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ABSTRACT

A GENERATIVE URBAN CONFIGURATION MODEL:
OPTIMIZATION OF SKY VIEW FACTOR AND OPEN SPACES

OKUR, Elif Hazal
MSc in Architecture
Advisor: Assist. Prof. Dr. Seckin Kutucu
April 2022

Urban morphology has a significant role and a considerable impact on urban climate,
thus on global climate change. Urban land use, building density, the presence of open
spaces, and the arrangement between building masses and urban voids in an urban area

identify the urban fabric.

The high-density urban areas generate an urban heat island (UHI) effect that is not
desired. To avoid or minimize UHI effects, the urban design decisions that shape urban
fabric have to be thought out more carefully than ever before. It is vital to minimize
UHI effects and provide energy efficiency for the buildings. But before considering
energy efficiency on a building scale, it is possible to minimize the urban heat island
intensity just with the changes to be applied to the urban form. This study aims to
develop a computational model by using the Sky View Factor (SVF) value which is
used to calculate the urban heat island intensity and works with it reciprocally. The
Sky view Factor also is affected by urban morphology. At the end of the study, it is
expected to achieve a tool to assist in deciding the design criteria early in the design

process.

Due to the computational methods, designers have a chance to see in advance what
kind of outcomes their designs will be. Therefore, this study focuses on creating a
computational design method that will be able to provide a sustainable perspective to
urban planners and architects in the challenging design decision-making process. The
model developed in this study is based on the selection of design criteria to be used on
the model, mathematical definition of SVF and UHI intensity calculation, and

optimization process.



keywords: urban design, computational design, urban heat island, sky view factor,

generative model
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URETKEN KENTSEL FORM MODELI: GOKYUZU GORUS FAKTORU
VE ACIK ALAN OPTIMIZASYONU

OKUR, Elif Hazal
Yiiksek Lisans / Mimarlik
Danisman: Dr. Ogr. Uyesi Seckin KUTUCU
Nisan 2022

Kentsel morfoloji, kentsel iklim, dolayisiyla kiiresel iklim degisikligi iizerinde dnemli
bir role ve etkiye sahiptir. Bir kentsel alanda, kentsel arazi kullanimi, yap1 yogunlugu,
acik alanlar ve yapi kiitleleri ile kentsel bosluklar arasindaki diizenleme kentsel
dokuyu belirlemektedir. Yiiksek yapt yogunluguna sahip kentsel alanlar, arzu
edilmeyen kentsel 1s1 adalarinin (KIA) olugmasma sebep olur. Kentsel 1s1 adasi
etkilerinden kaginmak veya bu etkileri en aza indirmek igin, kentsel dokuyu
sekillendiren kentsel tasarim kararlar1 alinirken hi¢ olmadigr kadar dikkatli
diistiniilmelidir. Kentsel 1s1 adasi etkilerinin en aza indirilmesi ve binalarda enerji
verimliliginin saglanmasi hayati 6nem tagimaktadir. Ancak, enerji verimliligini bina
6lceginde saglamaya calismadan 6nce, kentsel form iizerinde yapilacak degisikliklerle
kentsel 1s1 adast yogumlugunu minimize etmek miimkiindiir. Bu ¢alisma, kent
morfolojisinden etkilenen ve kentsel 1s1 adasi yogunlugunu hesaplamada kullanilan
gokylizi gorme faktoriinii kullanarak hesaplamali tasarim yontemi gelistirmeyi

amaclamaktadir.

Hesaplamali yontemler sayesinde, tasarimcilar tasarimlarimin ne tiir sonuglar
dogurabilecegini 6nceden gorebilme sansina sahiptirler. Bu ¢alisma, tasarim siirecinde
oldukca zorlayict olan karar verme asamasinda, tasarimcilara siirdiirtilebilirlik
yoniinden bir bakis agis1 kazandirmay1 amaglayan bir hesaplamali tasarim modeli
olusturmayr amaglamaktadir. Bu c¢alisma kapsaminda gelistirilecek olan model,
modelde kullanilacak tasarim kriterlerinin belirlenmesi, gokyiiziinii gérme faktorii ve
kentsel 1s1 adas1 yogunlugu hesaplamalarimin matematiksel olarak tanimlanmasi ve

optimizasyon siirecinden olugmaktadir.
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CHAPTER 1
INTRODUCTION

1.1. Definition of the Research Problem

Industrialization and rapid urbanization since the 19th century have brought
many globally critical issues with it and among these issues, one of the most
important of these is rapid population growth. This population growth has
affected water and air pollution, increased energy consumption, triggered
environmental pollution, and climate change, all of these reasons have made
crucial impacts on human health and the environment. Primarily, after the oil
embargo occurred in 1973, this energy crisis led the world to think about the
“’conservation of energy’’ and following that, the “’sustainability’’ concept
has appeared in Brundtland Report (Bermejo et al., 2010). Since then, energy
efficiency and energy management terms have been highly used in this
context. These terms required new design solutions and until today, many
design approaches have been improved to optimize the most influential
factors on urban climate change.

Researches show that buildings generate %40 of energy consumption
worldwide so it has become a global problem of our time (Cao et al., 2016).
Because of this energy consumption, urban areas have a higher temperature
compared to rural areas, and these metropolitan areas are called ‘’urban heat
islands’’. Many studies illustrated that the urban heat island phenomenon is
one of the most influential factors in urban climate. Urban heat islands
increase urban temperature, which affects thermal comfort negatively. Thus,
cooling emerges as a necessity, especially in hot-climate countries. So, it is
worth mentioning that this phenomenon significantly has an impact on energy

consumption and climate change.

Due to the problems caused by urban heat islands, and to reduce the energy
demand caused by buildings, there are lots of active and passive design
strategies that can be applied to projects such as natural ventilation or natural
lighting by using renewable energy sources. The studies on analyzing the air

temperature difference between urban areas and rural areas have proved the



relationship between urban geometry and urban heat island intensity. So,
before any method in the meaning of sustainability is applied at a building
scale, it is possible to reduce this energy demand even by changing the

placements of buildings in an urban layout.

Considering all these reasons, the main research problem for this thesis which
becomes one of the main topics for urban planners and architects’ agendas,
originates from the search for a design solution as an alternative to traditional
methods. Through the ease of computational design methods that can be
applied to urban development plans, it is aimed to achieve the design
alternatives which could be supportive in the decision-making stage of the

urban planning process.

In the light of this search, the basic question underlying this thesis: Can we
develop an adaptive design tool for the early design stage for both architects
and urban planners to understand and avoid the negative sides of urban heat
islands, and design more sustainable urban development plans for the future
considering urban heat island (UHI) and sky view factor (SVF). So, this aims
to create a design tool for the primary design stages by investigating
alternative design solutions to optimize urban heat island effects and provide

room for future research and studies.

Due to the development of computational design tools, designers have the
chance to produce design alternatives to see the outcomes of their designs in
the computational environment and improve their designs to gain better
solutions. Since simulation-based studies have an essential role in figuring
out the problems of an actual area and help gain awareness for future studies,
they should be used more to detect problems that may occur and take

precautions before the construction of an urban area.
1.2. Aims of the Research

The main aim of this thesis is to develop a computational design method that
generates different urban layout forms with different replacements and
geometries of buildings to reduce urban heat island intensity. The method

varies the building replacements according to the user-defined design



constraints. While each design parameter changes, the computational method
produces different urban layout configurations during the generation of the
model. The design criteria to develop this computational model are defined
according to the constraints set by the urban planning regulations. As a result
of a developed generative model, it is expected to gain an optimized design

solution with minimum urban heat island intensity.

Within the scope of the research area of the study, there will be some
questions to be answered essentially. The main research questions can be

stated as:

Provided that FAR is constant, to what extent does SVF changes according

to the different configurations of buildings on an urban layout?

Is it possible to keep the SVF value as possible as high even though the open
spaces in an urban area are decreased? Or is it possible to capture the same
SVF value on different open space values?

The study also aims to enable urban designers to be able to see the possible
future effects of the design areas within the context of sky view factor and
urban heat island correlation, at the early design phase. Therefore, urban
designers and architects can manipulate their designs before putting the
project into practice, in this way, adverse effects of designs can also be

prevented.
1.3. Method of the Research

Urban planning is a quite challenging process in which many design decisions
are taken together. Because of the limitations of planning regulations and
design criteria that need to be considered, the design process becomes
challenging. So, the decision-making process about mass configuration on an
urban layout becomes vital for urban designers. Development of such a tool
or method to mitigate urban heat island effects, just with the modifications on
urban morphology by using computational design tools becomes something

important for designers.

The main aim of this research is to develop a computational design tool to

3



achieve an optimized urban form configuration, which is based on achieving
the highest SVF possible by applying a multi-objective evolutionary

optimization process.

In the second chapter of the thesis, the relationship between urban heat island
intensity and the sky view factor has been explained. As can be understood
from the fundamental principles and definition of the causes and effects of
urban heat islands, a strong correlation between the urban geometry and sky
view factor has been formulated. Following that, the studies about the urban
geometry and sky view factor regarding reducing urban heat island intensity

are examined.

In the third chapter, the computational workflow has been explained with the
multi-objective evolutionary algorithm that provides multiple generated
urban layouts during the optimization process. The computational design
process and grasshopper definition have been explained in steps due to the

design objectives.

Grasshopper plug-in of Rhinoceros is used for the definitions of design
parameters, and Octopus plug-in of Grasshopper is used for a multi-objective
evolutionary algorithm. With the help of these plug-ins, a diverse number of
urban form alternatives have been provided by using the optimization tool
‘Octopus’. There are three aims in the model development of the study, the
first is to be able to use the developed design tool at the beginning of the
design process, second is to see the outcomes of each modification to the
design due to the sky view factor, thus urban heat island, and the third aim is
to control the input parameters (morphological constraints in the design

algorithm) according to outcomes which come from each design alternatives.

