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Urban environment characteristics have a crucial role in air quality. The geographic 

location of the city, the natural features and factors brought by this location, and 

different physical environmental characteristics like street connectivity and land-use 

mix affect air quality. Some urban environment characteristics can cause more air 

pollution than the others. Current research shows that children are more affected by 

air pollution than adults because they breathe more often. This is also why respiratory 

diseases become chronic during childhood. Asthma is one of the chronic diseases 

that has increased globally among children over the past few decades. The dynamics 

of this occurrence indicate that it is the effect of changes in the environment rather 

than the influence of, for example, age, gender and heredity. Evidence shows that 

asthma starts in childhood and mostly persists into old age, which explains the 

importance of focusing on children to decrease the prevalence of asthma in the 

general public.  

Understanding the factors that explain mesoscale urban characteristics that affect 

outdoor air pollution is essential for planners and designers to develop effective 

mitigation measures and prevent children's exposure to air pollution. Regarding this, 
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the thesis asked three main research questions: (1) What is the relationship between 

mesoscale urban environment characteristics and outdoor air quality? (2) Is there a 

relationship between urban environment-caused outdoor air pollution and childhood 

asthma? And, (3) What are the physical characteristics of the areas where children 

are more prone to asthma?    

In order to respond these questions, four regions with different urban environment 

characteristics have been selected in Ankara, Turkey. Next, 800 m radius circles are 

drawn around each public primary and secondary school, located inside these four 

regions, to determine the range of childrenôs neighborhoods. The natural 

environmental characteristics (altitude, temperature, relative humidity, wind speed) 

and built environmental characteristics (figure-ground, building density, land-use 

mix, greenness, street connectivity, traffic volume and proximity to industrial areas) 

of the chosen neighborhoods were analyzed in ArcGIS. Afterward, the streets in 

these four regions were classified based on their typologies. Measurements of 

particulate matter (PM10 and PM2.5) were made in the selected streets from each 

region three times (two on weekdays and one at weekends at peak hours). PM10 and 

PM2.5 measurements were made with 2 DustTrak II 8530 devices mounted on the 

hood of the car while traveling by car at min 5 to max 20 speed and stopping for 2-

5 minutes at the specified points. Finally, doctor-diagnosed children data of the 

regions that are registered in Family Public Health Centers was collected from the 

Ministry of Health. A variety of statistical analysis techniques were used to respond 

each research question, including pearson correlation and regression.  

This thesis contributes to the existing literature by investigating various urban 

environment characteristics that affect outdoor air quality, the effect of outdoor air 

pollution on childhood asthma and lastly, the effect of different urban environment 

characteristics on childhood asthma. The results of the thesis show that the urban 

environments where children live significantly affect outdoor air quality and 

childhood asthma. The thesis revealed a significant link between altitude, 

temperature, and relative humidity from natural environmental characteristics, and 
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PM10 and PM2.5 concentrations. The built environment characteristics that affect 

PM concentrations vary depending on different buffer and PM sizes. A positive 

correlation was found between the number of children with asthma and PM 

concentrations. As for the urban environment features, it was determined that figure-

ground, building density and APOGR (Active-Passive Open Green Ratio) were 

associated with asthma prevalence. The study's findings led to the conclusion that, 

in the absence of air quality measures, comparing urban environmental 

characteristics with data on childhood asthma would not produce reliable results. 

 

Keywords: Urban Environment, Outdoor Air Quality, Childhood Asthma  
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Kentsel ­evre ºzellikleri hava kalitesi ¿zerinde ­ok ºnemli bir etkiye sahiptir. Kentin 

coĵrafi konumunun ve bu konumun getirdiĵi doĵal faktºrlerin, farklē mahalle 

birimlerindeki sokak baĵlantēsallēklarē ve arazi kullanēm ­eĸitlilikleri gibi farklē 

fiziksel ­evre ºzelliklerinin kentteki hava kalitesi ¿zerine etkileri vardēr. Kentsel 

­evre ºzelliklerinden bazēlarē diĵerlerine nazaran dēĸ ortam hava kalitesi ¿zerinde 

daha fazla etkiye sahiptir. G¿ncel araĸtērmalar, ­ocuklarēn daha sēk nefes aldēklarē 

i­in hava kirliliĵinden yetiĸkinlere gºre daha fazla etkilendiĵini ve solunum yolu 

hastalēklarēnēn ­ocukluk dºneminde kronikleĸtiĵini gºstermektedir. Astēm, son 

yēllarda ­ocuklarda ­ok yaygēn gºr¿len kronik hastalēklardan biridir. Bu hastalēĵēn 

prevalansēndaki artēĸ, hastalēĵē tetikleyen faktºrlerin yaĸ, cinsiyet, kalētēm vb. 

ºzelliklerden ­ok yaĸanēlan kentsel ­evredeki deĵiĸikliklerin etkisiyle 

a­ēklanabileceĵini gºstermektedir. Kanētlar astēmēn ­ocukluk dºneminde baĸladēĵēnē 

ve ­oĵunlukla ileri yaĸlara kadar devam ettiĵini gºstermektedir, bu da toplumdaki 

astēm prevalansēnē azaltmak i­in ­ocuklara odaklanēlmasē gerekliliĵinin ºnemini 

ortaya koymaktadēr. 

Dēĸ ortam hava kirliliĵini etkileyen orta ºl­ek kentsel ºzellikleri anlamak, etkili hava 

kirliliĵi azaltma ºnlemleri geliĸtirmek ve ­ocuklarēn hava kirliliĵine maruz kalmasēnē 
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ºnlemek ĸehir plancēlarē ve tasarēmcēlar i­in ­ok ºnemlidir. Buna baĵlē olarak bu tez 

¿­ ana araĸtērma sorusu sormuĸtur: (1) Orta ºl­ekli kentsel ­evre ºzellikleri ile dēĸ 

ortam hava kalitesi arasēndaki iliĸki nedir? (2) Kentsel ­evre kaynaklē dēĸ oartam 

hava kirliliĵi ile ­ocukluk dºnemi astēmē arasēnda bir iliĸki var mēdēr? ve (3) 

¢ocuklarēn astēma daha yatkēn olduĵu bºlgelerin fiziksel ºzellikleri nelerdir? 

Bu sorularē cevaplamak i­in Ankara'da farklē kentsel ­evre ºzelliklerine sahip dºrt 

bºlge se­ilmiĸtir. Daha sonra, ­ocuklarēn mahalle mesafelerini belirlemek i­in bu 

dºrt bºlge i­inde yer alan her bir devlet ilk ve ortaokulunun ­evresine 800 m 

yarē­aplē daireler ­izilmiĸtir. Se­ilen mahallelerin doĵal ­evre ºzellikleri (eĵim, 

sēcaklēk, baĵēl nem, r¿zgar hēzē) ve yapēlē ­evre ºzellikleri (ĸekil-zemin, bina 

yoĵunluĵu, arazi kullanēm ­eĸitliliĵi, yeĸil alanlar, sokak baĵlantēsallēĵē, trafik hacmi 

ve end¿striyel alanlara yakēnlēk) ArcGIS'te analiz edilmiĸtir. Daha sonra bu dºrt 

bºlgedeki sokaklar tipolojilerine gºre sēnēflandērēlmēĸtēr. Hava kalitesi -partik¿l 

madde- ºl­¿mleri (PM10 ve PM2.5) her bºlgeden se­ilen sokaklarda ¿­ kez (ikisi 

hafta i­i, biri hafta sonu, en yoĵun saatlerde) yapēlmēĸtēr. ¥l­¿mler yapēlērken 

bºlgelerde bulunan okullar, yeĸil alanlar ve benzin istasyonlarē dikkate alēnmēĸtēr. 

PM10 ve PM2.5 ºl­¿mleri ara­ ile min 5 - max 20 hēz arasēnda seyahat ederken ve 

belirtilen noktalarda 2-5 dakika durarak ara­ kaportasēna monte edilmiĸ 2 adet 

DustTrak II 8530 cihazē ile yapēlmēĸtēr. Son olarak Saĵlēk Bakanlēĵē'ndan Aile Halk 

Saĵlēĵē Merkezlerine kayētlē olan bºlgelerin doktor tanēlē ­ocuk verileri toplanmēĸtēr. 

Bu veri setlerinin t¿m¿ kullanēlarak tezin araĸtērma sorularē ele alēnmēĸtēr. Pearson 

korelasyonu ve regresyon dahil olmak ¿zere her araĸtērma sorusuna yanēt vermek 

i­in ­eĸitli istatistiksel analiz teknikleri kullanēlmēĸtēr. 

Bu tez, dēĸ ortam hava kalitesini etkileyen farklē kentsel ­evre ºzelliklerini, dēĸ hava 

kirliliĵinin ­ocukluk ­aĵē astēmēna etkisini ve son olarak, farklē kentsel ­evre 

ºzelliklerinin ­ocukluk ­aĵē astēmēna etkisini bularak mevcut literat¿re katkēda 

bulunmaktadēr. Tezin sonu­larē, ­ocuklarēn yaĸadēklarē kentsel ortamlarēn dēĸ hava 

kalitesini ve ­ocukluk ­aĵē astēmēnē ºnemli ºl­¿de etkilediĵini gºstermektedir. Tezin 

sonucunda, doĵal ­evre ºzelliklerinden eĵim, sēcaklēk ve baĵēl nemin PM10 ve 
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PM2.5 konsantrasyonlarē ile anlamlē bir iliĸkisi olduĵu, PM konsantrasyonlarēna etki 

eden yapēlē ­evre ºzelliklerinin ise farklē buffer-size larēna baĵlē olarak deĵiĸkenlik 

gºsterdiĵi gºr¿lm¿ĸt¿r. Astēmlē ­ocuk sayēsē ile PM konsantrasyonlarē arasēnda 

pozitif bir korelasyon tespit edilirken, kentsel ­evre ºzelliklerinden figure-ground, 

building density ve APOGR (Aktif -pasif a­ēk yeĸil alan oranē)'nin astēm prevalansē 

ile iliĸkili olduĵu tespit edilmiĸtir. Araĸtērmanēn sonucunda hava kalitesi ºl­¿mleri 

alēnmadan kentsel ­evre ºzellikleri ile ­ocukluk dºnemi astēmē verilerinin 

karĸēlaĸtērēlmasēnēn doĵru sonu­ vermeyeceĵi tespit edilmiĸtir.  

 

Anahtar Kelimeler: Kentsel ¢evre, Dēĸ Ortam Hava Kalitesi, ¢ocukluk Dºnemi 

Astēmē 
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CHAPTER 1  

1 INTRODUCTION   

1.1 Problem Statement  

Cities have historically been recognized as places for people to come together to 

enjoy a variety of benefits like socialization and commerce (Frumkin et al., 2004). 

However, with the invention of the automobile, the focus on connecting people with 

places has progressively diminished. Places that once provided safe and equitable 

travel by foot have been increasingly replaced by disconnected land uses and 

automobile-dependent developments. Evidence shows that such trends in 

urbanization affect outdoor air quality (Shima et al., 2003).  

As urban areas accommodate a growing population, air pollution represents a critical 

health issue for cities worldwide. A report by the UN Habitat (2022) shows that in 

2021, 56 percent of the worldôs population lived in urban settlements. The same 

report announced that by 2050, urban areas are projected to house 68 percent of 

people globally. It is estimated that one in every three people will live in cities with 

at least half a million inhabitants by the year 2050 (UN-HABITAT, 2022). 

Additionally, research shows that more than one billion children live in urban areas 

(here the term ñchildrenò refers to individuals in the 0-18 age range) (UNICEF, 

2012). This means that one billion children in the world are affected by 

environmental opportunities and problems, and the advantages and disadvantages of 

urban settlements. From a demographic perspective, a glimpse into the future shows 

that the world will continue to urbanize over the next three decades, with urban areas 

absorbing virtually all the future growth of the worldôs population (UN-HABITAT, 

2022). 



 

 

2 

Unplanned urban expansion, environmental degradation, public dependence on 

motorized road transport, and high volumes of freight transport are some of the 

reasons that cause high levels of air pollution in urban environments (Akilan & 

Nandhakumar, 2016; UN-HABITAT, 2022; J. Yang & Zhang, 2018). Apart from the 

built environment of the urban areas, their natural environment also affects air 

quality (Ram²rez-S§nchez & Garc²a-Guadalupe, 2013; Wallace et al., 2010). Air 

pollution can be influenced directly or indirectly by climatic features, geolocation of 

cities, and meteorological and socioeconomic factors. However, how cities grow and 

evolve spatially is one of the most crucial components (L. Han et al., 2015; Lu & 

Liu, 2016). Children living in urban environments are constantly exposed to 

background levels of several pollutants with a pattern of space (decreasing from the 

inner city towards the suburbs) and time (more concentrations during the peak hours) 

variation. Air pollution in urban environments is also a matter of worldwide concern. 

Hadley et al. (2018) found that, in 2016, globally 4.1 million deaths were attributed 

to outdoor air pollution and World Health Organization (WHO) reports that 99% of 

the world population breathes polluted air, exceeding WHO guideline limits. Air 

pollutionôs impact on health is appraised to be as great as other major global health 

risks such as tobacco use and obesity (WHO, 2009). Nevertheless, air pollution is 

not something that populations can escape. 

Urban air quality studies have shown that some gases and particles negatively impact 

human health. Urban air pollution can penetrate the bloodstream and affect all organ 

systems (WHO, 2009). The impacts of air pollution can be either transitory (e.g. 

coughing) or long-term and irreversible, ranging from cardiovascular and respiratory 

disease, lung and other cancers, asthma and other non-communicable diseases 

(NCDs), poor birth outcomes, and developmental challenges. Air pollution, and in 

particular its fine particulate component, has recently been classified as a cause of 

lung cancer (IARC, 2013). According to the WHO (2018), air pollution (both indoor 

and outdoor) is linked to 7 million premature deaths annually and a substantial 

reduction in years of healthy life. 
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There is growing evidence that air pollution affects childrenôs neurological 

development (Guxens & Sunyer, 2012; K¿nzli et al., 2010). In a report published in 

2018, WHO estimated that 93 percent of the worldôs children are exposed to toxic 

air daily, putting their health at risk. Acute lower respiratory infections caused by 

polluted air have been linked to the death of 600,000 children in 2016 (WHO, 2018). 

Over the past few decades, allergic disorders have become much more common, 

particularly in children and young adults (Pawankar, 2014). The dynamics of this 

occurrence indicate that it is the effect of changes in the environment rather than the 

influence of personal factors like age, gender and heredity. 

Air pollution affects children more significantly due to their relatively higher 

ventilation and metabolic turnover (Tzivian, 2011). Children's immune systems are 

not fully developed, and thus the incidence of respiratory infections is high. The lung 

is still growing, and any deficit in growth will be relevant throughout the child's life 

(Perez et al., 2010). This poses a threat to children living in environments with 

intense air pollution; with the inhalation of particles and gases in the air, air pollution 

can trigger asthma ï one of the most devastating chronic diseases in children (Arrieta 

et al., 2015; Asher & Pearce, 2014a; Graham, 2004). Several cross-sectional studies 

from Germany, Switzerland, France, and the USA found that compared to their peers 

who live in less polluted regions, school-age or pre-school children who live in 

communities with higher levels of dust, SO2, and NO2 suffered more from cough, 

acute bronchitis and asthma (Gern, 2010; Gern et al., 2009; K¿nzli et al., 2010; 

Lynch et al., 2014; Perez, Lurmann, Wilson, Pastor, Brandt, K¿nzli, et al., 2012). 

Asthma is one of the most common health problems of the 21st century (Hoffjan & 

Ober, 2002; Lai et al., 2009). Asthma can trigger other health problems, reduce the 

quality of life and economic status of individuals, and even results in death (Busse 

et al., 2000; OôConnell, 2004). Studies conducted across the globe show that the 

number of children with asthma is increasing dangerously year by year (Akinbami 

et al., 2016; Asher & Pearce, 2014b). One of the crucial factors triggering asthma is 

outdoor air quality (Graham, 2004; B.-F. Hwang et al., 2005; Sobral, 1989). 

