok Yiiksek (5)" ve "Yiiksek (4)" diizeylerinde hava
kirliligi tespit edilmistir. Sonuglar, toplam ¢alisma alaninin %19,78'inde "cok yiiksek", %28,92'sinde "yiiksek",
%30,33'linde "orta", %16,68'inde "diisiik" ve %4,29'unda "gok diisiik" hava kirliligi risk diizeylerinin bulundugunu
gOstermektedir. Gelecek calismalarda, arastirma alanindaki diger cevresel faktérlere ve gereksinimlere bagl
olarak yénteme farkli agirliklarda farkli parametreler eklenebilir.
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1. Introduction

The effects of air pollution on human health are one of the major environmental issues caused by
industrialization and urban development (WHO, 1992; Hosseiniebalam & Ghaffarpasand, 2015). The
population growth over the past century has led to an increase in the number of housing, industrial
structures, and vehicles. The increase in building density and traffic density are significant sources that
contribute to higher levels of pollutants in the lower layers of the atmosphere. Additionally, due to
increased energy demands and the continuous use of non-renewable energy sources, the release of
hazardous pollutants into the atmosphere continues (Karimi et al., 2016). The most common pollutants
in the atmosphere include carbon monoxide (CO), sulfur dioxide (SO,), nitrogen oxides (NO and NO,),
particulate matter (PM), smoke, soot, and dust. The sources and effects of air quality variables are
shown in Table 1 (CEE, 2018).

Table 1. Air Pollutants and Their Sources (CEE, 2018)

Pollutant Source

Sulfur Dioxide (S02) Fossil Fuel Combustion, Vehicle Emissions

Nitrogen Oxides (NOX) Vehicle Emissions, High-Temperature Combustion Processes

Particulate Matter (PM) Industry, Vehicle Emissions, Fossil Fuel Combustion, Agriculture, Secondary

Chemical Reactions

Carbon Monoxide (CO) Incomplete Combustion Products and Vehicle Emissions

Ozone (03) The Transformation of Traffic-Generated Nitrogen Oxides and Volatile Organic
Compounds (VOC) by Sunlight

In addition to the target limit values for air pollutants in the Turkish Air Quality Control Regulation,
limit values reported by the European Union, the World Health Organization (WHO), and the European
Environmental Agency are also available (Mentese, 2017). According to the Clean Air Right Platform
(2021), in Turkey, 97.7% of the 175 stations (171 stations) had PM10 averages in 2020 that exceeded
the limit values set by the World Health Organization (WHQO). When the legal limit values set for Turkey
are evaluated, it is observed that the annual PM10 average exceeds national limits in 45 out of 72
provinces where sufficient measurements were taken. Additionally, the WHO's technical guidance
states that '24-hour PM10 measurement values should not exceed the limit of 50 ug/m3 on more than
35 days in a year.' However, it has been found that the specified limit is exceeded in 66.9% (83 stations)
of the 124 stations where measurements were taken (Clean Air Right Platform, 2021; Yildiz, 2022).
Nevertheless, in the updated WHO (2021), guideline values that should not be exceeded for particulate
matter (PM10), particulate matter (PM2.5), nitrogen dioxide (NO3), ozone (Os), and carbon monoxide
(CO) levels in the air have been lowered (Clean Air Right Platform, 2022). However, in districts such as
Istanbul and Ankara, where coal is especially used for heating purposes and where urbanization and
traffic are intense, air pollution values are increasing day by day. In Ankara, only a minimum of 90%
data acquisition is ensured in 6 out of 18 air pollution measurement stations. When the values of these
stations are analyzed, it is seen that the annual average particulate matter concentration in Ankara
exceeds the national limit value (Clean Air Right Platform, 2022).

