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ABSTRACT
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January 202341 pages

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
differentphysical environmental characteristics lgteset connectiwtandland-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 hasncreased globally amorahildren over the past few decadése dynamics

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

Undestanding 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,



the thess 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 environmeatised 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 riacles are

drawn around each public primary and secondary school, located inside these four
regi ons, t o deter mi ne t he range o f child
environmental characteristicalitude temperature, relative humidity, wind speed)

and buit environmental characteristics (figuggound, building density, landse

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 rgions were classified based on their typolog®asurement®f
particulate matte(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 madéhwv2 DustTrak Il 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, doa@gnosed children data of the
regions that are registered in Family Pulbliealth 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 ibyestigating 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 that the urban
environments where children live significantly affect outdoor air quality and
childhood asthma.The thesis revealed a significant link betweahitude

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 theban environment features, it was determined that figure
ground, building density and APOGActive-Passive Open Green Ratiajere
associated with asthma prevalence. The study's findings led to the conclusion that,
in the absence of air quality measureasgmparing 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, HAVACRBUKITHBKDYEEMK ASTI Ml
ARASI NDAKK KLKKKKNKN KNCELENMESK: ANKARA

Ay d,Backe
Doktorak ehir ve B°l ge Pl anl ama

Tez Y%°neticisi: Do - . Dr . Y¢cel Can ¢

Ocak 2023241 sayfa
Kents e | -evrbhaVYaekh!l kt esi iczerinde -ok °nemli
cojrafinunkvoenubmu konumun getirdif]Ji doj al f ak
birimlerindekis ok ak bajl antésall éklaré ve arazi kK u
fiziksel - evkenet t%ZXea |l lhiakvlaerkianliint esiselgzeri ne e

-evre °nzdeelnl ibkdzeérliar € ddé K eor tea m rglezaewman nkalaelaint e s i
daha fazla etkiye sahiptir G¢ nc el araktermal ar , -ocukl ar én
i -in hava kirdridigdmaeedalyatiakxial etkilendi]

hastal ékl arénén -ocukl uk d°neminde kroni kil
yéllarda -ocuklarda -ok yaygén g°r ¢l en kron
preval anséndaki arftekt,?° rH aegtiaal éyya&k ,t edii rkd ieyeet
°©zelliklerden - o0k yakaneél an kent sel - evit
a-éklanabilecejini g°stermektedir. Kaneéetl ar
ve -ojunlukla ileri y a kK|l amadudatopllandakid evam et t
astem prevalansénée azaltmak inihhnemicruikl ar a
ortaya koymaktader.

Déek ortam hava kirlilijini etkileyen orta ©°I
kirliliji azaltma °%dlaagmlne rhiavagelkiiwtiidmgk nee m
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°nl emek kehir plancélarée ve tasaréemcéel ar

(- @ana arakteérma sorusu sormuktur: (1) O
ortam hava kalites(2)arkKesretndalki - aJvr &« kkayre
hava kirl il idj°in eansiteé méo caurkdsué&knda bi r .
¢ocukl arén astéema daha yatkeén ol duju b°ol
Bu sorularé cevaplamak i 2zerl Ankbhenl da §a
b°l ge se-il miktir. Daha sonr a, -ocukl ar é
doert b°l ge i-inde yer al an her bir devl
yaré-aple daireler -izil miktiklerSie-{( e€pnn
sécakl ek, baj el nem, rézgar -zanégnz Bina ve yeé
yojunluju, arazi kullaném -exitliliJi, ye
ve endg¢gstriyel alanl ara yakéentakpuAdeé Gl S
bl gedeki sokakl ar tipolojiler-paetighgle

madde® | - ¢ ml er i (PM10 ve PM2.5) her Db°l gede
hafta i-1i, biri hafta sonu, en yojun se
b° 1 gel erde bulunan okull ar, yekil al anl art

PM10 ve PM2.5 ©°1] --ymalxer2i0 ahréaz- airlaes émmidma 55 ey
belirtilen noktalarda 5 daki ka durarak ar a- kaportas
DustTrak 1& 30 ci hazé ile yapeéel méktér. Son ol a

Sajl ejée Merkezlerine kayétl é& ol an b°l gel ¢

Bu veri setlerinin t¢gmeg kull anél arak t ez
korelasyonw e r egresyon dahil ol mak ¢zere her
i-in -exitl:i i statisti ksel analiz tekni k|
Bu tez, dék ortam hava kalitesini etkil e
kirlilijinin -ocukluk -ajé astéména etk
°czelli klerinin -ocukluk -ajé astéeména e
buluma kt adeér . Tezin sonu-1are, -ocukl ar én
kalitesini ve -ocukluk -ajé asté €ls@éné °ner
sonucunda, doj al -evre ©°%°zelliklerinden e



PM25konsantey onl ar & il e anlamlé bir ilikkisi ol ¢

eden yapeleée -evre °©°zmdlzlei Klaaréinmi rb aij d e fod rak laék
gesterdiiji go°r ¢l megkt ¢or . Astémlé -ocuk saye:
pozitif bir korelag on t espit edilirken, k-grounds e | -evre
building density ve APOGRAktif-p asi f a- ek ‘'yreikn | asatl @eam porreawmnel)a
ile 11 i kkild@ ol duju tespit edilmiktir. Aracx
al énmadan vkentoszell | + el er i il e -ocukl uk d°n
karkeél akt érél masénén dojru sonu- Vvermeyece]
Anahtar KelimelerK e nt s e | ¢tevre, Dék Ortam Hava Kalit
Ast émé
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CHAPTER 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
placeshas progressively diminished. Places that once provided safe and equitable
travel by foot have been increasingly replaced by disconnected land uses and
automobiledependent developments. Evidence shows that such trends in
urbanization affect outdoor air glity (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 t he wtdeménts.0Tde spneep ul at i
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 {JABITAT, 2022).

Additionally, research shows that more than one billion children live in urban areas
(here the term Achil dr eiBageramde)e(UNICEF,0 i ndi
2012). This means that one billion children in the world are affected by
environmenal 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
absorbingvirtal |y al | the future gr oMABIRATpf t he
2022).



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 levef air pollutionin urban environmentgAkilan &
Nandhakumar, 2016; LHNABITAT, 2022; J. Yang & Zhang, 2018). Apart from the
built environment of the urban areas, their natural environment also affects air
gual i ty-SERamer e-Buadaape, @@B;aVallace 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 componéhntdian 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 concentrationgdbermpeak 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) réeptivat 99% of

the world population breathes polluted air, exceeding WHO guideline limits. Air
poll utionds i mpact on health is appraised t
risks such as tobacco use and obesity (WHO, 2009). Nevertheless, aiopadut

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 ohir pollution can be either transitory (e.g.
coughing) or longerm and irreversible, ranging from cardiovascular and respiratory
disease, lung and other cancers, asthma and otheconmmunicable diseases
(NCDs), poor birth outcomes, and developmentallehges. 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 atlipwand a substantial

reduction in years of healthy life.



Ther e i s gr owi ng evidence t hat air pol
devel opment (Guxens & Sunyer, 2012; K¢nzl
2018, WHO estimated that 93 percehtot he wor | dds chil dren a
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 disosdhave 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 ameldity.

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.fide lu

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 golkition

can trigger asthmiaone of the most devastating chronic diseases in children (Arrieta
et al., 2015; Asher & Pearce, 2014a; Graham, 2004). Severalsetsmal studies
from Germany, Switzerland, France, and the USA found that compared todéisr

who live in less polluted regions, schage or preschool children who live in
communities with higher levels of dust, SO2, and NO2 suffered more from cough,
acute bronchitis and asthma (Ger n, 2010;

Lynchetal ., 2014, Perez, Lurmann, Wil son, P e

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; O6Connel I, 2004) . Studi es
number of children with asthma is increasing dangerously year by year (Akinbami

et al., 2016; Asher & Peac2014b). One of the crucial factors triggering asthma is
outdoor air quality (Graham, 2004; -B. Hwang et al., 2005; Sobral, 1989).
Compared to other age groups, children are found to have the highest incidence of



asthma (Olin & Wechsler, 2014). Accandi to the International Study of Asthma

and Allergies in Childhood (ISAAC), 11.6% of children aged gears worldwide

had doctordiagnosed asthma in 1995 (ISAAC Steering Committee, 1998). In studies
conducted with the ISAAC method in Turkey, it has beem#l that approximately

15 children out of every 100 children have doat@gnosed asthma in the 2000s
(Karaman et al., 2006; Mutlu & Balci, 2010). Also, in a study conducted in 2003 in
Ankara (which wused the | SAAC matttheod) ,
prevalence of physiciadiagnosed asthma in schoolchildren agéetl18years was

%6,9. Evidence shows that asthma starts in childhood and mostly persists into old
age (Burgess et al., 2007; McMichael, 2001; Reed, 200@hding which explains

the inportance 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 thaildren 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 emissionsdoubtedly 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 féars (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 saeffects 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 eachspe 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 plamgnand 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 affectddttiod 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
environmet 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 problemdcandderstand 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 wlzerer de 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 health

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

guestions:

1. What is the relationship between mesoscale urban environment

characteristics and outdoor air quality?