Compared to other age groups, children are found to have the highest incidence of 
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asthma (Olin & Wechsler, 2014). According to the International Study of Asthma 

and Allergies in Childhood (ISAAC), 11.6% of children aged 6-7 years worldwide 

had doctor-diagnosed asthma in 1995 (ISAAC Steering Committee, 1998). In studies 

conducted with the ISAAC method in Turkey, it has been found that approximately 

15 children out of every 100 children have doctor-diagnosed asthma in the 2000s 

(Karaman et al., 2006; Mutlu & Balci, 2010). Also, in a study conducted in 2003 in 

Ankara (which used the ISAAC method), Sara­lar et al. (2003) found that the 

prevalence of physician-diagnosed asthma in schoolchildren aged 8ï11 years was 

%6,9. Evidence shows that asthma starts in childhood and mostly persists into old 

age (Burgess et al., 2007; McMichael, 2001; Reed, 2006)ï a finding which explains 

the importance of focusing on children in order to decrease the prevalence of asthma 

in the general public. Asthma cannot be cured, but its effects can be reduced and 

even prevented from appearing if necessary precautions are taken. 

Current research shows that children living in the city are more likely to have asthma 

than those living in the urban periphery, where construction and vehicle traffic is less 

frequent (Crain et al., 1994). Similarly, street patterns that prevent wind flow and 

cause exhaust emissions undoubtedly pose a severe threat to the health of children 

who actively use the street. In addition, air pollution remains in the street because of 

the form of urban neighborhoods (e.g., building form, building density) and other 

physical environmental factors (like the presence of large amounts of paved surfaces) 

that prevent airflow and cause heat islands. Spending time in a street environment, 

especially after school and in the evening when vehicle traffic is the busiest, exposes 

children more to the side effects of air pollution (Graham, 2004). Frank et al., (2007) 

determined that increasing the walkability index (measured by changes in urban form 

elements such as increasing land use diversity and building density) of a 

neighborhood by 5% enables each person to travel 32.1% more actively (walk or 

bike more when getting from one point to another), travel 6.5% fewer kilometers by 

car, and thus have 5.6% less nitrous oxide and 5.5% less volatile organic matter into 

the air. This study shows that urban planning and design practices affect the outdoor 

air quality in neighborhoods by influencing the urban form. 
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To sum up, the literature approves that the urban environment characteristics directly 

affect outdoor air pollution and this problem directly affects childhood asthma. 

However, there are still great deficiencies in the literature about the indirect 

relationship between urban environment and childhood asthma caused by outdoor 

air pollution, specifically on which mesoscale urban environment characteristics 

affect childhood asthma. There are many studies and projects about the relationship 

between asthma and the urban environment (Crain et al., 2002; Gern, 2010; Gern et 

al., 2009; Phipatanakul et al., 2011; Wright et al., 2011) but they usually focused on 

the health side of the relationship, not the natural and the built environment side. 

This is partly because, until recently scholars who approached this link have been 

largely affiliated with health sciences. This study is going to focus on the urban 

environment side of this relationship from the perspective of an urban planner. 

1.2 Aim and Research Questions of the Study 

This research aims to understand the preventable spatial risk factors of childhood 

asthma, which is one of the serious public health problems and to understand the 

urban environment characteristics that cause these problems. It aims to contribute to 

urban planning and public health literature by informing planners, designers, policy-

makers, and developers about how to create neighborhoods where cleaner air can be 

breathed. It seeks to understand what changes should be made in the physical 

environment of cities in order to prevent the triggering of asthma. Therefore, in 

general, this thesis aims to help urban planners and designers in creating healthy 

cities for all. 

This research explores the relationship between the urban environment, air pollution, 

and childhood asthma at different levels. The study asks the following research 

questions: 

1. What is the relationship between mesoscale urban environment 

characteristics and outdoor air quality? 
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a. Which features of the urban environment significantly affect 

outdoor air quality? 

b. Do urban spots with less or more air pollution show a differentiation 

based on the urban environment characteristics of their 

surroundings? 

2. Is there a relationship between urban environment-caused outdoor air 

pollution and childhood asthma? 

a. Are children diagnosed with asthma living in environments with 

more intense air pollution? 

3. What are the physical characteristics of the areas where children are more 

prone to asthma? 

a. Which urban environment characteristics play a role in promoting 

childhood asthma? 

Meso scale is an urban scale that sits in between micro and macro scale. Micro scale 

refers to the area immediately surrounding a person's home (or work or goes to 

school). Even people who reside on the same street could have different micro 

environments. Meso scale is a term to describe small-scale areas where people reside, 

such as a neighborhood or census block group. Larger size locations, such as cities 

or counties, are represented by macroscale environments. (Day, 2018). Within the 

scope of this study, the locations of traffic lights,  that may affect the air quality, the 

presence of a median on the road, the types of trees in the study areas, the pavement 

situation in front of the residences, etc. that may affect the air quality on a point scale 

are not covered. Neither are the geographic location of the city, the soil structure and 

climate characteristic of the whole city of Ankara that may affect the air quality on 

a regional scale. Meso-intermediate-scale urban environment characteristics are 

specifically discussed within the context of this thesis. Urban environment, as is used 

in this thesis, refers to the physical (natural and built) characteristics of urban areas. 

In order to represent the meso-scale urban environment charactersitics, within the 

scope of this thesis, altitude and meteorological information are taken as natural 
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characteristics; figure-ground, land use mix, building density, street connectivity, 

traffic volume, open-green areas and distance to the nearest industrial areas are taken 

as built environment characteristics. Previous resesearch has examined whether 

some of these natural and built environment variables (like traffic volume and 

distance to industrial areas) affect outdoor air quality. With this thesis, it will be 

possible to determine whether these elements that affect air quality have an impact 

on asthma in children as well.  

It is intended to provide guidance to city planners and designers regarding 

problematic areas, and how these areas can be improved in the context of improving 

air quality so that these areas can be used more effectively. It also aims to provide 

guidance regarding the types of planning and design practices that should be used in 

order to improve the outdoor air quality in newly constructed settlements. 

1.3 Gaps in Theory and Research 

When the literature on the relationship between the urban environment, outdoor air 

quality and childhood asthma is examined (articles on the subject, which were 

published in English and that were retrieved from Google Scholar, WOS, Scopus 

and PubMed), it is seen that no study has every investigated such a triangular 

relationship. Additionally, most of the existing studies on urban environment and 

childhood asthma or outdoor air pollution and childhood asthma have been done by 

medicine and health disciplines; there has been no study on this subject by city 

planners and urban designers. As far as we know, this thesis will be the first study 

on this subject by a city planner. From this perspective, the 2nd and 3rd research 

questions we asked within the scope of the thesis will be evaluated for the first time 

from a planner's point of view.  

The majority of the existing studies on óurban environment and outdoor air pollutionô 

and óurban environment and childhood asthmaô focused on urban-rural contrasts and 

traffic-related air pollution (Alotaibi et al., 2019; Ciccone G et al., 1998; Hwang et 
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al., 2011; Shima et al., 2003). Studies that focused on the health outcomes of the 

characteristics of urban environments by and large examined how the NDVI 

(Cavaleiro Rufo et al., 2021; W. Huang et al., 2021) and land-use mix (Paciencia et 

al., 2022) affect childhood asthma at the urban scale. There is only one study in the 

examined literature that examines air quality at the neighborhood level (Corburn et 

al., 2006). Cornburn et al.ôs (2006) study was carried out by calculating the density 

of land uses that are known to be hazardous and have a negative impact on air quality. 

This thesis, to the best of authorôs knowledge, will be the first study to examine how 

a variety of urban environmental characteristics (the features that can affect air 

quality both positively and negatively) affect both outdoor air quality and childhood 

asthma. 

There are relatively few studies looking at the connection between the urban 

environment and outdoor air quality at the street scale, as will be discussed more in 

detail in the following chapter of the thesis. Studies done at the street scale in the 

literature have only looked at one location (Bouhamra & Abdul-Wahab, 1999; M. 

Liu et al., 2021) and have not compared streets with diverse physical characteristics. 

This study aims to fill out this gap in the literature. The first research question posed 

in this thesis aims to help us understand how air quality varies from one side of the 

street to another as the urban form characteristics changes. 

1.4 Assumptions of the Study 

For each research question, this thesis has a different assumption, all of which were 

generated by utilizing the information acquired from the existing literature and 

theories. In the conclusion chapter of the thesis, the author aims to interpret the 

findings of the research by referring to these assumptions.  

The assumption for RQ1.: The mesoscale urban environment characteristics have an 

effect on air quality. To the best of our knowledge, no study has been done on how 

environmental characteristics affect street-level air quality and, consequently, 
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childhood asthma, as the author specified in the title above. However, research 

comparing urban and rural environments on a larger scale has shown that urban 

environments, as opposed to rural ones, have detrimental effects on outdoor air 

quality as a result of traffic density, building frequency, industrial zones, etc. 

(Forastiere et al., 1992; Odhiambo et al., 1998; Yemaneberhan et al., 1997). In light 

of this information, it is assumed that urban environments have an effect on outdoor 

air pollution. In addition to this general assumption, this thesis has several 

assumptions regarding the effect of each of the investigated urban environment 

characteristic on outdoor air quality. These assumptions are as follows: 

- The researcher assumes that high-altitude regions will be better in terms of 

air quality. According to the literature, places at higher altitudes have more 

air flow, which results in less PM10 and PM2,5 (Particulate Matter) 

concentrations (Ning et al., 2018). Also, a street-scale research that assessed 

air pollutant concentrations at 0 m and 35 m heights of the same spot on rainy 

and non-rainy days, discovered that measurements obtained at 35 m had 

lower concentrations under all circumstances (Warlina et al., 2019). 

- The researcher assumes that air pollution is less in areas with low 

temperature, high relative humidity and high wind speed. The literature 

proves that as temperature decreases PM10 concentrations decrease (S. Kim 

et al., 2015), as relative humidity increases air pollutant concentrations 

decrease (Wu et al., 2022), as wind speed increases air pollutant 

concentrations decrease (J. Yang et al., 2020). 

- The researcher assumes that higher void spaces mean higher air quality in the 

studied regions. Because void areas are assumed to facilitate air flow (Sarē & 

Aybek, 2018) .  

- The researcher assumes that air pollution will increase as the building density 

increases. Because it has been proven that the number of floors of the 

buildings affects the wind direction and speed (J. Yang et al., 2020), thus 
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causing the formation of urban heat islands (Liang et al., 2021) and affecting 

the air quality. 

- The researcher did not make any assumptions regarding how land-use mix 

would affect air quality in light of the literature. The findings in the literature 

about land-use mix and air quality are contradictory. For instance, Bechle et 

al. (2011), employing satellite images, found that cities with moderate to 

highly crowded, compact, and high land use diversity had higher air quality 

than those with less dense, fringed (non-compact), and sparse land 

use.  Similar findings were made by McCarty and Kaza (2015), who 

discovered that the urban environmentôs fragmentation makes the cityôs outer 

suburbsô air quality poorer. Some researchers have determined that practices 

that increase physical activity, such as increasing building density and 

preventing urban sprawl, increase air pollution. For example, Stone and 

Rodgers (2001) and Zhang and Gu (2013) found that denser and more 

compact cities have more building surfaces, resulting in increased heat 

absorption. They discovered that pollutants such as carbon monoxide (CO) 

and particulate matter (PM) cause them to hang in the air, which causes more 

harmful pollutants to be inhaled while walking on the street. 

- The researcher assumes that regions with more open and green areas will be 

better in terms of air quality. Although the formulas used within this research 

didnôt used in any research before, studies using NDVI proves that as green 

index increases air pollution decreases (Gajjar et al., 2021; Zhan et al., 2018). 

- The researcher assumes that being near industrial areas has detrimental 

effects on air quality. The literature has proven that industry causes air 

pollution and this air pollution has negative effects on human health (Morin 

et al., 2012; Pope, 1989). 

- The researcher did not make any assumptions regarding how street 

connectivity would affect air quality. As is mentioned in the land-use mix 

analysis part, street connectivity is also about compactness, and there are 
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conflicting results in the literature on the air quality of compact areas. The 

goal of this analysis is to produce findings that will aid in resolving the 

literary disagreement. 

- The researcher assumes that air pollution concentrations will be higher in 

areas with heavy traffic. There are many studies in the literature that say that 

traffic is one of the factors that cause air pollution (Dastoorpoor et al., 2016; 

Lockhart et al., 2015; Soegoto et al., 2019). 

The assumption for RQ2.: Outdoor air pollution caused by the urban environment 

worsens childhood asthma. It has been demonstrated in the literature that outdoor air 

pollution negatively affects children's asthma (Friedman et al., 2001; Hirshon et al., 

2006; W. Huang et al., 2021). Based on this information, it was assumed that urban-

environment caused outdoor air pollution would adversely affect childhood asthma. 

The assumption for RQ3.: Urban environment characteristics which cause bad air 

quality have an effect on childhood asthma. As it was mentioned above, there is only 

one study in the literature that examines urban environment characteristics at the 

neighborhood level (Corburn et al., 2006). The results of the study show that noxious 

land uses tend to cluster in areas with elevated asthma hospitalization rates. This 

evidence led to the assumption that children who live in areas with low air quality 

are more likely to develop asthma. The researcher assumes that urban environmental 

features, which she hypothesized to cause air pollution, also trigger asthma. 

1.5 Research Methodology 

This study is an interdisciplinary exploration, drawing topics that have been studied 

in different disciplines, including city and regional planning, environmental 

engineering and health. Although the meanings of various terms that have been used 

in these disciplines are defined throughout the thesis whenever necessary, they are 

presented collectively in Appendix A. 
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The research is focused on the city of Ankara to examine the relationship between 

the urban environment, air quality and childhood asthma. Ankara is among the cities 

in Turkey where asthma and air pollution are seen intensely. It is one of the largest 

cities in Turkey, which has various neighborhoods with different urban environment 

characteristics. Considering the number of people diagnosed with asthma in hospitals 

in 2013 by provinces, it is seen that Ankara is among the nine cities with the highest 

diagnosis of asthma cases (Al & ¥zcebe, 2017). A survey conducted in Ankara 

shows that the prevalence of asthma in primary school children was %8,3 in 1992 

and %9,8 in 1997 (Kalyoncu et al., 1994, 1999). According to the 2018 air pollution 

report prepared by the Chamber of Environmental Engineering, Ankara is one of the 

cities that has the highest pollution rates in Turkey in terms of outdoor air pollutants; 

PM2.5, PM10, No2, Nox. Therefore, the author considered this city to be an ideal 

case for investigating the relationship between urban environment characteristics, air 

quality and childhood asthma. 

Eight neighborhoods in four different regions in Ankara have been selected within 

the scope of the research. While choosing these neighborhoods, three criteria were 

taken into consideration. The first criterion was the urban environment 

characteristics of neighborhoods. The site selection was made according to the 

mesoscale urban environment characteristics of neighborhoods. The area selection 

was made in line with the readily accessible online data. Detailed analyses of the 

form characteristics of the chosen neighborhoods were made after the neighborhood 

selection process. The second criterion was the results of the literature review on the 

relationship between urban environment, outdoor air quality and childhood asthma. 

For example, the size of the study areas and the form characteristics to be examined 

within the scope of this thesis were determined by refetting to the findings in the 

literature. The third and final criterion was the availability of primary and secondary 

public schools in the selected study areas. The geographic extent of the 

neighborhoods is defined by public primary and secondary schools in the 

neighborhoods. School children between the 7 and 12 age groups, who go to primary 

and secondary school, are considered as childhood in this study. This is due to the 
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fact that the Ministry of Health's data separated the children into two age groups: 0ï

6 and 7ï12 years old, and 0-6 age group is children who have not yet started school. 

The schools in selected neighborhoods are detected, and 800 m circles are drawn 

from these schools. Davison & Lawson, (2006) detected that, children were less 

likely to actively commute to school if their route is more than 800 m, and this 

research tries to represent the children who spent time outdoors in the selected 

neighborhoods. Placing circles with a radius of 800 meters around public schools 

made the study independent from the administrative boundaries of the 

neighborhoods, which had no determination criteria other than the minimum 

population (Municipal Law, 2005). All of the analyses are made within the regions 

created with 800 m buffer borders. 

This thesis employed both primary and secondary data. The term "primary data" 

refers to information gathered from a fieldwork. First of all, a fieldwork was carried 

out in order to transfer the features to be used in the urban environment analysis of 

the boundaries of the selected neighborhoods as defined by school-based circular 

buffers to the GIS environment. For this purpose, initially, the existing drawings 

were obtained from the Ankara Metropolitan Municipality. Then they were updated 

by using satellite images and site excursions. The other primary data that is used in 

the thesis is air quality measurements. Air quality measurements were made with 

two air quality devices (Dust Trak II 8530). The measurements were taken by two 

different methods. First, by fixing the devices to an automobile while driving. 

