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Ozet— Giiniimiizde kentler insanlarin giindelik ve sosyal ihtiyaglarini karsilayamamaktadir. Bunun sonucunda, yerlesim
alanlari, aslinda yerlesmeye uygun olmayan alanlara dogru kaymaya baglamistir. Bu durum, yapilasmamis alanlarin zarar
gormesine, ekolojik dengenin bozulmasina ve gesitli afetlerin meydana gelmesine neden olmaktadir. Bu tiir sorunlarin
yasanmamasi igin sehirlere uyum i¢inde eklenecek planli yeni yerlesim alanlart kurulmasi saglanmalidir. Mekansal
planlama ¢aligmalarinda ve mekansal arastirmalarda yer se¢imi ve uygunluk analizlerinin yapilmasi i¢in siklikla tercih
edilen yontemlerden biri Cok Kriterli Karar Verme yontemidir. Bu yontemin uygulanmas: siirecinde Cografi Bilgi
Sistemleri (CBS)’nden 6nemli dl¢iide yararlamlmaktadir. Bu ¢alismanin amaci, izmir kentinin merkez ilgelerinden biri
olan Cigli ilgesinin merkezi ve yakin ¢evresinde yeni gelisim alanlari igin 6nerilen ¢6z{im yontemi kapsaminda belirlenen
alternatifler arasindan en uygun alanin yer se¢im kriterlerine gore belirlenmesi ve Cografi Bilgi Sistemleri kullanilarak
yerlesilebilirlik analizinin yapilmasidir. Mekénsal analizlerden elde edilen sonuglara gore, ilge merkezinin dogusunda
kalan ve kentsel doniisiim kapsamina alinan bolge, diger alternatif alanlarla karsilastirildiginda, yeni gelisim alanlart
bakimindan uygun bulunmustur. Analiz sonuglari tartigilmis ve alan 6zelinde gesitli oneriler gelistirilmistir.

Anahtar Kelimeler— Yerlesime uygunluk analizi, Analitik Hiyerarsi Siireci (AHP), Cografi Bilgi Sistemleri (CBS),
Kentsel geligim.

GIS — Based Land Suitability Analysis in Cigli District

Abstract— Recently the supply of communal and social needs of the citizens in urban areas is inadequate due to the
increasing demand. As a result, urban settlements have shifted towards unsuitable areas. This shift has caused damage to
natural areas, disrupted the ecological balance and has led to the occurrence of various disasters. Recent opportunities
exist to build livable and well-planned cities. Urban development strategies for new settlement areas should be developed
in order to prevent critical problems in urban areas. Suitability analysis is one of the several methods that can be applied
for the development of these strategies. The implementation of this method benefits from GIS. The aim of the study is to
determine the most suitable areas among defined alternatives due to the proposed solution method for new settlement in
Cigli district (Izmir) and its surroundings according to the suitability factors and also to implement the suitability analysis
by using GIS. According to the results, the selected region located in the eastern part of the district center and also known
as the urban renewal area was found to be suitable for new development in Cigli district. The results of the analysis are
discussed and a variety of policies have been developed.

Keywords— Suitability analysis, Analytical Hierarchy Process (AHP), Geographic Information System (GIS), Decision
makers, Urban development.

1. INTRODUCTION facilities demands because of the rapid population growth,
the occupation of unsuitable areas to meet this increasing

Cities are insufficient to mankind in today's information ~demand of citizens, the change of production and
and technology age. Also, they do not meet citizens’ needs ~ Consumption patterns in urban areas, etc. cause inadequacy
and demand in terms of urban facilities [12, 46]. Several ~ of citizen’s demands. Due to the increasing demand in
factors such as the attractiveness of city centers promising ~ urban areas, urban settlements have shifted towards
comfortable and well-accepted conditions especially in the unsuitable areas that are inconvenient to settle such as
metropolitan cities, the increasing housing and urban  agricultural areas, forests, pastures, forages, wetlands, dip
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slopes, risky areas, etc. This shift has caused damage to
natural areas, disrupted the ecological balance, and has led
to the occurrence of various disasters [8, 26]. In today’s
world, cities, where everything is designed to maintain a
qualified lifestyle for citizens, have been transformed into
more livable and sustainable places through urban renewal
projects and also designed to respond to every need of
citizens in urban areas [35].

New opportunities exist to build livable and well-planned
cities. In this context, urban development strategies for new
settlement areas should be developed by decision makers
considering the local dynamics that refer the characteristics
special to study area in order to optimize urban problems
on a local and regional scale, prevent critical problems that
may occur in the future such as disaster risk, the
inadequacy of citizens’ demand in terms of housing and
security, exceeding the carrying capacity in the face of
increasing demand, the irreversible destruction of natural
sources, etc.