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

surrourdings?

2. Is there a relationship between urban environrcansed 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 andase 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 es@e&'s home (or wor@r goes to
school). Even people who reside on the same street could have different micro
environments. Meso scale is a term to describe ssnalé areas where people reside,
such as a neighborhood or census block group. Larger saiolos, such as cities

or counties, are represented by macroscale environn{Beatg, 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 treke study areas, the pavement
situation in front of the residences, etc. that may affect the air quality on a point scale
are nd covered. Neither are the geographic location of the city, the soil structure and
climate characteristic of the whole city ohkara that may affect the air quality on

a regional scale. Mesatermediatescale urban environment characteristics are
specifically discussed within the context of this thdgrban environment, as is used

in thisthesis refers to the physical (natu@hd built) characteristics of urban areas.

In order to represent thmesascaleurban environmentharactersiticswithin the

scope of this thesigltitude and meteorological information are taken as natural



characteristics; figurground, land use mixyuilding density, street connectivity,
traffic volume, opergreen areas and distance to the nearest industrial areas are taken
as built environment characteristid3reviots resesearch has examined whether
some ofthesenatural andbuilt environment variales (like traffic volume and
distance to industrial areaajfect outdoorair quality. With this thesis, it will be
possible to determine whether these elements that affect air quality have an impact

on asthma in childreas well

It is intended to provid 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 ofmténg 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 childhod asthma is examinehrticleson the subjectwhich were
published in Englistand that were retrieved fro@oogle 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 digdines; 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
guestions we asked within theope of the thesis will be evaluated for the first time

from a planner's point of view.

The majority of the existing studies on
and Oourban environment and-rwahcontrastsand d a st t

traffic-related air pollutior{Alotaibi et al., 2019; Ciccone G et al., 1998; Hwang et



al., 2011; Shima et al., 2003ytudies that focused on the health outcomes of the
characteristics of urban environments by and large examined how the NDVI
(CavaleiroRufo et al., 2021; W. Huang et al., 202hd landuse mix(Paciencia et

al., 2022)affect childhood asthma at the urban scale. There is only one study in the
examinediterature that examines air quality at the neighborhood E&@iburn et

al., 2006. Cornburn et al.od6s (2006) study was
of land uses that are known to be hazardous and have a negative impact on air quality.
Thisthesis t o t he best onllbeahe firdt studyotsexdmmmehew e d g e,
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 arerelatively few studies looking at the connection between the urban
enviornment 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 locati@ouhamra & AbdwWahab, 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
theaies. 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 RQI'he mesoscale urban environment characteristics have an
effect on air quality. To the best our knowledge, no study has been done on how

environmental characteristics affect strestel air quality and, consequently,

c
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childhood asthmaas the author specified in the title above. However, research

comparing urban and rural environments onrgdascale 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; Yemanebettan 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 investigatedh @Mparonment

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

The researcher assumes that kadfitude regions will be better in terms of

air quality. According to the literature, places at higher altitudes have more
air flow, which results in lesM10 and PM2,5(Paticulate Matter)
concentrationgNing et al., 2018)Also, a streescale research that assessed
air pollutant concentrations at 0 m and 35 m heights of the same spot on rainy
and nonrrainy days, discovered that measurements obtained at 35 m had

lower concentrations under all circumstan@&srlina 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 dEsrédse

et al., 2015) as relative huidity increases air pollutant concentrations
decrease(Wu et al., 2022) as wind speed increases air pollutant
concentrations decreagk Yang et al., 2020)

The researcher assumes that higher void spaces mean higher air quality in the
studied regionsBecause void areas are assumed to facilitate aiffl@a r € &
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 imd direction and spee@. Yang et al., 2020Yhus



causing the formation of urban heat islafidang et al., 2021and affecting

the air quality.

The researcher did not make any assumptions regarding howdanahix

would affect air quality in lighof the literature. The findings in the literature
about laneuse mix and air quality are contradictory. For instance, Bechle et
al. (2011), employing satellite imagésyund that cities with moderate to
highly crowded, compact, and high land use diveiséd higher air quality

than those with less dense, fringed (Hompact), and sparse land
use. Similar findings were made by McCarty and Kaza (2015), who
di scovered that the urban environmentos f
subur bs 6 oarerrSomeuesdarchierg hape 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 demzkmmore
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 bmhaled 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

didndét wused in any resear chatabgeeror e, st ud
index increases air pollution decreageajjar et al., 2021; Zhan et al., 2018)

The researcher assumes that being near industrial arsadetnanental
effects on air quality. The literature has proven that industry causes air
pollution and this air pollution has negative effects on human h@atihin

et al., 2012; Pope, 1989)

The researcher did not make any assumptions regarding hoet stre
connectivity would affect air quality. As is mentioned in the asd 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 analysissito 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 fetors that cause air pollutig@astoorpoor et al., 2016;
Lockhart et al., 2015; Soegoto et al., 2019)

The assumption for RQ20utdoor air pollution caused by the urban environment
worsens childhood asthma. It has been demonstrated in the literatusattfoor air
pollution negatively affects children's asth(F@iedman et al., 2001; Hirshon et al.,
2006; W. Huang et al., 2021Based on this information, it was assumed that urban

environment caused outdoor air pollution would adversely affectrdold asthma.

The assumption for RQ3Urban environment characteristics which cause bad air
guality have an effect on childhood asthma. As it was mentioned above, there is only
one study in the literature that examines urban environment characterighes at
neighborhood levelCorburn et al., 2006)he 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 aityqual

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 ResearchMethodology

This study is an interdisciplinary exploration, drawing topizg have been studied
in different disciplines, including city and regional planning, environmental
engineering and healtAlthough the meanings efrioustermsthat have been used
in these disciplinearedefinedthroughoutthe thesisvhenever necessarthey 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 pollutiare 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 Ank#&s among the nine cities with the highest
diagnosis of asthma casésA | & ¥ z c.éAbseryey cdr@ldctéd in Ankara
shows that the prevalence of asthma in primary school children was %8,3 in 1992
and %9,8 in 199tKalyoncu et al., 1994, 1999ccording 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 authorsidared 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 researdWhile 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 characteristiaseafhborhoods. 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 redute 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 ietetb 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 schoolihein
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: 0

6 and 712 years old, and-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 adively 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 independerfrom 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 employk 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 Ileeted neighborhoods as defined by schHmaded 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 sitecersions. 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 Il 8530). The measurements were taken by two
different methods. First, by fixing the devicéo 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

13



registered patients aged6éOand 712 years old to Family Public Health Centers

located in or near the study areas.

After obtaining all the necessary data for the study, the obtdetedvere examined

by comparing them with each other by using a mimexthodological approach.
Urban environment and air quality data were used to answer the first research
guestion and test the assumption. Air quality and health data were used to haswer t
second research question. In order to answer the third research question, the
researcher used the urban environment and healthTtiegathesis proposes a novel
interdisciplinary methodology where detailed urban environment, air quality, and

health desawerecombined.

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 fipahe 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
conceptsi urban environment, outdoor air pollutiondanhildhood asthma 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 environmet 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 childhasthma. 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 aradyars. 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
guestions, and assumptions. The data collection and data anatysesiyres 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 swdhapters, all of which are designed to anssaah research
guestion. The first subhapter is about the relationship between urban environment
and outdoor air quality. The second sthtapter is about the relationship between
outdoor air quality data and childhood asthma. Finally, the thiratkaper 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 qtiadity /
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 thiesis, 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 limations of the research and suggestions for future

research.
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CHAPTER 2

A THEORETICAL FRAMEWORK FOR UNDERSTANDING THE LINK
BETWEEN URBAN ENVIRONMENT, OUTDOOR AIR QUALITY AND
CHILDHOOD ASTHMA

This study questions thelationship 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 witih 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 anduh 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 questiotiveg 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 beemdged 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 detectingrasth

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 athma. 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 supportingablesin Appendix B provide a detailed summary of this

review.