Second by placing the devices at a fixed point for 24 hours. 

Secondary data refers to data that was obtained from different sources and not 

directly collected by the researcher. Temperature, humidity, wind direction, and 

speed data were obtained from the General Directorate of Meteorology for the days 

when air quality measurements were taken. In addition to meteorology data, traffic 

data was taken instantly from Yandex Maps. Health data were obtained from the 

Ministry of Health. This data includes information about asthmatic patients and total 



 

 

14 

registered patients aged 0-6 and 7-12 years old to Family Public Health Centers 

located in or near the study areas.  

After obtaining all the necessary data for the study, the obtained data were examined 

by comparing them with each other by using a mixed-methodological approach. 

Urban environment and air quality data were used to answer the first research 

question and test the assumption. Air quality and health data were used to answer the 

second research question. In order to answer the third research question, the 

researcher used the urban environment and health data. This thesis proposes a novel 

interdisciplinary methodology where detailed urban environment, air quality, and 

health data were combined. 

1.6 Configuration of the Thesis 

This thesis is composed six chapters. The introduction chapter is a brief summary of 

the thesis. It includes the aim and context of the research, the research questions, the 

assumption of the research, and finally, the methods used in the research. 

The second chapter consists of the literature review conducted within the scope of 

this study. Since this thesis aims to investigate the relationship between three 

concepts ï urban environment, outdoor air pollution and childhood asthma ï and 

since no study has ever investigated the link between these three concepts, the author 

reviewed the existing literature on:  

1. urban environment and outdoor air pollution,  

2. outdoor air pollution and childhood asthma,  

3. urban environment and childhood asthma. 

At first, the thesis reviewed the literature on the direct relationship between urban 

environment and outdoor air pollution. Then it focused on the literature about the 

direct relationship between outdoor air pollution and childhood asthma. Finally, it 
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reviewed the literature on the indirect relationship between urban environment and 

childhood asthma. 

Chapter three introduces the study's research method and design, including the 

methods of data collection, processing, editing and analysis. Research methodology 

is designed to explain the relationship between the urban environment, outdoor air 

quality and childhood asthma by addressing the main research questions, sub-

questions, and assumptions. The data collection and data analysis procedures to 

measure variables and the research approach of the study are described in this 

chapter. 

Chapter four is the chapter where the results of the study are presented. The chapter 

is designed in three sub-chapters, all of which are designed to answer each research 

question. The first sub-chapter is about the relationship between urban environment 

and outdoor air quality. The second sub-chapter is about the relationship between 

outdoor air quality data and childhood asthma. Finally, the third sub-chapter is about 

the relationship between urban environment characteristics and childhood asthma. 

Chapter five discusses the relationships that have been proven within the scope of 

this study (the relationship between urban environment and outdoor air quality / the 

relationship between outdoor air quality and childhood asthma / the relationship 

between urban environment and childhood asthma. The main discussion of the 

research questions based on the literature is placed in this section. 

Chapter six concludes the thesis, summarizing and providing insights into the 

research's general findings. This last chapter also includes the implications for city 

planning and urban policy,  information about the contribution of this research to the 

existing knowledge, the limitations of the research and suggestions for future 

research. 
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CHAPTER 2  

2 A THEORETICAL FRAMEWORK FOR UNDERSTANDING THE LINK 

BETWEEN URBAN ENVIRONMENT, OUTDOOR AIR QUALITY AND 

CHILDHOOD ASTHMA  

This study questions the relationship between the urban environment, outdoor air 

pollution, and childhood asthma. To this end, firstly, the main theories that explain 

the relationship between the physical environment and public health are introduced, 

the role of city planning within these models is discussed. The section also informs 

about the relation between city planning and public health. This section once again 

highlights that the environments where residents live have a significant role in 

affecting outdoor air quality and thus their health status. 

The second section reviews the literature on the relationship between the urban 

environment and outdoor air pollution. As the review shows, there is a great deal of 

literature that has examined this relationship without questioning the health 

outcomes of living in particular places. 

In the third section, the author reviews the literature on the relationship between 

outdoor air pollution and childhood asthma. Findings show that the role of the built 

and natural environment has been ignored in many studies, perhaps because many of 

them have been conducted in the fields of medicine and public health. However, the 

review informs researchers about which pollutants have been measured and what 

methods have been used so far for detecting asthma. 

Lastly, the literature on the relationship between urban environment and childhood 

asthma has been reviewed. While doing the review, the author questioned which 

characteristics of the urban environment have been investigated in relation to 

childhood asthma. If any triangulation has been made between the built environment, 

outdoor air pollution, and childhood asthma in any study, once again, the author 
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reviewed which pollutants were measured and what methods were used for detecting 

asthma. The supporting tables in Appendix B provide a detailed summary of this 

review. 

2.1 The Link Between Physical Environment, City Planning, and Public 

Health  

There are different socio-ecological (S.E.) models that hold the impact of the social 

and physical environment on public health (Burke et al., 2009). One of the origin 

studies on this subject is Bronfenbrenner (1979). Bronfenbrenner investigates the 

role of macrosystem, exosystem, and mesosystem environments in human 

development. The writer precisely focuses on the children, their environment and the 

effect of this environment on their development. 

Ecological models, as they have evolved in the behavioral sciences and public health, 

emphasize the nature of interactions between people and their physical and 

sociocultural environments (Stokols, 1992). S.E. models are based on the idea that 

the physical and social environments have a variety of effects on individualsô health 

(J. F. Sallis & Owen, 2015). To deal with the evolution of S.E. models from the past 

to the present and to determine which model variables are addressed by this thesis, a 

few models will be reviewed. 

Stokols (1992) defines how a variety of personal and environmental factors affect 

oneô health and illness. He describes each S.E. factor that has an effect on health. 

However, the relationships between these factors are missing in his model. The 

model discussed biopsychobehavioral and sociophysical environmental factors that 

may cause public health problems but did not address how these factors might do so. 

While Stokols (1992) deals with biogenetic, psychological and behavioral factors 

under the title of biopsychobehavioral, he discussed geographic, architectural and 

technological and sociocultural factors under the title of sociophysical environment. 

The issue of air pollution, which is discussed within the scope of this thesis, is 
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discussed under architectural and technological factors in this model. Relevant areas 

are shown in the model with a red frame (see Figure 1). 

 

Figure 1. The SE model from Stokols (1992)  

The model developed by Schulz & Northridge (2004) is among the most well-known 

models (Figure 2). This concept was created with a focus on health and considers 

how social and environmental factors impact health. But it aids in understanding the 

rationale behind the elements covered in this thesis and how urban environments 

affect health. Macro, meso (community level), micro (interpersonal level), and 

individual or population level characteristics were all explored by Schulz & 
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Northridge (2004). In contrast to Stokols (1992) ôs approach, the linkages between 

components and how the factors can affect health are discussed. This model also 

enables us to draw the conclusion that protective measures for urban residents should 

be coordinated at all levels (individual, local, and national), particularly in the case 

of air pollution, over which the general public has no control over the quality of the 

air they breathe. If the model is explained with this thesis topic, there is a reciprocal 

effect between the macro-level natural environment and the meso-level building 

environment which has an effect on causing environmental toxins and induces 

respiratory health problems, such as asthma. The components discussed in this thesis 

are represented in the model with a red frame. 

 

Figure 2. The SE model from Schulz & Northridge (2004) 

Sallis et al. (2006) defines a more complex S.E. model that deals with natural 

environment, sociocultural environment and information environment in terms of 

different characteristics. This is a broad, multilevel and complicated model that 

explains different scales, behaviors, environments and policies related to these 
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factors (see Figure 3). Intrapersonal variables showed at the center represents 

individuals. Perceived environment represents the thoughts of individuals about their 

environment. Behavior represents the interaction between individual and the 

environment. Behavior settings are the places where physical activity may occur, and 

lastly policy environments are the policies, incentives that can be proposed (Sallis et 

al., 2006). Similar to Stokolsô (1992) model, Sallis et al.ôs (2006) S.E. model 

addresses socio-ecological factors that may have an impact on health without 

addressing how or to what extent these factors affect health. A red line indicates the 

factors that are addressed and discussed in this thesis. 

 

Figure 3. The SE model from Sallis et al. (2006) 

Finally, Rydin et al. (2012) ôs model was examined within the scope of this thesis. 

The model highlights the role of the urban environment in affecting the public health. 

Here, it is important to note that this model is not a S.E. model. Furthermore, it did 

not follow a scale-based approach. Rydin et al. (2012) took the city-scale as a basis 

and dealt with the relations of the factors of this scale with each other. If we explain 

the components of this thesis based on this model, buildings and infrastructure are 
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affected by morphology and landuse, morphology and landuse affects urban climate 

which has an impact on air quality. Also buildings and infrastructure have affects on 

transport and quality of urban environment. Transport has an affect on air quality 

and lastly, air quality is one of the causes of chronic diseases. Figure 4 illustrates 

Rydin et al.ôs (2012) model. The topics that are addressed in this thesis are 

highlighted with a red frame. 

 

Figure 4. Health outcomes and the urban environment (Rydin et al., 2012) 

All of the abovementioned models emphsasize the role of city planning in public 

health. The city planning discipline deals with a variety of issues such as the site 

selection of land uses, things that should be taken into account in urban design 

processes (like building heights), how different land uses should be linked to each 

other, and so on. In fact, analyzed from a historical point of view, public health 

concerns led to the development of planning. The emergence of the urban planning 

discipline was motivated by the desire to ease congestion, boost the general publicôs 

health, and encourage social transformation in housing and sanitation. The focus on 

urban reform and the shared objective of preventing infectious disease outbreaks 

through infrastructure improvements, which is a highly effective strategy to improve 

population health, united the planning and public health professions. However, the 

professions started to diverge over time. Planners prioritized land use and 

transportation above addressing health and safety issues. On the other hand, public 
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health experts took the lead in addressing health and safety issues (ARHF & ARC, 

2006). 

City planning and public health professions share common roots. Historically, many 

major planning initiatives grew out of health-related concerns. Haussmannôs radical 

plans for Paris in the 1850s were intended to improve airflow and abate unhealthy 

sanitary conditions (Saalman, 1971). The state of a cityôs inhabitants to live long, 

healthy, and productive lives can be significantly impacted by the planning methods 

used to build that city. The design of streets and corridors, as well as the land-uses 

that they connect, are influenced by planning. City planning decides on the direction 

of the growth of the city and establishes the locations of the cityôs main components, 

including public parks, business areas, hospitals, cultural areas, commercial areas 

and schools. Each city is unique because of the way these elements interact, which 

are reflected in its various neighborhoods, streets, and transportation hubs. The 

presence or absence of these elements has an impact on both the health and quality 

of life of urban dwellers. While attempting to construct a location where people can 

live and prosper, city planning aims to alleviate the negative impacts of living in 

urban areas on the health of their residents. The city should provide access and 

opportunities that help people lead healthy lives. 

Public health experts and city planners shouldnôt work in isolation as community 

health issues increasingly revolve on chronic disease and safety. Local air quality, 

water quality and supply, traffic safety, physical activity, mental health, social 

relationships, and exposure to toxic industrial sites have all been impacted by 

decisions made by policy makers regarding land use, community design, and 

transportation. These choices are associated with some of the most challenging issues 

in public health, such as adult and pediatric obesity, cancer, respiratory problems, 

inactivity, and environmental justice (APA, 2012). 
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2.2 The Link Between Urban Environment and Outdoor Air Pollution  

It has long been recognized that the natural and physical environment of urban areas 

has a significant impact on poor air quality (Akilan & Nandhakumar, 2016; Stone et 

al., 2007; J. Yang & Zhang, 2018). Measuring and characterizing how and to what 

degree particular aspects of the urban environment affect air quality in cities is an 

important step for city planners and designers. The cityôs coordinates, geographical 

and climatic characteristics significantly affect the air quality of the city, as seen in 

all S.E. models examined within the scope of the thesis. The literature has been 

reviewed for those who have studied the natural environmental characteristics of the 

city and the effect of these features on the air quality. 

According to the literature, places at higher altitudes have more air flow, which 

results in less PM10 and PM2.5 concentrations (Ning et al., 2018). Also, in a street-

scale research that assessed air pollutant concentrations at 0 m and 35 m heights of 

the same spot on rainy and non-rainy days, it was discovered that measurements 

obtained at 35 m had lower concentrations under all circumstances (Warlina et al., 

2019). However, there are also urban areas with high pollution, although they are 

located at geographically high points, mainly due to wood burning to heat residents 

(Dimitriou & Kassomenos, 2018). 

The temperature is associated with PM10 concentrations and cause-specific 

mortality (S. Kim et al., 2015). It has been established that rising temperatures and 

humidity negatively impact the air quality in cities (Leung & Gustafson Jr., 2005). 

Gases emitted into the air from different sources such as vehicles, industry, and 

residences become challenging to leave the environment due to the increase in 

volume with the hot air and intense humidity in the environment. Thus, any urban 

intervention that increases heat absorption-release (such as expanding concrete-

covered large vehicle parking spaces or shrinking urban green spaces) will raise the 

urban environmentôs temperature and lower air quality (Jayamurugan et al., 2013; 

Leung & Gustafson Jr., 2005). Another study determined that traffic-related air 

pollution is higher in regions with low wind speeds (Elminir, 2005). 



 

 

25 

The built environment variables, in addition to the natural environmental 

components, significantly impact the cityôs air quality. When we look at the literature 

about figure-ground analysis and air pollution, there is a study that uses solid and 

void areas to simulate airflow (Sarē & Aybek, 2018).  

It has been proven that the number of floors of the buildings affects the wind 

direction and speed (J. Yang et al., 2020), thus causing the formation of urban heat 

islands (Liang et al., 2021) and affecting the air quality. 

Green area and air quality connections in the literature were made using NDVI 

(Normalized Difference Vegetation Index) calculated from satellite images (Gajjar 

et al., 2021; Zhan et al., 2018). NDVI is formulated based on the colors reflected 

from the earth to the satellite. Although an applied field study on the impact of green 

spaces on air quality in cities has not yet been done (McCarty & Kaza, 2015), studies 

using images from satellite images and data from air quality monitoring stations have 

shown that enclosing forested areas improves the air quality in urban environments 

(Escobedo & Nowak, 2009; McCarty & Kaza, 2015; Zipperer et al., 1997). Also, 

computer simulations demonstrate that adding green spaces like parks, gardens, and 

green roofs improve air quality (Tallis et al., 2011). While green areas improve air 

quality, industrial areas cause air pollution that adversely affects human health. This 

relationship has been identified by various studies in the literature (Morin et al., 

2012; Pope, 1989). 

The literature about street connectivity and air quality is mainly handled by focusing 

on walkability and compactness of areas. It has been discovered in the literature that 

a high pedestrian density is correlated with high connectivity rates (Hajrasouliha & 

Yin, 2015). Some of the studies in the literature also emphasize that land-use mix 

ratios should be taken into account along with connectivity when assessing 

walkability. The literature on this subject has proven that as walkability increases, 

air pollutant concentration decreases (Forsyth & Southworth, 2008; Marshall et al., 

2009; Moudon et al., 2006). Frank et al. (2007) determined that increasing the 

walkability index (measured by changes in urban form elements such as increasing 
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land use diversity and building density) of a neighborhood by 5% enables each 

person to travel 32.1% more actively (walk or bike more when getting from one point 

to another), travel 6.5% fewer kilometers by car, and thus there is 5.6% less nitrous 

oxide and 5.5% less volatile organic matter into the air. This study shows that urban 

planning and design practices affect the outdoor air quality in neighborhoods by 

influencing the urban form. 

Traffic is one of the most studied fields in terms of air pollution. There are a lot of 

studies that investigate trafficôs role in air pollution and connect this issue to public 

health (J. J. Kim et al., 2004; Nordling et al., 2008; Soegoto et al., 2019; Zhou & 

Levy, 2008). Street patterns that prevent wind flow and cause exhaust emissions 

undoubtedly pose a severe threat to the health of children who actively use the street. 

In addition, air pollution remains in the street because of the form of urban 

neighborhoods (e.g., building form, building density) and other physical 

environmental factors (such as the presence of large amounts of paved surfaces) that 

prevent airflow and cause heat islands. Spending time in a street environment, 

especially after school and in the evening when vehicle traffic is at its busiest, 

exposes children more to the side effects of air pollution (Graham, 2004). 