Air pollutants are released into the atmosphere from various sources, and the concentration of
pollutants in the atmosphere depends not only on the amount emitted but also on the atmosphere's
ability to retain or disperse these pollutants (Karimi et al., 2016). Understanding the behavior of
meteorological parameters such as wind speed, wind direction, precipitation, and temperature is
crucial for predicting air pollution. This is because the atmosphere is governed by these meteorological
parameters and carries pollutants in the air away from their sources (Celik & Kadi, 2010; Khedairia &
Khadir, 2012; Jayamurugan et al., 2013). The combination of emission intensity from different
pollutant sources and meteorological parameters determines a condition known as air pollution risk
(Bay Area Air Quality Management District, 1998; Mofarrah & Husain Badr, 2011). Therefore, in
assessing air pollution risk, both sources of air pollution and meteorological parameters need to be
considered together. Pollution sources can vary depending on land use and population density in urban
areas.
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Especially in densely populated urban areas with high levels of settlement and industrialization,
measuring or predicting air pollution using mathematical methods has become an important issue
(Ahern et al., 2014). For example, using remote sensing methods and techniques, aerosols in the
atmosphere can be measured by the MODIS device placed on the Aqua satellite and air quality
modeling can be performed using Aerosol Optical Depth (AOD) data (CEE, 2018). In order to evaluate
air quality, interpolation methods can be used for air pollution distribution through geographic
information systems software by using daily pollutant measurements obtained from air pollution
measurement stations (Toros et al., 2018). In addition, in the international literature, Gassmann &
Mazzeo (2000), Pisoni et al. (2009), Achillas et al. (2011), Hosseiniebalam & Ghaffarpasand (2015),
Karimi et al. (2016), Habibi et. al. (2017), Zhou et. al. (2020), the distribution of potential air pollution
risk was determined using parameters such as traffic and population density, climate parameters, land
cover or use. However, in these studies, mostly anthropogenic, meteorological or socioeconomic
parameters were evaluated and the effect of microclimatic temperature or heat island effect on air
pollution was not analyzed. Unlike the studies in which potential air pollution was determined using
multi-criteria decision-making techniques, in this study, in order to determine the potential air
pollution risk in the urban core of Ankara, in addition to population density, land use, wind,
precipitation data, the urban heat island effect parameter was also included in the method. The
parameters specified within the scope of the method were overlaid by taking into account the weight
scores in Karimi et al. (2016). In this study, the urban core of Ankara was selected as the study area
due to the fact that the annual average particle amount obtained from the air pollution measurement
stations is above the national limit values and only 6 of the 18 air pollution measurement stations have
a minimum data coverage of 90%.

2. Material & Method
2.1. Study Area

The main material of the study is the core of the city of Ankara, which is located between the northern
latitudes of 39°14'46" to 40°13'35" and the eastern longitudes of 32°14'24" to 33°09'49" (Figure 1).

73 ® / PURSAKLAR 7
") venmanace | ESOREN |
sl | = A SaTinpaé
=\ 2 .
’ ~ ‘ IS s
i SINGAN S 5 2
"ANKARA { el
LG R . iy
U | ETIMESGUT -~ MAMAK
v /// i = -'\| Y
v & GANKAYA ) \
et "4 | /
Légend T & "
i P gl ¥ W,
s ey Y ek 3
District | | 0
- B GOLBAS! Sarr /
Sources: Esri, USGS, NOAA Urban C?{Q Sources: Esri, 565, NOAA |

Figure 1. Study area
2.2. Data Sets

The data sets used in the research, their sources, and data details can be found in Table 2. ArcGIS 10.5
software was utilized for Geographic Information Systems and Remote Sensing analyses, and the
projection system of the data sets used was set to "WGS_1984_UTM_Zone_36N.
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Table 2. Data sets, sources, and data details

Data Sets Source Data Details

2012 Urban Atlas (Land  Copernicus Land Monitoring Service (CLMS, 2022) Vector (Polygon)
Cover) (1/25.000)

2018 Population (General Directorate of GIS, 2021) Raster (1000x1000m)

Density Data
B Ministry of Environment and Urban Planning, General

Directorate of Geographic Information Systems, Directorate
General of Geographic Information

Long-term (1959-2018) (General Directorate of Meteorology, 2022) Vector (Point)

All Variables Bulletin . . . e .
Republic of Turkey Ministry of Agriculture and Forestry, Digitization by Station

Directorate General of Meteorology Coordinates

Urban Heat Island Yildiz (2022) Raster

This is one of the ecological indicator analyses conducted in  (100x100m)
the doctoral thesis by Yildiz (2022) in the Department of

Landscape Architecture at Ankara University Faculty of

Science, Institute of Science.