The suitability analysis is one of the several methods that
can be applied for the development of these strategies. This
method aims for the area within the study to be used in
accordance with its potential and to also benefit from it
[33]. There exist various factors (natural and human
factors) that affect the suitability in urban areas such as
topographic factors (elevation, aspect, slope, slope,
curvature, etc.), meteorological factors (temperature,
rainfall, humidity, etc.) [33], land use capability classes,
land use patterns (residential areas, open and green areas,
industrial areas, etc.), lithology (limestone, conglomerate,
basalt, travertine, alluvium, etc.) [21, 33], accessibility (the
distance to public spaces, transportation lines, residential
areas, open and green areas, fault lines, rivers, etc.) [41],
hydrogeology (groundwater, lakes, dams, rivers, sea, etc.)
[14], noise (the distance to the airport, railways, main
arterials, etc.), disaster risk (flooding, -earthquake,
landslide, etc.) [8], level of air pollution (the levels of SO,
NO2, PM2s, CO; pollutant concentrations) and also the
preferred heating types in residential areas (gas, electricity,
coal, wood, etc.) [31].

Site selection is a complex problem and offers a range of
alternatives and preferences for decision makers. In other
words, the site selection and the determination of suitable
areas cannot be defined unilaterally and easily [7, 47]. The
suitability analysis is one of the several methods that can
be applied for the development of these preferences. It is
also frequently preferred for site selection in spatial
planning studies. This analysis is not only used in research
areas such as environmental planning, ecology, city and
regional planning, hydrology and water resources, forestry
and transportation but also in the phases of management
and decision in agriculture, risk management, health
investments, and resource allocation [42]. Additionally,
this method is easily applicable and comprehensive; it is a
common tool to make the most appropriate selection
among several independent variables in the study area [40].
The implementation of this method benefits from
Geographic Information Systems (GIS).
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The method of suitability analysis has found an application
area with the development of GIS and has also been one of
the most practical and effective of tools [2]. Also, the
spatial information technologies such as GIS are often
preferred in different studies related to the mapping
techniques and spatial data analysis [45]. In terms of the
combination of different layers and the ability to coordinate
large-scale data, GIS is often a preferred tool [24]. A range
of empirical studies exist in the literature that is linked to
suitability analysis using ArcMap software with some
qualifications such as weighted overlay, reclassification,
making of thematic maps, etc. [6, 16, 23, 29, 34, 39]. In
addition to the empirical studies conducted at an
international level, various studies and research exist in the
literature that is based on suitability analysis and site
selection in the cities of Turkey [1, 3, 8, 9, 13, 14, 15, 21,
25, 32, 33, 40, 41, 43].

The aim of the study is to determine the most suitable areas
among defined alternatives due to the proposed solution
method for new settlement in the Cigli district and its
surroundings according to the suitability factors and also to
implement the suitability analysis by using GIS. Natural
and human factors are considered in terms of the suitability
of new development areas (alternative areas) in Cigli
district. Following the establishment of alternative areas to
settle, these areas are evaluated in accordance with certain
factors such as topography, land use patterns, accessibility,
noise, air pollution, and the preferred heating types,
especially in residential areas. According to the analysis
results performed using the ArcMap software, in
comparison with other alternative areas, the selected region
that is located in the eastern part of the district center and
also known as the urban renewal area is found to be
suitable for the new development areas in Cigli district.
The results of analysis are discussed and a variety of
implications are developed.

2. STUDY AREA

The study area is the district of Cigli which is located in the
northern part of the metropolitan city of Izmir, the third
largest city in Turkey with a total population of 4.168.415
(as of 2015). The northern part of 1zmir has mostly been
developed as industrial zones, the eastern part has been
largely characterized by agriculture, and the western and
southern parts have touristic and residential areas. The total
area of Cigli district is 13.352 hectare (133.52 km?)
covering approximately 17% of the total area of Izmir [17].
Cigli district is one of the leading districts of the city in
terms of population. According to the results of the Turkish
Statistical ~ Institute’s  Address Based Population
Registration, as of 2015, the district has a total population
of 182.349 [38]. In the district’s area, there exists an
industrial zone (Ataturk Organized Industrial Zone), a very
large recreational area including one of the largest zoos in
Turkey (Sasali Natural Life Park), a military zone
including a military airport, a regional railway station, and
commercial and residential areas differing in densities [5].
According to the Geographical Coordinate Systems, the
district of Cigli falls between 38° 29' 22" latitude and 27°
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03' 08" longitude (UTM Zone 35 N — WGS 84). The
location of Cigli district in Izmir city and Turkey are
represented in Figure la, Cigli district within the
boundaries as the study areas is represented in Figure 1b
and also a site photo from Cigli district is represented in
Figure 1c.