Studies on the impacts of meso-scale urban form factors (such as the solid void ratio, 

the height of buildings facing the street, different uses of buildings on the same street, 

street level amount of green areas) on the environmentôs air quality are still limited 

in the literature that we are aware of. The primary cause of this, according to Borrego 

et al. (2006), is the difficulty of numerical measurements and the inconvenience of 

the spatial analysisôs indicators. There are a few studies focusing on street level air 

pollution and searching for the reasons of this pollution in terms of land-use and 

building density (Liu et al., 2021), different socio-economic status (Dionisio et al., 

2010), and urban park and traffic (Bouhamra & Abdul-Wahab, 1999; Qu et al., 

2019). Since the literature examining the connection between urban environment and 

air quality at this scale, using the data gathered from the street, pointwise, is still in 

its infancy, city planners and designers have only a limited understanding of this link. 

There is a theoretical report about street-level air pollution (Spirn, 1986). According 
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to Spirn (1986), the street is the busiest outdoor open space in the city where people 

live and work and spend much of their time driving, walking, sitting, and playing 

outdoors. Unfortunately, the street is also the source of much of the cityôs air 

pollution. The degree to which pollutants emitted at the street level is concentrated 

or dispersed is greatly affected by the form of the city. Urban design, especially if 

integrated with other measures, could play an important role in dispersing street-

level air pollutants. At the very least, urban design can help in limiting human 

exposure in areas where pollutants are highly concentrated. In Spirnôs (1986) 

theoretical study; the application of effective urban design measures to reduce 

exposure to street-level air pollution depends on an understanding of these factors, 

both individually and in combination: Emission levels, proximity to the roadway, air 

circulation winds, and breezes, air circulation-inversions, air circulation-spatial 

confinement, sinks, pollution sensitive users and activities. 

The relationship between the urban environment and air quality at the city scale (in 

the city as a whole), however, is a topic covered in a number of studies in the urban 

planning literature (Bechle et al., 2015; Bereitschaft & Debbage, 2013; Lu & Liu, 

2016; McCarty & Kaza, 2015; Yuan et al., 2018). Most of these studies have 

correlated urban environment and air quality at the city scale using two main data 

sources: (1) satellite images depicting air pollution and (2) data from city air quality 

monitoring sites (data from stations applied to the city as a whole). They have 

revealed that various urban environment characteristics are associated with 

cleaner/less polluted air. There also conflicting results. The primary causes of this 

include the cityôs geography, climate, various land uses (particularly the presence of 

heavy industry), street layout, traffic density, fuel type used in cars, wind direction 

in the city, building position, and a network of many other macro, meso, and micro-

scale variables that affect the cityôs air quality. The main questions in this thesis 

originated from the observation that the majority of existing empirical studies are 

based on city comparisons and very limited number of studies has investigated the 

relationship between different urban environment features and air quality in street 

level. 
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Studies that have compared the compactness of cities with their air quality have 

discovered that, in general, elements that allow for compact (non-fringed) 

construction, like building density and land use diversity, have an impact on the air 

pollution levels of cities (Bechle et al., 2011; Frank et al., 2000; Johnston & Ceerla, 

1995; McCarty & Kaza, 2015; Stone & Rodgers, 2001; Y. Zhang & Gu, 

2013).However, contradictory findings also exist in such studies. For instance, 

Bechle et al. (2011), by using data obtained from satellite images, found that cities 

with moderate to highly crowded, compact, and high land use diversity had higher 

air quality than those with less dense, fringed (non-compact), and sparse land 

use.  Similar findings were obtained by McCarty and Kaza (2015), who discovered 

that the urban environmentôs fragmentation makes the cityôs outer suburbsô air 

quality poorer. The researchersô general interpretation of these findings is that people 

prefer to walk more in cities where different land uses, such as homes, workplaces, 

schools, parks, and markets, are closely spaced out from one another. This results in 

better air quality than widespread and fringed areas, which encourages the use of 

vehicles. There are also scholars who have determined that planning practices that 

increase physical activity, such as increasing building density and in-fill 

development, increase air pollution. For example, Stone and Rodgers (2001) and 

Zhang and Gu (2013) found that denser and more compact cities have more building 

surfaces, resulting in increased heat absorption. They found that pollutants such as 

carbon monoxide (C.O.) and particulate matter (PM) cause them to hang in the air, 

which causes more harmful pollutants to be inhaled while walking on the street. 

According to Clark et al. (2011), the urban form variables with the strongest 

statistical power for predicting air pollution concentrations are population centrality 

(correlated with lower concentrations) and population density (correlated with higher 

concentrations); other urban form variables that influence the air quality directly and 

indirectly are travel behavior, land cover, and spatial distributions of land use. 

All in all, a review of the literature shows that, the majority of research aimed at 

investigating the relationships between urban environment and air quality have 

employed satellite imagery or used data from city air quality measurement stations. 
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There is limited research on the factors affecting outdoor air quality at the street-

scale. For example,  Bouhamra & Abdul-Wahab (1999) randomly drove around the 

streets of a residential area in Kuwait with a mobile air measurement device and 

found that the areas with the worst air quality were the streets with heavy traffic. The 

same study added that construction sites adversely affect the air quality mainly due 

to large trucks using diesel fuel entering and leaving the construction sites. In a 

different research on street scale, Liu et al. (2021) used a mobile air monitoring 

system to cycle in the center of Wuhan for four days while collecting data. As a 

result, they provided specific recommendations on how to implement building 

standards to lower pollution concentrations in this area. 

2.3 The Link Between Outdoor Air Pollution and Childhood Asthma 

Outdoor air pollution is a crucial problem in urban environments and one of the 

primary environmental risks that children are exposed to. Several research on 

mortality and morbidity associated with urban air pollution found that children 

would be more susceptible to air pollution than the general population (Bates, 1995; 

Penna & Duchiade, 1991). 

Urban air quality studies have shown that some gases and particles negatively impact 

human health. Urban air pollution can penetrate the bloodstream and affect all organ 

systems. The impacts of air pollution can be either transitory (e.g., coughing) or long-

term and irreversible, ranging from cardiovascular and respiratory disease, lung and 

other cancers, asthma and other non-communicable diseases (NCDs), poor birth 

outcomes, and developmental challenges. Itôs proven that there is a positive 

association between the risk of childhood asthma and ambient air pollution 

(Olaniyan et al., 2015). Air pollution, and in particular its fine particulate component, 

has been classified as a cause of lung cancer (IARC, 2013). According to the World 

Health Organization (WHO, 2018), air pollution (both indoor and outdoor) is linked 

to 7 million premature deaths annually and a substantial reduction in years of healthy 

life. Over the past few decades, allergic disorders have become much more common, 
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particularly in children and young adults (Pawankar, 2014). The dynamics of this 

occurrence indicate that it is the effect of changes in the environment rather than the 

influence of personal factors like age, gender, heredity, and so on. 

Asthma is known as reversible or partially reversible blockage of airways. It appears 

as episodes of wheezing, coughing, and shortness of breath that can range in severity 

(Maddox & Schwartz, 2002). Globally, more than 339 million people are asthmatic 

(Global Asthma Network, 2018). Research strongly suggests that asthma in children 

could be significantly decreased by reducing environmental asthma triggers such as 

allergens and air pollutants. For instance, Friedman et al. (2001) examined whether 

asthma incidents decreased during the 1996 Olympic games in Atlanta, Georgia, 

when Atlanta implemented a plan to lessen traffic by encouraging the use of public 

transit on a large scale. These efforts resulted in a 22% decrease in traffic counts, a 

28% decrease in daily ozone concentrations, and most importantly, a 41% decrease 

in asthma acute-care events. 

Many urban land uses affect outdoor air quality. Nevertheless, heavy industries, 

petrochemical plants, oil refineries and mining areas are some of the most polluting. 

A variety of volatile substances and particulate matter are released into the 

atmosphere by petrochemical plants, heavy industry, and oil refineries. Numerous 

studies have shown a connection between childhood asthma symptoms and living 

near petrochemical and industrial facilities (Pope, 1989; Rovira et al., 2014; Rusconi 

et al., 2011; Ware et al., 1993; C. Y. Yang et al., 1998).  

2.4 The Link Between Urban Environment and Childhood Asthma 

Existing research shows that children living in the city are more likely to have asthma 

than those living in the urban periphery, where construction and vehicle traffic is less 

frequent (Crain et al., 1994). Many disciplines have conducted and continue to 

examine the relationship between the urban environment and childhood asthma 

(medicine, environmental engineering, public health, etc.). The theoretical thrust 
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behind the direct relationship between physical environments of urban areas and 

outdoor air pollution and outdoor air pollution and childhood asthma is undeniable, 

but the indirect relationship between the urban environment and childhood asthma 

and its particular aspects, including mechanisms and weight of particular urban 

physical characteristics (altitude, geolocation, land-use, the density of buildings and 

green, street types, connectivity, etc.), have been inadequately explored. 

Urban environment, as is used in this thesis, refers to the physical (natural and built) 

characteristics of urban areas (geolocation, climatic feature, land use, the density of 

buildings and green, street types, connectivity, etc.). Within the scope of this study, 

the literature is divided into four different titles based on urban environmental factors 

associated with childhood asthma. These titles are: Urban-Rural Differences (URD) 

and Childhood Asthma; Traffic-Related Air Pollution (TRAP) and Childhood 

Asthma; URD, TRAP and Childhood Asthma; and lastly, Urban Environment 

Related Air Pollution (URAP) and Childhood Asthma. 

2.4.1 Urban-Rural Differences (URD) and Childhood Asthma 

This section reviews the literature that have examined the effects of living in urban 

and rural areas on childhood asthma. Past research studies have compared urban and 

rural structures, even though they did not expressly address the physical 

characteristics of urban environments. This helps us understand how cities that are 

growingly car-dependent, congested, and removed from nature affect childhood 

asthma. After a careful review of hundreds of publications that show up on web 

search engines, ten research articles were reviewed. Six of these studies 

demonstrated that compared to urban environments with plenty of traffic and 

buildings, rural areas are healthier for children with asthma. One of these studies 

(Renzetti et al., 2009) conducted a real-life experiment; the authors took 37 urban 

asthmatic children on a field trip to a rural region, where the changes in asthma 

symptoms were analyzed. They discovered that better air quality in rural areas is 

linked to a rapid reduction in airway inflammation in allergic asthmatic children. 
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In 8 of the studies, there were no air quality measurements. Only two studies 

examined the level of air quality derived from stationary data (Ranzi et al., 2004; 

Renzetti et al., 2009). Among these, Renzetti et al. (2009) used stationary data for 

the metropolitan region and a mobile station to measure the air quality in the rural 

areas. 

Four investigations did not find a correlation between urbanization and childhood 

asthma. Pesek et al. (2010) found that while asthma prevalence is similar in urban 

and rural areas, morbidity is significantly higher in rural areas. However, as the 

authors noted in their discussion of the studyôs limitations, they did not question the 

environmental triggers and exposure to farm and indoor animals. In another study 

that was conducted in Cyprus, (Kolokotroni et al., (2011) compared survey results 

that were obtained in two different years, 2000 and 2008, and found that the increases 

in asthma and allergic rhinitis outcomes were more apparent in rural than in urban 

areas. However, in the limitations of this study, it was stated that exposure to animals 

and agricultural practices was not included in the correlation due to the lack of 

comparable data. Other limitations of this study were that scholars determined the 

childrenôs addresses during the survey period; prior addresses were unknown and the 

paper contained no details about the pollen seasonôs status. In Nystad et al. (1997)ôs 

study, although the findings do not support the theory that respiratory illness is more 

prevalent in urban regions than in rural areas, they did discover that the lifetime 

prevalence of asthma is higher in urban areas than in rural ones. Additionally, as the 

authors of the article mentioned, they carried out the survey in rural areas in May 

during the pollen season. They also did not address domestic or farm animals. Lastly, 

in the SIDRIA (1997) study, based on data obtained from questionnaires, the 

researchers found that urbanization was associated with chronic airway irritation 

rather than with asthma. However, when they used doctor-diagnosed asthma rates, 

they found a direct correlation between urbanization and childhood asthma. 

Although the pollen season was considered in the study, the authors failed to discuss 

exposure to pets, farm animals, and farming activities. 
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Among the ten studies that were reviewed for the purpose of this section, none of the 

studies (except Forastiere et al., 1992) stated the type of fuel or the heating strategy 

used to heat the home. Particularly in rural regions, sources of domestic heating may 

be a significant factor in childhood asthma. 

Since asthma can emerge or be triggered for a variety of reasons, when we look at 

studies on URD and childhood asthma in general, we see that there are various 

factors that affect childhood asthma both in rural and urban areas. In some studies, 

(e.g., Odhiambo et al., 1998), although children in rural areas are exposed to more 

triggers, urban areas have been found to be more likely to affect asthma, while other 

studies have concluded that the prevalence of asthma is higher in rural areas. In these 

studies, we observe that researchers either conducted the questionnaires during 

pollen season or they did not ask any questions related to exposure to agricultural 

activities, domestic and farm animals. 

When all of these elements are considered, it is possible to claim that urbanization 

and the air pollution it produces are directly associated to childhood asthma (the 

pollen season, agricultural activities, and exposure to domestic animals are 

eliminated).  

2.4.2 Traffic -Related Air Pollution (TRAP) and Childhood Asthma 

The studies discussed here deal with how traffic-related air pollution affects 

childhood asthma. Although traffic is not a physical urban form characteristic, it 

emerges as a result of the structuring of cities that grow planned or unplanned. 

During the lockdown period of the pandemic, when people were completely confined 

to their homes, several studies were conducted in different countries to examine how 

air pollution in cities changed since the pre-pandemic times (Aydēn & Yetiĸkul, 

2021; Kumari & Toshniwal, 2020; Nakada & Urban, 2020). These studies have 

shown that air quality in cities improves, and concentrations of some atmospheric 

pollutants decrease when urban residents do not rely on motorized transportation for 
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travel. TRAP has been regarded as an environmental co-factor, and it aids in our 

comprehension of how traffic that drove by urbanization impacts childhood asthma. 

Under this title, 21 research articles on TRAP and childhood asthma were evaluated. 

When the studies are looked at collectively, we find that seven of them donôt use air 

pollution data, three use stationary data, three use models, and four get their data 

through passive sampling. When looking at health data, we found that 15 of them 

use questionnaires and six use hospital/health databases. In terms of traffic data, it 

can be seen that eight of them use traffic volume, six use the distances from homes 

or schools to major roads, and seven use both data sets. 

The research findings on the relationship between TRAP and childhood asthma are 

contradictory. While 5 of the studies examined under this title did not find a 

significant correlation between TRAP and childhood asthma, 16 of them found a 

directly proportional relationship. The author found four studies that explained this 

contradiction. Additionally, there were four studies that clarified the relationship 

between TRAP and childhood asthma. These studies and their key findings are as 

follows: 

-In Gasana et al. (2012)ôs study, 19 studies were included in the meta-analysis, and 

it was discovered that children are exposed to higher levels of motor vehicle air 

pollutants while living or attending school near high traffic density roads, which 

increases the incidence and prevalence of childhood asthma and wheezing. 

-In Favarato et al. (2014)ós study, writers performed a meta-analysis of studies 

finding links between nitrogen dioxide and the frequency of asthma diagnoses or 

symptoms across time. They discovered that despite its small size, traffic-related 

pollution may significantly impact asthma prevalence due to the high baseline 

incidence in many cities. 

-In their review of birth-cohort research on the connection between TRAP and 

childhood asthma, Bowatte et al. (2015) discovered that exposure to TRAP in early 



 

 

35 

childhood is linked to asthma development in children up to the age of twelve. Age-

related increases in these relationshipsô strength are evident in the pattern for PM2.5. 

-In their literature review study, (Han et al., 2021) discovered that exposure to TRAP 

is a risk factor for childhood asthma and that exposure to NO2, PM2.5, Benzene, and 

TVOC will increase the prevalence of the disease. 

When the research articles and literature review articles examined under this title are 

considered in general, it can be concluded that there is a direct correlation between 

TRAP and childhood asthma and that traffic-related pollutants trigger childhood 

asthma and increase the incidence of asthma, especially if children live in heavy 

traffic areas.  

