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ABS TRAC T 

 
Sanitary landfill is a widely used waste disposal method worldwide due to its safe and economic. The most important 
issue in this storage method is the process of selecting the landfill. This process is one of the critical issues in the 
urban planning process due to its enormous impact on the region's economy, ecology, and environmental health. At 
the same time, it is also a great importance for public health. Urban growth is a phenomenon that is difficult to stop or 
limit in line with economic dynamics and demographic changes. For this reason, site selection in solid waste sanitary 
landfill is a great importance in terms of ensuring a sustainable urban future. The site selection in sanitary landfill is 
made conventionally taking into account environmental, social and economic criteria. In this study, the waste disposal 
facility, which was built according to the mentioned criteria and still in operation, was evaluated in the context of 
urban growth. In this context, Landsat TM 1989 satellite image for the determination of urban boundaries of the 
central settlement area of Sanliurfa before the irrigation of the GAP project, and Sentinel-2 satellite image enrichment 
to determine the urban development boundaries after irrigation was mapped by Screen digitizing. Its spatial 
evaluation and mapping were performed utilizing ArcGIS software.   
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1. INTRODUCTION 

 
Many countries have started to pay more attention to 
the selection of landfills with the increase in 
urbanization in recent years. Searching for a new 
waste site can be a time-consuming process when 
existing waste disposal sites are full. For this reason, a 
new field must be determined before these fields are 
filled. The landfill has been used for years as the most 
common method of removing solid waste almost 
worldwide. 

Suitable hydrological, geological, and environmental 
conditions are required for a suitable solid waste 
sanitary landfill site. For these reasons, waste sanitary 
landfills should be specially designed and built, and 
managed strictly to keep them safe during their 
operation. Scientific studies need to be done to 
properly select the applicable areas for landfill. In this 
way, the cost of landfills can be reduced, and possible 

pollution can be controlled [1]. Many methods such as 
diagramming, gray clustering, expert systems, 
geographic information systems (GIS), and analytical 
hierarchy processes (AHP) are used in the selection of 
landfills [2]. GIS techniques are a method used 
effectively to provide solutions for landfill selection 
[3,4]. The geographic information system (GIS) is a 
digital database management system designed to 
manage spatially distributed data from various 
sources in large volumes. They efficiently retrieve 
store, analyze and display information according to 
user-defined indications. In this way, it is an ideal 
method for advanced site selection studies. GIS is 
widely used to facilitate the landfill selection process 
and to reduce its cost [5,6]. 

In developing countries such as Turkey, landfill or 
multi-criteria analysis using GIS significant progress 
was made way relates to the election [7]. However, 
this method is an advantage for developing countries 
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since it does not include financial and economic 
restrictions. Technological development, 
globalization, and unavoidable population growth 
have accelerated the urbanization process in 
developing countries. Therefore, the selection of 
suitable solid waste sites should match the rapid 
urbanization process [8,9].  

In this study, the waste disposal facility, which was 
built according to the mentioned criteria and still in 
operation, was evaluated in the context of urban 
growth. In this context, Landsat TM 1989 satellite 
image for the determination of urban boundaries of 
the central settlement area of Sanliurfa before the 
irrigation of the GAP project, and Sentinel-2 satellite 
image enrichment to determine the urban 
development boundaries after irrigation was mapped 
by Screen digitizing. Its spatial evaluation and 
mapping were performed using ArcGIS software. 

 
2. MATERIALS AND METHOD 

 
2.1. Study area 

 
The province of Sanliurfa is in the center of the 
Southeastern Anatolia Region, Gaziantep is located in 
the west, Adiyaman in the northwest, Diyarbakir in 
the northeast, Mardin in the west, and Syria in the 
south. It is located between 36° 40'- 38° 02' North 

latitudes and 37° 50'- 40° 12' East longitudes (Fig 1). 
Its altitude is 518 m. 

Sanliurfa is located on the southern skirts of the 
central part of the Southeast Taurus Mountains. 
Mountains and high hills in the north of the province 
descend towards the south. The great plains are in the 
southern half. Row hills are quite common. Suruç, 
Harran, Viransehir plains, which are lined from west 
to east, are among these mountain ranges. The area of 
Sanliurfa land is 18,584 km2. 98.3% of the provincial 
lands, 61.7% of which are covered with plateaus, 22% 
by mountains, and 16% by plains, are arable land. 

