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ABSTRACT 

Ranya City is located in North West of Sulaymaniyah Governorate, Iraq. It has an area of (76.7) km2. In 2018, it was home for 

(102,571) inhabitants. Presently, there are no landfills in the study area that fulfills necessary environmental requirements ; thus, 

informal and unsuitable solid waste dumping is negatively impacting human health and the environment. Land fill site 

selection can be a difficult task as it is impacted by different factors and regulations. This study is an attempt to identify and 

evaluate suitable landfill locations in the study area using Analytical Hierarchy Process (AHP) and Geographic Information 

System (GIS). Ten criteria are used in this process which includes: groundwater depth, surface water, residential areas, 

Geological formations, slope, elevation, soil type, land use, roads and archeological sites. AHP was used to determine the weight 

for each criteria using pairwise comparison matrix. Three classes of suitability index were found: unsuitable (98.47%), 

moderately suitable (0.003%) and suitable (1.52%) of the study area. Three suitable landfill sites were identified as candidate 

sites that meet the requirements with an area of (0.29) km2, (0.12) km2 and (0.098) km2 respectively.  
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1. Introduction 

Municipal Solid Waste (MSW) disposal is one of the 

most critical environmental issues in the world [1]. 

Globally, more than 3 million tones of solid waste are 

produced daily [2]. Improving living standards, 

Urbanization, population growth, industrial and 

commercial activities are main reasons for a drastic 

increase in solid waste generation in urban areas [3]. 

Solid waste issue is particularly problematic in third 

world countries which are heavily populated and 

struggling financially. Due to the circumstances of 

these countries, such waste is negatively influencing 

both human health and the environment [4]. 

There are a variety of methods used to manage solid 

waste such as source reduction, reuse, recycling, 

incineration, landfills, and waste transformation [5]. 

However, even after the recovery method, there is 

always some residual for disposal. Sanitary landfills 

have been used in many countries as the main method 

for waste management as it is considered to be simple 

and cheap compare to other ways of waste 

management [6]. 

Landfill siting is a relatively difficult assignment for 

authorities as it depends on many regulations factors. 

Additionally, decreased amount of governmental and 

municipal funding, land availability, increasing 

environmental understanding, and public health 

concerns, political and social opposition are also 

pressing factors when it comes to landfill siting [7].  

City of Ranya has undergone rapid urbanization since 

2003, and solid waste generation quantity has also 

grown at a high rate. This has caused negative impacts 

on the environment and public health. In 2018, Ranya 

city generated (31,822) tonnes of solid waste annually. 

At the moment, there is no landfill site in Ranya that 

fulfills environmental and scientific requirements. 

There are a few disposal sites scattered around the 

parameters of the city where people dispose solid 

waste without supervision and approval from 

authorities. Despite of unsupervised solid waste 

disposal, further environmental damage comes from 

poor solid waste management by the municipality of 

the city where they collect solid waste in the city and 
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they dispose it in a large open dumpsite at southern 

parts of the city without any pre-treatment. Therefore, 

selecting a suitable site that meets social, 

environmental and economic criteria is significant for 

future development of Ranya city.  

This study used the concepts of GIS and AHP which 

are great methods when combined together to select 

suitable landfill locations. AHP is developed by Saaty 

(1980) as a multi-criteria decision making (MCDM) 

method to unite multi criteria in the decision making 

[8]. Researchers in many fields used (MCDM) and GIS 

as a tool to answer difficult decision problems such as 

the possibility of groundwater pollution [9], soil 

environments [10], land evaluation for urban 

agriculture [11], urban planning and hospital site 

selection [12]. Also, GIS and AHP as a combined tool 

have been widely utilized by many researchers to 

identify and select landfill sites that are most suitable 

[13, 14, 15, 8, 16, 17,18, 19, 20, 21, 22].  

The objective of this research is to select suitable 

landfill sites in Ranya City that meets environmental 

and scientific requirements. In order to achieve this 

objective, ten criteria that influence solid waste 

management and the environment were selected 

through combining AHP and GIS. AHP was used to 

decide the weight of each influencing factor by 

creating a pairwise comparison matrix, and GIS as an 

integral part of landfill site selection is used to manage 

and display data efficiently from different sources in a 

reduced time and cost [23, 5].  