Urban Core Yildiz (2022) Vector (Polygon)

The core of the city boundary was used in the doctoral thesis
conducted by Yildiz (2022) in the Department of Landscape
Architecture at Ankara University Faculty of Science, Institute
of Science.

2.3. Method

In this study, Geographic Information Systems (GIS) methods and techniques were employed to
determine the risk of air pollution. In line with the objectives of the study, anthropogenic factors
potentially contributing to air pollution in the core of Ankara city, as well as meteorological
parameters, were evaluated. Population density and land cover parameters were utilized to assess the
risk of air pollution resulting from human impacts, while meteorological parameters such as wind,
precipitation, and urban heat island were included as layers in the methodology. The population
density parameter in the study is the 1000 m x 1000 m 2018 population density data obtained from
the Ministry of Environment and Urban Planning, General Directorate of Geographic Information
Systems, Directorate General of Geographic Information (General Directorate of GIS, 2021). The land
use parameter in the study consists of 1/25.000 scale urban atlas data obtained from Copernicus Land
Monitoring Service (CLMS, 2022). Long-term (1959-2018) All Variables Bulletin data obtained from the
Republic of Turkey Ministry of Agriculture and Forestry, Directorate General of Meteorology were used
to obtain wind and precipitation distribution maps. A spatial wind distribution map was obtained by
interpolation method using precipitation values converted to point data in ArcGIS. In order to
determine the precipitation distribution, the precipitation values in the Long-term (1959-2018) All
Variables Bulletin were adjusted for elevation using the Schreiber method in Cicek & Ataol (2009). The
urban heat island effect parameter used in this study was obtained from the work conducted by Yildiz
(2022) for Ankara.

In landscape planning studies where different and multiple indicators are used, these parameters
cannot be evaluated directly, and all parameters need to be converted into common categorical values
(Vihervaara et al., 2017). For this reason, the quantitative results of each sub-layer were normalized
and converted into categorical data ranging from "very low (1)" to "very high (5)". In the final stage,
each sub-layer was overlaid using the overlay method based on weight values to obtain an integrated
result. In this study, parameters and rankings obtained through the multi-criteria decision-making
technique, in line with the expert opinions from Karimi et al. (2016), have been adapted to Ankara city
(Table 3). Unlike the temperature parameter in Karimi et al. (2016), the urban heat island effect
parameter was included for the Ankara city core. Thus, parameters such as building volume, slope, and
elevation in the city core were considered (Yildiz, 2022), resulting in a more accurate prediction of air
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pollution risk for the city core. By overlaying layers and criteria based on weight levels, air pollution
densities and spatial distributions were determined (Figure 2).

—— Human effects — — Meteorological Effects

Population — s s Urban Heat
ity Land Cover Wind Speed Precipitation feland

Normalizing quantitative results and
converting them into categorical data

Integrated assessment based on weighted
scores using the overlay method

Determining Air Pollution Risk

Figure 2. Methodology
Table 3. Weight Degrees of Layers and Sub-Criteria (Adapted from Karimi et al. 2016)

Layers Weight Score Sub-Layers Weight Score
Human Effects 0.3 Population Density 0.75

Land Cover 0.25
Meteorological Effects 0.7 Wind Speed 0.6

Precipitation 0.2

Urban Heat Island 0.2

3. Research Findings
In this section, the human impacts and meteorological effects on air pollution risk have been assessed.
3.1. Human Effects

Population Density: The increase in population density is one of the most significant factors
contributing to the increase in CO; emissions and other air pollutant parameters in urban areas (Pata
& Yurtkuran, 2018). Increasing population density signifies increased fossil fuel consumption,
industrialization, and vehicle traffic. Therefore, in studies related to air pollution and carbon storage,
when examining the relationships between growth and energy consumption, population density
should also be considered as an important variable (Rahman, 2017). The amount of pollutant emissions
in the air is higher in regions with high population density, increased vehicle usage, or intensive
industrialization. Population density is defined as the number of people per square kilometer (Karimi
et al., 2016). This density indicates how much energy is consumed in an area. Therefore, this indicator
is crucial for assessing air quality and is particularly important for determining human density, which
has a strong impact on emission intensity. In this study, the parameter of population density represents
the air pollution risk generated by the number of people per unit area in square kilometers. The
obtained population density data were classified into 5 categories: very high (5), high (4), medium (3),
low (2), and very low (1). The population density map can be seen in Figure 3. In the core of Ankara
city, areas with high and very high population density include the south of Kecitren, the east of
Yenimahalle, the southwest of Mamak, and the south and east of Cankaya.
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Figure 3. Population Density Map