 
2.2. Methodology 

 
In the analysis of the urban changes of the city of 
Sanliurfa, Landsat-5 TM and Sentinel-2A satellite data 
were used in 1989 and 2019, respectively. Landsat-5 
TM 1989 satellite image and Sentinel-2A satellite to 
determine the boundaries of urban development after 
irrigation was mapped by image enhancement screen 
digitizing (Fig 2). The Landsat-5 TM sensor, which has 
been used since 1984, has 6 bands with 30 m 
resolution and a thermal band with 120 m resolution 
in the near and middle infrared region. Each Landsat 
TM image covers an area of approximately 185x185 
km2 [10]. 

 

Fig 1. Study area and existing solid waste storage facility 

 

 

Fig 2.  Methodology and flow chart of the study 

Studies were carried out on the WGS84 UTM Zone 
37N projection system. Image processing and 
evaluation of multi-time satellite images were carried 
out using ERDAS Imagine© and ArcGIS© software.  

 
2.3. Urban growth 

 
Rapid urban growth in developing countries 
contributes greatly to increasing problems related to 
unemployment, poverty, inadequate healthcare, low 
quality of life, damage to nature, poor water quality, 
and deterioration of living environments, especially in 
rural areas. [11, 12]. Unplanned population growth, 
together with the inadequacy of basic services; brings 
along problems especially for rural areas [12]. 
Recently, urban growth management has become a 
challenge for urban planners and developers, putting 
pressure on allocating land suitable for development 
[13, 14]. 
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Unforeseen environmental threats have started to 
emerge as a result of socio-economic pressures such 
as industrialization, urbanization, migration, and 
population growth, especially in metropolitan 

settlements. To prevent these problems, central and 
local government actors must act together with urban 
growth management units / sub-units and produce 
results (Fig 3). 

 

 

Fig 3. Urban growth management actors and administrative structuring [15] 

Unless urban growth is realized in a planned and 
controlled manner, it leads to various adversities such 
as environmental pollution, distorted and irregular 
construction, agricultural land remaining in the city, 
and losing their qualifications [16]. Analysis of urban 
growth using past and present spatial and quality data 
is considered as one of the basic requirements of 
urban geographic studies, future planning, and 
political policies for urban development. 

Mapping, modeling, and measurements of urban 
growth can be analyzed using GIS and remote sensing-
based statistical models. Thanks to these 
technological developments, the change in the 
temporal and spatial scale of complex urban systems 
and the direction of this change have become 
analyzable [17]. 

 
2.4. Solid waste generation 

 
According to statistical data, people generate 2-5% 
more solid waste each year compared to the previous 
year [18]. When the solid waste indicators for 2016 
published by TURKSTAT are examined, it has been 
determined that 1390 of them provide waste service 
among 1397 municipalities. It is stated in the survey 
results that a total of 31.6 million tons of solid waste is 
collected from these municipal services. However, the 
daily average amount of waste collected by 
municipalities was determined as 1.17 kg for 2016. 
This amount was stated as 1.14 kg for Ankara, one of 
the big cities, 1.30 kg for Istanbul, and 1.32 kg for 
İzmir [19]. 

When the 2018 solid waste indicators published by 
TURKSTAT are examined, it has been determined that 
1395 of 1399 municipalities provide waste services. It 
has been determined that municipalities providing 
waste services collect 32 million 209 thousand tons of 
waste. According to the results of the survey, the daily 
average amount of waste per capita collected by the 
municipalities was determined as 1.16 kg for 2018. In 
three major cities, the daily average amount of waste 
collected per capita was determined as 1.28 kg for 
Istanbul, 1.18 kg for Ankara, and 1.36 kg for Izmir 
[19]. 67.2% of 32 million 209 thousand tons of waste 
collected in municipalities where waste service is 
provided is sent to regular storage facilities, 20.2% to 
municipal dumpsites, and 12.3% to recovery facilities. 
It was stated that 0.2% of it was disposed of by 
burning in the open, burying, pouring into the stream 
or land (Table 1). 