(Turkey

; © T
Figure 1. The location, district boundaries and site photo of Cigli district

It is known that topography is one of the most important
determinants of the built environment in 1zmir. Principally,
housing establishments and regional infrastructure are
located on sloping lands, plains and coastal areas. Areas
that are open to urban settlement are fairly limited due to
the topographic features of the city [19]. The study area has
a broad coastal plain and the average elevation of the
settlement area in the district from sea level is 1.5 meters.
The characteristic of the coastal plain is a marsh. These
settlement areas are located in the northern and north —
eastern parts of the district [5]. In terms of climatic
characteristics, the district of Cigli has a typical
Mediterranean climate characterized by hot, dry summers
and mild, rainy winters. The highest temperature in the
month of July was 37.8°C and the lowest temperature in
the month of January was -2.2°C in 2010. The average
annual rainfall is 490 mm and also the average natural
moisture is approximately 79% [18].

The Izmir Ataturk Organized Industrial Zone, located in
the borders of the district of Cigli, opened in 1990 and has
a total area of approximately 700 hectares. It is located in
the north — western part of 1zmir and is 25 km away from
the city center. This industrial zone is one of the most
important production, employment and export centers in
Turkey [17]. In addition to the industrial facilities in the
district, there exist agricultural activities and the total areas
of the agricultural activities are approximately 13.351
hectares. The total agricultural land is made up of 26%
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irrigated and 74% non-irrigated land [18]. Among several
transportation facilities, a military airport, highway routes,
rail lines, buses, and minibuses are commonly used. The
military airport is located in the north — western part of the
district (Kakli¢ Military Airport). In terms of urban
infrastructure, the main transmission line of natural gas that
has been installed by the firm IzmirGas passes from this
district [20].

There are two important physical plans for the district of
Cigli, which has an 80% structured environment. The first
plan is the 1/25.000 scaled Izmir Metropolitan Area Master
Plan prepared by the Metropolitan Municipality of Izmir in
the year 2012 and the second plan is the 1/5.000 scaled
Cigli Master Development Plan prepared by the
Municipality of Cigli in the year 2013. New transport links
for the light rail lines, the stratification of current roads,
urban renewal projects for two neighborhoods named
Giizeltepe and Sirintepe, the reorganizing of land use
patterns as residential areas in middle and high density,
industrial and commercial areas, open and green areas, etc.
are among the many decisions of these plans.

The presence of different land-uses and dwelling types, its
size and high population related to noise and accessibility
parameters, its location within Izmir city, the existence of
various heating types and its topography related slope, air
quality and also aspect parameters in the study are main
reasons for choosing Cigli district as the study area. In
similar way, the alternative areas for the new settlements
in Cigli district and its surroundings are determined
according to their certain characteristics. Among these
characteristics, different locations of alternative areas
(close to Izmir Bay, district center or main transportation
routes, etc.), various slope and aspect values due to the
features of topography in these sites, the differentiation of
proffered heating types in domestic heating and also
changing air quality regarding to their location are primary
reasons for determining alternative areas. Figure 2 shows
the location of alternative areas in Cigli district.

Figure 2. Alternative areas for new developments in Cigli districts
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3. MATERIALS AND METHODS

The determination of suitable areas for new investments,
developments areas, land use decisions, etc. is a multi -
dimensional phenomenon. So, there is no reason for the
preference of a single — dimensional method to accurate
this type of multi — dimensional problems. Actually, a
decision making process for the site selection includes any
measurement of trade-offs among various factors [55, 57].
This process has two main stages: (1) determining a
measure / scale for the related factors in terms of the
priority, (2) determining weights of alternatives [56]. This
structure of this process can be used to frame the Analytical
Hierarchy Process (AHP). The AHP is a multi-criteria
decision-making (MCDM) approach which is based on the
evaluation of different alternatives in terms of different
criteria [60]. Thus, it plays an important role in real life
problems such as decision making processes for new
investments, business activities, industrial engineering
applications, environmental planning, ecology, city and
regional planning, hydrology and water resources, forestry
and transportation, risk management, health investments,
and resource allocation [42]. In the implementation of
AHP, there are mainly three stages as the determination of
criteria weights, the scaling of option scores and the
ranking the options. While the computing the criteria
weights, a numerical scale from j to k is used that is called
as “Scale of Relative Importance” and also translates the
decision maker’s qualitative evaluations of the relative
importance among different criteria using numbers as
shown in Table 1 [59].

Table 1. Scale of Relative Importance [59]
Value of ajk Interpretation
Equal importance
Weak importance of one over another
Essential or strong importance
Demonstrated importance
Absolute importance
Intermediate values

O | O] W[

2,4,6,8

It is definitely known that the geographical data is a raw
material and this type of data can be useful for the decision
making processes. Geographic Information Systems (GIS)
has a critical role in especially making spatial decisions
with regards to various graphical operations using this data.
GIS can be defined as a special type of information systems
which manipulates the data about points, lines and
polygons for mapping and analyzing things happen on
earth [58]. GIS and MCDM can benefit from each other in
decision making processes. Because of the complex and
multi — dimensional structure of MCDM problems, GIS
techniques and tools provide important advantages.