According to the regulations of the planning system in Turkey, FAR value,
BCR value, and Hmax are the limitations that are used in urban master plans
for providing the residential needs that emerge with the increasing population.
The FAR value is one of the crucial factors since it is determined according
to the predicted construction area that may be needed. The total construction
area of an urban block is calculated with the FAR value. If the FAR value



remains constant and the building coverage area is decreased, the floor height
increases to meet the total construction area within a plot area. Likewise, to
enable this mathematical calculation, if the building coverage area is
increased, the floor height decreases. The impact of urban open spaces on
SVF value is very clear. If urban areas can have more open spaces, the SVF
value gets higher. For this reason, rural areas have much lower air

temperatures than urban centers.

While the FAR and BCR ratio is steady, the height of the building (floor
number), and the building’s width and length will be kept at a certain
minimum and maximum intervals. The number of the buildings, setback
distance, and floor height are to be defined at the beginning of the
optimization process. In addition, any size of the site with a flat topography
can be applied to the grasshopper definition. The hypothetical site used in this
study is assumed to be at sea level, and topographical characteristics have

been excluded from the study.

In the optimization process, it is aimed to maximize the Sky View Factor
(SVF) value while providing the building density with the FAR value given
by the regulations of the planning system in Turkey. In other words, it is
aimed to achieve the optimal urban configuration model by increasing the
SVF with a constant FAR value.

Only values that affect urban geometry will be considered as parametric
values in this computational model. The values that are considered in this
thesis are the intervals of building coverage ratio, floor number, and building
locations. Consequently, while urban geometry changes, urban heat island

intensity was kept low by obtaining the SVF value as high as possible.



CHAPTER 2
RELATION BETWEEN URBAN HEAT ISLAND INTENSITY
AND SKY VIEW FACTOR

Since the main purpose of the thesis is to develop a generic model as a design
proposal to reduce urban heat island intensity, in this chapter of the thesis, it
will be mentioned that the definition of urban heat island, the formation of
these islands, and the main causes of the intensity of urban heat islands. After
the definition of the urban heat island phenomenon and the causes of its
formation, one of the main causes of this formation which is the sky view
factor, and its relationship with urban geometry will be explained. Following
that, the main effects of urban heat islands and the studies carried out to

reduce urban heat island intensity will be mentioned.
2.1. Definition of Urban Heat Island

Regarding the literature on climate change, there exist numerous risks,
challenges, and indisputable consequences if no adequate precautions are
being taken. According to Lippiat, one of the most crucial effects of climate
change is the construction and the existence of buildings, and buildings
generate green gas emissions which have a huge contribution to global
warming where they are responsible for 40% of the energy consumption
worldwide and 16% of the water used (Lippiatt, 1999).

Each year, the human population keeps increasing, therefore a need for
housing and accommodation is in increase coordinately with it too. The
increase of urban settlements causes an expansion in the diameter of the city
centers, and as a result of this rapid urbanization, the energy amount that
buildings generate and operate also increases dramatically in a rapid change.
This prominent factor is one of the main reasons for global warming, thus
gaining better energy efficiency in buildings is a major objective for energy
policy at regional, national and international levels (Pérez-Lombard et al.,
2008).



According to Shalaby, the heat generation from urban structures, which
absorb solar radiation, and anthropogenic heat sources are the leading causes
of urban heat islands (UHI) (Shalaby, 2011). Urban heat islands can be stated
as a reflection of global warming, and it represents the air temperature
difference between urban and rural areas. Luke Howard was the first
researcher who authenticated the air temperature difference between city
centers and rural areas by contributing his research (Oke, 1982). Since
Howard’s studies and observations on air temperature differences and the
factors responsible for the urban heat island, many studies have been
published worldwide including almost every major city in Europe, North
America, and East Asia (I. D. Stewart, 2011).

Howard started his studies by discovering the urban center of London is to be
always warmer than the country (rural area), and he claimed that this air
temperature difference comes from the reason of urban effects which
formalized as ATu-r (Parry & Chandler, 1966). Howard deduced that air
temperature differences depend on anthropogenic sources, the geometry of
urban surfaces which capture the radiation, urban roughness which obstructs
the transition of the winds, and the availability of moisture (Parry & Chandler,
1966). Luke Howard describes the urban canopy layer as an effect on air
temperature and the canopy layer can be defined as the air that lies below the
roof (Mills, 2008). Although, the canopy layer model is implicit in Howard’s
analysis of London’s heat island, and it is developed and systematized
formally by Oke in modern literature (I. D. Stewart, 2011). Since Howard’s
first studies at the beginning of the 19th century, there have been modern
investigators like T.J. Chandler, Bchm and Gabl, Oke respectively, and many
more, have developed their research on meteorological instruments in cities
and also new classification systems for characterizing the urban environment
(lain D. Stewart & Oke, 2006).

2.2. Formation of Urban Heat Island

As mentioned earlier, urbanization, urban sprawl, and population growth are
primary reasons for the formation of urban heat islands. The other factors that

come with these reasons, such as materials that are used in the built



environment, lack of vegetation, urban geometry, urban land use, and
anthropogenic heat release, also have a considerable effect on the formation
of UHI intensity. The urban heat island phenomenon emerges due to the
energy balance between urban and rural areas. However, this energy balance
is the difference between energy input (heat uptake from the urban system)
and energy output (heat release from the urban system). According to Oke
and Cleugh, the city’s great heat storage and thermal inertia are presumed to
be one of all, even the primary, causes of the urban heat island (Oke &
Cleugh, 1987).

Energy Input = Energy Output + Energy Storage

For most natural systems, energy balance is explained as the energy input and
energy output equation. However, the situation is only valid if values are
integrated over a long period such as a year, for shorter periods, the energy
balance turns into an equation where the energy input equals the sum of

energy output and energy storage (Amaral et al., 2013).
Oke, in 1981, formulized the rural surface energy balance;
L*=QH + QE + AQS

* = net long-wave radiative flux density
QH and QE = sensible and latent heat flux densities
AQS = Surface heat flux density,

On some occasions, for instance, near calm and cloudless weather conditions
when the surface layer is stably stratified the turbulent terms QH and QE
become negligible (Oke, 1981). So, net all wave-radiation (L*) becomes

equal with the surface heat flux density (AQS).
L*=AQS

The literature on the formation of urban heat islands suggests that to be able
to understand energy balance, it is necessary to understand such features as

the thermodynamic behavior of air, surface temperature, and the dynamics of



local airflow (Oke, 1988).

The equation below is used to explain the energy balance.

Q* + QF = QH + QE + AQS + AQA

Where:

Q* = Net all-wave radiation flux density (W/m2)

QF = Anthropogenic heat flux density due to combustion (W/m2)
Qu = Turbulent flux density of sensible heat (W/m?)

Qg = Turbulent flux density of latent heat (W/m?)

AQs = Net heat (energy) storage (W/m?) — rate per unit volume (per unit

horizontal area)

AQa = Net heat advection (W/m?) / net energy (sensible and latent) advection;

rate per unit volume (per unit horizontal area)
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Figure 2.1. Urban Surface Energy Balance Components (Erell et al., Urban
Microclimate, 2011)

In the schematic description of an urban energy balance shown above, the
arrows pointing inwards represent energy gain, that is to say, heat uptake, and
the arrows pointing outwards represent energy loss, in other words, heat

release from the system.



2.3. Causes of Urban Heat Island

Many predominant factors like anthropogenic heat release, thermal properties
of urban surfaces, absence of vegetation areas and open spaces, the reflection
of sunlight, urban canyons, and more, help to contribute to the formation of
urban heat islands. In addition, the increase in population growth,
transportation, mobility, and artificial heat due to urbanization has
significantly affected urban heat island formation. This urbanization effect
can significantly influence local and regional climate by changing land-use
patterns and thus surface radiation and energy balance (Wu, 2008). According
to Landsberg (1981), two factors cause the temperature difference between
urban and rural areas. The first reason for the temperature difference between
urban and rural areas is artificial surfaces absorb the sun’s heat so that
buildings and pavement form canyons to trap reflected heat, whereas the

second is that building materials cannot dissipate this heat (Landsberg, 1981).

Urbanization alters the radiative properties of both the surface and the
atmosphere, whereas the building materials introduce a wider range of surface
emissivity than is typical for undeveloped areas. Consequently, the urban heat
island raises the temperature of the surface and the atmosphere (Oke, 1988).
Due to the heat load, demand for energy increases; to cool buildings and
increase human comfort, and to achieve that, air conditioning systems are
used, which generates a massive level of heat (Grimmond, 2007). Each 1°C
increase in temperature increases energy demand in cities by 2-4% and 5-10%
of the total electricity demand is spent to cool buildings only to compensate
for the increase of 0.5-3°C in temperature (Akbari et al., 2001). The
previously mentioned demands are caused by urbanization, and their effects
contribute to urban heat island intensity (Akbari et al., 2001).

One of the most compelling reasons that affect climate change is the intensity
of heatwaves loaded in an urban area, and it is urgent to decrease the urban
heat island intensity. Luke Howard, who first recognizes the effects of urban
areas on urban climatology, and is known for addressing the air temperature
differences between urban and rural areas, defines the reasons for these

temperature differences as follows;
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. Anthropogenic heat sources that cause the rise in air temperature,

o The urban geometry and urban surfaces that captures and traps

radiation and obstruct free radiation to the sky,
¢ The negative impact of “‘urban roughness’ on the passage of summer winds,

o The amount of moisture required for evaporation; (Mills, 2008).
2.3.1. Urban Geometry

Many direct and indirect factors that cause urban heat islands have been
studied conducted through the years. Urban geometry, which is strongly
linked to this phenomenon has been proved by many studies as, the leading
one. Several studies demonstrate that morphological modifications on land
use have an impact on urban heat island intensity. However, apart from the
precautions taken on the building scale, urban scale morphology has a priority

that must be considered.