 
2.5. Classification of solid waste landfills 

 
Storage areas are divided into two groups as irregular 
storage areas and landfills [20]. In irregular storage 
areas, which are used in developing and 
underdeveloped countries, solid wastes in waste 
storage areas are discharged irregularly into open 
land without taking any precautions and removed 
from the human environment. Since the wastes are 
not covered, the formation of dust clouds due to the 
wind effect in irregular storage areas, the resulting 
gases cause air pollution, and the environmental and 
visual pollution of solid wastes spread over a wide 
area cause infectious diseases for animals living in 
these areas [20, 21]. 
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Table 1. Municipal waste indicators 

Municipal Waste Indicators 2016 2018 

Total number of municipalities 1397 1399 

Number of municipalities providing waste services 1390 1395 

The ratio of the municipal population receiving waste services to the total municipal population (%) 98.6 98.8 

Total amount of waste (thousand tons) 31584 32209 

Average amount of waste per person (kg person-1 day-1) 1.17 1.16 

The ratio of total waste according to disposal and recovery methods (%)   

Sent to landfill facilities 61.2 67.2 

Sent to municipal waste 28.8 20.2 

Sent to recycling facilities 9.8 12.3 

Other disposal methods 0.2 0.2 

 
Landfill facilities (DDT) can be defined as places 
where wastes are accepted as controlled, wastes are 
disposed of above ground and underground according 
to some technical conditions, and the wastes 
generated as a result of the mechanism formed in the 
waste after storage are controlled. Although the 
landfill is at the bottom of the waste management 
order, it is a widely used disposal method in many 
countries around the world [20]. In landfilling, solid 
materials and sewage sludge, which are intended to 
be disposed of by the producer but need to be 
removed regularly in terms of environmental 
protection, should be collected in a certain order by 
considering the physical, chemical, and biological 
effects they cause in the environment and stored 
accordingly [21, 22]. 

The following principles should be taken into 
consideration when performing landfill [20]: 
Regularly covering solid wastes with ground cover; 
compaction, slope, and subsequent use of vegetation, 
drainage of water flowing from the surface, control 
mechanisms to protect ground and surface waters; 
factors affecting the selection of landfill site location. 

In the determination of alternative storage areas, the 
restrictions set in the Waste Management Regulation 
used in our country are taken into consideration [23]. 
The limitations to be used in the location of storage 
facilities in the Regulation on the Landfill of Wastes 
are as follows: distance to airports; distance to the 

forest, afforestation, and protected areas; distance to 
underground and surface water resources; 
topographic and geological situation; flood, landslide, 
avalanche, erosion and high risk of earthquakes; 
prevailing wind direction and precipitation, natural or 
cultural heritage situation; absence of pipelines. 

Ciritci and Türk emphasized that since determining 
the location of the storage facility is a difficult and 
critical stage, solid waste management is not only an 
environmental issue and should not be ignored in 
various socio-cultural and economic issues (Table 2) 
[24, 25]. 

 
2.6. Identification of the criteria 

 
Site selection is a complex spatial decision problem 
that offers many alternatives for decision-makers and 
carries different preferences. That is, this choice is not 
easy and unilaterally definable [26]. It is a difficult and 
long-lasting process to evaluate the existing 
information regarding the selection of the study area 
with classical methods [18]. 

Although current methods consider various objectives 
and relevant criteria, there is no integrated method to 
account for the best landfill in all policies [27]. Given 
these conditions, a model is needed that considers the 
importance of all three environmental, economic and 
socio-cultural criteria at the same time (Fig 4).
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Table 2. Site selection criteria for sanitary landfills [25] 

Dimensions  Criteria Ideal options Acceptable range 

Economic (D1)  Land price (C11) 1. The suitable site for waste disposal must 
be inexpensive as much as possible. 

2. Land price is determined based on its 
distance from proximate roads (the closer, 
the more expensive) 

For a distance less than 100 m from the road, the 

price was IRR 150000 per m2. 

- For a distance within 100–400 m from the road, the 

price was IRR 100000 per m2. 