2.4.3 URD, TRAP and Childhood Asthma 

Some research has simultaneously compared the effects of TRAP and URD on 

childhood asthma. Five research articles were examined under this heading. Two of 

these studies used stationary data, one measured pollutant ratios using passive 

sampling, one used station data for PM10 and PM2.5 and a model for NO2, and one 

study did not use any pollution data at all. While the remaining studies only utilized 

self-reported questionnaires, two employed hospital databases and questionnaires to 

collect health information. When the studiesô findings were evaluated, three showed 

that TRAP and URD were directly related to childhood asthma. However, the results 

of the two other studies were different regarding URD and TRAP. 

In their study in South Korea, Hwang et al. (2011) found that although there were no 

significant differences in the prevalence of self-reported asthma between the two 

geographical sites, Andong (semi-rural) had a considerably higher rate of physician-

diagnosed asthma than Seongbuk (metropolitan area). The authors also revealed that 

whereas NO2 concentrations were significantly greater in the Seongbuk region, SO2 

and O3 concentrations were higher in the Andong region. They established a link 

between SO2 and O3 and the prevalence of childhood asthma, but the investigation 
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did not reveal whether urban environmental conditions are responsible for the 

elevated levels of outdoor pollutants. Even though this study makes a significant 

contribution to the literature, there were several limitations of it. First, it focused on 

a small urban area and an area in the hinterland of the metropolitan area. Therefore, 

we cannot talk about the urban-rural comparison in the study. This interpretation 

leads to the conclusion that, although categorized as semi-rural and metropolitan, 

both research locations exhibit urban environment characteristics. Second, the traffic 

data is self-reported; it was collected using a questionnaire. On the other hand, the 

authors of the study explained the lack of a relationship between traffic data and 

asthma as being caused by the fact that South Korean cities are very dense and the 

distance between homes and main roads does not vary significantly. Finally, the fact 

that the urban components are not considered when evaluating the data prohibits us 

from viewing this study as an urban-rural comparison. 

Altuĵ et al. (2014) also found a direct correlation between Ozone concentration and 

the prevalence of upper respiratory tract complaints (see Figure 5). When the study 

was thoroughly analyzed, it became clear that the zoning was created, as shown in 

Figure 2. However, as we can see from the figure, the urban and suburban areas are 

located in independent geographical areas with different urban features (for example, 

there is an industry next to an area taken as suburban). Each urban environment has 

unique characteristics, as well as characteristics that influence outdoor air quality 

and, consequently, childhood asthma. We cannot understand how the urban 

environment affects childhood asthma as a result of considering the many locations 

within the city as a single region. 



 

 

37 

 

Figure 5. The case areas in Altuĵ et al. (2014)ôs study 

A direct correlation between the quantity of ozone concentration and asthma was 

discovered in both studies that could not identify a connection between URD-TRAP 

and childhood asthma, which is crucial for the literature.  

2.4.4 Urban Environment Related Air Pollution (URAP) and Childhood 

Asthma 

This section focuses on the studies that investigate one or more physical form 

characteristics of urban environments and their effects on childrenôs asthma. Six 

research articles were examined under this heading. While four of the studies did not 

use air quality measurements, one of them used station data and one of them took 

measurements within the scope of the study. Four of the studies used the ISAAC 

questionnaire, whereas two used the hospital database to identify asthma patients 

(see Appendix B, Table B.6). 
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Two of the studies examined NDVI as an urban environment variable and examined 

whether it was associated with childhood asthma. One study (Cavaleiro Rufo et al., 

2021)found that living in greener environments reduced the prevalence of asthma in 

children, while another study (W. Huang et al., 2021) found that NDVI was not 

shown to modify the risk of pediatric asthma exacerbation. The authors blamed 

aeroallergens, specifically tree pollens by certain tree species, for this. 

In one of the studies (Bobrowska-Korzeniowska et al., 2021), a project is discussed 

that aims to comprehend how urban heat islands effect air pollution and the ensuing 

childrenôs respiratory disorders. The projectôs conclusions were not included in the 

article under review, although the study of urban heat islands in this context is crucial 

for the planning field, city planners, and urban designers. 

One of the studies dealt with the areas undergoing changes related to urbanization in 

Ecuador and it was determined that urbanization is directly correlated to the 

prevalence of asthma (Rodriguez et al., 2011). 

One of the studies (Corburn et al., 2006) used Environmental Load Profile (ELP) to 

determine the factors affecting childhood asthma at the neighborhood unit level. To 

define ELP, writers used density of air polluting facilities, the density of polluting 

land uses; manufacturing zone, gas stations, repair garages, power plants, sewage 

treatment plants, rail yards, and truck routes. As a result of the study, it has been 

determined that the places where the noxious land-uses are collected coincide with 

the places with the highest asthma hospitalization rates. 

LUM values were utilized as the urban environment variable in the last study 

(Paciencia et al., 2022) analyzed under this heading, and no relationship was found 

between LUM values and clinical asthma diagnoses. Although the findings did not 

show an association between LUM and asthma, the writers found that high land use 

diversity may have a protective effect on wheezing in the last 12 months among 

children, and the presence of respiratory symptoms, including wheezing, are 

hallmarks of asthma. 
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2.5 Concluding Remarks and Gaps in the Literature 

A reviw of the literatature points out that, first of all, the collaboration of public 

health professionals, environmental engineers and city planners is essential to solve 

issues related to public health and air pollution. The literature demonstrates that the 

urban environment characteristics ï the density of buildings, traffic density, NDVI, 

land-use mix, and rural and urban differences etc. ï are affect outdoor air pollution 

and childhood asthma. Although the studies that have examined the connection 

between the urban environment, outdoor air pollution and childhood asthma are 

highly helpful for urban planners to respond air quality related health problems, there 

are many aspects of the urban environment that have not yet been explored but are 

likely to be related to outdoor air pollution and childhood asthma, especially at the 

street level (street connectivity, heights of buildings, urban heat islands, street 

canyons, the presence of green spaces, etc.). The literature approves that the urban 

environment directly affects outdoor air quality and outdoor air quality directly 

affects childhood asthma. However, there are still great deficiencies in the literature 

about the indirect relationship between urban environment and childhood asthma 

caused by outdoor air pollution. The challenge of adjusting for many variables in an 

observational setting has been a significant limitation of studies on the effects of 

urban environments on childhood asthma. The relationship between the urban 

environment and childhood asthma is a relationship that needs to be addressed at 

different scales. It is necessary to conduct studies at street scale, neighborhood unit 

scale, city scale, and regional scale. Studies that compare various physical 

characteristics of streets, neighborhoods, cities, and regions should also be 

addressed. 
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Figure 6. The relation between urban environment, outdoor air quality, and 

childhood asthma 

The model used in this thesis is demonstrated in Figure 6. This model resembles the 

one developed by Rydin et al. (2012). The model deals with the urban environmentôs 

effects on outdoor air quality and health. In more detail, the natural environment and 

the built environment have been used as urban environment components. 

Topography (altitude) and meteorology (temperature, relative humidity, and wind 

speed) are considered as the characteristics of the natural environment, while 

transport (street connectivity and traffic volume) and morphology and land-use 

(figure-ground, building density, land-use mix, the amount of open and green areas, 

and proximity to industrial areas) are considered as the characteristics of the built 

environment. It is well established that these urban environment characteristics have 

an impact on safety, physical activity, indoor and outdoor air quality, and water 

quality. Outdoor air quality, one of the factors impacted by the urban environment, 

has been discussed within the context of this thesis. It has been tried to determine 

how the air quality of the regions with various urban environmental characteristics 

changes, as well as which features have a positive and negative impact on the air 

quality. Poor outdoor air quality negatively impacts human health, and research has 

shown that it causes obesity, mental illness, cardiovascular disease, respiratory 
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diseases (asthma, COPD) and obesity. The impact of outdoor air pollution on 

pediatric asthma, one of the respiratory disorders, is covered in this thesis. The 

Introduction and Literature Review sections provide a detailed explanation of why 

childhood is addressed in the study. 

This thesis will be the first to examine how childrenôs asthma is affected by changing 

outdoor air pollution due to variations in urban environments in Turkey. The 

development of this thesis, which seeks to measure air quality at the street level from 

the perspective of city planning and design, was significantly influenced by the fact 

that the majority of empirical studies are based on city comparisons and that, to the 

best of the authorôs knowledge, there is no study that has investigated the relationship 

between different city form features and air quality in Turkey. Additionally, to our 

knowledge, there hasnôt been any applied field research done on how diverse urban 

environmental factors at the street level affect air quality. This thesis, which deals 

with the effects of urban environment characteristics on air quality at the street level, 

aims to fill this gap in the literature. 

This thesis also tries to determine the relationship between the urban environment 

and childhood asthma. Looking from this perspective, when the studies reviewed 

under the title Urban Environment-Childhood asthma were examined, it was found 

that 13 articlesô authors had a medical affiliation (31%), 12 articlesô authors had a 

medical or public health affiliation (29%), three articlesô authors had an 

environmental affiliation (7%), and the 14 articlesô authors were from various 

disciplines with at least one of the authors that had a medical affiliation. This 

demonstrates that 93% of the studies on this topic were carried out by researchers, at 

least one of whom was affiliated with a medicine. It has been noticed that none of 

the authors of the articles that examined and analyzed numerous aspects of the urban 

environment and focused on the connection between the urban environment and 

childhood asthma are from the fields of urban planning or urban design. It is 

unfortunate that an urban planner or urban designer has not addressed this issue, 

which is closely tied to the natural and built environments of the city. Urban planners 

and designers need to do comprehensive research on how the components of the 
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physical urban environment affect childhood asthma, and in this context, it is 

necessary to establish what policies should be developed in order to create healthier 

environments. To our knowledge, this study will be the first study conducted by a 

city planner aiming to investigate the relationships between urban form, air quality, 

and childhood asthma. 
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CHAPTER 3  

3 METHOD : MEASURING THE RELATIONSHIP  BETWEEN 

URBAN ENVIRONMENT, OUT DOOR AIR QUALITY AND CHILDHOOD 

ASTHMA  IN ANKARA  

This chapter introduces the studyôs research design, including data collection, 

processing, and analysis methods. It explains the methodology of the research to 

respond the research questions posed in this thesis. As stated in the introduction 

chapter, these questions are as follows: (1) What is the relationship between 

mesoscale urban environment characteristics and outdoor air quality? More 

spesifically, which features of the urban environment significantly affect outdoor air 

quality? And, do urban spots with less or more air pollution show a differentiation 

based on the urban environment characteristics of their surroundings? (2) Is there a 

relationship between urban environment-caused outdoor air pollution and childhood 

asthma? More spesifically, are children diagnosed with asthma living in 

environments with more intense air pollution? And, (3) What are the physical 

characteristics of the areas where children are more prone to asthma? Related to this 

final question, the thesis asked: Which urban environment characteristics play a role 

in promoting childhood asthma? 

3.1 Research Design  

In order to respond questions posed in this thesis, this study used a cross-sectional 

research design and adopted a mixed-methodological approach in data collection. In 

summary, in the first phase of the study, as part of a T¦BITAK (T¿rkiye Bilimsel 

ve Teknoloji Araĸtērma Kurumu) funded research project (project no. 219K243), the 

author focused on the Ankara (Turkey) case to collect her data regarding the physical 

environmental qualities of a number of neighborhoods. This process concluded with 

the urban form analysis of the selected contexts. In the second step, the author visited 
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the selected neighborhoods to monitor street-level air quality. In the third step, the 

author approached to the childhood asthma data that she received from the Ministry 

of Health. Finally, data obtained during these three phases were statistically analyzed 

in SPSS (see Figure 7). 

The research design was influenced by a number of factors. Among these, the 

COVID-19 pandemic was the most influential one. In the early phases of the 

research, the author aimed to obtain the data for the childrenôs asthma status by using 

a survey method. Additionally, outdoor air quality measurements were planned to be 

based on passive sampling, the locations of which were expected to be based on the 

data obtained from children to represent the places frequently used by them. Beside 

that the meteorological characteristics of the examined regions would be taken by 

using climate meters at street level within the scope of the project. The above 

mentioned T¦BĶTAK project aimed to serve such goals. However, after the iniation 

of this project and finalization of the neighborhood selection, COVID-19 pandemic 

took hold in Turkey, which led author to change some of the data collection methods 

and analysis after the analysis of the urban form variables of the chosen 

neighborhoods. For instance, instead of obtaining survey data from childrenôs 

parents regarding the childrenôs asthma status, the author decided to use secondary 

data. This was a necessary change in research design because of the school 

lockdowns related to the pandemic in Turkey. Furthermore, while it was possible to 

fund the passive sampling activity through the project (which is a cost-intensive air 

quality measurement method), the project was paused for a long time related to the 

pandemic. Thus, the author decided to choose more affordable outdoor air quality 

measurement methods that would yield valid data in a particular time period. 

Although obtaining this data from the cityôs air quality monitoring stations was 

considered, these stations were not located in the chosen neighborhoods. Thus, the 

author preferred to collect her own data to increase the validity of the findings. 

The following sections aim to expian the methods of this study in detail . 
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3.2 Site Selection 

The research is focused on the city of Ankara to investigate the relationship between 

the urban environment, air quality and childhood asthma. Ankara is among the cities 

in Turkey where asthma and air pollution are seen intensely. Ankara is also a large 

metropolis with neighborhoods having diverse urban environment charactersitics.  

Furthermore, considering the number of people diagnosed with asthma in hospitals 

in 2013 by provinces, it is seen that Ankara is among the nine cities with the highest 

diagnosis of asthma cases (Al & ¥zcebe, 2017) A survey conducted in Ankara shows 

that the prevalence of asthma in primary school children was %8,3 in 1992 and %9,8 

in 1997 (Kalyoncu et al., 1994, 1999). According to the Chamber of Environmental 

Engineeringôs 2018 air pollution report, Ankara is one of the Turkish cities with the 

highest levels of outdoor air pollutants, including PM2.5, PM10, NO2, and NOX. 

These findings make Ankara an ideal case to investigate the characteristics of the 

urban environment, air quality and childhood asthma. 

Following the foundation of the Turkish Republic in 1923, after the declaration of 

Ankara as the capital city of Turkey, the city started to be developed in a planned 

way to symbolize the modernization of the country (for the planning history of 

Ankara, please see, for example, Cengē→zkan (2003), Keleĸ (2018), ķenyapēlē (2006). 

However, due to the intense wave of immigration, the planned areas eventually could 

not meet the needs of the population, causing the emergence of planned urban areas 

one the one hand, and unplanned, spontaneously developed areas on the other. 

Ankara is now a metropolitan city with a population of 5,747,325 as of 2021 (T¦ĶK, 

2022) and an area of 2,600,000 hectares (ABB, 2022). Since this thesis aims to 

understand the relationship between urban environment, air quality and childhood 

asthma from a mesoscale perspective, and because of the large size of the city, a 

number of neighborhood units with different urban environmental characteristics 

were selected from Ankara. Three factors affected the selection of the 

neighborhoods. The first criterion was the urban environment characteristics of 

neighborhoods. The site selection was made according to neighborhoodsô mesoscale 
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urban environment characteristics. The sites were chosen in accordance with the 

available data, utilizing all available online map databases, considering the key 

elements of the urban environment and the various urban zones. Detailed city form 

analyses were made after the areas were selected, not during the site selection 

process. The outcomes of the literature review on the connection between the urban 

environment, outdoor air quality and childhood asthma served as the second 

criterion. In other words, when deciding on the neighborhoods, the author 

particularly focused on the urban environmental characteristics that were mentioned 

in the childhood asthma and outdoor airqulity literature. 

This study focused on the asthmic status of children in 7-12 age-range. This range 

was determined based on the characteristics of the available data. Since this thesis 

relied on secondary data obtained from the Ministry of Health (to understand the 

level of childhood asthma in particular geographies), and since the Ministry of 

Healthôs data separated the children into two age groups ï children in 0ï6 and 7ï12 

age group ï it was important for the author to maximize the representation of children 

in the selected age group, that is 7-to-12 year-old children. Thus, the presence of 

elementary and secondary public schools in the chosen study areas was the third and 

last criterion. The geographic extent of the neighborhoods is defined by creating 

buffers around the public primary and secondary schools in the neighborhoods. In 

Turkey, children are automatically placed in public schools, depending on the 

address where they are registered/lived (according to the 11th article of the Ministry 

of National Education Pre-School Education and Primary Education Institutions 

Regulation, ñRegistration is done through the e-school system, based on the address 

information in the national address databaseò). Finally, neighborhoods with more 

than one school were preferred over neighborhoods with only one school. 