Several factors that affect site selection in urban planning
exist and these factors vary depending on the scope of this
study which is an example of GIS - based MCDM problem.
Among these various factors, topography, land use,
accessibility, noise, air pollution, and types of heating are
chosen for this study. The data obtained from different
institutions in order to constitute a base map for the study
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area and to make the spatial analyses are shown in Table 2.
There are factors other than those mentioned that represent
the local dynamics of the study which are not used in this
study. For example, meteorological factors are not used in
the analysis made due to the scale of the selected area and
there being no significant differences within this area.
Although Izmir is a high-risk area for disaster, the area of
study is not located in a critical region, therefore this factor
was eliminated. In addition, the selected area is currently a
residential area and is mainly a built-environment, so it is
obvious that agricultural activities cannot be made in these
areas in terms of land usability.

Table 2. The data obtained from the different institutions

Data Source

Data Type

Maps

GDEM (Digital
Elevation Model)

ASTER and NASA

The analysis maps
for slope and aspect

The current land use
of Cigli district

Cigli Municipality

The analysis map for
land use patterns

The coordinated base
map for Cigli district

I1zmir Metropolitan
Municipality

The coordinated base
map representing the
alternative areas

The location of
natural gas lines in
Cigli district

IzmirGas Company

The analysis map for
preferred heating
types in domestic

The level of air
pollutant (SO, and
NO,) concentrations

Department of
Scientific Research
Projects, Dokuz Eylul

The analysis map for
air pollution

Satellite images

Google Earth

The analysis maps
for noise and

accessibility

The primary purpose of this study is to determine the most
suitable areas among defined alternatives due to the
proposed solution method for new settlement in Cigli
district and its surroundings. For this purpose, this study is
conducted in certain stages. The first stage entail
determining certain factors that affect the suitability of
alternative areas in the district such as topography, land use
patterns, accessibility, noise, air pollution, and the
preferred heating types, especially in residential areas. In
the consideration of these factors, the literature research,
field survey and the data about the local dynamics of the
study area have been taken into account.

In the second stage, a factor analysis is carried out using
the data obtained from the different institutions in vector
format and also the chosen factors are classified according
to the levels of suitability that has a scale of relative
importance between 1 and 7 (Table 3). Marginally suitable
areas are expressed with the value “1”, moderately suitable
areas are expressed with the value “3”, suitable areas are
expressed with the value “5”, and highly suitable areas are
expressed with the value “7”. Intermediate values are
expressed with 2, 4 and 6. The scale has seven levels
because there are seven choosing factors (slope, aspect,
land use pattern, accessibility, noise, air pollution, and the
preferred heating types) in the scope of this study. The
weighted values in this scale are determined with regard to
the decision maker’s qualitative evaluations of the relative
importance among different criteria using AHP method.
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Table 3. The scale of relative importance
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Table 4. The chosen factors and their weighted values

1 2 3 4 5 6 7
Marginally Moderately . Highly
suitable suitable Suitable suitable

Thus, the weight of chosen factors in the suitability
analysis has a significant effect in the process of analyzing
[4]. Following the conversion of analysis maps from vector
format to raster format, the resulting maps have been
analyzed according to this formula:

SSA=(Sx7)+(Lx6)+ (Acx5)+(Hx4)+ (Ax3)+
(Nx2)+ (Px1)

SSA represents the weighted arithmetic mean value of the
given factors for alternative areas’ suitability, S represents
the slope of the alternative areas, L represents the land use
patterns of the alternative areas, Ac represents the
accessibility from the alternative areas to urban facilities,
H represents the preferred heating types in domestic areas,
A represents the aspect of the alternative areas, P represents
the level of air pollutants measured in definite periods of
the year (SO2 and NO2) and N represents the distance to the
several sources causing noise. While the numbers from 1
to 7 in the scale of relative importance refer the level of
suitability in Table 3, the numbers from 1 to 7 in this
formula refer to the weighted values for chosen factors.
Table 4 shows the symbol, factor classes, area size /
distance, area percentage, class values and also weighted
values of chosen factors.

The variables related to chosen factors are determined due
to the geographical features, land use types, distances from
the alternative areas to another area, spatial data for heating
types and also measurements for air quality in Cigli district.
For example, the factor classes of land use pattern have
four area types because the obtained data from base map
and satellite images include only these land usages except
any industrial facilities or other land usages. Therefore, the
area sizes / distances and the percentage of these land use
types in proportion of alternative sites’ areas are measured
in square meters / meters using ArcMap software. The class
values of factor classes between 1 and 7 refer to the priority
of these areas in the process of determining the most
suitable areas among defined alternatives due to the
proposed solution method for new settlement in Cigli
district and its surroundings. In other words, every factor
chosen for the suitability analysis has a weighted value.
Finally, the weighted value expressed with the number “6”
for land use pattern refers to the level of suitability as
almost highly suitable areas due to the scale of relative
importance.