According to Oke’s hypothesis (1976), two different layers cause urban heat
island formation produced by urbanization. The first layer is the urban canopy
layer, which acts microscale and consists of the air contained between urban
roughness elements, and buildings (Oke, 1976). Urban surface units consist
of geometric combinations of horizontal and vertical surfaces repeating
throughout the urban area, and these units define the urban canopy (Nunez &
Oke, 1977). These units can be defined as urban canyons, and in geometric
terms, urban canyons can be described as the height/width (H/W) ratio (also
known as an aspect ratio) of the space between adjacent buildings (Stremann-
Andersen & Sattrup, 2011).
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Figure 2.2. The Energy Balance of an Urban Canyon, (Nunez & Oke, 1977)

The experiments show that canyon geometry is a definite variable, especially
in the formation of nocturnal urban heat islands, due to its role in regulating
longwave radiation (Oke, 1981). Therefore, it is possible to say that urban
canyons have an obvious relation to the energy performance of buildings.
Urban canyons are shaped by buildings orientation, spaces between buildings,
street width, building height, the footprint of a building, and the form of a
building.

The second layer is the urban boundary layer, and the urban boundary layer
is acted at the mesoscale, it is situated right above the urban canopy layer and

interacts with the atmosphere (Oke, 1976).

---------------- Top of urban canopy layer
—— — Top of urban boundary layer
—-—-—  Top of downwind rural boundary laver

Regional -
Airflow - Urban Boundary.
—_—T P Layer g A

I, A, 7
Rural I Suburban | Urban | Suburban

| Rural

Figure 2.3. The distinction between canopy and boundary-layer urban heat
islands (Oke,1976)
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As seen in the figure above, the urban canopy layer is located between
buildings and is limited by height. Observations on urban heat islands are
based on the measurements made within the layer below the urban canopy
layer (Tzavali et al., 2015). Because of the limitation formed by buildings, the
climate and air circulation in the urban canopy layer are affected by buildings’
orientation and geometry, surface materials, and thermal properties. On the
other hand, the urban boundary layer positions itself between the upper
boundary of the urban canopy layer and the curve, which starts on the urban
surface (x=0) and moves towards the atmosphere with the effect of regional

airflow.

An urban form consists of urban canyons, and they are characterized by three
domains that affect the urban climate. These domains are the aspect ratio, the
canyon’s axis orientation, and the SVF (Bakarman & Chang, 2015).

2.3.1.1. Aspect Ratio

Due to the number of buildings in the city centers, there is a significant air
temperature difference between urban areas and rural areas. The
anthropogenic heat released by the building surfaces increases the air
temperature and contributes to outdoor and indoor thermal comfort. The
urban heat island phenomenon is due to the intense heat accumulation caused
by these building intensities, whereas one of the primary reasons for the

formation of urban heat islands in the urban forms is shaped by urban forms.

Aspect ratio is the ratio of the height of a canyon building to the width of its
street canyon. Besides urban canyon surfaces, researchers argue, that the
aspect ratio is one of the most effective parameters that directly contribute to

urban air temperature, hence energy efficiency and energy consumption.
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Figure 2.4. Aspect Ratio 1

In the situation where building 1 (B1) and building 2 (B2) heights are even
(H1 = H2), the aspect ratio will be;

Hi1 B1
B2 H2

W

Figure 2.5. Aspect Ratio 2

As above, where the two building’s heights are different from each other (H1

# H2), the aspect ratio will be;

(Hi+H2) / 2
wW
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Figure 2.6. Aspect Ratio 3

The aspect ratio clearly describes how the density of urban blocks changes
according to their heights and widths of each other and according to the blank
spaces left between them. The differentiation in the H/W ratio directly affects
urban heat island intensity. According to numerous studies, the aspect ratio
has the most significant effect on air temperature and energy fluxes. The
building orientation, positioning of the buildings, relative to each other, and
height differences of the buildings in the urban canyon differentiate the aspect
ratio and affects naturally the energy flow, the movement of air among
buildings, and anthropogenic heat generated as a result of the thermal

discomfort.

2.3.1.2. Sky View Factor

The sky view factor (SVF) is another factor that has an important influence
on the energy performance of buildings and the differentiation of an urban air
temperature, in the scope of the relation between urban geometry and urban
heat island intensity. Studies show that the sky view factor (SVF) is a
parameter that has a cooling effect on urban climate representing an openness
of the sky. Also, it is directly related to the H/W ratio and the urban geometry.
The factor varies from 0 to 1. As the factor approaches 1, the visibility area
of the sky increases and an unobstructed view of the sky is obtained. On

another note, considering the studies on mitigating urban heat island intensity
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while employing the SVF, researchers discussed the alternative ways that the
urban layout configuration should be addressed to reduce intensity.

The studies’ findings yielded that the urban configuration is an important
control and has a significant role in the formation of an urban heat island
intensity. Several calculation methods have been developed to calculate SVF
values. As input data, some

methods find the SVF value based on fish-eye images or street view images,
while some of them use raster or vector data to identify the sky obstacles
(Bernard, 2018). The SVF is calculated from any point between buildings by
including all obstacles surrounding that point. These obstacles are considered
buildings, trees, and anything that could be considered as an input that would

affect the sky’s visibility.
2.3.2. Effects of Vegetation and Open Spaces

According to the studies that have been made by Rosheidat and Bryan
vegetation and the presence of open and green spaces have an essential effect
on urban heat island intensity and also the sky view factor. Studies show that
one of the most effective factors in mitigating urban heat island intensity is
increasing the urban vegetation. Therefore, urban vegetation is a crucial and
natural intervention method in minimizing the effects of extra energy stored
by construction materials exposed to intense sunlight and minimizing solar
radiation effects which negatively affect urban heat island intensity. The built
environment, non-reflective surfaces, and lack of vegetation have led to the
creation of urban heat islands. Thus, the temperature difference between
urban areas and rural areas increases. Moreover, the vegetations create a
canopy layer in urban areas and depending on its size, height, and density,
helps shatter the surfaces and decrease their surface temperature and heat gain
compared with the exposed surfaces in shading the surfaces and decreasing
their surface temperature and heat gain compared with the exposed surfaces
(Rosheidat & Bryan, 230 C.E.).
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Sketch of an Urban Heat-Island Profile
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Figure 2.7. Sketch of Urban Heat Island Profile (Frumkin, 2002)

As Figure 2.4. shows, that the presence and the density of vegetation along
the canyon affect the urban heat island intensity directly. The vegetation
directly impacts meteorological conditions and urban climate because of its
effect on reducing urban heat island intensity. Allocating spaces for
vegetation in urban areas, reduces urban heat island intensity, balances the

urban temperature, provides thermal comfort, and helps reduce air pollution.

2.3.3. Urban Materials

Several prominent factors contribute to the formation of UHI, among them
the replacement of natural landscapes with artificial and building materials,
building surfaces, and asphalt with low albedo, and poor town-planning
configurations (Boukhabla et al., 2013). Besides the geometrical properties
of the urban fabric, urban materials also cause undesirable effects on the urban
climate. One of the critical factors causing trapped heat in urban areas is the
thermal properties of materials that increase heat storage. Increasing heat load
on building surfaces and rising temperatures from the surface of buildings

cause the air temperature difference between urban and rural areas.

The urban environment with impervious paved surfaces used as urban
materials like asphalt, brick, stone, concrete and other materials (materials
with s a low albedo value that reflects sunlight less) give urban areas a much

higher thermal storage than natural surfaces (Golden, 2004).
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2.3.4. Anthropogenic Heat Release

Anthropogenic heat release is one of the major causes of increasing urban
heat island intensity and plays an important role in the surface heat balance
(Block et al., 2004). Anthropogenic heat can be thought to be the source of
the volume for emission of heat from vehicles, HVAC systems, including
individuals within the street canyon (Use & Characteristics, 2013). The
resources that cause the anthropogenic heat release are oriented toward
human activities. Such as cooling and heating buildings (e.g., air
conditioning), transportation (e.g., automobiles.), and industrial processes
that cause the anthropogenic heat release. Urban centers have these activities
more than rural areas and that’s why they have higher energy demands than
surrounding areas due to the higher production of anthropogenic heat
(Shahmohamadi et al., 2011). This artificial heat is absorbed and stored; thus,
warming the urban atmosphere, and leading to the disturbing urban energy
balance. Considering the latter, it causes an increase in the urban heat island

intensity.
2.4. Effects of Urban Heat Island

Expansion of urban fabric, population growth, and rise in human activities
due to these parameters cause a dramatic increase in the urban heat island
intensity. Expansion of the city leads to growth in the urban housing market
and the built environment. Every parameter that feeds urban sprawl causes

significant effects on urban climatology, directly or indirectly.

Elevated temperatures from urban heat islands, especially during the summer,
affect the environment, quality of life, human health, and comfort (Shalaby,
2011). Besides these effects, it also contributes negatively to elevated water
demand and quality, meteorology and climate, global warming, air pollutant,

and greenhouse gas emissions.