In line with all these criteria, a total of 8 neighborhoods were selected, 4 of which 

are from the inner city and four from the periphery (Figure 8). 
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Figure 8. Selected neighborhoods from Ankara Metropolitan Area 

The first two neighborhoods selected from the urban periphery are Koru 

Neighborhood and Ahmet Taner Kēĸlalē Neighborhood from the ¢ankaya district. 

Both neighborhoods have one primary and one secondary school within their 

administrative boundaries (please see Figure 4 for the location of these schools on 

the satellite maps of the chosen neighborhoods). Large open green areas surround 

these neighborhoods. As can be clearly seen from the satellite images shown in 

Figure 4, these neighborhoods have more green areas than the other chosen 

neighborhoods. Although street connectivity seems to differ from one point of the 

neighborhood to another (for example, areas with grid-patterned housing and site-

type housing with a more curved street structure), it is understood from the 

examination of satellite images that street connectivity in Koru and Ahmet Taner 

Kēĸlalē neighborhoods is relatively low in terms of average values compared to the 

chosen neighborhoods close to the city center. Compared to the chosen 

neighborhoods close to the city center, they have larger building blocks. Them seem 

to have a lower building density and a lower land use diversity (housing intensive) 

than other selected neighborhoods. Both selected neighborhoods are far from 

industrial areas. In these neighborhoods, in addition to seeing high-rise housing 

surrounded by parking lots, we also see two- and three-story housing surrounded by 
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gardens. We can see attached and detached housing types in Koru and Ahmet Taner 

Kēĸlalē neighborhoods. In some parts of these neighborhoods, we can see three-story 

buildings, five-story buildings, and ten-story buildings side by side. 

The other two neighborhoods selected from the city periphery are Sel­uklu 

Neighborhood and Ertuĵrul Gazi Neighborhood from Sincan District. Each 

neighborhood has one primary and two secondary schools within its boundary. Both 

of these neighborhoods are densely structured neighborhoods. Thus, they do not 

represent the characteristics of peripheral neighborhoods that can be seen in some 

other countries like the United States, where building density usually decreases as 

one moves from the inner-city to the periphery. Ertuĵrul Gazi Neighborhood is 

bordered by Ankaraôs large undeveloped lands. It includes buildings that are not seen 

or rarely seen in other selected neighborhoods (for example, 4-5 story buildings 

arranged around green areas with inner courtyards and mass housing estates 

surrounded by large green areas). Both neighborhoods seem to have less green 

spaces comprared to what Koru and Ahmet Taner Kēĸlalē  neighborhoods have 

(Figure 9). Satellite images further show that the greenness index of the two 

neighborhoods may vary from Sel­uklu Neighborhood to Ertuĵrul Gazi 

Neighborhood (or even from one part of the district to another). These two 

neighborhoods generally have small block sizes and seem to have less land use 

diversity than the chosen neighborhoods from the inner-city. Another characteristic 

that distinguishes these neighborhoods selected in the Sincan District from other 

districts is the Ankara Organized Industrial Zone, which is approximately 4 km away 

from the selected neighborhoods. 
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Figure 9. Satallite images of Koru and Ahmet Taner Kēĸlalē neighborhoods (on Left) 

and Sel­uklu and Ertuĵrul Gazi neighborhoods (on Right). Red lines indicate the 

administrative boundaries of the chosen neighborhoods. Blue markers indicate the 

loctions of the public primary and secondry schools in the chosen neighborhoods.   

 

The first two neighborhoods selected from the inner-city are Barbaros Neighborhood 

and Gºkt¿rk Neighborhood from the ¢ankaya district. Barbaros neighborhood has 

one primary and one secondary school, and the Gºkt¿rk neighborhood has one 

secondary school within its boundary and one secondary school just outside its 

boundary. Although, in general, the author preferred not to select any schools that 

are located outside the administrative boundaries of any neighborhood, in Gºkt¿rk, 

the author decided to ignore this rule since the chosen seconday school is located 

extremely close to the administrative boundary of this neighborhood (i.e., while the 

chosen primary school is located approximately 50 meters inside, the secondary 

schools is located approximately 50 meters outside the administrative boundary of 

Gºkt¿rk neighborhood). The selected neighborhoods from ¢ankaya inner-city have 

higher building densities compared to the peripheral neighborhoods. As the street 

patterns are mostly grid-patterned in both neighborhoods, it is seen that they have 

high street connectivity. In some neighborhoods, the buildings are used as offices, 
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they contain art galleries, and there are commercial areas under the residences; 

therefore, it is understood that it has a higher land use diversity than the 

neighborhoods selected from the periphery. These two selected neighborhoods run 

parallel to Ankaraôs green space system from north to south. In the west of these 

neighborhoods, green areas cover large areas such as Kuĵulu Park, consulate 

gardens, and Seĵmenler Park. The main reasons for choosing these neighborhoods 

are that they seem to be very densely textured, the diversity of land use and building 

density seem to be much higher compared to the other chosen neighborhoods, and 

they are close to large forested areas (Figure10). 

  

Figure 10. Satallite images of Barbaros and Gºkt¿rk neighborhoods (on Left) and 

Abidinpaĸa and Peyami Safa neighborhoods (on Right). 

The last two neighborhoods that were selected from the inner-city are Abidinpaĸa 

Neighborhood and Peyami Safa Neighborhood from the Mamak district. Abidinpaĸa 

neighborhood has two primary schools, and the Peyami Safa neighborhood has one 

primary and one secondary school within its administrative boundary. It seems that 

these two neighborhoods have fewer green areas than all the neighborhoods selected 

within the scope of the thesis. In addition, it is seen that it has a much more curved 

street structure and therefore is assumed to have lower street connectivity compared 

to all the neighborhoods selected within this thesis. It is understood that it seems to 

have a high building density compared to other chosen neighborhoods from the urban 

periphery. In the context of land use diversity, it is seen that it is on a level between 

the neighborhoods selected from Sincan and those selected from ¢ankaya inner-city. 
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As for the size of the building blocks, it is seen that they are similar to the chosen 

neighborhoods from the inner city of ¢ankaya. No large parks or forest areas are 

near these neighborhoods (Figure 10). 

As mentioned above, the geographic extent of the neighborhoods is defined by 

creating buffers around the public primary and secondary schools in the chosen 

neighborhoods. There is a total of 18 schools within the selected neighborhoods. 

Two schools in the Peyami Safa neighborhood and two schools in the Ertuĵrul Gazi 

neighborhood were in the same block - next to each other. Using Netcad software, 

the schools in selected neighborhoods are marked, and 800 m buffers are created 

around them (Figure 11). One buffer is created around the schools that are next to 

each other. In the end, a total of 16 buffers were defined. 

Many studies have employed home or school-based buffers to measure the urban 

form characteristics of childrenôs environments (Wong et al., 2011). Buffer zones, 

which can be created in different ways, are assumed to better capture the 

environmental features of a childrenôs neighborhood than the administrative 

boundaries of such places for several reasons. As stated previously, in Turkey, 

children are compelled by law to attend schools near their homes. On weekdays 

children spend most of their time in school. On weekends, in the absence of safe 

public spaces around childrenôs homes, the schoolyards act as one of the few places 

where children can safely socialize with their peers (Sancar & Severcan, 2010; 

Severcan, 2018). In their journey to school, children find the opportunity to explore 

their neighborhoods, stop by a grocery, play a few minutes in a playground, meet 

with their classmates next to a landmark, and so on. On the other hand, the 

administrative boundaries of neighborhoods may consist of many areas children do 

not visit, or boundaries of neighborhoods may include too few areas that donôt cover 

childrenôs active zone. Hence, children may not acknowledge the unused areas as 

their ñneighborhoods,ò or they may acknowledge more areas than administrative 

boundaries as their ñneighborhoods.ò This problem exaggerates in cases where the 

administrative boundaries of neighborhoods cover huge or small areas of land. 

Davison & Lawson (2006) detected that children were less likely to actively 
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commute to school if the school was more than 800 m away from the childrenôs 

homes. 

Based on the findings mentioned above, the author created 800 m radius circular 

buffers around each school and defined this area as childrenôs neighborhood 

environment (herein, the term "neighborhoodò defines this area) (see Figure 11). 

This process yielded nine neighborhoods that are located from the urban periphery. 

Five are located in Sincan district  (SN1, SN2, SN3, SN4, SN5) and four are located 

in ¢ankaya district (CPN1, CPN2, CPN3, CPN4). Additionally, it yielded seven 

neighborhoods that are located in the inner-city. Four are located in the ¢ankaya 

district (CN1, CN2, CN3, CN4), and three are located in the Mamak district (MN1, 

MN2, MN3). 

Neighborhoods that are located close to each other in the same district are defined as 

a region in this thesis. It is assumed that while neighborhoods that are located close 

to each other more or less demonstrate similar urban form characteristics, e.g., inner-

city neighborhoods in the ¢ankaya district are assumed to represent similar urban 

form characteristics and that these characteristics are very different from the ones 

that are represented by the peripheral neighborhoods in Sincan district. This study 

clustered eight neighborhoods under four regions: Mamak Region, ¢ankaya Center 

Region, ¢ankaya Periphery Region, and Sincan Region. While Mamak and ¢ankaya 

Center Regions are considered inner-city regions, Sincan and ¢ankaya Periphery 

Regions are considered peripheral regions. 
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Figure 11. Administrative boundaries and created boundaries of selected 

neighborhoods 

3.3 Data Collection 

Three types of data were collected to answer the research questions of this thesis: 

data related to the urban environment, air quality, and childhood asthma (Figure 12). 

Except for the data related to childhood asthma and the natural environment, the 

author collected primary data. 

 

Figure 12. Data collected within the scope of thesis 
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3.3.1 Urban Environment Data 

Urban environment, as is used in this thesis, refers to the natural and built 

environment. The natural environment data were obtained from several institutions. 

Built environment data, however, is collected by a number of researchers, including 

the author of this thesis. 

Altitude and meteorology (temperature, wind speed and direction, and relative 

humidity) data are part of the natural environmental data. The altitude data of the 

neighborhoods were obtained from the Ankara Metropolitan Municipality in Netcad 

format. Meteorology data was obtained from the General Directorate of 

Meteorology. This data was obtained on an hourly and station basis for particular 

dates ï the dates on which the author monitored the street-level air quality in the 

chosen neighborhoods. There were eight stations in or near the chosen 

neighborhoods (for the locations of these stations, please see Figure 13). This thesis 

used the data obtained from these eight sources. 

 

Figure 13. Locations of meteorology stations 

The built environment data were taken from the Ankara Metropolitan Municipality 

in Netcad format. This data was created between 1995 and 1999. They were outdated 

and did not accurately depict the current situation of the selected neighborhoods. 
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Therefore, these data were updated by the author and a team of researchers within 

the scope of a T¦BĶTAK-funded project (no. 219K243). During this process, 

together with some other researchers, the author visited each neighborhood to 

document the urban form characteristics (like land use and building height) of the 

chosen circular buffers. The research team also used satellite images to check the 

existing street networks and the layouts of the existing buildings. The following is a 

synopsis of the steps taken during this process. The process started with the 

preparation of the base maps. This process was followed by three stages, including 

the data cleaning and generation process. 

The first stage covers the process of creating the draft map bases by using satellite 

images in the Netcad environment. Step-by-step work that was done at this stage is 

explained as follows: 

1- The polygon drawings of each building, porch, and building block polygons were 

cross-checked:  if the polygons were drawn more than once, only one was retained. 

Also, all non-closed polygons were closed. 

2- If the buildings, porches, and building blocks did not match the satellite images, 

they were deleted. These layers were redrawn as polygons by referring to the satellite 

images. 

3- The road medians, parks, and hard surfaces like parking lots and school gardens 

were drawn as a separate layer and polygon. 

4- All points, lines, and polygons outside the boundaries of the neighborhoods were 

deleted. 

The second stage was the collection of field data. This stage aimed to update the data 

obtained from Ankara Metropolitan Municipality in the context of analyzing the 

mesoscale urban form elements considered within the scope of the project and this 

thesis. At this stage, the chosen neighborhoods were physically visited. Information 

regarding the urban form characteristics of these areas was collected from the field. 

Streets were visited in the selected regions, and coding was made on the bases in the 
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field by looking at the characteristics of each building/block. An example of a map 

created during fieldwork can be seen in Figure 14. Information from two different 

kinds of literature was effective when coding: (1) the presence of land uses that may 

affect outdoor air quality (such as industry and gas stations) (see McCarty & Kaza, 

2015; Voros et al., 2019), and (2) the existence of land uses that attract or push 

children into open public spaces, thus affecting the degree of breathing of outdoor 

air (see, Sancar & Severcan, 2010; Severcan, 2018). The urban features coded in this 

context are: 

1- Function of non-building blocks: park/recreation areas, open car parks, unused car 

parks, or vacant lands that can be used as playgrounds 

2- Land use of the ground floors of the buildings: housing, traditional commercial 

uses, specialized commercial uses (shopping centers, super- and hyper-markets), 

education, public institutions/structures (such as town hall, headmanôs office, 

cultural center), gas station, industry, other (such as warehouses and workplaces) 

3- Construction areas 

4- Number of floors of the buildings 

5- Roads 

During the data collection phase, the buildings that were not seen in the field but 

seen in the satellite images were noted and then deleted from the drawings. Similarly, 

the cases where buildings were seen in the field but not seen in the satellite images 

were drawn to the bases as accurately as possible to analyze the most up-to-date 

situation of the urban form characteristics of the chosen neighborhoods. 
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Figure 14. Base maps created during the fieldwork 

The third stage was the final pre-analysis process. Step-by-step work that was done 

at this stage is explained as follows: 

1- In line with the information obtained from the field studies, the buildings that were 

not visible on the Netcad bases were drawn as polygons. The buildings that were not 

seen in the field studies but appeared on the Netcad bases were deleted from the 

digital bases in order to reflect the most up-to-date situation. 

2- Park areas, hard surfaces (such as the hard surfaces in schoolyards), forested areas, 

undesignated areas, road medians, and parking lots were updated after the fieldwork. 

3- For the calculation of street connectivity, the centers/midlines of the roads were 

drawn as ñlinesò (each line was drawn in separate segments from one road 

intersection to another so that the street connectivity analysis could work correctly 

in ArcGIS). 

4- Once the bases were updated in the Netcad environment, they were transferred to 

the ArcGIS environment for analysis. In this transfer phase, the projection system, 

UTM 30, was converted to UTM 60 to obtain more valid results. This conversion 

was also made because UTM 30 was not among the defined projection systems in 
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the ArcGIS database. This translation allowed it to overlap the satellite images 

opened in the ArcMap environment and the vector data. Also, the GCS_TUREF 

(more specifically, TUREF_TM 33) was used as Geographic Coordinate System.  

5- In ArcGIS, data for the building floor areas (in mĮ), the number of building floors, 

the land use for the whole building, and the land use of the ground floor were coded 

to the attribute table of each building. The building floor area was calculated using 

ArcGIS's Calculate Geometry tool. 

6- Other polygon feature areas, such as park areas, forested areas, undesignated 

areas, etc., were also calculated using the Calculate Geometry tool in ArcGIS. 

7- The industrial areas in Ankara that could affect the air quality in studied regions 

are drawn.   

In addition to these urban environment characteristics, this thesis also uses traffic 

data.  Data for the automobile traffic was created in ArcGIS by referring to the 

images received from Yandex Maps based on the forecasts for the specific days and 

times of the air quality measurements (Table 1). The data of the roads on the 

measurement dates could not be investigated since Yandex Maps, or any other 

database could not provide historical data. Yandex produces forecasts for the 

specified days and hours based on the previous traffic volume on the roads (Yandex, 

2022). Using this feature of Yandex Maps, screenshots were taken from the website 

based on the measurement days and hours. 