Factor Factor Classes Area Size / Percentage Class Weighted
Name Distance (%) Value Values
Land use Residential area 353.014 m 57.54 7
pattern Public area 11231 m 183 1 6
) Green area 51.076 m 8.32 3
Open area 198.209 m 32.31 5
%0-3 556.419 m 95.24 7
Slope %3-9 20.259 m’ 3.47 5
© %9-15 7520m 129 3 7
S,
% 15-20 0.033m 0.01 1
% 20 < 0
Dist. to public area 429 m 3.77 7
Dist.to green area 408 m 3.88 3
Accessibili 5
ty (Ac) Dist.to transport 994 m 8.74 5
Dist.to center 2684 m 23.60 3
Dist.to coast 6858 m 60.30 1
North (N,NE,NW) 3.038 km 0.547
Aspect South (S,SE,SW) 549.45 km 98.99 7
West 2,510 km? 0.45 5 8
(G
East - - 1
Plain 0.011 km' 0.002 0
Preferred Natural gas 34.657 m’ 5.65 7
heating 4
Other types 329.588 m 53.72 3
type (H) i
No type 249.285 m* 40.63 1
Noise Dist. to airport 5305 m 70.20 0
w Distto rail 151m 16.54 1 2
N
Dist. to transport 1001 m 13.25 3
Good 541.766 m 100 7
Moderate 5
Air Unhealthy for - - 3
pollution sensitive groups 1
(P)
Unhealthy - - 1
Very unhealthy - - 0
Hazardous - N 0

3.1. The Chosen Factors for the Suitability Analysis

The site selection and the determination of suitable areas to
settle have a complex structure that consists of not only
natural and spatial characteristics (land use pattern,
location, climate, slope, land use capability, geological and
geomorphological features, lithology, etc.) but also the
results of human activities (noise, air pollution, socio-
cultural and economic characteristics, the legal and
administrative structure, etc.). In order to correctly
evaluate and meet the demands (sites of new development,
urban transformation etc.) regarding sites that will be
developed within localized areas, a comprehensive
analysis of this complex structure and the relationship
between its components must be conducted. Accordingly,
three alternative new development areas within Cigli
district are evaluated in terms of suitability according to
natural and human factors. In this study, every factor
chosen for the suitability analysis has a weighted value
expressed as a number between 1 and 7. In other words,
there are four types of suitability; marginally suitable
(expressed as number “1”’), moderately suitable (expressed
as number “3”), suitable (expressed as number “5”) and
highly suitable (expressed as number “7”). Non - suitable
areas are expressed as number “0”.
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3.1.1. Land Use Pattern

The land use patterns are divided into five categories;
residential areas, public areas, open areas, green areas and
industrial areas. The data related to the land use patterns
are obtained from The Metropolitan Municipality of 1zmir
and also a detailed data set is constituted using this data.
The selection of land use patterns as a factor related to
suitability is extremely significant to the prevention of
unplanned and uncontrolled urban development. Within
the analysis of the three alternative areas, 57.54% of
residential areas (expressed with the value “7”) are
determined as highly suitable, 32.31% of open areas
(expressed with the value “5”) as suitable, 8.32% of green
areas (expressed with the value “3”) as moderately
suitable, and 1.83% of open areas (expressed with the value
“1”) as marginally suitable areas for settlement. Moreover,
according to the scale of relative importance, I. and III.
Alternative areas consist of suitable and highly suitable
areas for settlement (Figure 2), while marginally suitable
areas are located in the northern part of the Il. Alternative
area (Figure 3c).

3.1.2. Slope

The slope factor is one of the main components of the
suitability analysis because the increase of the slope creates
a disaster risk in settlement areas. The analysis map for the
slope of alternative areas is derived from GDEM (Digital
Elevation Model) and the obtained slope values are
determined as a percentage (%). In the slope map
consisting of whole Cigli district, the slope values are
divided into five categories including 0-3%, 3-9%, 9-15%,
15-20%, over 20%. In the analysis, it is monitored that
95.24% of areas with 0-3% slope in three alternative areas
consist of highly suitable areas (expressed as number “77),
3.47% of areas with 3-9% slope consist of suitable areas
(expressed as number “57), 1.29% of areas with 9-15%
slope consist of moderately suitable areas (expressed as
number “3”), 0.01% of areas with 15-20% slope consist of
marginally suitable areas (expressed as number “1”). Areas
of over 20% slope consist of not suitable areas and are
assigned a value of “0”. Therefore, according to the scale
of relative importance, there exist suitable and highly
suitable areas in the 1. Alternative area, while marginally
suitable and moderately areas are located in the Il. and IlI.
Alternative areas (Figure 3e).