Urban heat islands may increase heat-related health impacts by rising air
temperatures in cities 2-10°F more than in suburban areas due to absorption
of heat by surface and buildings (Gamble et al., 2008). The microclimate

caused by UHI has the effect of increasing the energy demand for cooling in
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buildings, besides increased electricity generation by power plants causes
greenhouse gas emissions that contribute to global warming and climate
change (Adinna et al., 2009).

2.5. Studies on Mitigating Urban Heat Island Intensity Based on
Urban Morphology

In the last decades, there have been simulation and evolutionary algorithm-
based studies on urban heat islands to observe their relationship with the
factors related. Besides the observations, these studies also aim to develop a
design tool to gain a design approach, unlike traditional methods.

In one of these studies, Yuan & Chen (2011), while demonstrated the
relationship between sky view factor and urban morphology, in the meantime,
site coverage ratio and building height are used as two planning parameters
to help increase SVF and mitigate urban heat island intensity.

In this study, a raster-based algorithm (ArcGIS) is used for the calculation of
SVF, and it was found that the two morphological parameters used in the
parametric model did not have a striking effect on the SVF. So, there is a need
to be used more morphological parameters to gain a better understanding of
the causing indicators of SVF. Yuan & Chen also point out that the air
temperature decreases about 0.4°C if there is a %10 increase in SVF value
and indicates that urban planners must consider decreasing the land use

density.

Hu et al. (2016) have used parametric modeling, programming, and
optimization algorithms to be able to experience UHI intensity by using SVF
values on different urban forms. In the study, the experiment tries to find the
optimum urban form by changing the urban density of the area. Urban forms
were represented as masses with different sizes on each plot area and this
form is called as density distribution form. As it is understood, density
distribution is the main thing that differentiates a specified urban area. The
study aims to generate multiple urban form generations with the optimum
value of SVF for the specified total building area as a constraint. In the study,

FAR changes while the total building area is steady. At the end of the study,
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the researchers put forward that SVF is lower when the density is higher and
distributing density on the land has significance for mitigating heat island, so
it is possible to mitigate UHI intensity by manipulating urban forms due to
the SVF value.

Aksoy (2016) has aimed in his study to propose a decision support system
that can guide the architect in the early design phase by using evolutionary
algorithms. There are two design proposals examined in this study. One of
them aims to gain a design alternative that has maximum natural light and
minimum energy consumption by using NSGA-II using a multi-objective
evolutionary algorithm. The other is the Sustainable Multi-Objective Land
Use Allocation Model which considers two conflicting criteria: maximum
open space and maximum development by considering the conditions of

suitability for neighboring settlements and closeness to existing settlements.

Since the study aims to create a sustainable land model, the constraints that
are used in the model are determined according to the design criteria of LEED
and BREEAM. The site is digitalized without disregarding the topography

and natural formations.

2.5.1. The Critics of Existing Methods

According to the research in the literature, it has been found that most of the
studies reveal the SVF values on actual land use and UHI values
corresponding to these SVF values. Except for the studies revealing the
inverse relationship between SVF and UHI values, it is also observed that
there are case studies that calculate the SVF values in actual urban areas that
have different urban settlement patterns. Although the studies that reveal the
relationship between the two values are very guiding for the designer, it is

possible to do more evaluating studies with the design tools we have today.

Additionally, many morphological inputs affect the SVF value, one of the
most basic and well-known values which is the height-to-width ratio is used
in most studies. Although current simulation-based studies based on analysis

and estimation are very helpful to observe the current situation, they are
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insufficient to bring a new design approach and produce design solutions. So,
the lack of the search for a design solution to reduce urban heat island
intensity by increasing the sky view factor value is the main starting point of
this thesis. Considering the lack of studies on the relationship between urban
geometry and SVF value in Turkey, this study also aims to open up a
discussion in the name of bringing a new design approach to an urban scale
in Turkey.

2.6. The Overall Critics on the Relation Between UHI and SVF

When the studies on urban heat islands are examined within the scope of the
literature review, it is mostly seen that most of the studies are on the
measurement of the current temperature values in existing urban areas. On
the other hand, the existing methods are also mostly based on comparative
analyzes of urban areas that have different characteristics. These studies
mainly offer a perspective on the effects of the characteristics such as building
density of an urban area, the pattern of an urban area, presence or absence of
green areas, floor heights of the buildings, etc. on the urban heat island
intensity, rather than presenting a model proposal to reduce the urban heat
island intensity. Besides the measurement studies, the simulation-based
studies on urban heat islands provide foresight for the urban designers by
obtaining estimation values on the urban heat island intensity and urban

temperature of an urban area that is intended to design.

For all these overall critics of the studies on urban heat islands, one of the
biggest goals of the study is to be able to direct the urban planner or an
architect during the design process and to create many urban configuration
models in a very short time and develop a design proposal. These design
proposals are intended to be the design solutions to reduce the urban heat
island intensity and its effects. It also aims to provide a design solution to
assist urban planners and architect in the decision-making process of a design
phase by putting forward the connection between urban heat island intensity

and geometrical features of an urban area.
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CHAPTER 3
DEVELOPMENT OF URBAN CONFIGURATION MODEL
BASED ON COMPUTATIONAL DESIGN APPROACH

The current study is based on developing a generic urban configuration model
that aims to support urban planners and architects to facilitate the decision-
making process at the beginning of the design phase. The beginning of the
design phase gets more difficult and quite complex because of the decisions
that need to be taken together at the same time. For this reason, a
computational model has to be developed to compute the diverse range of
fields that have a complex process.

The computational design method enables a design to be reconstructed over
and over again, according to the variable characteristics of each part of a
design. Therefore, the models help designers to evaluate multiple solutions,
ease of complex data or a complex process of a study, foreknowledge for
further studies, evaluate the values obtained from their developed design
models, and question the approaches and methods that they used in their
design studies. A computational model is also can be developed on a very
wide range of a scale and provide designers with control of many variables in

the same study.

In this thesis, the computational design method is used for the study. With the
variable values assigned to the input parameters that will shape the design,
there will be various urban form configurations constructed and the SVF
values for each configuration will be calculated automatically. It is not
possible to obtain various urban form configurations with different variable
values and to calculate SVF values separately for each sample. In this respect,
computational design is important in terms of evaluating and examining

several various samples.

While constructing a generative urban configuration model, to make the
design more sustainable and adaptive in any urban area, the geometrical

features that are going to shape the urban geometry and differentiate the urban
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configuration alternatives need to be carefully selected. One of the significant
contributions of the study is to integrate urban planning practices into the
parametric modeling environment. This integration is aimed to provide urban
planners and architects with an advantageous urban design approach in
bringing about many solutions/cases. To fictionize the outline of the
geometrical definition of the model and reflect this outline in the parametric
modeling environment is the first step to actualizing this integration. In this

study, it is aimed to develop a generative model to reduce

urban heat island intensity. Therefore, in the first step of the geometrical
definition of the model has been defined regarding to relate between the
building coverage ratio and sky view factor. The building coverage ratio is
one of the most important factors that contribute to differentiate the urban

configuration models.

The second step of the geometrical definition of the model is to adapt the
mathematical definition of the sky view factor to the parametric modeling
environment. To ensure this integration between parametric modeling and
urban planning system, it is important to have a good understanding of the
aspects of parametric modeling.

Therefore, in this chapter, the development of the generative model will be
described in three progress steps: set up the geometrical definition of the
urban layout, the calculation of the sky view factor value and its relation with
the urban layout, and the optimization process. To mitigate urban heat island
intensity, it is first to understand the geometrical features that most influential
effects on this intensity. These geometrical features were examined in detail
in the second chapter, and it was explained the strong relationship between
urban geometry and sky view factor value, also the sky view factor value and
urban heat island intensity.

In this chapter, it is tried to adapt the constraints and parameters determined
by the urban planning regulations in Turkey, to create a generative urban
configuration model. Within the framework of these constraints, there are also
needs to be decided the design parameters of the model as for differentiating
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the outcomes of the urban form configuration generations. In the
methodological approach of the study, the basis of the model is grounded on
creating a computational design method that will be able to provide a
sustainable perspective to urban planners and architects in the challenging

design decision-making process.
3.1. Methodological Approach

With the computational tools that we have nowadays, it is possible to foresee
the problems that might take a place after the implementation and also avoid
them in the early design phase. Besides, using computational tools and their
opportunities offers a more flexible working environment both on an
architectural and urban scale. To this end, the study aspires to create an
alternative design solution by developing a generative urban layout model
just with the changes in the morphological parameters. The model that will
be developed also aims to ease the decision-making for urban planners and

architects during the design process.

The aim of the study, as mentioned before, is being able to meet the need for
a model that can be effective to minimize the negative results at the very
beginning of a design process, that will occur after the implementation of the

design.

In this chapter, the development of the generative model is described, which
this model is intended to contribute to a design decision-making process. The
model has developed thanks to an algorithmic design environment and
responds to any change in the parameters. The process of urban form-finding
aims to be evaluated as an approach to bringing a new perspective to urban

design thanks to the advantages of algorithmic design.

The urban configuration model developed within the scope of this thesis
primarily addresses to be applied in three main urban areas: gated
communities, urban transformation areas, and urban development areas.
Therefore, it is intended to be an adaptive model for implementation easily in

the aforementioned urban areas.
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Any urban block in the form of a quadrilateral that has different coordinates
on the X and Y axis can be applied to this model. As mentioned earlier, the
model is developed to be adapted only to urban areas that have flat
topography. The form of the initial urban area and flat topography are the two
constraints of the model that should be developed for further studies to be
conducted to contribute to the literature.