Traffic data was obtained from Yandex Maps at hourly intervals from the start time 

to the end time of the measurement for each day of mobile measurements. For 

example, images were downloaded from Yandex Maps for the traffic density on the 

roads in the ¢ankaya Center region at 09.15, 10.15, and 11.15 hours for the 

measurement taken in ¢ankaya Center region between 09.13 - 12:00 on 02.11.21 

Tuesday and images of 14.30, 15.30, and 16.30 were taken for the measurements 

taken in ¢ankaya Center region between 14.29 ï 17.26 on 04.11.21 Thursday 

(Figure15). This process was repeated for each measurement day. 
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Figure 15. Traffic volume data of ¢ankaya Center Region for Tuesday and 

Thursday measurements 

3.3.2 Outdoor Air Quality Data  

The complex mixture of airborne pollutants that forms outdoor air pollution in urban 

environments can cause childhood asthma in a number of different ways. Outdoor 

air pollutionôs components include particulate matter (PM) and gaseous pollutants 

such as ozone, nitrogen dioxide (NO2), volatile organic compounds, carbon 

monoxide (CO), and sulfur dioxide (SO2). PM varies in its composition and size, 

and is usually classified into 3 size groups: coarse particles (PM10, diameter <10 and 

Ó2.5 ɛm), fine particles (PM2.5, diameter <2.5 ɛm), and ultrafine particles (<0.1 ɛm) 

(Hadley et al., 2018a). Within the context of this thesis PM10 and PM2,5 

concentrations are measured. 
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Outdoor air quality data used in the literature is mostly stationary data (Bayraktar & 

Turalioglu, 2005; Cao & Cai, 2022; S. Huang et al., 2020; Kurkcuoglu & Zengin, 

2021). However, as Bayraktar & Turalioglu (2005) stated in their study, samples 

taken from a single point or a limited number of points throughout the city give 

information about average city concentrations; determination of local, neighborhood 

scale concentrations requires recourse to multi-point sampling studies. Within the 

scope of this thesis, PM10 and PM2.5 measurements were taken from multiple points 

in the selected regions. 

Air quality measurements were made with two real-time air quality devices (Dust 

Trak II Aerosol Monitor 8530) in the chosen neighborhoods (Figure 16.1). The 

device (herein Dust Trak II) employs light scattering technology to deliver real-time 

measurements. The detection range is from 0.001 to 400 mg/m3 with a resolution 

greater than 0.001 mg/m3 or 1% of the reading. The particle size range is from 0.1 

to 10 Õm (TSI, 2022) Each particle is measured using a different cap (Figure 16.5). 

PM measuring caps are cleaned before each measurement and used by applying 

impact oil (Figure 16.10). There are zero filters on the device, every time the devices 

are turned on; they must be filtered (Figure 16.2). Although the devices have 

batteries (Figure 16.4), since the measurements took a long time, the devices were 

connected to the car with a converter throughout the mobile measurements (Figure 

16.8.), and the devices were operated by connecting to the socket in both mobile and 

24h measurements (Figure 16.3). With specific tools, the device can also take 

measurements outside for long time periods (Figure 16.7). Unfortunately, the author 

did not have such types of equipment. 

Within the scope of this thesis, PM10 and PM2,5 pollutants were measured with 

Dust Track II. These particulate matter sizes are defined as air pollutants and have 

limit values defined by different establishments (e.g., WHO, TR Ministry of 

Environment, Urbanization, and Climate Change). The devices were burrowed from 

the Air Pollution Research Laboratory of Eskiĸehir Technical University 

Environmental Engineering Department. The author learned how to use the devices 

from the experts in this Laboratory. The data interval can be set in the devices as 
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hourly, minute, or second. Within the scope of the thesis, minute-by-minute data 

were collected in each region. Devices have their own software named TaskPro 

(Figure 16.6) to transfer the data to the computer. The USB interface cable transfers 

device data to the computer (Figure 16.9). After opening the data in TaskPro 

software, the data was transferred to Microsoft Excel. 

The points where the measurements were taken were marked on their geographical 

locations in the Google Earth program. Then the data was saved as KML. KML data 

is called to the ArcGIS software as point data. All air quality measurement data were 

organized in Excel and were thereafter transferred to attribute tables of the points in 

the ArcGIS environment. 

Dust Track II device has been frequently used in previous research by other scholars 

in indoor environments (Kic, 2016), in studies that made comparisons between 

indoor and outdoor environments (Levy et al., 2002; F. Wang et al., 2016), and in 

outdoor environments (Kumar et al., 2018; Ormanova et al., 2020; Qu et al., 2019; 

Westerdahl et al., 2008). Some studies used this device to monitor outdoor air 

quality. Some took the measurements while walking (Chan et al., 2002; Dionisio et 

al., 2010; Zwack et al., 2011), some took the measurements while cycling (Qiu et al., 

2019), some took the measurements while driving (Pirjola et al., 2012), and some 

took measurements using different styles of transportation; walking, cycling, driving 

(de Nazelle et al., 2012; Quiros et al., 2013). 
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Figure 16. Dust Track II Device and its equipment 

The measurements were taken by two different methods within the scope of this 

thesis; First, by fixing the devices to an automobile while driving (Mobile 

Measurements), and second, by placing the devices at a selected school in the 

neighborhood for 24 hours (24 hours point-based measurements). The timetable for 

mobile and 24-hour measurements can be seen in the table below (Table 1). 
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3.3.2.1 Mobile Measurements 

In mobile measurements, the devices are fixed on the hood of the car. First, a non-

slip floor was placed on the car's hood. In order to place the devices on this floor, 

two baskets were fixed by using belts. After the devices were placed in the baskets, 

stabilizing rubbers were used to prevent the devices from falling or moving (Figure 

17). Studies that took mobile measurements while driving either placed the devices 

inside the car and left the windows open (Quiros et al., 2013) or turned the car into 

a measuring device using the necessary equipment (Pirjola et al., 2012). Within the 

scope of this thesis, because there was no funding, the researcher turned her car into 

a measuring device. She also preferred not to place the Dust Track II device inside 

her car to better capture the outdoor air quality.  

 

Figure 17. Created kit on the car's hood to take mobile measurements 

The devices were located on the hood of the car at a height of 1.1 m from the ground, 

in line with the information that the average breathing height of children ranges from 

0.7 to 1.5 m (Rivas et al., 2016). During the mobile measurements, the air conditioner 

of the car was turned off and the windows were open. 

Mobile measurements took place within each region shaped by defined 800m radius 

neighborhoods, but the analysis has been made for each region which will be 

explained in detail under the section entitled ñ3.3.2 Air Quality Data Analysisò. 

Mobile measurements were taken on the streets. This is because children walk to 

school more often using street, and arguably, spend more time in the streets 

compared to other outdoor neighborhood places (Kurka et al., 2015; Ozbil et al., 
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2016). Before starting the mobile measurements, different street types have been 

determined to decide where the measurements should be taken while driving. Such 

a pre-determination was necessary to obtain more valid and generalizable results that 

accurately represent the outdoor air quality levels of the chosen neighborhoods in a 

short time period. The author assumed that similar types of streets would yield 

similar PM values; since there were too many street segments inside the buffers, the 

author wanted to filter some of them so that generalizable data could be received at 

the end of the PM measurement process. In the mobile measurements, the researcher 

stopped for about 3-6 minutes at each measurement point to capture the exact PM2.5 

and PM10 values of the points located in different street typologies. Streets were 

classified as transit corridors, downtown thoroughfares, neighborhood main streets, 

neighborhood streets, unpaved streets, and internal roads of gated communities. 

Additionally, when measurement points were chosen, consideration was given to 

selected schools, open green spaces, and gas stations (Figure 18). 

The concept of the transit corridor, as used in this thesis, includes the roads that serve 

the whole city, where the bus lines pass transit or with limited stops. Atat¿rk Road 

in the Sincan region, Mamak Road in the Mamak region, Atat¿rk Boulevard in the 

¢ankaya Central region, and Dumlupēnar Boulevard in the ¢ankaya Peripheral 

region are considered transit corridors. 
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Sincan Region 

 

Mamak Region 

 

¢ankaya Periphery Region 

 

¢ankaya Center Region 

 

Figure 18. The criteria used to define measurement points 
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Downtown thoroughfare refers to major streets serving the entire city of Ankara and 

not just the neighborhoods they are in. These streets have significant traffic volumes 

at peak hours and bustle with activity throughout the day (NACTO, 2013). Within 

the scope of this thesis, four streets are considered as a downtown thoroughfare from 

¢ankaya Center Region, which are Tunalē Hilmi, Tunus, Bestekar, and Esat roads. 

There is no other streets showing the characteristics of downtown thoroughfare in 

studied regions. 

The neighborhood main street concept refers to the major streets that serve the 

neighborhoods; respectively have commercial areas alongside and have more car and 

pedestrian traffic than neighborhood streets. 

Neighborhood street refers to local streets in residential areas that have local stores 

and schools. Internal streets of gated communities refer to streets that only serve the 

gated sites, and unpaved streets refer to the streets with no cover. Unpaved streets 

are seen in slum areas in Mamak and ¢ankaya Center regions. 

When we analyze the overall situation in regions, in Sincan Region, there is a transit 

corridor within the SN1 neighborhood border. There are two gas stations, and we 

can see gated communities in the region. There are four types of streets in the Sincan 

region: transit corridors, neighborhood main streets, neighborhood streets, and 

internal streets of gated communities. In line with this information, 27 measurement 

points were chosen from the region. 

In Mamak Region, there is one transit corridor within the MN1 neighborhood border. 

There are three gas stations, and three of them are within the MN3 neighborhood 

border. There are four types of streets: transit corridors, neighborhood main streets, 

neighborhood streets, and unpaved streets. In line with this information, 32 

measurement points were chosen from the region. 

In ¢ankaya Periphery Region, there is one transit corridor and one gas station inside 

the CPN1 neighborhood border. There are gated communities in the region. There 

are five types of streets: transit corridors, neighborhood main streets, neighborhood 
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streets, internal streets of gated communities, and unpaved streets. In line with this 

information, 36 measurement points were chosen from ¢ankaya Periphery Region. 

In ¢ankaya Center Region, there is one transit corridor that is inside the border of 

CN3 and CN4 neighborhoods. There are four gas stations and four different types of 

streets. Street types in the region are transit corridors, downtown thoroughfare, 

neighborhood main streets, neighborhood streets, and unpaved streets. In line with 

this information, 33 measurement points were chosen from ¢ankaya Center Region. 

The purpose of taking mobile measurements is to determine how the air quality 

changes at street level and to be able to make a connection with changing 

environmental characteristics. Instead of taking measurements at limited numbers of 

points located at certain distances to represent the studied neighborhoods, gas 

stations that are known to have an impact on air pollution, schools that are known to 

be places where children spend their most time, open and green spaces where 

children are likely to spend time, and different street types are taken into account. 

All in all, 128 measurement points have been determined within the scope of this 

thesis (33 from the ¢ankaya center region, 36 from the ¢ankaya periphery region, 

32 from the Mamak region, and 27 from the Sincan region). 

Before starting mobile measurements, the principals of each school were informed 

about the process. The entrance and exit times of the schools were learned from the 

principals. Mobile measurements were repeated twice in each region on weekdays, 

one in the morning (tried to coincide with the schoolsô entrance time) and one in the 

afternoon (tried to coincide with schoolsô exit time). One measuring day was 

conducted over the weekend in each study region. In these measurements, the 

researcher tried to coincide with the noon hours when children could go out and play. 

The measurement schedule can be seen in Table 2. While the mobile air quality 

measurements were taken, the researcher stopped the car for 3 to 6 minutes at the 

designated points to measure PM2.5 and PM10 simultaneously. The stop time was 

noted along with the number of the stops (like point 1, 08:26 am) on a base map 

during these pauses.
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We coincide the measurement times with school entrance and exit times because 

most children are on the streets, and traffic is high around the schools during these 

hours. Also, the reason for taking measurements in each study area on a weekend 

other than school days is to be able to represent the areas on weekly basis. Some 

pictures from field study can be seen in Figure 19. 

  

  

  

Figure 19. Pictures from mobile air quality measurements 



 

 

72 

Gaia Gps software was used  to record the tracks of the taken routes and to make 

sure that the author stopped at the right places that were pre-selected before the 

journal for the air quality measurements. Gaia Gps is a gps that can be used offline, 

leave a trail on the map, and also mark points of interest with GPS coordinates and 

drop photo waypoints. Figure 20 illustrates the routes taken for the mobile 

measurements. 

After the field measurements, when the air quality measurement data is transferred 

from the devices to the computer and refined, the first 2 min of data from the devices 

were deleted to guarantee the accuracy and stability of the samples at each 

measurement. By considering the minute information at the air quality measurement 

points, the arithmetic average value for each point was calculated and transferred to 

the ArcGIS. 
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Studied Regions 

 

Sincan Region 

 

Mamak Region 

 

¢ankaya Periphery Region 

 

¢ankaya Center Region 

Figure 20. Gaia Gps traces of each studied regions 
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3.3.2.2 24 Hours Point-based Measurements 

24-hour measurements were taken from eight schools located inside the chosen 

neighborhoods: one school from each neighborhood. Measurements were namely 

taken from CN1, CN4, CPN2, CPN4, MN1, MN3, SN2, and SN4 neighborhoods. 

The measurement points and the dates of the measurements can be seen in Figure 

21. 

 

 

Figure 21. Dates and the places of 24h measurements 

Since the author had only two Dust Track II devices, it was not possible for the author 

to measure the PM values of the 8 points on the same period of time. To increase the 

validity of the findings, one of the devices was placed in one of the schools in the 

central neighborhood and the other one was placed in one of the schools in the 

peripheral neighborhood. Again, since the author had only two devices, in 24-hour 

measurements, only PM2.5 measurements were taken. In every school, the 

equipment is set up on a windowsill with a view of the school garden in an empty 

classroom or other interior space (Figure 22). 
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Sincan Primary S. (SN2) (3rd floor) 75.yēl Primary S. (MN3) (2nd floor) Sincan ĶMKB P. S. (SN4) (4th floor) 

   

Abidinpaĸa P. School (MN1) (1st floor) Avni Akyol P. S. (CPN4) (4th floor) Teĵmen Kalmaz P. S.(CN4) (2nd floor) 

  

 

Mimar Sinan P. S. (CN1) (3rd floor) M¿nevver ¥. P.S.(CPN2) (7th floor)  

Figure 22. Places where 24-hour measurements were taken 
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The reseacrher took measurements by leaving the window open for a full day. Only 

at M¿nevver ¥zt¿rk Secondary School in Koru neighborhood, measurements were 

made from the balcony of an apartment directly across from the school since the 

school couldnôt provide a closed space where the equipment could be kept secure in 

the school. The photographs of the places where measurements were taken and the 

information on which floor the measurement was taken can be seen in Figure 22. 

The first measurement was made on Monday, 22.11.2021. One of the devices was 

placed in Sincan Primary School (SN2), and one in 75. Yēl Primary School (MN3). 

After the 24-hour measurements in these neighborhoods were completed, the devices 

were taken and placed in Sincan ĶMKB (SN4) and Abidinpaĸa (MN1) Primary 

Schools (on Tuesday, 23.11.2021). On Wednesday, 24.11.2021, the devices were 

placed in Avni Akyol (CPN4) and Teĵmen Kalmaz (CN4) primary schools. 

Thereafter, on Thursday, 25.11.2021, the devices were placed in Mimar Sinan 

Secondary School (CN1) and on an apartment balcony opposite M¿nevver ¥zt¿rk 

Secondary School (CPN2). The purpose of taking these measurements is to 

simultaneously compare one central and one peripheral neighborhood and to 

determine how the air quality changes during the day in schools, which are the areas 

where children spend the most time. 

3.3.3 Health Data 

The researcher obtained the children's asthma data from the Ministry of Health. This 

data was requested from the Ministry based on the ICD 10 diagnostic codes. J45 is 

the main code that shows the asthma status of children. Accordingly, the number of 

children diagnosed with asthma with the diagnosis codes J45, J45.0, J45.1, J45.8, 

and J45.9 was obtained along with the number of children registered to the family 

public health centers in the studied regions (WHO, 2022) (Table 3). The data used 

in this thesis includes information collected by health professionals until April 2021. 
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Table 3. ICD-10 diagnostic codes of asthma 

J45 Asthma 

J45.0 Predominantly allergic asthma 

Allergic:  

   - bronchitis NOS 

   - rhinitis with asthma 

Atopic asthma 

Extrinsic allergic asthma 

Hay fever with asthma 

J45.1 Nonallergic asthma 

Idiosyncratic asthma 

Intrinsic nonallergic asthma 

J45.8 Mixed asthma 

Combination of conditions listed J45.0 and J45.1 

J45.9 Asthma, unspecified 

Asthmatic bronchitis NOS 

Late-onset asthma 

 

The received data contains physician-diagnosed asthmatic patients and total 

registered children aged 0-6 and 7-12 years to the Family Public Health Centers 

(FPHC) located in or near the study areas (Figure 23). The reason for collecting the 

data from the FPHCs is as follows: according to the 8th article of the Ministry of 

Health Family Medicine Practice Regulation, ñThe directorate registers people for 

family physicians for the first time with considering their place of residence. 