3.1.3. Accessibility

The alternative areas in Cigli district are evaluated in terms
of accessibility using the coordinated base map obtained
from Izmir Metropolitan Municipality and the satellite
images obtained from Google Earth. The accessibility
values are divided into five categories; the distance to
public areas (expressed as number “7”), distance to
transportation routes (expressed as number “5”), distance
to green areas (expressed as number “3”), distance to the
district center (expressed as number “3”) and distance to
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the coast (expressed as number “0"). The unit of distance
is used as meters (m). According to the classification of
distances which is based on walking distances by the
regulations related to physical plans; the distance from the
center points of alternative areas to public areas is
approximately 429 meters, the distance from the center
points of alternative areas to transportation routes is
approximately 994 meters, the distance from the center
points of alternative areas to green areas is approximately
408 meters, the distance from the center points of
alternative areas to the district center is approximately
2684 meters and the distance from the center points of
alternative areas to the coast is approximately 6858 meters.
Additionally, according to the scale of relative importance,
it is observed that the distance of I. Alternative area is far
away from the coast, the district center and transportation
routes, while I1. and 111. Alternative areas are quite close to
every location (Figure 3a).

3.1.4. Aspect

The aspect factor that means the compass direction of
mountain slopes’ faces has a strong influence on several
issues such as temperature, topography, microclimate, etc.
Also, it is definitely known that the aspect is an important
factor in terms of site selection in urban areas. In most
cases in Turkey, a south - facing slope (including south —
east, south — west) is warmer than a sheltered north - facing
slope (including north — east, north — west) [11, 44]. In the
analysis map for the aspect obtained from GDEM (Digital
Elevation Model), the aspect factor values are divided into
five categories; the slopes of south, south — east and south
— west (expressed as number “7”), the slope of west
(expressed as number ““5”), the slopes of north, north — east
and north — west (expressed as number “3”) and the slope
of east (expressed as number “1”’). Because there are no
slopes in the plain areas, the value “0” was assigned for the
aspect factor in these areas. Moreover, according to the
scale of relative importance, it is observed that there exist
suitable and highly suitable areas in the south — eastern
parts of the I1. and I1l. Alternative areas, while marginally
suitable and moderately areas are located in the north —
western parts of I11. Alternative area (Figure 3d).

3.1.5. Preferred Heating Type

The usage of fossil fuels in domestic heating and industrial
production processes not only increase resource
consumption but also cause environmental problems on a
local and regional scale such as climate change, air
pollution, etc. [30]. The use of natural gas as the preferred
type of domestic heating has a significant effect on the
reduction of air pollution, which has become a widely
environmental and public health problem [37]. There are
several types of heating other than natural gas such as
asphaltite, wood, coal, and fuel oil [22]. The analysis map
is prepared by using existing natural gas lines in Cigli
district obtained from the IzmirGas company, the heating
types factor values are divided into three categories
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including natural gas as the preferred heating type
(expressed as number “7”), other types as the preferred
heating type (expressed as number “3”’) and no type as the
preferred heating type (expressed as number “17). In the
analysis, it is observed that 5.65% of natural gas as the
preferred heating type in three alternative areas consist of
suitable areas (expressed as number “7”), 53.72% of other
types as the preferred heating type consist of suitable areas
(expressed as number “3”) and 40.63% of no type as the
preferred heating type consists of suitable areas (expressed
as number “1”). Therefore, according to the scale of
relative importance, there exist highly suitable areas
throughout alternative area I. and also in the north —
western and south — eastern parts of alternative areas Il and
I11, while marginally suitable areas are located throughout
the 11. and I11. Alternative areas (Figure 3g).

3.1.6. Noise

The noise factor values are divided into three categories;
the distance to transportation routes (expressed as number
“3”), the distance to railway (expressed as number “3”’) and
the distance to the airport (expressed as number “07).
According to the classification of distances, the distance to
transportation routes is approximately 1001 meters, the
distance to the railway is approximately 1251 meters and
the distance to transportation routes is approximately 1001
meters and the distance to the airport is approximately
5305 meters. Additionally, according to the scale of
relative importance, alternative area | is quite closer than
the other areas, the alternative area Il is the most distant
area and also the alternative area Il is close to
transportation routes and the railway (Figure 3b).