3.2. Progress Steps of The Model

In the thesis, the framework will be developed in the visual programming tool
Grasshopper which is a plug-in in the computer-aided design application
software, Rhinoceros. Grasshopper is used in the model for defining design
criteria parametrically. The optimization process is held by the Octopus plug-
in for Grasshopper. Octopus is developed for multi-objective evolutionary
optimization, and it is accessible easily in Grasshopper. Octopus plug-in
allows the user to define criteria more than one to be included in the
optimization. Octopus is a plug-in that let the researchers have a chance to
specify objectives, and in the direction of these objectives, to choose any
results at the end of the optimization. Also, the researcher has a chance to do
a comparison and evaluation among chosen generations. It also searches for
the best solutions for any number of goals. Since the thesis aims to optimize
the sky view factor and open spaces in an urban area, multi-objective
evolutionary optimization is used in this optimization process because of its

search for many goals at once.
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Figure 3.1. Workflow of the Grasshopper Definition
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The model is developed in three basic steps. The first step is to create the
initial urban layout with the help of the limitations that are used as urban
design criteria in current urban planning practice. In the model, floor area
ratio (FAR), number of the buildings, floor height, and setback distance of
plot areas are defined as user-defined constraints. These constraints can be
changed until the optimization process is started but cannot be changed during
the optimization process. Building coverage ratio (BCR), Hmax, building
locations on their plot areas, and the points on each side of the quadrilateral
shape of the hypothetical urban area that generates base road lines are
considered design parameters.

The second step is defining the algorithmic and mathematical definition of
the SVF hemisphere. Consequently, the last step is to define two objectives
of the optimization and begin the optimization process after defining whole
design parameters, constraints, and SVF hemispheres that will be working

simultaneously with each urban configuration.

3.2.1. Step 1: Initial Geometry Creation: Algorithmic Definition of

Morphological Indicators

To create a generative model and to apply the model in real life, it has been
tried to be constructed as adaptively as possible. The design parameters and
the values assigned to these parameters are user-defined, so urban area
(initial-boundary) size, road width, building coverage ratio, floor area ratio,
and setback distances can be determined according to the characteristics of an

urban area.

In this study, the road width, floor area ratio (FAR), setback distances and
the number of the buildings to be located in the urban layout were accepted

as constraints.
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Morphological Inputs Type Number Type | Range/Number
Building Number constraint Integer 6
The Points of Road Lines design parameter | Floating Point 0.20<x<1.00
Road Width constraint Integer 6
The Location of Buildings design parameter | Floating Point 0.10<x<0.90
Floor Area Ratio (FAR) constraint Floating Point 3,50
Building Coverage Ratio (BCR) design parameter | Floating Point 0.20<x<0.80
Setback Distances (Back Yard + Side Yard) constraint Integer 3
Floor Height constraint Integer 3

Table 3.1. The Values of Morphological Inputs Used in the Model

The morphological inputs (the design parameters of the model) that are going
to shape urban form generations in this thesis are defined as it is seen in Table
3.1. The number of the buildings, the road width, the FAR, setback distances,
and floor height are the constraints of this study. The values of these
morphological inputs can be defined as any numerical value while
constructing the generative model. However, the values assigned to these

inputs cannot be changed during the optimization.

The morphological inputs defined as design parameters are the inputs that
will cause the differentiation of the urban form generations at the end of the
study. For the road network to change, the starting and ending points of the
road lines can be swapped on the edge they are on. The location of the
buildings and the building coverage ratio (BCR) area is also the design
parameters (variables) of this model. These parameters are defined as
changing between certain limits of the numerical values. The values assigned
to these design parameters will constantly change during the optimization and

contribute to the diversification of the urban form configurations.

The most important thing in the study is that the FAR is defined as a constraint
and an initial input value to the initial geometry so that the total construction
area can be calculated. And any change in the design parameters cannot
change the total construction area. At the end of the study, the urban form
alternatives will be formed by the parameters that change in the intervals
defined in Table 3.1. Each urban form alternative will have the same total

construction area.
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Figure 3.2. Initial Boundary Curve

The initial boundary curve is a closed curve for the representation of the
boundaries of the urban area of the study. The boundary curve of the urban
area is defined as a hypothetical area for the model to be adaptive easily on
actual lands which have various geometries. However, the topography

features are excluded from the scope of the thesis.

‘Curve’ component is used to create initial geometry. So that any urban area
that has a quadrilateral shape can be applied in the context of this urban
configuration model. ‘Curve’ component is also used to ease defining the
urban area to the Grasshopper. The curve used as an initial boundary in the

urban configuration model is representing a certain square meter (m2).

Figure 3.3. The Algorithmic Definition of the Road Axis
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The grasshopper definition of the road lines between the buildings is shown
in Figure 3.3. After defining the initial boundary of the urban area, it needs to
be defined road lines for both the generation of plot areas and to locate the
SVF hemispheres. First of all, with the help of the ‘End’ component, the
corner points of the initial boundary are selected. After that, one point on each
of the four sides of the boundary is randomly selected, and lines are created
between those points. These lines will be the base of the road axis. In the

following step of the model, the roads will be created with offset components.

After the initial curve is defined, the axes (road lines) where the SVF
hemispheres will be located are defined. The start and endpoints of each road

line to be created are defined on each edge of the initial geometry (urban area).

—

Figure 3.4. The Representation of the Road Lines on Rhino 3D

Since the number of buildings and plot areas will work simultaneously in the
urban area, there have to be plot areas with the same number as the building
has. Each area that remains between the defined road lines creates plot areas

equal to the number of buildings defined in the beginning.
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Since the plot area number and building number are constraints, their values
cannot be changed during the optimization in the suggested urban
configuration model.

After setting up the Grasshopper definition of the road lines, defining the

setback distances is the following step.

Figure 3.5. Algorithmic Definition of Setback Distances

In Figure 3.5., the setback distances of each plot area are defined in the
algorithmic definition on the Grasshopper. In this model, the back yard and
the side yard of each plot area are numerically defined as 5 meters and 3
meters. These number is defined initially in the model and cannot be changed
during the optimization. But according to the characteristics of an urban area,
planning regulations, or the design approach of the designer, these numbers
can be set up with different numbers, before the start of the optimization
process. After the definition of these distances, the plot areas will be created

as in Figure 3.6.

Some sort of definition is defined in the model so that the buildings do not go
out of their plot areas and approach the plot area boundaries at a certain rate.
While the setback distances of each plot will be ensuring that the buildings
don’t go out of their boundaries, they also allow the building to move freely

within these setback boundaries.
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Figure 3.6. Boundary Curve, Road Lines, and Plot Areas on Rhino 3D

After the definition of setback distances, the location generator is defined for
the displacements of the buildings, in the X and Y coordinates.

()
qx) o
d D

Figure 3.7. Building Location Generator

In Figure 3.7., to generate the locations of the buildings, the ‘VB Script’
component is used. The VB Script component is a simple component that
allows the user a simple custom code. The building number is the input of the
VB Script component. The outputs of the component can be seen in Gene

Pool as a decimal number (between 0 and 1). These decimal numbers refer to
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the location of the buildings on their plot areas. Also, the locations are set up
to not go out of their boundaries.

The location generator is one of the parameters that will be changed during
the optimization, thus it will contribute to the diversity of urban forms. To
change the buildings’ locations, the process is carried out under the Location
Generator section. Gene List A and Gene List B refer to U and V axes. The
positions are defined to be numerically between 0 and 1. With the Gene Pool
component, the designer can determine the Gene Count according to the
building number, because the number of the Gene Count needs to be equal to
the building number, and their ranges are between 0 and 1.

Figure 3.8. Top View of the Plot Areas, Road Lines, and Buildings

After defining setback distance, plot areas, and building locations, the Floor
Area Ratio and Building Coverage Ratio (their mathematical definitions) are
assigned to the Grasshopper definition. FAR is assigned to the initial
boundary to calculate the total construction area that will be built within the
boundary. BCR is assigned to each plot area to be able to differentiate the
urban form configuration.
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Figure 3.9. Mathematical Definition of FAR, BCR, and Floor Numbers

In Figure 3.9, itis simply explained a mathematical definition and calculation
of FAR, BCR and floor numbers. According to the urban planning system in
Turkey, the multiplication of FAR and the m? of the plot area gives the total
construction area. So, each plot area of the buildings is selected and multiplied
by the floor area ratio (the value of FAR; 3,5). Since the FAR is constant in
this study, to diversify the urban configuration layouts, the BCR values are
defined within a certain range. In the model, BCR values on each plot area
are defined between 0.4 and 0.8. The multiplication of building coverage ratio
and plot area gives the area of a building. So to meet the total construction
area, the division of the total construction area into building coverage area

gives the floor number.

There are two values defined in the ‘Urban Master Plan’ where the prediction
of a population in the projection year is calculated. According to the
population expected to come to the urban centers, the densities of urban
settlements are decided by the FAR value. BCR, Hmax (height of the
building), and setback distance are also defined in the ‘Urban Master Plan’
According to the planning regulations, these values are the values that restrict
the location choices, geometries, and morphological characteristics of
buildings in an urban area. However, as mentioned before, it becomes
essential to provide a certain construction area according to calculations of

the population projection.
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To not reject the decisions taken in the ‘Urban Master Plan’, the FAR value
Is accepted as the main constraint of this study. It means that the values cannot
be changed during the optimization or cannot define a range to this parameter.
So, in the model, the total area is provided under all conditions and each urban

form configuration.