Land Cover: Increased population density in urban areas, especially in cities, leads to significant
changes in land cover (LC) and brings various disadvantages to the city center and its surroundings
(Oke, 1973; Voogt & Oke, 2003; Weng et al., 2004). One of the most significant of these adverse effects
is the emergence of air pollution. In areas where residential and industrial density is high in cities,
traffic density is also high. Along with urbanization, green areas within the city decrease, and the
amount of emissions in these areas increases (Karimi et al., 2016). Therefore, it is possible to say that
land cover classes have different effects on air pollution. In this context, the land cover of Ankara city
was evaluated, and scores ranging from 1 to 5, indicating the levels of air pollution for each land cover
class, were assigned. The land cover (Level 1) map can be seen in Figure 4. The land cover classes of
the core of Ankara city, along with their areas and air pollution levels, are presented in Table 4. The
largest land cover class in the city core is industrial, commercial, public, military, private units (6290
ha), and discontinuous urban settlement (6147 ha).
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Figure 4. Land cover map
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Table 4. Land cover classes and air pollution levels

Land Cover Code Land Cover/Land Use Area (ha) Percentage (%) Air Pollution Level
Class
Residental 11100 Continuous urban fabric (S.L. > 80%) 3.775 11.40 5
Areas
11210 Discontinuous dense urban fabric 6.147 18.57 5
(S.L. 50% - 80%)
11220 Discontinuous medium  density 2.129 6.43 5
urban fabric (S.L. 30% - 50%)
11230 Discontinuous low density urban 1.064 3.21 5
fabric (S.L. 10% - 30%)
11240 Discontinuous very low density 318 0.96 5
urban fabric (S.L. < 10%)
11300 Isolated structures 5 0.02 5
12100 Industrial, commercial, public, 6.290 19.00 5
military, and private units
12210 Fast transit roads and associated 84 0.25 5
land
12220 Other roads and associated land 4.235 12.79 5
12230 Railways and associated land 179 0.54 5
12400 Airports 397 1.20 5
13100 Mineral extraction and dumpsites 408 1.23 5
13300 Construction sites 358 1.08 5
13400 Land without current use 1.538 4.65 5
14100 Green urban areas 1.952 5.90 4
14200 Sports and leisure facilities 471 1.42 4
Farming 21000 Arable land (annual crops) 1.572 4.75 3
Areas
22000 Permanent crops 5 0.02 3
23000 Pastures 591 1.79 2
31000 Forests 44 0.13 1
32000 Herbaceous vegetation associations 1.350 4.08 1
33000 Open spaces with little or no 49 0.15 1
vegetation
Water 50000 Water 141 0.43 1
Surface

3.2. Meteorolgical Effects

Wind Speed: The fundamental parameter affecting the movement of pollutants in the atmosphere is
wind speed and direction. Essentially, the higher the wind speed, the more extensive the distribution
of pollutants in the atmosphere (Karimi et al., 2016). Wind speed values obtained from the General
Directorate of Meteorology (MGM) of the Ministry of Agriculture and Forestry were input into
meteorological stations located in Ankara, and spatial distribution of point data was achieved through
interpolation techniques. The obtained wind speed distribution values were classified from very low
to very high on a scale from 1 to 5 based on wind speed. Figure 5 shows the spatial distribution map
of wind speed. In an area where wind speed is very high, polluted air will be transported through the
atmosphere with the wind. Therefore, it is possible to say that air pollution is very low in a location
with high wind speed.
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Figure 5. Wind speed map