3.1.7. Air Pollution

As a result of industrialization, urbanization, heavy traffic
and rapidly increasing population during the last 30 years,
environmental issues have been threatening both human
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and natural life. Dense buildings and population, different
urban activities, the increasing automobiles ownership, and
the total number of vehicles in traffic can be generalized as
the primarily reasons air pollution that affects urban areas
[48]. In addition to these urban activities, different factors
are significant contributors to reduce of urban air quality
such as the reliance on fossil fuels in warming, industrial
activities and traffic, dependence on the private
automobiles, inefficient use of energy in buildings and
public transportation, the use of incorrect and incomplete
combustion techniques, the degradation of open and green
areas, etc. [49, 50, 51, 54]. Air pollution in urban areas
affects not only urban air quality, also quality of life, and
public health directly [52, 53], and these circumstances
lead to shift in planning decisions.

The analysis map for air pollution is prepared using the
levels of air pollutants’ concentrations (SO, and NO,)
obtained from the Department of Scientific Research
Projects issued by Dokuz Eylul University. The levels of
air pollutants are measured using passive diffusion tubes
for a 4-week period (separately 2-week period for winter
and summer seasons) in the district of Cigli. The unit of air
pollutant is pg/m3. The air pollution factor values are
divided into five categories; good (expressed as number
“7”), moderate (expressed as number “5”’), unhealthy for
sensitive groups (expressed as number “3”), unhealthy
(expressed as number “17), very unhealthy and hazardous
(expressed as number “0”). According to the air pollution
index prepared by The Ministry of Environment and
Urbanization, the range of 0 — 50 pg/m3 represents “good”
values, 51 — 100 ug/m3 represents “moderate” values, 101
— 150 pg/m3 represents “unhealthy for sensitive groups”
values, 151 — 200 pg/m3 represents “unhealthy” values,
201 — 300 pg/m3 represents “very unhealthy” values and
also 301 — 500 pg/m3 represents “hazardous” values. Due
to the measurement results for the level of air pollutants’
concentrations, the levels of pollutants do not exceed the
range of 0 — 50 pg/m3 and the index of air pollution is
“good” in the study area (Figure 3f).
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3.2. The Suitability Analysis

The alternative areas that are located in the eastern and
northern parts of the district center are evaluated in
accordance with the natural and human factors in terms of
the site selection of new development areas in Cigli district.
Due to the analyses results, it is observed that 92.06% of
the 1. Alternative area consists of not suitable areas, 0.60%
of this area consists of moderately suitable areas, 5.31% of
this area consists of suitable areas and 2.03% of this area
consists of highly suitable areas. Moreover, it is established
that 91.86% of the Il. alternative area consists of not
suitable areas, 0.87% of this area consists of moderately
suitable areas, 7.27% of this area consists of suitable areas.
Highly suitable areas have not been observed for this area.
Finally, it was confirmed that 71.43% of the I1l. alternative
area consists of not suitable areas, 27.69% of this area
consists of suitable areas and 0.87% of this area consists of
highly suitable areas. Moderately suitable areas have not
been detected in this alternative area (Table 5).
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Table 5. The class distribution of suitability in accordance with the

alternative areas

Class
Values

Class
Categories

ALTERNATIVE
AREA

ALTERNATIVE
AREA

ALTERNATIVE
AREA

Area
Size
()

Percen
tage
(%)

Area
Size
(m’)

Percen
tage
(%)

Area
Size
(m’)

Percen
tage
(%)

Not

Suitable

723041

92.06

721440

91.86

561039

7143

Moderately
Suitable

4690

0.60

6850

0.87

0.00

Suitable

41741

531

57109

7.27

217509

27.69

Highly
Suitable

15926

2.03

0.00

6850

0.87
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According to the results, it is revealed that the suitable
areas are located mainly in the I1l. alternative area among
the alternative areas for new development settlements. The
main reasons for the selection of Ill. alternative area as the
most suitable area are as follows; the dense use of
residential areas in the land use pattern, more livable urban
environment as a result of urban renewal projects, the
existence of south slopes and faces overlooking the sea,
lower slope values not posing a problem for new
settlements, the existence of air corridors and good
qualified air affected by predominant wind direction, being
quite closer to the district center, the coast, railway,
transportation routes and green areas, being less affected
by noise generating from the airport. Suitable areas are
determined in the I. and I1. alternative areas, however, they
have not been chosen as they are not able to comply with
all factors chosen for this particular study. Figure 4 gives a
comparative look at the alternative areas in accordance
with the suitability categories.

4. Discussion and Conclusions

The determination of the most suitable areas among
defined alternatives due to the proposed solution method
for new settlement in Cigli district in accordance with the
suitability factors and also the implementation of the
suitability analysis by using GIS are the main purposes of
this study. The natural and human factors are considered in
terms of the suitability of three alternative areas that are
located in the eastern and northern parts of the district
center. Following the determination of alternative areas to
settle, these areas are evaluated in accordance with certain
factors such as the topography, land use patterns,
accessibility, noise, air pollution, and the preferred heating
types, especially in residential areas. Due to the factor-
based classification and the suitability analysis results, it is
revealed that the suitable areas are located mainly in the I11.
alternative area among the alternative areas for new
development settlements. No highly suitable areas are
observed within the area of suitability analysis when taking
the slope and preferred heating type into account.
Therefore, it can be said that these two factors affect the
alternative areas negatively in the district center.