On the other hand, to diversify the urban configuration forms, the BCR value
is defined to change within a certain range while FAR is kept constant. While
providing the total construction (floor) area, the change in the BCR value is
changing the floor numbers simultaneously. While the building coverage of
the building changes, the floor height will be changed simultaneously to meet
the total construction area. In the model, there are calculated floor numbers
such as 8.27 or 6.83. To avoid the non-integer floor numbers, the construction
areas are calculated from these decimal parts of the numbers and added to the
top of the buildings to meet the total construction area.

li.—

Figure 3.10. Front View of Buildings and SVF Hemispheres on Rhino 3D

As it can be seen in the figure above, with simple math, the lower the building
coverage value, the higher the total floor height, and the higher the building
coverage value, the lower the total floor height. To define this mathematical
calculation to the grasshopper definition, Scale Generator is set up for each
building area and the scale generator values determine the building coverage
of the buildings. With decimal numbers varying between 0 and 1 on the X
and Y axis, the building coverage of the buildings that will be occupied in
their plot areas is calculated. Therefore, the floor heights change according to

the calculation while FAR is constant.
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3.2.2. Step 2: Algorithmic Definition of SVF Hemisphere

To assign the SVF hemisphere as test points, first of all, the road lines in
which the hemispheres will be located have to be defined in the algorithmic
definition. To calculate the SVF value, the rays must be sent from the center
of the SVF Hemisphere to the building’s top corner points. Therefore, the
SVF Hemisphere needs to be located between buildings. Mid-points of the
buildings are accepted as test points and the test points can be copied to any

points on those lines.

Figure 3.12. SVF Hemisphere Points on Rhino 3D

To restrict the optimization process, the parameters that are used in this study
need to be restricted too. Therefore, in the generative urban form model, the

SVF hemispheres are defined as to be as one hemisphere between every two

36



buildings. However, it is a fact that if the hemisphere test points increase, the

accuracy of the obtained SVF value will be more reliable too.
3.2.3. SVF Calculation: Mathematical Definition of Grasshopper

SVF is one of the most important geometric parameters that reveal the effect
of urban geometry on urban heat island intensity. SVF value can be calculated
from any point in an urban environment. SVF value changes between 0 and
1 when it’s equal to 1, which means the sky is completely visible and

unobstructed.

There are 4 commonly known methods for calculating SVF value, and these

methods are analytical, photographic methods (with fish-eye images), GIS
and software methods (Chen et al., 2012).

Figure 3.13. Fisheye Images, Konya (Center), 2017 (Canan, 2017)

As it is seen on fisheye images, it is so easy to understand the logic of the
SVF value calculation. Oke stated that SVF calculation, thus UHI
(ATu—r(max)) calculation (Oke, 1987), as:

SVFO: 1 — (obstructed area / total area)
ATu—r(max): (15.27 — 13.88* v)

The SVF value is calculated over the hemisphere (Canan, 2017).
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HEMISPHERE CREATION

Figure 3.14. Sphere Component for SVF Hemisphere

The following step is defining the hemispheres between buildings. The SVF
hemisphere is created with the ‘Sphere’ component and the radius of the
component is adjusted to fit the width of the path where the hemisphere is
located. In this study, the paths or the roads are considered pedestrian roads
and are defined to be 6 meters, so the radius of the sphere is defined as 3
meters. If the model is to be applied to an existing urban area or an urban area
that has any width, the radius needs to be defined as half of the road width.
After this definition, the ‘Split’ component is used with the ‘Sphere’
component to create a hemisphere.

Figure 3.15. SVF Hemispheres on Rhino3D
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The rays (in algorithmic definition: lines) are sent from the centers of the
hemispheres placed between the buildings to the highest corner points of the
buildings. After that, a fisheye image is formed as a result of the projection

from the rays to the hemisphere, and thus the SVF value is easily calculated.

CORMER POINTS

12

Figure 3.16. Algorithmic Definition of the Projection Lines and Creating
Hemisphere

The ‘Deconstruct Brep’ component is used to deconstruct the building breps
and create points where the rays touch the hemisphere surface. This
component is also used for creating points on SVF hemisphere centers. After
that, the help of the ‘Cross Reference’ component is used to create the

projection lines.

Figure 3.17. SVF Hemisphere Projection Lines on Rhino 3D

In the projection phase of the SVF extraction, a hemisphere is located in the
center of the roads between buildings. The hemispheres that have 3 meters
radius (half of the road width to fit the road) are centered on measurement

points on the roads. After that, projection lines are generated between the top
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corner points of the buildings and the center of the hemispheres. To be able
to detect obstructed and unobstructed areas, projection lines are reflected on
SVF hemispheres’ bases via the ‘Projection” component. Thus, obstructed,

and unobstructed areas are represented on the 2D flat circle.

Figure 3.19. Perspective View of the Unobstructed Areas

The areas shaped in the hemisphere as a result of the projections of the rays
sent from the hemisphere centers are defined as unobstructed areas. The area
of the hemisphere is known since the hemisphere breps defined.

Since the radius of the hemisphere is 3, and m is a 3,14, the 2D flat circle’s
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area will be 28,26 m? according to the area of the circle equation.
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Figure 3.20. The Mathematical Definition of SVF value on Grasshopper

Since the area formed by the projection lines gives the unobstructed area,
when the unobstructed area is subtracted from the entire circle area, the
obstructed area is obtained. Therefore, the SVF value is obtained when

dividing the obstructed area by the total area and subtracting it from 1.

SVF: 1 — (obstructed area / total area)

Figure 3.21. Perspective View of the SVF Hemispheres

3.2.4. Step 3: Design Objectives of the Model

As it is known, to be able to reduce UHI intensity and its effects, SVF needs
to be maximized (close to 1). Since UHI intensity and SVF value act in
contrast with each other, and UHI intensity value is calculated with SVF
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value, the two values cannot be taken as two objectives, cause in that scenario,
the optimization obtains the results as a linear graph, which is not desirable.
The result to be obtained at the end of the optimization needs to be a Pareto
curve, therefore, a second objective must be found to maximize and evaluate
SVF.

Many studies have been carried out on existing urban areas to reveal the
inverse relationship between the sky view factor and urban heat island. The
increase in building density is inevitable because it is necessary to meet the
need for accommodation cause of the rise in the population density.
According to the urban planning regulations in Turkey, it is almost impossible
to achieve different urban configurations in urban morphology. FAR, BCR,
and maximum building height are the three basic urban planning constraints
that restrict urban planners and architects studying urban design. However, it
is possible to bring a different perspective to urban planning and move away

from traditional methods to a contemporary design approach.

Since the main aim of this study is to meet a total construction area, it is
possible to gain different urban configurations just with the change in

parameter values of urban design constraints.
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Figure 3.22. The Calculation of Ground Open Space

In the study, the ground spaces except constructed areas are accepted as open
areas, thus, in the optimization, the relationship between Sky View Factor and
the difference between the total construction area calculated according to the
BCR and the total construction area calculated according to the FAR on the

urban layout.

42



3.3. Summary of the Chapter 3: Progress Steps of the Model

Briefly, in this part of the thesis, the steps are shown in Figure 3.1. The
workflow of the Definition has been explained step by step. The urban
configuration model of the study is based on the construct of an urban layout
with constraints and design parameters, the mathematical and algorithmic
definition of the SVF, and the optimization process. As mentioned earlier, the
main aim of the study is to mitigate urban heat island intensity, and the SVF
is one of the main factors that has been proved by the studies in literature in
mitigating urban heat island intensity. Since the SVF is the factor that is
shaped and calculated by urban geometry, the geometrical definition of the
urban layout and the sky view factor are the main parts of the methodology
of the thesis.

The definition of the morphological components of an urban area, and the
SVF value which is shaped according to the changes in these morphological
components are the first two steps of the workflow. The following step after
these two geometrical definitions is the optimization process. The
optimization process integrates these two geometrical definitions and reveals
the relationship between them.

So, in the study, the important definitions that emphasize the originality of

the thesis are;
Geometrical definition of the urban layout

Applying the mathematical calculation and algorithmic definition of the SVF

to the geometrical definition of the urban layout.
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CHAPTER 4
URBAN FORM CONFIGURATIONS AND OPTIMIZATION
RESULTS

The implementation of the model proposal has been located in a hypothetical
area and it’s aimed to reduce urban heat island intensity just with the
morphological interventions applied on an urban scale. To reduce urban heat
island intensity, there are lots of design cases on a building scale, but these
morphological interventions of the study are constructed and developed in the
scope of an urban scale. According to Jurelionis and Bouris, it is possible to
see how urban heat island intensity differentiates according to different urban
layouts and provides energy efficiency (Jurelionis & Bouris, 2016). This
study focuses on the interventions applied on an urban scale to reduce urban
heat island intensity in the very beginning of the design phase. and it’s
because the design solutions applied on an urban scale and reduce the urban
heat island intensity as much as it could be and following that applying
density-reducing interventions on a building scale, such as fagade design,

building materials or HVAC systems, etc. would be more effective.

In this chapter, after defining the design parameters and constraints on the
proposed urban configuration model, the optimization results, evaluations,

and comparing the generations will be tried to be explained.

4.1. Optimization Results and Evaluating Generations

Since there are two objectives aimed at in the study, the optimization process
is carried out with a multi-objective evolutionary algorithm. The name of the
evolutionary algorithm, as it is understood, the algorithm has a self-
developing and learning loop. To actualize the optimization, the Octopus
plug-in is included in the Grasshopper. The Strength Pareto Algorithm
(SPEA) is chosen during optimization which is a technique used to find Pareto
optimal set for multi-objective optimization problems and it is defined within
the Octopus plug-in with the ‘Octopus’ component. After all algorithmic
definitions and the intervals of the parameters are set up, the model is ready

to be started for multi-objective evolutionary optimization.
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Scatterplot of OPEN SPACE vs 1/SVF
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Figure 4.1. Pareto Chart at 110" Generation

The Pareto chart of urban form configurations at the 110th generation for 50
population size is given in Figure 4.1. above. At the end of the optimization
process, the optimization algorithm discovered the 1/SVF value within a
range between 1.11 and 1.88, and area difference (open space) within a range
between 4353 m2 and 10866 m2. Since the optimization process works by
reducing the objectives, but the aim is to increase the SVF value, the SVF
value objective is defined by dividing it by 1. Thus, the SVF value is

discovered within a range between 0.90 and 0.53.