2.1  The Link BetweenPhysical Environment, City Planning, and Public
Health

There are different sociecological (S.E.) models that hold the impact of the social
and physical environment on pubhealth(Burke et al., 2009)One of the origin
studies on this subject Bronfenbrenner (1979Bronfenbrenner investigates the
role of macrosystem, exosystem, and mesosystem environments in human
development. The writer precisely focuses on thieian, 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
socioculturdenvironmentgStokols, 1992)S.E. models are based on the idea that

the physical and social environments have a
(J. F. Sallis & Owen, 2015Y 0 deal with the evolution of S.E. models from the past

to thepresent 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

oned health and illness. H eeffedteos lealth.b e s e ac h
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 factordarsght

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

under the title of biopsychobehaviorlk 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).

Personal and Environmental Factors in Health and lliness

Biopsychobehavioral factors Sociophysical environmental factors
Architectural and

Biogenetic Psychological Behavioral Geographic technological Sociocultural

Family history of Sense of coherence Dietary regimens Climatic and Injury-resistant Socioeconomic status of
liness geologic risks architecture individuals and groups

Psychological Alcohol (e.g.

Exposure to infectious hardiness consumption earthquakes, Nontoxic Social support vs. social
pathogens (e.g., floods, construction isolation or social
viruses, bacteria) Self-esteem Smoking hurricanes, materials in conflict; bereavement

tornados, buildings

immunologic Creativity Exercise patterns draught, Social climate in
competence temperature Ergonomic design of families,

Optimisim Sleep patterns extremes) work areas and organizations, and

Inoculation and other institutions
medication history Pessimistic Safety practices Ground-water environmental

explanatory style (e.g., use of contamination settings Modeling and
Congenital disability vehicular safety conformity processes
Health locus of belts, bicycle Radon Environmental

Disabling injuries control helmets; safe contamination of aesthetics Cultural and refigious

sexual and soil beliefs and practices

Cardiovascular Interpersonal skills prenatal Indoor and outdoor
reactivity behaviors) Ultraviolet radiation air pollution (e.g.,| Organizational or

Extroversion “'sick building political instability

Chronological age Participation in Atmospheric syndrome"’)

Coronary-prone heaith ozone depletion Economic changes (job

Developmental stage (Type A) promotion Effective design of loss and related

orientation programs Global warming health care stressful life events)

Gender facilities

Cancer-prone (Type Compiliance with Health Health communications
C) orientation prescribed consequences Vehicular and and media
medical of reduced passenger safety
Depression/anxiety regimens biodiversity Health promotion
Noise poilution programs in
Hostility/ Use of community  Restorative organizations and
suspiciousness health services potential of Electromagnetic communities (e.g.,
and resources wilderness and radiation health education)
other natural
Health-relevant environments Water quality and Health-promotive
decisions and treatment legislation
actions made systems
on behalf of Environmentally
others Solid waste protective regulations
treatment and
sanitation Availability of health
systems insurance and

community health
services

Figurel. The SE model from Stokols (1992)

The model developed [8§chulz & Northridge (20045 among the most weknown
models (Figure 2). This concept was created with a focus on health and considers
how social and environmental factors impact healtt.iBaids 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 explobsd Schulz &
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Northridge (2004). I n contrast to Stokol
components and how the factors can affect health are discussed. This model also
enables us to draw the conclusion that protective measures for urban resiolgnts sh

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, thereaciprocal

effect between the mactevel natural environment and the mdseel 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.

1. FUNDAMENTAL Il. INTERMEDIATE . PROXIMATE V. HEALTH & WELL-BEING
(Macro Level) {Meso/Community Level) (Micro/Interpersonal Level) (Individual or Population
Levels)
Natural Environment P Stressors
(topography, climate, > Built Environment ¢ Environmental, Health Outcomes
water supply) e e Land use (industrial, neighborhood, __| o Infant and child health
residential; mixed use or workplace and (low birth weight, lead
Macrosocial Factors single use) ™ :‘/9‘15“119 gondhlo:s o gl potsoplng)
« Historical conditions ¢ | Transportation systems;; [ ¥ iy [ . Obes_lty i
10 « Services (shopping, < saf(lety e Cardiovascular diseases
* Political o rders banking, health care  Police response « Diabetes
s E:;nl"::“o'g:rder facilities, waste transfer »_Financial insecurit ¢ Cancers
. al S stations « Environmental toxins ¢ Injuries and violence
* Human rights doclrines  [—| * Public rgsources (parks, . Ianectious diseases
* Social and cultural - museums, libraries) * Unfair treatment « Respiratory healt
'IZ:?I‘;Z‘I’:: (racism e Zoning regulations
o 0aes C o Buildi i e Mental health
social justice, S:';]gg;gsvszf_’;;:'&s) Health Behaviors « All-cause mortality
democracy) : « Dietary practices -~
4 Social Context e Physicaliactivity - r
I * Community investment * Health screening
= (economic development, A 4
~ Inequalities maintenance, police Well-Being
: SIeS;;zUtan of matersa! M . :’eol?i’(;?:ss : ublic, fiscal > o . H‘ope/d'espai.r
« Distribution of ¢ environmpental g | Social Support o Life satisfaction
employment opportunities workplace) J . Soqal part:qpatnon —p . Psychosocnal distress
« Distribution of educational L « Enforcement of " Z?,:, ":Z?rsa;fi; [Crl : g-as‘;ﬂfss
opportunities ordinances (public, nenforks and . B:)d |sllzye nd bod
« Distribution of political environmental, testiirces availabla Y @ Y
influence workplace) —»|  within networks
* Community capacity « Social support
« Civic participation and
political influence
* Quality of education

Figure2. The SE model frordchulz & 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 differat 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 repsents 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 pro{®absl et

al., 2006) Similar to Stokolé6 (199 2) model , Sallis et
addresses sociecological 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 discussédus thesis.

Policy
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policies/ Behavior: regulations
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) « Ped/bike facilities . Perceived Environment - Parking Parking
Transp « Aesthetics Active Adive Transi st
investmentsand /* .Traffic safet Recxsation . ; Transport . Traffic ot
regulations Ty /_Reaeation Safety Accessibility Info during
Public transport
recreation ’ Intrapersonal «Safety signage
investments Recreation Attractiveness + Radio ads and news
Park policies Environment al «Billboards
Psychological Convenience Workplace
Family Situation i
Comfort Y L Envuronmepl "
Neighborhood walkability
. Parking Zoning codes
Transit access F o
Trail access

Perceived crime

Household
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Occupational
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ST investments
School Environment Health care policies
Modeling, Nelghborhood walkability
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partners for
soclal activities

Health care: counseling, info Weather
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G A
Media regulations i _—
Health sector policies ransport policies
Advocacy by o policies
Business practices yu _Land use polides

individuals and
organizations

Information Environment Natural Environment

Environment

Figure3. The SE model frorgallis et al. (2006)

Finally, Rydin et al. (2012) 06s model
The model highlights the role of the urban environment in affecting the fealith.

Here, it is important to note that this model is not a S.E. model. Furthermore, it did
not follow a scalébased approach. Rydin et al. (2012) took the sigle as a basis

and dealt with the relations of the factors of this scale with each tterexplain

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 htaetsabn

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 .o6s (2012) mod el The
highlighted with a red frame.
,—> Social cohesion }-—yl Crime }
i a I
rsen| f |
»| Morphology and > U‘rban EEE——N
"— land use climate

\ 4 Physical activit
W A * A I »| Mental health
i Service demand | v
and supply : » Transport
| ! (mode or distance)
i | Energy i ildi
! v Buildings
: : > L’m; j
E—:— L Quality of urban P Ir‘ljuryand
E ; ] environment violence
m‘—:— Waterquahty
E‘ ' — Land(ontamlnatlon asv
1 | Food :
: ! Infrastructure
------------------

Figure4. Health outcomes and the urban environniBytin et al.,

2012)

topi

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

health. The city planning discipline dealsth 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 hissgbrpoint of view, public health

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

di scipline

wa s

m

ot i

vat ed

by

t he

desire

health, and encourage social transformation in howsidgsanitation. 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 healthegsddns. 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 (886 & ARC,
2006)