According to the suitability analysis considering all chosen
factors for alternative areas, these areas are observed as not
highly suitable (expressed as number “7”) or moderately
suitable (expressed as number “3”) areas, but as suitable

areas (expressed as number “5”) for new development
areas to settle. The most suitable areas are located in the
east part of the district center. Therefore, unsuitable areas
are located mainly in the northern and north — eastern parts
of the district center. Several conditions affected the site
selection of alternative areas negatively such as the slope
values above 9%, the high density public and green areas,
the existence of north slopes and faces not overlooking the
sea, the limited accessibility to urban facilities, etc.

In addition to the certain factors mentioned before, other
factors exist that represent the local dynamics of the study
area that are not used and analyzed in the study such as the
meteorological factors (temperature, rainfall, humidity,
etc.) [33], lithology (limestone, conglomerate, basalt,
travertine, alluvium, etc.) [21, 33], hydrogeology
(groundwater, lakes, dams, rivers, sea, etc.) [14], land use
capability classes and also the existence of disaster risk [8].
Because of the small scale of the study area and the
similarities in the parts of the study area in terms of
meteorological features, the meteorological factors are not
used during the analysis process. The alternative areas are
currently residential areas and have a mainly built-
environment, so any agricultural activities cannot be made
in these areas in terms of land usability. Additionally, the
study area is not located in a critical region in terms of
disaster risk, so this factor was eliminated.

In the urban planning studies, the diversification of factors
that determine the suitability and the evaluation of the
settlements’ features (natural factors, distances, technical
infrastructure facilities, the air quality, noise, disaster risks,
etc.) should be evaluated comprehensively. The
sustainable development is based on the results of these
evaluations. The multi — criteria evaluation for site
selection and suitability analysis have become more
significant especially in urban renewal areas such as
Giizeltepe and Sirintepe neighborhoods located in the I11.
alternative area.

The findings of this study are compared with the findings
of other studies that are based on the suitability analysis in
different cases and scales (local, urban and regional scales).
In literature, a number of studies examine the GIS — based
suitability analysis at in urban scale for cities in Turkey
such as Siileymanpasa case study (Tekirdag) [33],
Canakkale case study [63], Malatya case study [14], Sivas
case study [21], Iskenderun case study [8], Bolu case study
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[61], Kocaeli case study [62] and Antakya case study [32].
The results of analyses in the scope of this study coincide
with the results of these case studies. Ozsahin and Kaymaz
(2015) emphasize that the factor - based suitability
analyses should be evaluated with urban residential areas
and also the elements of natural environments in the
context of city planning discipline [32]. Degerliyurt et al.
(2014) has stated that the suitability analyses using various
spatial data are quite important for to ensure the ecological
sustainability and decrease the disaster risk especially in
urban areas [8]. The location of chosen areas closer to
urban centers and main transportation routes, less sloped
area which are not avoid to place other settlements, the
presence of public and open — green areas near these
chosen areas as different land use types are the common
features of the most suitable areas for new residential
development areas. The findings of this study are provided
consistency with other studies in terms of these common
features. Moreover, a sizeable amount of studies related to
the suitability analysis in especially rural and coastal areas
[70, 71, 72] and GIS — based MCDM analysis determining
the sustainable urban environments and land use planning
[68, 69, 73, 74, 75] can be given as other studies performed
in different cases.

A GIS — based MCDM analysis and the obtained results of
this analysis for analyzing the most suitable areas for new
residential developments areas are thought a very
important source for the decision — makers in Cigli district
and as a contribution to the literature. This study can be a
reference not only the determination of new development
areas but also land use planning studies which will be
conducted similar to this study.

It is known that the results of empirical studies including
the evaluation of natural and human factors’ effects in
urban areas can be used in the decision-making processes
within the urban planning discipline [32]. The suitability
analysis is rewarding and explanatory not only in physical
and spatial planning studies but also in the reduction of
disaster risk and the protection of the natural environment
[5, 8]. It is thought that the results of the suitability analysis
and the thematic maps created can be a significant
reference for decision — makers concerning new
development areas and planning decisions for these areas
in Cigli district and its surroundings. A common data
standard should be constituted including the suitability
criteria and data layers in order to conduct more successful
and comprehensive empirical studies in the future. Finally,
it is a critical issue that these studies should be
implemented on a sub-regional and neighborhood scale,
instead of a regional scale to make extensive spatial
analysis related to suitability.
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