In this graph, there are also shown that the generations are not included on
the Pareto curve. The reason for showing these generations is to evaluate by
comparing the situations where both generations have the same value on one

of the two objectives but one of them is not included in the Pareto curve.

Where the SVF value has the highest value on the Pareto curve shown in
Figure 4.2.
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Figure 4.2. The Urban Configuration A with the Extreme Value

In the urban configuration in the figure above, the 1/SVF value is obtained
at 1.71, so the SVF value is 0.58, and the open space is 4298 m2. According

to the urban heat island intensity equation, the UHI intensity value as a
degree is 7,21°C.

TS

Figure 4.3. The Urban Configuration B with the Extreme Value

In the urban configuration in the figure above, the 1/SVF value is obtained at
1.11, so the SVF value is 0.89, and the open space is 10,875 m2. According

to the urban heat island intensity equation, the UHI intensity value is obtained
as 2,91°C.

When these two configurations with their extreme values are compared to
each other, the SVF value almost changes approximately by %50, and so is

the open space. There is also a 4°C temperature difference between the urban
heat island intensities of the two configurations.

46



According to the optimization results that are evaluated according to the
objectives, there is an almost 100% increase in the SVF values between the
highest and the lowest. Since Yuan & Chen stated that averaged air
temperature (Tmean) could be decreased by about 0.4° with only a 0.1
increase in Sky View Factor Value (Yuan & Chen, 2011), the change in the
SVF values obtained at the end of the optimization process is quite

remarkable.

Among the optimization results, the designer has a choice to select any urban
form among all, according to the characteristics of urban forms that have been
generated. Since the values assigned to the design parameters of the study are
kept within a wide range for the differentiation of urban forms, there are some
buildings are emerged in the urban forms with high-rise buildings with small
floor areas. Therefore, these kind of urban form configurations that give
undesirables results can be evaluated as the configurations excluded from the
scope of the study.

Scatterplot of OPEN SPACE vs 1/SVF
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Figure 4.4. Selected Alternative Solutions Among All Generations

When the values on the red arrows on the X and Y axis are examined, it is
seen that, in some cases, the same open space values are obtained with

different SVF values, and the same SVF values are obtained with different
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open space values.

Besides, it is seen the crosses on the following figures. These crosses
represent the locations of the SVF test points that are excluded from the SVF
calculation. Since the midpoints of each two buildings are defined as the test
points where the SVF hemispheres will be located, sometimes the SVF test
points between the buildings overlap each other. When the two SVF test
points overlap, one of them is excluded automatically from the calculation.
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Figure 4.5. Alternative Urban Form Configuration 1

The 1/SVF is 1.31, the SVF value is 0.76 and the open space value is obtained
at 8593 m2 as it is seen in the figure above. In this alternative urban form
configuration, the buildings’ coverage areas change within a range of 183 m2
and 2315 m2 (376m2-539 m2-618m2-650mz2), floor heights of each building
are changing within a range of 4 and 16 (4,6,7,8,16).

48



Figure 4.6. Alternative Urban Form Configuration 2

In Figure 4.4., the 1/SVF is 1.50, the SVF value is 0.66 and the open space
value is obtained at 6721 m2. In this alternative urban form configuration, the
buildings’ coverage areas change within a range of 315 m2 and 3148 m2
(358m2-397m2-539 m2-1796mz2), and floor heights of the buildings are
changing within a range of 5 and 10 (5,8,10).

Figure 4.7. Alternative Urban Form Configuration 3

The 1/SVF is 1.56, the SVF value is 0.64 and the open space value is obtained
at 6579 m2 as it is seen in Figure 4.5. In this alternative urban form

configuration, the buildings’ coverage areas change within a range of 552 m2
and 2271 m2 (706m2-877m2-1060m2-1128 m2), and the floor heights of
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each building are changing within a range of 5 and 7 (5,6,7).

Figure 4.8. Alternative Urban Form Configuration 4

The 1/SVF is 1.13, the SVF value is 0.88 and the open space value is obtained
at 8234 m2 in the scenario above. In this alternative urban form configuration,
the buildings’ coverage areas change within a range of 86 m2 and 3162 m2
(198m2-310m2-501m2-783m2), and the floor heights of each building are
changing within a range of 4 and 16 (6,9,15).

FLOOR NUMBERS
SVF | OPEN SPACE OF THE BUILDINGS
CONFIGURATION 1 0,76 8593 4,6,7,8,16
CONFIGURATION 2 0,66 6721 58,10
CONFIGURATION 3 0,64 6579 5,6,7
CONFIGURATION 4 0,88 8234 6,9,15

Table 4.1. Values of Design Variables and Objectives for Each Selected
Urban Form Configuration
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SVF UHI EQUATION | UHI INTENSITY (°C)
CON. 1 0,76 15,27 - 13,88*SVF 4,7212
CON. 2 0,66 15,27 - 13,88*SVF 6,1092
CON. 3 0,64 15,27 - 13,88*SVF 6,3868
CON. 4 0,82 15,27 - 13,88*SVF 3,8884

Table 4.2. Urban Heat Island Intensity Values According to the Each
Selected Urban Form Configuration

According to the Oke’s formulation (Oke,1987) on UHI intensity,
ATu—r(max): (15.27 — 13.88* y), as is seen in Table 4.2., with a %10 decrease
in SVF value, it is observed that there is a %50 increase in urban heat island
intensity. Therefore, even a small decrease in the SVF value is highly
effective in the formation of urban heat islands and their intensity value. Since
Yuan & Chen stated that averaged air temperature (Tmean) could be
decreased by about 0.4° with only a 0.1 (%10) increase in Sky View Factor
value (Yuan&Chen,2011), the change in the SVF values obtained at the end

of the optimization process is quite remarkable.

The most important results faced at the end of the optimization are the urban
configurations that have the same SVF with different open spaces, or the

configurations which has the same open spaces with different SVF values.
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Figure 4.9. Alternative Urban Form Configuration 5 and 6 for Comparison
(with Same SVF values)

In the urban configuration model above, 1/SVF is 1.21, the SVF value is
0.82 and the open space value is obtained at 6238 m2 Figure 3.27. above. In
this alternative urban form configuration, the buildings’ coverage areas
change within a range of 78 m2 and 3395 m2 (270m2-750m2-872m2-
1792m?2), and floor heights change within a range of 4 and 16 (4,6,16).

In the urban configuration below, 1/SVF is 1.21, the SVF value is 0.82 and
the open space value is obtained at 8307 m2 Figure 3.27. above. In this
alternative urban form configuration, the buildings’ coverage areas change
within a range of 82 m2 and 3209 m2 (198m2-343m2-483m2-652mz2), and
the floor heights change within a range of 4 and 16 (4,6,8,16).

FLOOR NUMBERS
SVE SEEN REACE OF THE BUILDINGS
CONFIGURATION § 0,82 6238 4,6, 16
CONFIGURATION 6 0,82 8307 4,6,8,16

Table 4.3. The Values of Design Variables and Objectives for Urban
Configuration 5 and 6

When the SVF value is equal to 1, the sky is completely visible. In this thesis,
after the geometric components of the urban area are defined in the
Grasshopper definition, the SVF value is calculated over a hemisphere. In the
SVF value calculation in this thesis, only the buildings are included as the
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factor that obstructs the sky’s visibility in the urban area.

The urban form alternatives and the values obtained from these different
scenarios as a result of the optimization process are shown in Table 4.2. As it
can be seen, the scenarios which have higher SVF values can be achieved by
creating more open spaces in the urban area. Although it is thought that
providing open spaces will automatically increase the SVF value, the
challenge in this study is to obtain these high SVF values without reducing
the total construction area. On the other hand, according to the values in Table
4.1., it is also possible to obtain a high SVF value when the open space is
reduced.

The main aim of this study is to increase the value of the Sky View Factor.
The SVF value is trying to be increased to minimize the urban heat island
effects as much as possible. As mentioned in the second chapter of the thesis,
many active and passive design strategies are handled at a building scale to

reduce the urban heat island intensity.

Although this thesis focuses on the SVF value which is one of the most
effective factors in the formation of the urban heat island intensity, there are
many predominant factors in the urban area to increase this formation.
Therefore, according to the urban form configurations obtained at the end of
the optimization process, the alternative scenarios with the high SVF value
and with the increased open spaces in the urban area are the best urban form
configurations. Because, while achieving the same high SVF value with more
open spaces, if other factors which affect the formation of urban heat islands
are also taken into account, there will be more considerable results obtained

in the name of reducing the UHI intensity.
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Figure 4.10. The Comparison: The Values of the Urban Form
Configurations at 91st Generation

As can be seen in 4.8., there are shown some samples among the generations
to gain a better understanding of the results with a comparison. The first
sample group chosen among generations consist of the configurations where
the SVF value is steady but the open space changes on the Y-Coordinate, and
the second consist of the configurations where the open space is steady but

the SVF value changes on the X-Coordinate.

This comparison shows that it is possible to generate various urban forms
while ensuring that the total construction area always remains the same. It is
also possible to increase the SVF value while keeping the open spaces with a
constant value or to increase the open spaces while keeping the SVF with a

constant value.