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

major planning initiatives grew out of healthe | at ed concer ns. Haus
plans for Paris in the 1850s were intended to improve airflow and abagéalthy

sanitary conditiongSaalman, 1971) The state of a cityods i
healthy, and productive lives can be significantly impacted by the planning methods

used to build that city. The design of streets and corridors, as wel éanthuses

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

of the growth of the city and establishes:s
including public parks, business areas, hospitals, cultural areas,ecomhareas

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 healthitgnd qua

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
health issues increasingly revolve on chronic disease and safety. Local air quality,
water quality and supply, traffic safetphysical 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 soime st challenging issues

in public health, such as adult and pediatric obesity, cancer, respiratory problems,
inactivity, and environmental justi¢aPA, 2012)
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2.2 The Link BetweenUrban Environment and Outdoor Air Pollution

It has long been recognizeditithe natural and physical environment of urban areas

has a significant impact on poor air qualikilan & Nandhakumar, 2016; Stone et

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

degree particular aspects of theamkenvironment affect air quality in cities is an

i mportant step for city planners and desi
and climatic characteristics significantly affect the air quality of the city, as seen in

all S.E. models examined withihe 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 concentratidiag 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 n@ny days, it was discovered that measurements
obtained at 35 m had lower concentrations under all circumst@/Maetna et al.,

2019) However, there are also urban areas with high pollution, although they are
located at gographically high points, mainly due to wood burning to heat residents

(Dimitriou & Kassomenos, 2018)

The temperature is associated with PM10 concentrations and -sjzerséc

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

humidity negatively impact the air quality in citilseung & Gustafson Jr., 2005)

Gases emitted into the air from different sources such as vehicles, industry, and
residences become challengingléave 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 absorptElease (such as expanding concrete

covered large vehicle parking spaces or shrinkiran green spaces) will raise the

urban environment 6s t e n{jmpamaruganreteal., 2012 | ower
Leung & Gustafson Jr., 2005Another study determined that traffielated air

pollution is higher in regions with low wind speg@minir, 2005)
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The built environment variables, in addition to the natural environmental
components, signifi canWHeyweilookatdhe literatufee c i t
about figureground analysis and air pollution, there is a study that usesasulid

void areas to simulate airflohSar e & Aybek, 2018)

It has been proven that the number of floors of the buildings affects the wind
direction and speed. Yang et al., 2020jhus 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 im@@gagar

et al., 2021; Zhan et al., 2018YDVI is formulated baed on the colors reflected
from the earth to the satellit&lthough an applied field study on the impact of green
spaces on air quality in cities has not yet been (dc€arty & Kaza, 2015)studies

using images from satellite images and data fromuatity monitoring stations have
shown that enclosing forested areas improves the air quality in urban environments
(Escobedo & Nowak, 2009; McCarty & Kaza, 2015; Zipperer et al., 1993,
computer simulations demonstrate that adding green spkegmliks, gardens, and
green roofs improve air qualiyrallis 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 inliteeature (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 cdated with high connectivity ratgglajrasouliha &

Yin, 2015) Some of the studies in the literature also emphasize thatsndix

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 concen#ttion decreasg$-orsyth & Southworth, 2008; Marshall et al.,
2009; Moudon et al., 2006)rank et al. (2007yetermined that increasing the

walkability index (measured by changes in urban form elements such as increasing
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land use diversity and buildjndensity) 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 organiatter 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

studiesth. i nvestigate trafficds role in ai

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
undoubtedlypose 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 (su@s 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 sideseff of air pollutio(Graham, 2004)

Studies on the impacts of mesecale 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 areasfohe envi ronment és air
in the literature that we are aware of. The primary cause of this, accor@ogego

et al. (2006)js the difficulty of numerical measurements and the inconvenience of
the spatial a. mhere gre a fewdstudies foclising ant sweetdevel air
pollution and searching for the reasons of this pollution in terms ofuaedand
building density(Liu et al., 2021) different socieeconomic statug)jonisio et al.,

2010) and urban park andaffic (Bouhamra & AbdwWahab, 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 ardesigners have only a limited understanding of this link.
There is a theoretical report about stiesel 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 spel much of their time driving, walking, sitting, and playing
outdoor s. Unfortunately, the street S
pollution. The degree to which pollutants emitted at the street level is concentrated

or dispersed is greatly affeed 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 pollutastss e hi ghly concentrated.
theoretical study; the application of effective urban design measures to reduce
exposure to stredevel air pollution depends on an understanding of these factors,
both individually and in combination: Emissi@vels, proximity to the roadway, air
circulation winds, and breezes, air circulatiomersions, air circulatioispatial

confinement, sinks, pollution sensitive users and activities.

The relationship between the urban environment and air quality atyhseale (in

the city as a whole), however, is a topic covered in a number of studies in the urban
planning literaturgBechle et al., 2015; Bereitschaft & Debbage, 2013; Lu & Liu,

2016; McCarty & Kaza, 2015; Yuan et al., 2018)ost 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 statioapplied 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 cityds geography, climate, V:
heavy indstry), 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 cityds &
originated from the observation that the majority of existing empirical studies are

based on city comparisons and very limited number of studiesvestigated the

relationship between different urban environment features and air quality in street

level.
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Studiesthat have compared the compactness of cities with their air quality have
discovered that, in general, elements that allow for compact-f{myed)
construction, like building density and land use diversity, have an impact on the air
pollution levels of dies (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 ob&irfrom satellite image$yund that cities

with moderate to highly crowded, compact, and high land use diversity had higher
air quality than those with less dense, fringed {oompact), and sparse land

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

t hat the urban environmentods fragmentation
gual ity poorer. The researchersdéd general i nt
prefer to walk more in cities where different land usesh ischomes, 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 thatnglgractices that
increase physical activity, such as increasing building density arfdl in
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.0.) 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 environeumashtair 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. Foexample, Bouhamra & AbdwWahab (1999)andomly 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 addatiat 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 #h 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 BetweenOutdoor 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 suscéple to air pollution than the general populat{@ates, 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 affegaall
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-noommunicable diseases (NCDs), poor birth
out comes, and devel opment al chall enges.
association between the risk of childhood asthma and ambient air pollution
(Olaniyan et al., 2015Air pollution, and in particular its fine particulate component,
has been chsified as a cause of lung canf@&RC, 2013) According to the World
Health Organizatio(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. Overthe past few decades, allergic disorders have become much more common,
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particularly in children and young adul@awankar, 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 & Schwatz, 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 paltants. 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. Thedtods resulted in a 22% decrease in traffic counts, a
28% decrease in daily ozone concentrations, and most importantly, a 41% decrease

in asthma acuteare events.

Many urban land uses affect outdoor air quality. Nevertheless, heavy industries,
petrochental plants, oil refineries and minirrgeasare 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 showna@nnection between childhood asthma symptoms and living
near petrochemical and industrial facilit{®ope, 1989; Rovira et al., 2014; Rusconi

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

2.4  The Link BetweenUrban 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 continoie t

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 pdution 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 characteristicaltitude geolocation, landise, 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 are@golocation, 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 cldhood asthma. These titles are: Udstural Differences (URD)

and Childhood Asthma; TraffiRelated 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 theyd dnot expressly address the physical
characteristics of urban environments. This helps us understand how cities that are
growingly cardependent, congested, and removed from nature affect childhood
asthma. After a careful review of hundreds of publicaitmt 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)onducted a redife 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

linkedto 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 dRi@nzi 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. Pegeet al. (2010) found that while asthma prevalence is similar in urban

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

aut hors noted in their discusaquestiontheof t he st
environmentatriggers andgxposure to farm and indoanimals. In another study

that was conducted in Cyprugolokotroni et al., (2011fompared survey results

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

in asthma and alkgic 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. Geh limitations of this study were that scholars determined the

chil drenbés addresses during the survey peri
paper contained no details about the poll en
study, although theriidings 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 artle 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 urbzation was associated with chronic airway irritation

rather than with asthma. However, when they used ddagnosed asthma rates,

they found a direct correlation between urbanization and childhood asthma.

Although the pollen season was considered irsthey, the authors failed to discuss

exposure to pets, farm animals, and farming activities.

32



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 tiveylretedtegy

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 childhoogtama 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)lthough children in rural areas are exposed to more
triggers, urban areas have been fotmide 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 amyestions 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 trafflated air pollution affects

childhood asthmaAlthough 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 stediwere conducted in different countries to examine how

air pollution in cities changedince the ppandemi ¢ ti mes (Aydeén
2021; Kumari & Toshniwal, 2020; Nakada & Urban, 2020). These studies have
shown that air quality in cities improves, acohcentrations 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 environmeriigctor, and it aids in our

comprehension of how traffic that drove by urbanizatrapacts childhood asthma.