Newborns, babies, and children who are not yet registered in the population are 

registered with the family physician whose mothers are registeredò (Family 

Medicine Practice Regulation, 2013). This means that people living in a 

neighborhood are automatically registered at the nearest FPHC. Since asthma is a 

disease for which a report is written so that the drugs can be continued on an annual 

basis, all children who report their report and take medication from the FPHC are 

added to the database. Based on these information, the children with asthma in the 

research area were determined by averaging the number of children registered in the 

FPHC in and surrounding the identified neighborhood units. The same regulation 
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also says, ñPeople can freely choose their family doctor without any regional 

restrictions.ò However, as mentioned in the first section of this chapter, during the 

COVID-19-related lockdowns in Turkey, the author could obtain information 

regarding the asthma status of children only for the chosen buffer areas. For this 

reason, the data obtained from the Ministry was accepted by the author. A total of 20 

FPHC data was obtained ï 5 of them were in the ¢ankaya Center Region, 5 in the 

Mamak Region, 7 in the Sincan Region, and 3 in the ¢ankaya Periphery Region. 

 

Figure 23. Family Public Health Centersô exact locations 

3.4 Data Analysis 

Different analysis techniques were utilized for each built and natural environment 

variable. All urban environment, air quality, and health data were initially examined 

within their respective categories. Then, these data were analyzed using a variety of 

statistical techniques in order to answer the research questions posed in this thesis, 

all of which required the author to triangulate data obtained for the urban 

environment, outdoor air quality, and childhood asthma. In this section, how each 

data set is analyzed within its own category is explained in detail (please see Table 

4 for a brief summary of the methods used in this phase of the data analysis). 
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Table 4. Urban Environment data analysis methods  

  
Description Analysis Method 

Examples from 
literature 

Slope 
The Z values of the geographical 
location of the studied regions 

Interpolation, Ordinary 
Kriging  

Sadeghi et al., 
2017 

Temperature 
Stationary temperature values of 
Ankara 

Interpolation, Ordinary 
Kriging  

Shtiliyanova et al., 
2017 

Relative 
Humidity 

Stationary relative humidity values of 
Ankara 

Interpolation, Ordinary 
Kriging  

Wang et al., 2020 

Wind Speed 
Stationary wind speed values of 
Ankara 

Interpolation, Ordinary 
Kriging  

Ibrahim et al., 
2014 

Figure-Ground 
The solid/void ratio of the studied 
regions 

Solid areas/Void areas in the 
region 

Sarē and Aybek, 
2018 

Building Density 
The surface area of the buildings 
multiplied by the number of floors 
divided by the studied regions 

Formula below a 
Tesfazghi et al., 
2010 

Land-use mix 
Diversity of different land uses within 
the studied regions 

Formula below b 
Frank et al., 2005 

He et al., 2020 

Active Open 
and7 Green 
Areas 

The ratio of soft surface areas except 
undesignated areas to studied regions 

(Sum of soft surface areas-
undesignated areas) / area 
of studied regions 

- 

Active+Passive 
Open and Green 
Areas 

The ratio of soft surface areas to 
studied regions 

Sum of soft surface areas / 
area of studied regions 

- 

Park Areas 
The ratio of park areas to studied 
regions 

Sum of park areas / area of 
studied regions 

- 

Proximity to 
industrial areas 

Distance in kilometers between the 
studied regions and the two nearest 
industries 

distance between the 
midpoints of regions and 
industrial areas 

- 

Street 
Connectivity 

The ratio of the number of 
intersections in streets to the studied 
region 

number of intersections / 
area of studied regions 

Frank et al., 2005 

Marshall et al., 
2009 

Traffic 
The ratio of the length of roads that 
have traffic for each category to the 
studied region  

The road length that has 
low, medium, or high traffic 
flow / area of studied regions 

- 

Air Quality 
(Mobile) 

Measurement values of each point 
Interpolation, Ordinary 
Kriging  

Beauchamp et al., 
2017 

Air Quality(24h) Measurement values of each point 
Comparison of air quality 
between different 
neighborhoods 

- 

Childhood 
Asthma 

The ratio of the number of Physician 
diagnosed children to all the children 
that are registered to FPHCs 

Number of physician-
diagnosed children / All 
children 

Spira-Cohen et al., 
2010 

a          Building Density =  [(Floor area of building1) x (Numbers of floors at building1)] + (é) + [(Floor area of buildingn) x (Numbers 

of floors at buildingn)] / studied regions defined by 800m radius neighborhoods  

 
b                 Land-use Mix = (-1) x [(b1/a) x ln (b1/a) + (b2/a) x ln (b2/a) + (b3/a) x ln (b3/a) + (é) + (b8/a) x ln (b8/a) 

                                                                                                                 ln 8 
 
                        a= total square meter of land for all eight land uses present in the studied regions 
                        b= square meter of building floor area in each land use 
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3.4.1 Analysis of the Characteristics of the Urban Environment 

3.4.1.1 Slope Analysis 

The ñzò (altitude) values of contour lines were obtained from the Ankara 

Metropolitan Municipality as point data. This data was then exported to Netcad and 

ArcGIS. At first, by using the Netsurf > Create triangle > Curve it commands, the 

points were transformed into slope lines in Netcad. Next, point and line data with Z 

values were transferred to ArcGIS and projected to the TUREF33 Turkish projection 

system, which refers explicitly to Ankara city. In ArcGIS software, the interpolation 

method is used to create area-based slope base maps and statistical data. 

Interpolation is a method used to predict values in the absence of documented 

observations for a location. It can alternatively be described as a process that uses 

current point measurements to estimate the values of properties at unsampled sites 

within the area covered (Algarni & el Hassan, 2001). Creating a digital model of the 

landscapes to represent the whole area is essential (Caruso & Quarta, 1998). Within 

the scope of this thesis, point data were transformed into area data using the 

interpolation method. Various interpolation models exist within ArcGIS software, 

including deterministic and geostatistical models.  The most popular deterministic 

model is inverse distance weighting (IDW), while the Kriging model is the most 

popular geostatistical model. Although methods like IDW are used for spatially 

located data, Kriging methods are among the best known in the earth sciences 

(Myers, 1994). 

Kriging overcomes many of the shortcomings of the traditional deterministic 

methods of interpolation incorporated in GIS. Kriging is the method of interpolation 

originating from regionalized variable theory. It relies on representing the spatial 

variation of the property in terms of the variogram, and it minimizes the prediction 

errors, which are themselves estimated (Desmet, 1997; Oliver & Webster, 2007). 

The Kriging estimate is known as the Best Linear Unbiased Estimate because it is a 

linear combination of the weighted sample values, whose expected value for error 
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equals zero and whose variance is a minimum (Caruso & Quarta, 1998; Oliver & 

Webster, 2007). According to (Li & Heap, 2011), ordinary Kriging (OK), and 

ordinary co-kriging (OCK) are the most frequently used methods. In Zimmerman 

(1999) ôs study that compares IDW, Universal Kriging (UK), and OK, it was found 

that the two Kriging approaches were significantly better than the IDW method 

across all levels of surface type, sampling pattern, noise, and correlation. 

Furthermore, OK outperformed UK slightly (Zimmerman et al., 1999). 

Three forms of Kriging are commonly used, which are simple, ordinary, and 

universal Kriging. Simple Kriging assumes that the mean value is known, while with 

ordinary Kriging the mean value is assumed constant and determined during the 

interpolation. Universal Kriging assumes that the data follow a known trend (Son et 

al., 2010). In light of this information, the Ordinary Kriging method, the most 

commonly used Kriging method, is used in slope analysis.  

Kriging interpolates the unknown data points with observed values through 

semivariograms (Burrough & Mcdonnell, 1998; Kurkcuoglu & Zengin, 2021; Tang, 

2002). There are different types of semivariograms that can be used in the Ordinary 

Kriging method, such as spherical, circular, exponential, gaussian and linear (Figure 

24). 

 

Figure 24.  Semivariogram types in ArcGIS software 

To define the best-fitting semivariogram type, prediction error values of the model 

output are used. The mean (ME) and the standardized mean (SME) values are 
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expected to be close to 0, the rootïmeanïsquared (RMSE) and average standard error 

(ASE) values are expected to be as small as possible, and the rootïmeanïsquareï

standardized (RMStdE) value is expected to be close to 1(Esri, 2022; Hofierka et al., 

2007; Kurkcuoglu & Zengin, 2021). 

All of the point data obtained from the Ankara Metropolitan Municipality were 

examined. It was found that the error rates for all forms of semivariograms were low 

and very near to one another since there were too many points to adequately depict 

the neighborhood units being studied. The exponential method was chosen because 

it produces slightly more accurate findings than others (see Appendix C, Table C.1). 

First, in order to increase the credibility of the altitude data, the researcher created 

1600 m buffers around each school and included all the data inside 1600 m buffers. 

To run the analysis, Geostatistical Analyst > Geostatistical Wizard > Kriging-

CoKriging > Type=Ordinary > Type=Exponential steps are followed. As mentioned 

before, in terms of performing interpolation as correctly as possible, the analysis was 

made within a 1600 m radius of schools (Figure 25). Later, the outcomes of this 

analysis were limited with the boundaries of the chosen neighborhoods (800 m radius 

buffers from the public schools). 

The slope analysis aims to determine to what extent the altitude, one of the 

characteristics of the natural environment of the study regions, affects the air quality. 

Although contradictory results exist (Dimitriou & Kassomenos, 2018), places at 

higher altitudes are expected to have more airflow, resulting in less PM10 and PM2,5 

concentrations (Ning et al., 2018). 

When we compare the regions in terms of their altitude, we can see that the standard 

deviation is lowest in the Sincan region, which means altitude does not differ as 

much as in other regions. The highest standard deviation is at the ¢ankaya center 

region. We can see that the areas with the highest altitude (1020,68) are in the Mamak 

region, while the areas with the lowest altitude (789,07) are in the Sincan region. 
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Sincan Region 

 
Mamak Region 

Min 789,07 Max 888,86 Mean 824,98 SD 23,65 Min 883,21 Max 1020,68      Mean 952,81 SD 25,25 

 
4ŀƴƪŀȅŀ tŜǊƛǇƘŜǊȅ wŜƎƛƻƴ 

 
4ŀƴƪŀȅŀ /ŜƴǘŜǊ wŜƎƛƻƴ 

Min 863,04 Max 998,86 Mean 904,17 SD 26,7 Min 862,38 Max 998,42 Mean 
924,91 

SD 27,54 

 

Figure 25. Slope analysis of studied regions 
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3.4.1.2 Meteorological Analysis 

As the previous chapter illustrates, meteorological data like temperature, relative 

humidity, and wind speed have an effect on urban air quality (Elminir, 2005; S. Kim 

et al., 2015). Meteorological data were analyzed separately regarding temperature, 

relative humidity, and wind speed. The hour-based data obtained from the General 

Directorate of Meteorology were refined according to the days and hours of air 

quality measurements. No temperature data was available for the Yenimahalle 

measurement station, and there was no wind speed data dated 08.11.2021 for the 

¢ankaya/TBMM measurement station. 

While refining the data, firstly, the researcher separated the temperature, relative 

humidity, and wind speed data of the hours in which the air quality measurements 

were taken. Then, data sets were created using the arithmetic average of 

measurement hours among themselves. In 24-hour measurements, the data were 

created by taking the average of 24 hours of the days the measurements were taken. 

Afterward, the refined data was transferred to the attribute table of the station points 

in ArcGIS. There was also hour-based wind direction data (in degrees unit) in the 

data obtained from the General Directorate of Meteorology. However, this data was 

not used because the arithmetic average of the hourly data cannot be taken in this 

data. 

There is no meteorology station among the chosen neighborhoods. Thatôs why, while 

analyzing the area, estimations had to be done. Estimates about the study area were 

made using ArcGISôs interpolation tool. The most commonly used interpolation 

method, Ordinary Kriging, was also utilized in meteorological analyses, as 

mentioned in the ñslope analysisò section. The Ordinary Kriging method is often 

used in research to estimate temperature (Holdaway, 1996; R¿, 2015; Shtiliyanova 

et al., 2017), relative humidity (Nguyen et al., 2015; Villagran & Bojac§, 2020; T. 

Wang et al., 2020), and wind speed (Ibrahim et al., 2014; B. Liu et al., 2013). For 

choosing the best-fitting semivariogram type, prediction error values of the model 

output were used (see Appendix C, Table C.2). The linear method was selected in 

light of the error values. 
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One example of the humidity data map for 25.11.2021 is shown in Figure 26. This 

process is repeated for each measurement day and data set. OK interpolation process 

was performed for each day of measurement for temperature, relative humidity, and 

wind speed data separately. Then, raster data were clipped by using the boundaries 

of studied regions. In the last stage, Table 5 was created for temperature, relative 

humidity, and wind speed by taking the mean values of the regionôs boundary data. 

 

Figure 26. Humidity data map for 25.11.2021 

When we examine the meteorological data, it is observed that there is a break in 

temperature after the 11th of November; the temperature decreases after this 

particular date. An examination of the data regarding the relative humidity 

demonstrates that relative humidity varies according to the dates. When the regions 

are examined in terms of wind speed, it is seen that the wind speed was highest in 

the ¢ankaya central region on 02.11.21 and in the Sincan region on 11.11.21 and 

23.11.21. 
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3.4.1.3 Figure ï Ground Analysis 

The figure-ground analysis was used to evaluate whether changes in the quantity and 

ratio of solid and void areas in the analyzed regions are related to air pollution. For 

the analysis, the ArcGIS database obtained from the Ankara Metropolitan 

Municipality (later updated within the scope of the aforementioned T¦BĶTAK 

project) was used. The floor areas of the buildings and porches referred to solid areas; 

other empty spaces are considered void areas. Figure-Ground analysis was obtained 

by dividing the total solid areas by the total void areas in each studied region. 

In Figure 27, we can see the results of the figure-ground analysis. It is seen that 

percentage of void space is more in each region. According to the analysis results, 

the region with the least solid density is the ¢ankaya periphery region (0.12), and 

the region with the highest solid/void ratio is the Mamak region (0.43). When the 

peripheral and central regions are compared, in general, it is seen that the central 

regions are denser than the peripheral regions in terms of solid/void ratio. 
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Sincan Region 

 
Mamak Region 

Solid: %19,34 Void: %80,66 Solid/Void: 0.24 Solid: %30,12 Void: %60,98 Solid/Void: 0.43 

 
4ŀƴƪŀȅŀ tŜǊƛǇƘŜǊȅ wŜƎƛƻƴ 

 
4ŀƴƪŀȅŀ /ŜƴǘŜǊ wŜƎƛƻƴ 

Solid: %10,49 Void: %89,51 Solid/Void: 0.12 Solid: %28,53 Void: %71,47 Solid/Void: 0.4 

Figure 27. Figure-Ground analysis of the regions 
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3.4.1.4 Building Density Analysis 

The following formula was used while calculating the building density (for studies 

that used the same formula, see, e.g., Tesfazghi et al., 2010): 

Building Density = [(Floor area of building 1) x (Numbers of floors at building 1)] 

+ (é) + [(Floor area of building n) x (Numbers of floors at building n)] / Area of 

studied regions defined by 800m radius neighborhoods 

Looking at the results of this analysis (Figure 28), it is seen that the region with the 

highest building density is Mamak (1.24). In the ¢ankaya Center Region (1.13), 

embassies occupy large amounts of area in the southwest and the unplanned slum 

area in the northeastern part of the region. Thus, the building density of this region 

is lower than the building density of Mamak. Results also show that the region with 

the lowest building density is the ¢ankaya periphery (0.47), and this region is 

followed by Sincan (0.97). 

When the periphery and center regions are compared to one another, as in the Figure-

Ground analysis, it is seen that the building density in the periphery regions is lower 

than in the central regions. 
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Sincan Region ( BD:0,97 ) 

 
Mamak Region ( BD:1,24 ) 

 
4ŀƴƪŀȅŀ tŜǊƛǇƘŜǊȅ wŜƎƛƻƴ ό .5ΥлΣпт ύ 

 
4ŀƴƪŀȅŀ /ŜƴǘŜǊ wŜƎƛƻƴ ό .5ΥмΣмо ύ 

 

Figure 28. Building Density Analysis of the regions 

 

 
















































































































































































































































































