In another saying, this comparison shows that even though the open spaces to
be provided within the boundaries of an urban area cannot be reduced or
increased, there can the different SVF values still be obtained thanks to the
computational model applied on the study. As a consequence, although there
are certain constraints that make the decision-making during the design
process challenging, the study provides the designer a design tool to guide

their design approach with multiple design alternatives achieved.
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4.2. Summary of the Chapter 4

In this chapter of the study, the optimization process and the results of the
optimization are evaluated. The obvious outcome found as a result of the
optimization process is realizing that there is a possibility/chance to reduce
urban heat island intensity and avoid its effects with the changes on the

morphological characteristic of an urban layout.

It is noteworthy that the change in urban heat island intensity is only achieved
with the change in the morphological constraints and its parameters within a
certain range of values. One of the main implications of this thesis is that it is
impossible for any urban designer/architect to create multiple urban
configurations in a very short time and to compare each urban configuration

with each other.

The model developed within the frame of this thesis is based on finding the
optimum urban configuration and the model is conducted on two main
parameters, one of them is BCR (building coverage ratio) and SVF. Although
the building locations and floor heights of the buildings change, the most
important effect on the change of the SVF value is the building coverage ratio
(BCR). Providing the same total construction area in each urban configuration
with different building coverage areas and floor heights is the challenging
part of the study. The BCR and SVF are optimized in the optimization
process of the study. While achieving the maximum sky view factor value is
the main aim of the study, it is also tried to find the optimum building

coverage ratio while achieving this goal.

Due to the range of the values assigned to the design parameters for the
diversification of urban configurations, there are obtained some
configurations with buildings that have small building coverage areas which
are not desirable. Therefore, these configurations are aimed not to be included

within the scope of the study.
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CHAPTER 5
CONCLUSIONS AND FUTURE RESEARCH

This study focuses on creating a computational design method that will be
able to provide a sustainable perspective to urban planners and architects in
the challenging design decision-making process. While aiming to improve the
generative design approach, it has been tried not to ignore the design
constraints used in urban planning regulations in Turkey. Also, the sky view
factor which is one of the most important factors that is used to mitigate the
urban heat island intensity is included in the study.

The relationship between the sky view factor and urban morphology has been
demonstrated by the studies in the literature review. As a result of the decrease
in the SVF value due to the building density in urban centers, there is an
increase in the urban heat island intensity. Due to this cause-and-effect
relation, to prove the accuracy of the relationship between them, the UHI
intensity and SVF value calculations have been made on actual urban areas.
However, it is important to generate urban design methods to solve the

problem besides analyzing current urban situations.

It surely is possible to reduce the heat load on buildings and urban heat island
intensity correspondingly with active or passive design strategies. Heating
and cooling systems used in buildings, building materials, building form
generations, facade design, and natural ventilation are some of the design
strategies to reduce UHI intensity. However, as it should be due to the
construction industry hierarchy, the architectural studies are carried out after
urban planning decisions. Therefore, to increase the SVF value, it is important
to search for design approaches. In this study, at the end of the optimization,
there emerge multiple urban form configurations rather than a single urban
configuration, and the configurations give clues about what would be the
design constraints, their values, and the design approach. So, the study aims
to deal with the main problems at the very beginning of the design process
which cause the increase in SVF value and to detect what kind of

interventions can be applied to gain effective design solutions. With that aim,
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the building-scale interventions can be supportive and can be more effective
as an addition to planning regulations. The most important principle of the
study is to be able to provide a comfortable designing environment for both
architects and urban planners and increase the SVF value by using

computational methods.

In this chapter, the objectives and the design constraints that are used in the
generative model, and the effect of the computational design approach are

discussed to contribute to future studies.

Research Question 1

Provided that FAR is constant, to what extent does SVF change according to

the different configurations of buildings on an urban layout?

One of the most important challenges of this study is to keep the SVF value
as possible as high by generating different urban form configurations while
providing the total construction area required to be achieved with FAR in a
defined urban geometry. Reducing the construction area or building density
is a predictable solution to increase the Sky View Factor value. But because
of the planning decisions taken in urban development plans, the need for a
building density that has to be met due to the rising population and reducing

the building density cannot be seen as a design solution.

Even though acting by the planning regulations and increasing the sky
visibility by preserving the required total construction area calculated with
FAR value without ignoring the decisions taken in urban development plans
is hard while setting the algorithmic definition of the model, it is not beyond
the realms of possibility. Additionally, defining the FAR value as a steady
constraint caused the study to obtain reliable and reasonable urban form

generations.

The main design parameters caused to generate various urban forms are
building locations on their plot areas, building positionings among
themselves, building coverage ratios, and floor numbers (thus building

height) that act and change accordingly to building coverage areas.

As aresult, with the help of the computational design approach and generative
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urban design, it is possible to gain urban configuration models by keeping
SVF value high, just with the modifications and changes applied to building

coverage areas and locations of the buildings.

Research Question 2
Is it possible to keep the SVF value as possible as high even though the open

spaces in an urban area are decreased? Or is it possible to capture the same

SVF value on different open space values?

When the generation results are examined, it is seen that alternative urban
configuration results are obtained that give the same SVF value when the
open space m2 decreases or increases. Likewise, alternative urban
configuration results are obtained that give the same open space m2 when the

SVF increases or decreases.

As mentioned earlier, urban heat island intensity is affected by many direct
or indirect factors. In this study, the main aim is to reduce the urban heat
island intensity (maximizing SVF) just with the urban modifications.
Therefore, configurations that give the same open space with different SVF
values, or configurations that give the same SVF value with different open
spaces are the most important generations among all generation results. Thus,
it is possible to keep the SVF constant and increase the open area, so that the
open spaces can be used as green areas and help to reduce urban heat island
effects more. Or, if the building coverage area that needs to be met according
to the regulations by the municipalities or governments cannot be reduced, it
is possible to increase the SVF value with the same open area. The
challenging constraints of urban planning can make the design more flexible
and useful with such urban configuration alternatives. These alternatives can
both facilitate the workforce for the architects/urban designers and contribute

to nature by reducing environmental impact.

5.1. Recommendations for Further Studies

There are some limitations within the context of the model which are worth
mentioning in the name of contributing to future studies. One of the most

challenging parts of the model was deciding the values of the intervals of the
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parameters. In the suggested model, there are tried to obtain different urban
form configurations which will give always the same total construction area
in a defined urban boundary. To obtain different urban form configurations
with the same total construction area, it was necessary to define the design
parameters in the model that affects urban morphology such as setback
distance, building coverage ratio, the locations of the buildings, and the
locations of the road lines. Since the intervals of each design parameter will
affect the urban form configuration diversity and the optimization time, these
values had to be kept within a certain limit. Besides, if the intervals are left
uncontrollable and unlimited, the optimization process will turn into a
complicated and time-consuming process. The computational design of the
model has a self-sustaining and evolving process while generating multiple

urban forms that vary according to each parameter value.

As mentioned earlier, the ranges defined in the parameters of the study are
important. To adapt the model to the real world, there must be proper urban
configurations generated. In this study, there are observed that some urban
configurations with buildings which has a floor area (building coverage) of
about 86m2. To avoid these kinds of urban configurations, the values defined

in the design parameters of the study need to be determined carefully.

Another limitation in the scope of this thesis is topography. The model can
only be applied in urban areas which have a flat topography. Also, the model
can be adapted to any urban area with four edges, but if the urban area has
more than four edges, the model may not be working properly. While solving

this problem, the road network should also be well established.

Apart from the limitations mentioned above, this thesis firstly aims to reduce
the urban heat island intensity as much as it can be reduced at the urban scale.

Furthermore, as mentioned before, the SVF is the main factor that is evaluated
in the scope of this thesis, but there are also many factors that are highly
effective in the formation of urban heat island intensity. Some of them are
building materials, building typology, building facades, meteorological

conditions, cooling systems, and vegetation are excluded from this research.
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The interventions that will be applied to those factors and the studies carried
out at a building scale to reduce or prevent the urban heat island intensity will

be additional interventions on an urban scale.

Consequently, many factors that increase the urban heat island intensity, it is
quite difficult to consider and evaluate each influential factor in one study.
Since this study focuses on morphological features in an urban area, the
building orientation and topographical features which are excluded from the

framework of the study can be improved in further studies.

In addition to all these, it is thought that the computational design method
developed within the scope of the thesis will guide the urban designers or
architects at the beginning of the design phase. In the design phases where the
many design decisions are taken together, these processes can be very
challenging. In this sense, both saving time for the designer and providing an
environment for comparison and evaluation by seeing many design
alternatives together are the main contributions of this study. One of the
significant contributions of the study is also to integrate the urban planning
practices into the parametric modeling environment. This integration is aimed
to provide urban planners and architects with an advantageous urban design

approach in bringing about many solutions/cases.

Most importantly, there are two contributions of the thesis that brings fresh
motivation and a design approach to this field of research. One of them is the
geometrical definition of the urban layout. While constructing the urban
layout, the features that have to be considered according to the urban planning
regulations in Turkey are included in the parametric modeling. In addition,
while defining the mathematical calculation of the parameters and constraints
used in urban planning in Turkey, it is ensured that each sample to be
generated gives the same total construction area. The other contribution of the
study is setting up an algorithmic definition of the SVF and its mathematical

calculation.

In the computational design approach of the study, the building coverage

ratio, the locations of the road lines, and the locations of the buildings on their
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plot area are the variables of the model. These morphological features are
aimed to be applied to the computational model to mitigate urban heat island
intensity only with providing to differentiate urban forms. But, for further
studies, to make the model more effective in reducing urban heat island
intensity, building orientation, topographical features of the urban area and
the building materials should also be considered in the scope of the study.
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