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

When the studies are | ooked at <collectively
pollution data, three use stationa@sta, three use modeland 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 usdigtesces from homes

or schools to majaroads, 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 correhtion 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 childhdoasthma. These studies and their key findings are as

follows:

-inGasana et al 19 stgde9viete )ndusled inttha hataalysis, 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 prevalerfoghildhood asthma and wheezing.

-In Favarato et al. (201d)s st udy, wr i t eanaysispoé studiesr med a me
finding links between nitrogen dioxide and the frequency of asthma diagnoses or

symptoms across time. They discovered that despite itd sipa] trafficrelated

pollution may significantly impact asthma prevalence due to the high baseline

incidence in many cities.

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

childhood asthmaowatte et al. (2015Jiscovere that exposure to TRAP in early
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childhood is linked to asthma development in children up to the age of twelve. Age

related increases in these relationshi ps:¢

-In their literature review studytan et al., 202) 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 thigtitle
considered in general, it can be concluded that there is a direct correlation between
TRAP and childhood asthma and that traftated 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 poltatarst 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
selfreported questionnaires, two employed hospital databasesiastibgnaires to
collect health information. When the st u
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 theirstudy in South Korea, Hwang et al. (2011) found that although there were no
significant differences in the prevalence of gelforted asthma between the two
geographical sites, Andong (seraral) had a considerably higher rate of physician
diagnosed asthathan 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 ancetprevalence 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 meeseveral 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 urbamal comparison in the studyhis interpretation

leads to the conclusion that, althbugategorized as seimiral and metropolitan,

both research locations exhibit urban environnatiaracteristics. Second, the traffic

data is selreported; it was collected using a questionn&e the other hand, the
authors of the study explained theKkeof 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 signifi€angly, the fact

that the urban components are not considievhen evaluating the data prohibits us

from viewing this study as an urbanral comparison.

Al tuj et al. (2014) also found a direct cor
the prevalence of upper respiratory tract complaints (see Figure 5). Whstndize

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 subrebarare

located in independegeographical 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
environmentffects childhood asthma as a result of considering the many locations

within the city as a single region.
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Figure5. The case areas in Altu] et al. (201

A direct correlation between the quantity of ozone concentratidnaathma was
discovered in both studies that could not identify a connection betweeRTBRRAP

and childhood asthma, which is crucial for the literature.

24.4 Urban Environment Related Air Pollution (URAP) and Childhood
Asthma

This section focuses on the studies that investigate one or more physical form

characteristics of ur ban environments

research articles were examined under this heading. While four of the studies did not
use air gality 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

guestionnaire, whereas two used the hospital database to identify asthma patients
(see AppendixB, TableB.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 ¢@Galaleiro Rufo et al.,
2021¥ound that living in greener environments reduced the prevalence of asthma in
children, while another studfWw. Huang et al., 2022fpund 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 studie@BobrowskaKorzeniowska et al., 2021 project is discussed

that aims to comprehend how urban heat islands effect air pollution and the ensuing

chil drenbés respiratory disorders. The proje
article under review, alttugh 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 urbanirati® directly correlated to the
prevalence of asthm®&odriguez et al., 2011)

One of the studiegCorburn et al., 2006)sed Environmental Load Profile (ELP) to
determine the factors affecting childhood asthma at the neighborhood unit level. To
defineELP, 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
determned that the places where the noxious {agés are collected coincide with

the places with the highest asthma hospitalization rates.

LUM values were utilized as the urban environment variable in thestlasdy
(Paciencia et al., 2022nalyzed under thiheading, 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 wheezinghm last 12nonths 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 characteristicghe density of buildings, traffic density, NDVI
land-use mix, and rural and urban differences etare 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 helpfu 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 childhoogsthma. 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 settingas 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 necessarycmnduct 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 dealswiththéo an envi r onment 6
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 &ltitude and meteorology(temperature, relative humidity, and \din
speed) are considered as the characteristics of the natural environment, while
transport (street connectivity and traffic volume) and morphology andusad
(figure-ground, building density, lardse mix, the amount of open and green areas,
and proximiy 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. Outdar 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 wells 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)daobesity. 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 t hesis wil/ be the first to examine h
outdoor air pollution due to variations in urban environments in TuiKey.
development of thithesis, which seeks to measure air quality at the street level from

the pespective 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 authords knowledge, there is
between different city form features and air quality in Turkey. Additionally, to our
knowl edge, there hasndét been any applied
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 petpe, when the studies reviewed

under the title Urban Environme@hildhood asthma were examined, it was found

that 13 articlesd authors had a medical
medical or public health affiliation (29%), three artides aut hor s had
environment al affiliation (7%), and the
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 byhesgaat

least one of whom was affiliated with a medicine. It has been noticed that none of

the authors of tharticlesthat examined and analyzed numerous aspects of the urban
environment and focused on the connection between the envaonment 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 designes 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 kndedge, 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

METHOD : MEASURING THE RELATIONSHIP BETWEEN
URBAN ENVIRONMENT, OUT DOOR AIR QUALITY AND CHILDHOOD
ASTHMA IN ANKARA

This chapter i ntroduces the studyods res
processing, and analysis methods. It explains the methodology of the research to
respond the research questions posed in tleisighAs 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 significaitict 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 environmeatised outdoor air pollutiaand 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-aemtcsal

research design and adopted a mirexthodological approach in data collection. In
summary, in the first phase of the study
veTelhol oji Arakteérma Kurumu) funded resear
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 fom analysis of the selected contexts. In the second step, the author visited
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the selected neighborhoods to monitor stteetl 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 dat a
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
dataobtained 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

me nt i o nPBAK prdjdctBikhed to serve such goals. However, after the iniation

of this project and finalization of the neighborhood selection, CGlApandemic

took hold in Turkey, which led author to change some of the data collection methods

and analysis after thanalysis of the urban form variables of the chosen

nei ghbor hoods. For i nstance, instead of ob
parents regarding the childrenbés asthma sta
data. This was a necessary change in rebBedesign 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 airtestsive air

guality measurement method), the project was pauseatltong 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.

Al t hough obtaining this data ationowas t he <city
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
diagnosiotf ast hma cases (Al & ¥zcebe, 2017) A s
that the prevalence of asthma in primary school children was %8,3 in 1992 and %9,8
in 1997(Kalyoncu et al., 1994, 1999 ccording to the Chamber of Environmental
Engi neer anpgllateon r@portl 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 glity and childhood asthma.

Following the foundation of the Turkish Republic in 192f8ersthe declaration of
Ankara as the capital cityf Turkey, the city started tde develogdin a planned

way to symbolize the modernization of the counffgr the plaaning history of
Ankara, please see, forexampglengz k an (2003), Kelexk. (2018), k
However due to the intense wave of immigratjdine planned areas eventually could

not meet the needs of the population, causing the emergence ofdalabae areas

one the one hand, and unplanned, spontaneously devedopasion the other.
Ankara isnowa metropolitan city with a population of 5,747,325 as of 2021} K K,
2022)and an area of 2,600,000 hecta(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 select® from Ankara. Three factors affected the selection of the
neighborhoods. The first criterion was the urban environment characteristics of

nei ghborhoods. The site selection was made ;
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urban environment characteristicshelsites 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 selenteédduring 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 neighborhdbdsauthor
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 childrenli@ dgerange. This range

was determined based dme 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

Heal t hds dat a resiatpteaage geodpschildren inddb and €12

age group it was important for the author to maximize the representation of children

in the selected age group, that #0712 yearold children. Thus, the presence of
elementary and secondary publibasals 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 public schools, depending on the

address where they are registered/lived (according to the 11th article of the Ministry

of National Education Pf8chool Education and Primary Education Institutions
Regul ation, MARegi st sschdolystem, dased ah th@aeldrdshr r o u g |
information in the national address dat a

than one school were preferred over neighborhoods with only one school.

In line with all these criteria, a total of 8 neighborhoods veetected, 4 of which

are from the inner city and four from the periphery (Figure 8).
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Figure8. Selected neighborhoods from Ankara Metropolitan Area

The first two neighborhoods selected from the urban periphery are Koru

Nei

ghborho d

and

Ahmet

Taner

Keékl

a l

e

Nei ghborhoo

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 choseeighborhoods). 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 seendiffer from one point of the

neighborhood to another (for example, areas with-gaitierned housing and site

type housing with a more curved street structure), it is understood from the

examination of satellite images that street connectivity in KoruAdmdet Taner

Keée kI

al e

nei ghbor hoods

i s

r e tompaied/te they |

ow i n

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 seeingribggimousing

surrounded by parkg lots, we also see twand threestory housing surrounded by
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gardens. We can see attached and detached housing types in Koru and Ahmet Taner
Kekl al é& neighborhoods. I n some psworyts of
buildings, fivestory buildngs, and terstory buildings side by side.