2. Study Area 

Ranya is one of the major cities in Sulaymaniyah 

Governorate, Iraq. It is located between 

latitude 36°11′07′′ − 36°17′47′′ North and longitude 

44°49′39′′ − 44°59′23′′ East covering an area of about 

(76.7) km2 (Figure 1). It is (131) km northwest 

Sulaymaniyah. The city is situated on Bitwen plain and 

is surrounded by Kewarash mountain series from 

north, Hajila Mountain from west and Dukan Lake 

from south. Regarding climate of the study area; it is 

characterized by hot-dry summer and rainy cold 

winter. The annual rainfall average is about 705 mm, 

and annual temperature average is about (32.3℃). The 

population of Ranya city was (102,571) inhabitants in 

2018. 

 

Figure 1: Study area location based on Iraq and 

Sulaymaniyah Governorate. 

3. Materials and Methods 

In order to select a suitable landfill site in the study 

area, we combined AHP and GIS and followed 

methodology described below [24, 25, 26]. Ten 

different layers of maps of the most significant criteria 

covering the study area were prepared using spatial 

analysis tools in Arc GIS 10.8, based on criteria selected 

in this study, the model of landfill site selection 

followed below steps:  

• Preparing a digital data set of spatial features 

using Arc GIS 10.8. 

• Creating buffer zones around critical areas using 

buffer tool.   

• Using expert opinion, government regulations, 

and literature to decide the weightings of the sub-

criteria. 

• Using AHP to determine the weightings of each 

criterion.  

• Finding suitability index for candidate sites.  

3.1. The Hierarchial structure for Landfill Site 

Selection  

The hierarchical structure was built based on the 

government regulations, previous research, opinions 
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of experts in urban planning, and data availability in 

the study area. The hierarchy consists of three levels 

(Figure 2). The first level includes two general 

categories: natural environment factors and artificial 

factors. The second level represents five factors 

including hydrological criteria, land, topographical 

criteria, accessibility, and social-cultural criteria. The 

third level includes all ten criteria that are used in this 

study.  

 

Figure 2: Landfill siting Hierarchical diagram 

Groundwater depth in the study area ranges from (8 to 

40) m below ground in most of the area; this depth is 

considered low. The landfill site must be situated in an 

area with deep groundwater table to minimize 

likelihood of groundwater pollution from solid waste 

leachate [27, 28].Surface water is one of the most 

significant factors in this study, because the study area 

has Dukan Lake at its southern border which is one of 

the major lakes in the region. This criterion is used in 

the study to keep surface water from and pollutants 

from solid waste leachate [29].  

Distance from residential areas is critical when it 

comes to landfill site selection. Solid waste landfills 

should not be close to residential areas including urban 

centers and villages [1]. In this context, residential 

areas are marked as restricted in this study.  

Elevation criterion was adopted in this study to 

address the risk of flooding and feasibility of landfill 

construction and waste transportation[30]. Slope is 

considered as a significant criterion to decide the most 

suitable site for landfill particularly from a 

construction and operations perspective, also steep 

slope would cause leachate drainage into lower lands 

[31]. 

Geological formation criterion describes the 

outcropped and subsurface lithology, landfill 

construction should not be close to unstable and active 

faults [24]. Road is an important criterion for landfill 

site selection. Distance from road to landfill should be 

sufficient to eliminate negative aesthetic impacts. 

Furthermore, landfills should be within a reasonable 

distance from road to facilitate waste transportation 

and reduce the cost [25].   

Land use classification was used to adopt land use 

criterion and were ranked based on their suitability for 

landfill site [24, 3]. Regarding soil criterion, three 

different types of soil can be identified, but soil of the 

study predominantly consist of alluvial and slop 

deposits. This criterion was incorporated into the 

study protect soils of the study area from pollution. 

Archeological sites criterion was used to preserve 

archeological sites from destruction. Landfills should 

be from a sufficient distance from archeological sites to 

reduce negative impact on them.  