Precipitation: Another meteorological criterion that needs to be evaluated for the determination of
air pollution is precipitation. Precipitation has a cleansing effect on the atmosphere by washing out
particles and having the ability to dissolve gaseous pollutants, making it a factor that contributes to
cleaning polluted air. Areas with frequent and heavy precipitation generally have better air quality
(Karimi et al., 2016). In relation to air pollution, the daily average precipitation required to cleanse the
atmosphere of pollutants should be greater than 5 mm (Safavi & Alijani, 2006; Karimi et al., 2016). In
this study, precipitation values obtained from the General Directorate of Meteorology (Table 5) were
adapted to elevation using the Schreiber method. The obtained data shows that the annual
precipitation amount for the Ankara city core ranges from 411.8 to 701.2 mm, and these values are in
harmony with the topography. Figure 6 shows the precipitation map of the Ankara city core, and Table
6 lists the air pollution levels for precipitation classes.

Table 5. Annual average precipitation values for Ankara City (General Directorate of Meteorology, 2022)

No Meteorological Station Annual Average Precipitation Amount (mm)
1 Akinci-Mirted 356.6
2 Ankara 409.3
3 Ayas 427.1
4 Bala 433.2
5 Beypazari 410.1
6 Esenboga 411.0
7 Etimesgut 385.8
8 Glvercinlik 359.4
9 Kalecik 411.9
10 Kizilcahamam 575.4
11 Polatli 363.1
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Table 6. Air pollution levels & precipitation classes

Precipitation Amount (mm)

Hava Kirliligi Diizeyi

411.78 — 459.45 Very Low 5
459.45 - 498.04 Low 4
498.04 — 554.57 Middle 3
554.57 —595.65 High 2
695.65 —701.20 Very High 1

Legend
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I:l District
Precipitation
I:l Very Low
El Low

[ middie
I High
B very High

485000" 470000

475000 480000

285000 430000

Figure 6. Precipitation map obtained with the Schreiber Method

Urban Heat Island Map: Air masses with high temperatures tend to increase pollutants
(Viswanathanand & Krishnamurti, 1989). Urban heat islands also tend to increase pollutants in the
atmosphere due to the hot air masses they emit. At the same time, urban heat islands, which occur in
areas with intense urbanization, lead to higher energy consumption in these areas. This forces cities
to produce more greenhouse gases to meet the demand of power plants. Therefore, increased
emissions reduce air quality and increase pollution (EPA, 2022). For this reason, the heat island effect
was included in the study. Figure 7 shows the urban heat island effect map obtained from Yildiz (2022)
for Ankara. The map reveals that areas with high building volume, such as the northeast of Cankaya,
the southeast of Yenimahalle, and the south of Kegioren, also have a high urban heat island effect.
However, in areas with high elevation or a large amount of green space, such as the southeast of
Cankaya, the urban heat island effect is low.
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Figure 7. Urban heat i1sland map (Yildiz, 2022)
4. Conclusion & Discussion

In this study, the integrated evaluation of anthropogenic effects (land cover and population density)
and meteorological parameters (wind, precipitation, urban heat island) was aimed to determine the
risk of air pollution in the core of Ankara city. In the methodology of the study, sub-factors related to
two main factors, anthropogenic and meteorological, which could cause air pollution, were added to
the analysis as layers. The quantitative results obtained for each sub-factor were normalized, and the
result values for the parameters were transformed into categorical data, ranging from 1 (very low) to
5 (very high). In the final stage, the weight scores for the sub-parameters were transformed into a
single integrated result map using the overlay method. With this method applied in the core of Ankara
city, the air pollution risk of the study area has been identified (Figure 8).
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B very High
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Figure 8. Air pollution risk map

In the resulting map, the risk of air pollution in the east of Etimesgut, southwest of Yenimahalle,
southeast of Sincan, south of Mamak and almost all of Cankaya and Kegidren Districts is determined
as "high (4)" and "very high (5)". District-specific air pollution levels are in Figure 9. The air quality risk
levels and their spatial extents in the district centers are presented in Table 7, while the air quality risk
levels and their spatial extents in the total study area are provided in Table 8. The results indicate that
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"very high" air pollution risk levels are present in 19.78% of the total study area, "high" levels in 28.92%,
"moderate" levels in 30.33%, "low" levels in 16.68%, and "very low" levels in 4.29%.