The other t wo nei ghbor hoods selected f
Nei ghbor hood and Ertujrul Gazi Nei ghbo
neighborhood has one primary and two secondary schools withirurtsléay. 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 decasases

one moves fromthe inneri ty to the periphery. Ertuj
bordered by Ankarads | arge undevel oped |
or rarely seen in other selected neighborhoods (for examylestdry buildings
arrangedaround 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
(Figure 9). Satellite images furthehav that the greenness index of the two

nei ghbor hoods may vary from Sel -ukl u
Neighborhood (or even from one part of the district to another). These two
neighborhoods generally have small block sizes and seem to have lessdand
diversity than the chosen neighborhoods from the toitgr 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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Figure9. Satal lite i mages of Koru and Ahmet Tan
and Sel-uklu and Ertujrul Gazi nei ghbor hood
administrative boundaries ofdlchosen neighborhoods. Blue markers indicate the
loctions of the public primary and secondry schools in the chosen neighborhoods.

The first two neighborhoods selected from the irtigrare Barbaros Neighborhood

and G°kt¢r k Nei gh byadistrctoBhrbdros neighborioed hadsa n k a

one primary and one secondary school , and
secondary school within its boundary and one secondary school just outside its

boundary. Although, in general, the author preferred not gxisahy schools that

are |l ocated outside the administrative boun
the author decided to ignore this rule since the chosen seconday school is located

extremely close to the administrative boundary of this neighborh@gdwhile the

chosen primary school is located approximately 50 meters inside, the secondary

schools is located approximately 50 meters outside the administrative boundary of

Gkt ¢rk neighborhood). The sel-@gtghaved nei ghbo
higher building densities compared to the peripheral neighborhoods. As the street

patterns are mostly grpatterned 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 ontain 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

paral |l el t em space kyatenafim® noghr te south. In the west of these
nei ghbor hoods, green areas <cover | ar ge
gardens, and Sejmenler Park. The main re

are that they seem to be very densely textuthe 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 (Figurel10).

FigurelO. Satallite images of Barbarosa@G® kt ¢ r k nei ghbor hoods (
Abi dinpaka and Peyami Safa neighborhoods
The last two neighborhoods that were selected from the-tmmet vy ar e Abi dir
Nei ghborhood and Peyami Safa Neighbor hoot
neighbohood 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 ofhe 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 bildling 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 -8tyncan ar
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As for the sizeof the building blocks, it is seen that they are similar to the chosen
nei ghborhoods from the inner <city of <¢ankay

near these neighborhoods (Figure 10).

As mentioned above, the geographic extent of the neighborhoatifined 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
neighborhood were in the same blockext to each other. Using Netcad software,

the schools in selectettighborhoods are marked, and 800 m bufieescreated

around them (Figure 11). One buffer is created around the schools that are next to

each other. Ithe end, a total of 16 buffers were defined.

Many studies have employed home or scHmasded buffers to measure the urban

form characteri st i cs(Wand eta. h2011)Buffer pobes, envi r onm
which can be created in different ways, are assumed to better capture the
environment al features of a childrenods ne
boundaries of such places for several reasons. As stated previously, in Turkey,

children ae 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 childrenbds homes, the
where children can sdfesocialize with their peer§Sancar & Severcan, 2010;

Severcan, 2018)n 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 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 m;
chil drendés acti ve za acknowlethe the wnysedarteasladr en may
t heir Ainei ghborhoods, 06 or they may acknowl e
boundaries as their Aneighborhoods. 06 This p
administrative boundaries of neighborhoods cover huge or sredls of land.

Davison & Lawson (2006) detected that children were less likely to actively
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commute to school i f the school was Mo r

homes.

Based on the findings mentioned above, the author created 800 m radius circular
buffers around each school and defined
environment (herein, the term "neighborh
This process yielded nine neighborhoods that are located from the urban periphery.

Five are locateth Sincan district (SN1, SN2, SN3, SN4, SN5) and four are located

in ¢Cankaya district (CPN1, CPN2, CPNS3, (
neighborhoods that are located in the irnar t vy . Four are | ocated
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 morer less demonstrate similar urban form characteristics, e.g.; inner

city neighborhoods in the ¢ankaya distri
form characteristics and that these characteristics are very different from the ones

that are representdsy the peripheral neighborhoods in Sincan district. This study
clustered eight neighborhoods under four
Region, ¢ankaya Periphery Region, and Sir
Center Regions are considered inoert y r egi ons, Sincan and

Regions are considered peripheral regions.
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Figurell Administrative boundaries and created boundaries of selected
neighborhoods

3.3 Data Collection

Three types of data were collected to amistihe 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.

[ Data Collection }
]

Urban Environment Data ’ Outdoor Air Quality Data ’ Health Data ’
[
Natural Environment Built Environment
Mobile measurements (PM2,5 and PM10) Children with Physician-diagnosed asthma
) L ™ 24 h measurements (PM2,5) data

Figurel2. 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.altitede 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
datesi the daés on which the author monitored the stieegel 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 frone#ie eight sources.

SINCAN
®

ANKARA BOLGE
*

YENIMAHALLE
*

f ) 3 g
( 7 ALTINDAG/GENGLIK PARKI
\ . —

ETIMESGUT _1\ = .MAMAK/BAYINDIR BARAJI
. N\ )
KAYAITBNMM
PP

GANKAYA/GALDAG
*

- - Kilometers
0 12525 5 7.5 10

Figurel3. 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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Thereforethese data were updated by the author and a team of researchers within
t he scope o-fundad projectB(KoT ZLBK243). During this process,
together with some other researchers, the author visited each neighborhood to
document the urban form charactécs (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 durirtgst 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. Stepstep work that was done at this stage is

explained as follows:

1- The polygon drawings of each building, porch, and building block polygons were
crosschecked: if the polygons were drawn more than once, only onecteased.

Also, all nonclosed 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 mediansapks, 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. Thgesdtimed 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 physictgdviinformation
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/bloak.ekample 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 stationsMe€arty & 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 (seeSancar & Severcan, 2010; Severcan, 20I8¢. urban feat@s coded in this

context are:

1- Function of norbuilding 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,-saperhypemarkets),
educati on, publ i c i nstitutions/ structur e

cultural center), gas station, industry, other (such as warehouses and workplaces)
3- Constructiorareas

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 weeas in the field but not seen in the satellite images
were drawn to the bases as accurately as possible to analyze the +roedbaigp

situation of the urban form characteristics of the chosen neighborhoods.
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Figurel4. Base mapsreated during the fieldwork

The third stage was the final pa@alysis process. Stdyy-step work that was done

at this stage is explained as follows:

1- In line with the information obtained from the field studtésg, 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 mosttoglate 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 wer
drawn as fAlinesod (each | ine was drawn
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 UTRIv@as not among the defined projection systems in
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the ArcGIS datalse. 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 buildingflo@r eas (i n m}J] ), the numbe]
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 ArcGl$eferring to the
images received from Yandex Maps based on the forecasts for the specific days and
times ofthe 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 basertloe previous traffic volume on the rogifaindex,

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 theistart t

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 (
measurement takenthhankaya Center r €1@:00on 02dE2Mween C
Tuesday and images of 14.30, 15.30, and 16.30 were taken for the measurements
taken in ¢Cankaya Cent &/126 an@4lil1.@InThussdaly we e n

(Figurel5). This process was repeated for @aeasurement day.
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Figurel5., Traffic volume data of ¢ankaya Center
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 pollutionds components include particul
such as oane, 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

02.5 em), (fAMZ2e. S,ardiiacmeetser <2.5 em), and ul't
(Hadley et al.,, 2018a)Within the context of this thesis PM10 and PM2,5

concentrations are measured.

60



Outdoor air quality data used in the literature is mostly stationaryBayaaktar &
Turalioglu, 2005; Cao & Cai, 2022; S. Huang et al., 2020; Kurkcuoglu & Zengin,
2021) However, as Bayraktar & Turalioglu (2005) stated in their study, samples
taken fom 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 rpoitit sampling studies. Within the
scope of this tasis, PM10 and PM2.5 measurements were taken from multiple points
in the selected regions.