- For a distance more than 400 m from the road, the 

price was IRR 50000 per m2. 

 Distance from 
roads (C12)  

 

Due to economic constraints in terms of 
transportation costs, the waste disposal site 
should not be very far from main roads. 

- Reasonable distance: less than 100 m from the 

road. 

- Relatively reasonable distance: within 100–1000 m 

from the road. 

- Unreasonable distance: more than 1000 m from the 

road. 

Environmental 
(D2)  

 

Distance from 
rivers (C21) 

The disposal site must be located 
somewhere far from rivers and flowing 
surface waters to avoid pollution. 

 

- Unreasonable distance from rivers: less than 

500 m 

- Relatively reasonable distance from rivers: 

500–2000 m 

 Distance from 
lakes (C22)  

 

The disposal site must be located 
somewhere far from lakes to avoid 
pollution. 

 

- Unreasonable distance from lakes: less than 

500 m 

- Relatively reasonable distance from lakes: 

500–2000 m 

 Distance from 
grasslands 

(C23) 

 

The disposal site must be located 
somewhere far from pastures and 
grasslands to minimize environmental 
pollution. 

 

- Unreasonable distance from pastures: less than 

1000 m 

- Relatively reasonable distance from pastures: 

1000–2000 m 

- Reasonable distance from pastures: more than 

2000 m 

 Distance from 
forest 

regions (C24) 

 

 

The waste disposed of must be 
considerably far from forest regions to 
minimize environmental pollution. 

 

- Unreasonable distance from forests: less than 

1000 m 

- Relatively reasonable distance from forests: 

1000–2000 m 

- Reasonable distance from forests: more than 

2000 m 

 Distance from 

agricultural lands 
(C25) 

 

The disposal site must be located 
somewhere considerably far from 

farmlands and agricultural areas to 
minimize environmental and social 

pollution. 

 

- Unreasonable distance from agricultural lands: 

less than 1200 m 

- Relatively reasonable distance from agricultural lands: 
1200–2000 m 

- Reasonable distance from agricultural lands: more 

than 2000 m 

Climatic (D3)  

 

Climate 
conditions (C31) 

The disposal site should be located in arid 
areas. 

- Unappropriated areas: cold and humid 

- Relatively appropriated areas: cold and dry 

 Distance from 
floodprone 

areas (C32) 

 

The disposal site should not be located near 
water pathways, flood 

pathways, and flood-prone areas. 

 

- Unreasonable distance from flood pathways: less 

than 1000 m 

- Relatively reasonable distance from flood 

pathways: 1000–2000 m 

- Reasonable distance from flood pathways: more 

than 2000 m 

Geological (D4)  

 

 

Slope of land 
(C41) 

The disposal site should be located, as 
much as possible, in level and 

straight areas. 

- Reasonable slope: less than 10° 

- Relatively reasonable slope: 10–40° 

- Unreasonable slope: more than 40° 

 Terrain (C42)  

 

 

This factor has a function similar to that of 
slope and is calculated 

through the slope layer in GIS. 

 

Reasonable areas: level lands 

- Relatively reasonable areas: hill sites 

- Unreasonable areas: uneven and mountainous 

regions 

 AMSL (C43)  

 

The disposal site must be located in places 
with a low AMSL to keep 

climatic states and terrains stable. 

- Reasonable height: less than 1000 

- Relatively reasonable height: 1000-2100 

- Unreasonable height: more than 2100 

Social (D5)  

 

Distance from 
residential 

areas (C51) 

 

Due to social constraints, the disposal site 
must be located somewhere 

far from cities, rural regions, and 
residential areas. 

 

- Unreasonable distance from residential areas: 

less than 700 m 

- Relatively reasonable distance from residential 

areas: 700–3000 m 

- Reasonable distance from residential areas: more 

than 3000 m 
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Fig 4. Use of (GIS-MCDV-Remote Sensing) technologies for choosing the appropriate place for waste storage 

 
2.7. Urban growth estimation 

 
Environmental pressures caused by the incorrect use 
of space on natural resources, both developed and 
developing countries as one of the important issues 
on the agenda in Turkey. The most important reason 
for the emergence of these problems is that the 
protection-use balance and environmental values are 
not considered sufficiently [10]. The cities develop, 
and settlement areas move in different directions with 
each passing day [28]. Many ecological problems arise 
when the demographic structure and spatial 
development of the province are not well followed 
and balanced with a plan [29]. 