Area (Ha)
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Figure 9. District-specific air pollution levels

Table 7. District-specific air pollution levels and areas (ha)

Number District Air Pollution Area (Ha)
1 Altindag High 340.80
Middle 834.90
Low 777.43
Very Low 495.88
2 Cankaya Very High 1771.79
High 3190.94
Middle 2197.07
Low 1262.31
Very Low 285.52
3 Etimesgut Very High 1843.11
High 2197.91
Middle 2205.05
Low 1104.09
Very Low 95.68
4 Golbasi Low 0.26
Very Low 2.37
5 Kegidren Very High 163.95
High 1000.99
Middle 659.68
Low 225.65
Very Low 130.71
6 Mamak Very High 218.22
High 681.72
Middle 1179.32
Low 1896.64
Very Low 341.91
7 Sincan Very High 503.33
High 896.76
Middle 682.76
Low 64.53
Very Low 29.00
8 Yenimahalle Very High 2394.23
High 1770.54
Middle 717.72
Low 483.87
Very Low 115.56
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Table 8. Air quality risk levels and their spatial extents in the total area (ha)

Very High High Middle Low Very Low Total Area
Area (ha) 6894.63 10079.7 10573.8 5814.8 1496.63 34859.46
Area (%) 19.78 28.92 30.33 16.68 4.29 100

The study has identified areas at risk of air pollution. The existing pollution burden can be interpreted
below the limit values and alert thresholds for air pollutants under the Turkish Air Quality Assessment
and Management Regulation. However, a risk assessment like the one applied in this study provides a
proactive action area shedding light on areas where pollutants may intensify in the future. Moreover,
this method enables a quick assessment for urban areas where long-term air pollution measurements
are scarce or conducted at very few points. Particulate matter (PM10) measurement studies started in
2016, yielding information only for 8 measurement points, including Bahgelievler, Cebeci, Demetevler,
Dikmen, Kayas, Kegioren, Sincan, and Sihhiye (National Air Quality Bulletin, 2024). In Table 9, the
particulate matter (PM10) measurements in the core of Ankara city are presented. Having only 8
measurement points is highly inadequate for the accurate detection of air pollution at the city scale.
Therefore, there is no air pollution map available for Ankara city as a whole based on actual
measurements. This study is important in guiding urban design and practices, predicting the potential
consequences of human interventions on air quality, and mitigating adverse effects.

Table 9. PM10 (pug/m?3) measurements in the core of Ankara City (National Air Quality Bulletin, 2024)

District/Year 2016 2017 2018 2019 2020 2021 2022 WHO's annual
PM10 limit values
(20 pg/m3)
Bahgelievler - 53 47 37.36 53.39 37.66 43.07
Batikent - - - - - 34.01 -
Cebeci 65 61 47 81 91.87 - -
Demetevler 62 62 65 51 55.63 42.75 38.11
Dikmen 67 61 60 33 41 - - The annual average
threshold has been
Etimesgut - - - - - 32.74 27.17 exceeded in all
Etlik - - - - - 3022  43.13  vearssince 2016.
Kayas 80 100 60 45.32 40 53.98 32.62
Kegioren 56 68 61 43 41 36.02 24.7
Ostim - - - - - 47.69 47.4
Sincan 51 61 67 44 56.62 51.08 40.54
Siteler - - - - - 99.64 79.28
Sihhiye 72 85 61 50.09 48.17 52.69 50.68
Torekent - - - - - 26.25 34.22