Air quality measurements were made with two #t@ak air quality devices (Dust

Trak 1l Aerosol Monitor 8530) in the chosen neighborhoods (Figure 16.1). The
device perein Dust Trak Il) employs light scattering technology to delivertnes
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 patrticle size range is from 0.1
t o 1 OrS1,Q082)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 mudbe 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 operdigadonnecting 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 Il. These particulate matter sizes are defined as air pollutants and have
limit values defined by different establishments (e.g., WHO, TR Ministry of
Environment, Urbanizatigrand Climate Change). The devices were burrowed from

t he Air Pol luti on Research Laboratory
Environmental Engineering Department. The author learned how to use the devices
from the experts in this Laboratory. The datarve can be set in the devices as
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hourly, minute, or second. Within the scope of the thesis, mimuteinute data
were collected in each region. Devices have their own software named TaskPro
(Figure 16.6) to transfer the data to the computer. The USBaogecable 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 GooglEarth 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 Il device has been frequently used in previous research by other scholars
in indoor environmentgKic, 2016) in studies that made comparisons between
indoor and outdoor environmer(isevy et al., 2002; F. Wang et al., 20;1&nd in
outdoor evironmentgKumar et al., 2018; Ormanova et al., 2020; Qu et al., 2019;
Westerdahl et al., 20085ome studies used this device to monitor outdoor air
guality. Some took the measurements while walk@igan et al., 2002; Dionisio et

al., 2010; Zwack &dl., 2011) some took the measurements while cyc{@Qa et al.,

2019) some took the measurements while drivfRgjola et al., 2012)and some

took measurements using different styles of transportation; walking, cycling, driving
(de Nazelle et a12012; Quiros et al., 2013)
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Figurel6. Dust Track Il 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 whlév/ing (Mobile
Measurements), and second, by placing the devices at a selected school in the
neighborhood for 24 hours (24 hours pdiaised measurement$he timeaablefor

mobile and 24our measurements can be seen in the table below (Tjable
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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 of€uiros et al., 2013)r turned the car into

a measuring device using the necessary equipiianola 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 Il device inside

her car to better capture the outdoor air quality.

34 D1P 578 C
N

Figurel?. 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 inform#&on that the average breathing height of children ranges from
0.7to 1.5 n(Rivas et al., 2016 Puring 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 el
Mobile measuremestwere taken on the streets. This is becabddren walk to

school more often using streetnd arguably,spend more time in the streets

compared to other outdoor neighborhood pla¢agka et al., 2015; Ozbil et al.,
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2016) Before starting the mobilemeasurements, different street types have been
determined to decide where the measurements should be taken while driving. Such
a predetermination was necessary to obtain more valid and generalizable results that
accurately represent the outdoor air qydbtvels 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 galiwable data could be received at

the end of the PM measurement process. In the mobile measurements, the researcher
stopped for about-8 minutes at each measurement point to capture the exact PM2.5
and PM10 values of the points located in differentesttgpologies. 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, consideraisrngiven 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 |l ines pass
in the Sincan regi on, Mamak Road in the
tankaya Centr al regi on, and Dumlupénar

region are considered transit corridors.
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Figurel18. 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 (88CTO, 2013) Within

thescope of this thesis, four streets are considered as a downtown thoroughfare from
tankaya Center Region, which are Tunal é Hil
There is no other streets showing the characteristics of downtown thoroughfare in

studied regns.

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 stseiet 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 sl umnkaya€CanterregionsMamak and ¢

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 typteetk 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 onenisit 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 s$tteén line with this information, 32

measurement points were chosen from the region.

I n ¢ankaya Periphery Region, there is one t
the CPN1 neighborhood border. There are gated communities in the region. There

are fve 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

| n ¢ a @dntaryRagion, 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 mai streets, neighborhood streets, and unpaved streets. In line with

this information, 33 measurement points

The purpose of taking mobile measurements is to determine how the air quality
changes at street level and e 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 opa@liution, 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 determindgdnathe scope of this
thesis (33 from the ¢ankaya center regio
32 from the Mamak region, and 27 from the Sincan region).

Before starting mobile measurements, the principals of each schminf@med

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 coimhei de wi i
afternoon (tried to coincide with schoo
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 measument schedule can be seen in Tahl&Vhile 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 th@umber 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 entrandeexit 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 dy bhesik.Some

pictures from field study can be seen in Figure 19.

Figurel9. Pictures from mobile air quality measurements
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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 weiseleated before the
journal for the air quality measurements. Gaia Gps is a gps that can be used offline,
leavea trail on the map, and also mark points of interest with GPS coordinates and
drop photo waypoints. Figur@0 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 arlimetic average value for each point was calculated and transferred to
the ArcGIS.
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3.3.2.2 24 Hours Pointbased 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, &4 neighborhoods.

The measurement points and the dates of the measurements can be seen in Figure

21.

s

—_— . — —— KilOmeters
0 1,25 25 5 75 10

Legend

4 221121 = 23.1121 = 241121 = 251121

Figure2l. Dates and the places of 24h measurements

Since the author had only two Dust Track Il devices, it waposgible 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 onee cdctiools in the
peripheral neighborhood. Again, since the author had only two deviceshiou24
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

classoom or other interior space (Figurg)2
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Figure22. Places where 2dour measurements were taken
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The reseacrher took measurements by leaving the windowfapariull day. Only

at M¢nevver ¥zt ¢igrk Secondary School in K
made from the balcony of an apartment directly across from the school since the
school couldno6t provide a closed imBpace wl
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 Rigure 2

The first measurement was made on Monday, 22.11.2021. One of the devices was
placed in Sinca®r i mary School (SN2), and one in

After the 24hour measurements in these neighborhoods were completed, the devices

were taken and placed in Sincan KMKB (S
Schools (on Tuesday, 23.11.2021). Ordiesday, 24.11.2021, the devices were
pl aced i n  Avni Akyol (CPN4) and Te] men

Thereafter, on Thursday, 25.11.2021, the devices were placed in Mimar Sinan
Secondary School (CN1) and on ang¢gmrmbpart me
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 spenithe most time.

3.33 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. Acglyrdhe 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 registeredftortifye

public health centersm the studid regions(WHO, 2022)(Table3). The data used

in this thesis includes information collected by health professionals until April 2021.
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Table3. 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 physiediagnosed asthmatic patients and total
registered children aged®and 712 years to the Family Public Health Centers
(FPHC) located in or nede study areas (Figur&) The reason for collecting the
data from the FPHCs is as follows: according to the 8th article of the Ministry of
th Family Medici

He al

family physicians for the firstime with considering their place of residence.
Newborns, babies, and children who are not yet registered in the population are
p h (Familyc i an
Medicine Practice Regulation, 2013)his means tha people living in a

registered wi t h t he

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 fhen-PHC 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 m@gulat
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al so says, AfnPeople can freely <choose th
restrictions. o However, as mentioned in
COVID-19related lockdowns in Turkey, the author could obtain information
regarding theasthma 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 obtaindd5 of t hem were in the ¢ankaya

Mamak Region, 7inth8i ncan Region, and 3 in the ¢al

a P . - Av N
Kilometers 2 A
0% 125,425 5 o 10 1/ . A
Figure23. Family Public HealthCenter& exact | ocati ons

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 imnalyzed 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).