3.2. Buffer Zones Around Restricted Sites  

Buffer zones were formed around some particular 

geographic featuers using spatial analysis tool in Arc 

GIS 10.8. Buffer zones are created to minimize or 

reduce the impact of landfill site on human health, the 

wider enevironment and complying with government 

regulations [8]. Literature and expert opinion were 

used to create buffer zones at a distnace from each 

featuer for the selected criteria, however due to land 

availability in the study area, some buffer zones were 

modified Table 1.  

Table 1: Suggested buffer zone values of the study 

Area 

No. Criteria Buffer Zone Researcher 

Suggestions 

1 Surface Water 1000 m [32, 33, 34] 

2 Roads 500 m [25, 24] 

3 Groundwater <8m [5, 35, 26] 

4 Elevation  >820 m [30, 21] 

5 Residential Area 1000 m [36, 37, 38, 25] 
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6 Slope >15 degrees [26, 5] 

7 Archeological Site 1000 m [39, 8, 24] 

8 Land Use Exclude 

Residential 

[11, 13, 24] 

3.3. Source of Data  

In order to prepare the final map of landfill site 

selection, a map layer for each criterion was created 

using Arc GIS 10.8 spatial analysis tool. The source of 

data comes from government agencies, international 

organizations and field work. The first source is 

government available data including geological 

formation, soil types[40], residential area, roads, land 

use, and archeological sites[41]. The second source of 

data is from international organization such USGS 

including elevation, slope, and surface water. 

Groundwater depth data was collected during field 

work and “Kriging” method was used to create 

groundwater table for study area. Arc GIS 10.8 was 

used to convert digital data into format file.  

3.4. Sub-Criteria Classification and Rating   

Each criterion was divided into sub-criteria and was 

given a rating value from (zero to ten) based on their 

suitability (Table 2.). Sub-criteria classification was 

performed based on data availability, literature, 

government regulations, expert opinion and land 

availability in the study area. In order to prepare layer 

maps for each criterion and sub-criteria, a number of 

functions were used in Arc GIS 10.8 spatial analysis 

tools such as “Buffer, Clip, Extract, Overlay, Proximity, 

Convert, Reclassify, and Map Algebra”.  

The layer of surface water was classified into two 

buffer zones, (0-1) km which is given suitability value 

of (0) to eliminate the risk of water pollution, and 

greater than (1) km which is given a rating value of (10) 

(Figure 3. A). for the groundwater layer map, 

“Kriging” method was used to obtain interpolation 

between groundwater depth for groundwater samples 

taken from wells in the study area. The groundwater 

level measurement was obtained during a field visit in 

2018. Landfill siting is significantly impacted by 

groundwater depth due to pollution through leachate 

leaking. In this paper, groundwater is classified into 

five classes of depth: (0-8) m, (8-16) m, (16-24) m, (24-

32), and greater than (32) m with rating values of 0, 3,  

Table 2: Sub-criteria Rating and Buffer Zone 

Number  Criterion Buffer Zones 
Rating 

Value 

1 
Surface Water 

(km) 

0-1 0 

>1 10 

2 
Groundwater 

(m) 

0-8 0 

8-16 3 

16-24 7 
24-32 9 

>32 10 

3 
Residential 

Area 

0-1000 0 
1000-1500 3 

1500-2000 7 
>2000 10 

4 Elevation (msl) 

420-520 8 

520-620 10 
620-720 9 

720-820 4 
>820 0 

5 Slope (degree) 

<5 10 

5-10 8 
10-15 6 

>15 0 

6 Roads (m) 

0-500 0 

500-1000 7 
1000-1500 8 

1500-2000 10 
>2000 6 

7 Land Use 

Residential 0 

Tourism 2 
Forestry 5 

Agriculture 5 
Unused Land 10 

8 Soil Types 

Chestnut Soils 

Shallow Phases 
6 

Chestnut Soils 

Deep Phases 
8 

Rough Broken 

Stony Land 
10 

9 
Geological 

Formations 

Aqra-Bekhma& 
Komitan 

2 

Slope and 
Alluvial fan 

Deposits 

6 

Balambo, 

Sarmord& 
Qamchuqa 

4 

ChiaGara, 
Barsrin& 

Naokelakan 

8 

Sehkanian& Sarki 10 

10 
Archeological 

Site (m) 

0-1000 0 

1000-2000 3 
2000-3000 5 

3000-4000 7 

>4000 10 

 

7, 9, and 10 respectively (Figure 3.B). Residential area 

layer map is divided into four classes, (0-1000) m, 
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(1000-1500) m, (1500-2000) m, and greater than (2000) 

m and receiving rating values of 0, 3, 7, and 10. In 

literature, most the researchers suggest a buffer zone 

of about 5 km, but due to land availability in the study 

area, the restricted buffer zone is created within (1) km 

(Figure 4.A). 