While determining the parameters used in the study, studies by Gassmann & Mazzeo (2000), Pisoni et
al. (2009), Achillas et al. (2011), Hosseiniebalam & Ghaffarpasand (2015), Karimi et al. (2016), Habibi
et. al. (2017), Zhou et. al. (2020) were utilised. In these studies, parameters that directly or indirectly
affect air quality and air pollution potential such as population density, land use, wind, precipitation,
temperature are included. In this study for the city of Ankara, the methods and parameters used by
Karimi et al. (2016) were primarily used to estimate the air pollution risk at a higher scale. However,
the method does not incorporate some key underlying indicators (e.g., topography, building density,
etc.) that could enhance the accuracy of determining pollution risk spatially. In this context, in this
study conducted for the Ankara city core, unlike Karimi et al. (2016), the urban heat island parameter
was included in the method. Thus, building density and topographic effects in the city were taken into
account, and air pollution risk was estimated more accurately based on microclimatic factors in the
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city core. This is because areas with a high urban heat island effect in the research area have higher air
pollution due to the hot air generated by microclimatic factors in the city. Urban heat islands also
increase energy demand for cooling, especially in built-up areas during the summer, and this in turn
increases hot air masses. Companies supplying electricity typically use fossil fuel power plants to meet
most of this demand, leading to an increase in pollutant levels and greenhouse gas emissions (EPA,
2022). However, these power plants are not located in the city core but rather on the outskirts or
outside the city, and they contribute to climate change in the atmosphere of their installation area.
This situation has an indirect effect on urban areas. In addition, there is a negative relationship
between wind speed and topographic height and air pollutants. As air rises from the ground, it expands
and cools. Thus, moisture in the air condenses to form clouds. Under these conditions, there are no
problems with air pollution in the troposphere, and pollutant parameters do not settle. Similarly, in
areas with increased wind speed, air pollutant parameters cannot adhere and are transported to
different regions (Kara, 2012). This situation can be significant in the context of open and green spaces
in urban areas, but the opposite can occur in the city core with high building density. Structures not
only block wind speed but also, by causing inversion in the urban atmosphere, prevent rising hot air,
which in turn causes polluted and hot air to settle in the city core (Karimi et al., 2016).

One important point obtained from the research findings is that wind speed is the most significant
meteorological factor affecting the distribution of air pollution, especially in polluted areas like the city
center of Ankara. Therefore, despite the high wind speeds observed in the city center of Ankara, it is
seen that the air pollution risk is very high. The reason for this is that when various criteria such as high
building density, relatively low topographic height, and lack of green areas in the city center are
evaluated in an integrated manner, wind speed reduces its negative effect on air pollution. In short, in
areas with a high amount of green spaces, high topographic height, and high wind speed, the amount
of pollutants in the atmosphere decreases, and thus, air pollution decreases. In determining air
pollution risk, land cover and population density also play a significant role, in addition to
meteorological effects. The amount of pollutants in the air increases depending on industrial areas,
industrial zones, and traffic density. In this context, in cities with high air pollution density, considering
the dominant wind direction and speed, industrial and industrial areas should be planned in other
regions of the city with high wind speed but low air pollution risk in terms of other parameters.

The research conducted within the scope of this study aimed to determine the air pollution risk, taking
into account the current state of complex interactions between nature and society, as well as the
boundaries of Ankara's city center. However, air movements are not limited to city center boundaries
or administrative boundaries. Therefore, conducting air pollution-related studies by considering the
values of climate stations in the surrounding districts and cities would contribute to obtaining much
more accurate results. This research is considered an important step for future studies aimed at
determining air pollution risk. The applied method allows researchers and urban planners to add new
layers and assign criteria with appropriate weights to characterize urban air pollution. In future studies,
different parameters with different weightings can be added based on the specific problems and
requirements of the research area. In existing urban open and green spaces, the use of species with
large canopy structures and deciduous species will increase the retention rate of pollutant gases. In
this context, plant selection, spatial pattern design, surface roughness, and plant composition and
configuration are critical issues in air flow risk. In new settlement areas, integrated consideration of
topography, land uses, and the meteorological characteristics of the region in urban planning will
contribute to producing healthy and sustainable settlement areas by reducing pollutant emissions to
the atmosphere due to urbanization with meteorological effects.

In this study, GIS and Multi-Criteria Decision Making techniques were used to model a potential air
pollution risk distribution that can form the basis for landscape planning and urban planning studies.
What is important here is to provide a holistic assessment in order to reveal the integrated effect of
the factors affecting air pollution, not on the basis of a single parameter. This study presents a
methodological approach based on indicators. Strategies developed to reduce air pollution in urban
planning can be examined in detail in different studies.
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