78



Table4. Urban Environment data analysis methods

Examples from

Description Analysis Method literature
Slope The Z values of the geographical Interpolation, Ordinary Sadeghi et al.,
P location of the studied regions Kriging 2017
Temperature Stationary temperature values of Interpolation, Ordinary Shtiliyanova et al.,
P Ankara Kriging 2017
Relapv_e Stationary relative humidity values of Int_er_polatlon, Ordinary Wang et al., 2020
Humidity Ankara Kriging
) Stationary wind speed values of Interpolation, Ordinary Ibrahim et al.,
Wind Speed Ankara Kriging 2014
. The solid/void ratio of the studied Solid areas/Void areasinthe Sar & and
Figure-Ground - .
regions region 2018

Building Density

Land-use mix

Active Open
and7 Green
Areas

Active+Passive
Open and Green
Areas

Park Areas

Proximity to
industrial areas

Street
Connectivity

Traffic

Air Quality
(Mobile)

Air Quality(24h)

Childhood
Asthma

The surface area of the buildings
multiplied by the number of floors
divided by the studied regions

Diversity of different land uses within
the studied regions

The ratio of soft surface areas except

undesignated areas to studied regions

The ratio of soft surface areas to
studied regions

The ratio of park areas to studied
regions

Distance in kilometers between the
studied regions and the two nearest
industries

The ratio of the number of
intersections in streets to the studied
region

The ratio of the length of roads that
have traffic for each category to the
studied region

Measurement values of each point
Measurement values of each point

The ratio of the number of Physician
diagnosed children to all the children
that are registered to FPHCs

Formula below 2

Formula below ®

(Sum of soft surface areas-
undesignated areas) / area
of studied regions

Sum of soft surface areas /
area of studied regions

Sum of park areas / area of
studied regions

distance between the
midpoints of regions and
industrial areas

number of intersections /
area of studied regions

The road length that has
low, medium, or high traffic
flow / area of studied regions

Interpolation, Ordinary
Kriging

Comparison of air quality
between different
neighborhoods

Number of physician-
diagnosed children / All
children

Tesfazghi et al.,
2010

Frank et al., 2005
He et al., 2020

Frank et al., 2005

Marshall et al.,
2009

Beauchamp et al.,
2017

Spira-Cohen et al.,
2010

a

Buil ding

Density = [ (Fl oor

area of

buil dingl)

of floors at buildingn)] / studied regions defined by 800m radius neighborhoods

b

Land-use Mix = (-1) x [(b1/a) x In (b1/a) + (b2/a) x In (b2/a) + (b3/a) x In (b3/a) +
In8

X ( Nu mbeesr s

(b8/R) x k (b8/a)

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

T he (Alitume) 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 transformedtmslope 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 ate@sed 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 theegbf properties at unsampled sites
within the area coverg@lgarni & el Hassan, 2001 reating a digital model of the
landscapes to represent the whole area is ess@aialso & Quarta, 1998yVithin

the scope of this thesis, point data were fansed into area data using the
interpolation method. Various interpolation models exist within ArcGIS software,
including deterministic and geostatistical modéelfie most popular deterministic
model is inverse distance weighting (IDW), while the Krigmgdel 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
variationof the property in terms of the variogram, and it minimizes the prediction
errors, which are themselves estimatBeésmet, 1997; Oliver & Webster, 2007)

The Kriging estimate is known as the Best Linear Unbiased Estimate because it is a

linear combinatia of the weighted sample values, whose expected value for error
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equals zero and whose variance is a mininf@aruso & Quarta, 1998; Oliver &

Webster, 2007)According to(Li & Heap, 2011) ordinary Kriging (OK), and

ordinary cekriging (OCK) are the ms&t frequently used methods. In Zimmerman

(1999) ©6s study that compares | DW, Uni versa
that the two Kriging approaches were significantly better than the IDW method

across all levels of surface type, sampling pattern, enoand correlation.

Furthermore, OK outperformed UK slightfgZimmerman 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 {Bordet

al., 2010) In light of this information, the Ordinary Kriging method, the most

commonly used Krigingnethod, is used in slope analysis.

Kriging interpolates the unknown data points with observed values through
semivariogram¢Burrough & Mcdonnell, 1998; Kurkcuoglu & Zengin, 2021; Tang,
2002) There are different types of semivariograms that can beimsied Ordinary
Kriging method, such as spherical, circular, exponential, gaussian and linear (Figure
24).

#, Kriging = m} X

® Input point features ~ | Semivariogram properties A
| BN =

® Z value field

The Semivariogram model to be used. There are two
methods for kriging: Ordinary and Universal

et e sty Ordinary kriging can use the following semivariogram

=
l | & models:
Semivariogram properties

Spherical—Spherical semivariogram model. This
Kriging method: (® Ordinary O Universal is the default.

Circular—Circular semivariogram model.
Exponential—Exponential semivariogram model

Semivariogram model: Spherical ~

Gaussian—Gaussian or normal distribution
Advanced Parameters... semivariogram model.
Linear—Linear semivariogram model with a sill.

Output cell size (optional)

‘ = Universal kriging can use the following semivariogram
V| models: v

Search radius (optional)

Cancel Environments... << Hide Help Tool Help

Figure24. Semivariogram types in ArcGIS software

To define the beditting semivariogram type, prediction error valudsthe 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 iiontari squared (RMSE) and average standard error
(ASE) values are expected to be as small as possible, and theeadtsquaré
standadized (RMStdE) value is expected to be closqEsfi, 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 formgwiigariograms 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 AppéniiebleC.1).

First, in order to increase the credibility of thiitudedata, 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 followedmentioned
before, in terms of performing interpolation as correctly as possible, the analysis was
made within a 1600 m radius of schools (FiguBg. 2ater, the outcomes of this
analysis were limited with the boundaries of the chosen neighborhood® (&0tus
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 exi¢Dimitriou & Kassomenos, 2018places at

higher altitudes are expected to have more airflow, resulting in less PM10 and PM2,5

concentrationgNing et al., 2018)

When we compare the regions in terms of th#itude we can see that the standard
deviation islowest in the Sincan region, which means altitude does not differ as
much as in other regions. The highest
region. We can see that the areas with the highest altitude (1020,68) are in the Mamak
region, while theareas with the lowest altitude (789,07) are in the Sincan region.
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Figure25. 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 qu&liiginir, 2005; S. Kim

et al., 2015) Meteorological data were analyzed separately regarding temperature,
relative humidity, and wind speed. The hdnased data obtained from the General
Directorate of Meteorology were refined according to the days and hours of air
guality measurements. No temperature data was available for the Yenimahalle
measurement station, érthere was no wind speed data dated 08.11.2021 for the

¢t¢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. hnd@# measurements, the data were
created by taking the average of 24 hours of the days the measurements were taken.
Afterward, the refined da was transferred to the attribute table of the station points

in ArcGIS. There was also hebased wind direction data (in degrees unit) in the
data obtained from the General Directorate of Meteorology. However, this data was
not used because the arithtineverage of the hourly data cannot be taken in this
data.

There i s no meteorology station among t

analyzing the area, estimations had to be done. Estimates about the study area were
made wusi ng ArtorGtbos dhe mosndorenmoplyouseal interpolation

method, Ordinary Kriging, was also utilized in meteorological analyses, as

mentioned in the fAsl ope analysiso secti

h €

0

used in research to estimate temperatbicddaway, D 9 6 ; R¢ , 2015; Sht

et al., 2017)relative humidity Nguyen et al ., 2015; Vi |
Wang et al., 2020)and wind spee@brahim et al., 2014; B. Liu et al., 2013or
choosing the beditting semivariogram type, predicin error values of the model
output were usefsee AppendiC, TableC.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 Figuiiéhid

process is repeated for each measurenmnand 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, TabMas created for temperature, relative

humi dity, and wind speed by taking the

— |15

— —
0 15 3 8 9 12

Figure26. Humidity data map for 25.11.2021

When we examine the meteorological data, it is observeditaet 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 centr al region on 02.11.21
23.11.21.
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3.4.1.3 Figure1 Ground Analysis

The figureground analysis was used to evaluate whether changes in the quantity and
ratio of solid and void areas in the analyzed regions are related to atrquolfeor

the analysis, the ArcGIS database obtained from the Ankara Metropolitan
Municipality (Il ater updated within the
project) was used. The floor areas of the buildings and porches referred to solid areas;
other empy spaces are considered void areas. Fi@naind analysis was obtained

by dividing the total solid areas by the total void areas in each studied region.

In Figure Z, we can see the results of the figgreund analysis. It is seen that
percentage of void space is more in each region. According to the analysis results,
the region with the | east sol 0D.Ltd,ah@énsi ty
the region with the highest solid/void ratio is the Mamak regdo#3. When the

peripreral 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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Figure27. FigureGround analysis of the regions

88



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, &.gsfazghi et al., 2030

Building Density= [(Floor area of building 1) x (Numbers of floors at buildinyj 1
+ (é) + [(Floor area of building n) x (Numb

studied regions defined by 800m radius neighborhoods

Looking at the results of this analysis (FiguBg,2t is seen that the region with the

highest buildingdensity is Mamak1(.24) . I n the ¢ankad3da Center F
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 buildingahsity of Mamak. Results also show that the region with

the | owest buil di ng de nGdi)tand thissregibnhie ¢ ankaya
followed by Sincan@.97).

When the periphery and center regions are compared to one another, as in the Figure
Ground aalysis, it is seen that the building density in the periphery regions is lower
than in the central regions.
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Figure28. Building Density Analysis of the regions
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