3. RESULTS & DISCUSSION 

 
Classification results for 1989 and 2019 are shown in 
Fig 5. Classification results of satellite images differ 
visually. In these images, mainly green areas are 
gathered especially in the south of the city. Sanliurfa, 
which was a small city in 1989, turned into a megacity 
by 2019. The urban land rate has increased. Urban 
population growth between these years was faster 
than urban land growth in the same period. 
 

 

 
Fig 5. Classification results for (a) 1989 and (b) 2019 
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When Fig 5 is examined, it is understood that the 
construction works in the north, east, and southeast 
axes of the city have increased over 30 years. 
Especially in this process, it is seen that industry and 
construction areas interact. It is observed that the 
settlements also differed in these 30 years. In general, 
the population increases twice every 32 years, and the 
direction of the development area was determined by 

considering the land resources of the plain, the 
development direction of the city, and the areas 
suitable for the urban structure. Since its development 
towards the lands of the Harran plain is prevented by 
law no 5403 on soil protection and land use, the 
development is mostly towards Karaköprü, organized 
industry, and Fatik mountains (Fig 6).  
 

 

Fig 6. The development direction of the Sanliurfa city and areas suitable for the urban structure 

 

The dynamics of established land-use models 
analyzed with remote sensing (RS) and GIS data 
revealed that it is useful to identify the type and 
development of urban growth, as well as the recent 
and future urban growth that helps local planning 
authorities manage growth and growth. Thanks to this 
study, the effects of urbanization on environmental 
and sustainable urban growth are seen and 
contribution is made to future planning to reduce its 
possible damages [30, 31]. 

Evaluation of a new sanitary landfill site is a difficult 
and complex process and requires consideration of 
many criteria such as distance from the settlement 
area, distance from main roads, investment costs, 
climate, availability [32]. Unregulated disposal has 
negative effects on all components of the environment 
and human health. Therefore, for the settlement of 
sanitary landfills, many effective criteria such as 
distance from residential areas, distance from main 
roads, investment costs, presence of solid wastes, 
geology, surface water, aquifer, land use, elevation, 
and land slope should be considered. There are 
various techniques for landfill selection, including GIS, 
mathematical models, heuristic algorithms and 

different multi-criteria decision-making methods, 
fuzzy analytical hierarchy process, and technique [33]. 

Methods based on traditional statistical data and old 
maps are mostly not possible in determining spatial 
growth areas and creating future predictions [17]. 
Another limitation of urban expansion modeling is 
that land change processes are not static. The 
instability of land change processes includes not only 
the rate of change but also the nature and spatial 
distribution of the changes [34]. Land cover and land 
use changes vary according to the physical, 
sociological, and administrative structure of the 
region. Since the end of the 20th century, both the 
development of remote sensing techniques and the 
efficiency of the GIS platforms enable us to make more 
efficient, faster, and more sensitive decisions at many 
points [35, 36]. 

 
4. CONCLUSIONS 

 
Consequently, when the distance of the sanitary 
landfill site to the city periphery -at the site selection 
investigation stage- is 4 km in 1989 (this buffer 
distance complies with the Waste Management 
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Regulation); As of 2019, as a result of the increasing 
population and the related urbanization, the city and 
the landfill area are almost intertwined, and the 
distance has decreased to 800 meters. In the past 20 
years, the failure to stop/limit or control this growth 
should lead to the self-criticism of central and local 
government actors' powers and responsibilities. 
Likewise, this situation has started to pose a serious 
problem in terms of environment and public health 
and has been recently caused the need for a new site 
selection for the sanitary landfill in Sanliurfa. This fact 
is not specific to the province of Sanliurfa. Unforeseen 
environmental threats have started to emerge as a 
result of socio-economic pressures such as 
industrialization, urbanization, migration, and 
population growth, especially in metropolitan 
settlements. 
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