Elevation layer was obtained from Digital Elevation 

Model (DEM) for the study area and was classified into 

five categories including (420-520), (520-620), (620-

720), (720-820), and greater than (820) (MSL) and were 

given rating values of 8, 10, 9, 4, and 0 respectively. 

Appropriate elevation in this paper are given values of 

8, 9, and 10, but any elevation above (820) m are 

considered restricted and are given value of (0) (Figure 

4.B). Slope is divided into four classes: (0- 5), (5-10), (10-

15), and greater than (15) degrees. Based on literature 

and expert opinion the best slope to consider for 

landfill site selection is (5); this is to avoid leachate 

transportation to lower areas (Figure 4.C).  

The layer map of roads includes highways and main 

roads has been divided into five buffer zones of (0-500) 

m, (500-1000) m, (1000-1500) m, (1500-2000) m, and 

greater than (2000) m and they were given rating 

values of 0, 7, 10, 8, and 6 respectively (Figure 4.D). 

Land Use layer map was classified into five categories 

based on Ranya municipality land use classification 

into Residential, Tourism, Forestry, Agriculture, and 

Unused land which are given rating values of 0, 2, 5, 5 

and 10 respectively (Figure 5. A). 

Ministry of agriculture soil map was used to create soil 

map layer which is divided into three types of soils: 

Chestnut Soils Shallow phases, Chestnut Soils Deep 

phases and Rough Broken stony land. Rating values of 

6, 8 and 10 are given to each type of soil respectively 

(Figure 5.B). For the geological formation layer map, 

Aqr-Bekhma &Komitan formation was given a rating 

value of 2, Slope and Alluvial fan deposits a rating 

value of 6, Balambo, Sarmord &Qamchuqa formation 

a rating valyue of 4, Chia Gara, Barsarin & Naokelekan 

formation a rating value of 8 and Sehkanian & Sarki a 

rating value of 10 (Figure 5.C). The archeological site 

criterion was categorized into five buffer zones: (0-

1000) m, (1000-2000) m, (2000-3000) m, (3000-4000) m 

and greater than (4000) m.  Rating values of 0, 3, 5, 7 

and 10 were applied to the mentioned categories 

respectively (Figure 5.D). 

 

(a) 

 

(b) 

Figure 3. Buffer zones: (a) Surface Water, (b) Groundwater 

Depth. 
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(a) 

 

 

(b) 

 

(c) 

 

(d) 

Figure 4. Buffer zones: (a) Residential area, (b) Elevation, 

(c) Slope, (d) Roads. 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Figure 5. Buffer zones: (a) Land Use, (b) Soil Types, (c) 

Geological Formation, (d) Archeology site.  

3.5 AHP Method 

The analytical Hierarchy Process (AHP) was used to 

decide the relative weights for the criteria used in the 

present study using pairwise comparison matrix [42]. 

“AHP provides the judgment matrix by comparing the 

degree of significance of the relative element” [24]. The 

judgment process of pairwise comparison is done 

using a numerical scale of 9 points (Table 3.). The scale 

is used to signify the importance of one element in the 

matrix over another 9 being extreme importance while 

1 being equal importance.  

Pairwise comparison allows the decision maker to 

assess the contribution of each factor to the objective 

independently; this simplify the decision making 

process and allows the decision maker to choose the 

best strategy [38, 25]. 

Table 3. Relative importance Scale for the pairwise 

Comparisons [43] 

Importance 
Intensity  

Definition  

1 “Equal importance” 

2 “Equal to moderate importance” 

3 “Moderate importance” 

4 “Moderate to strong importance”  

5 “Strong importance” 

6 
“Strong to very strong 

importance” 

7 “Very strong importance” 

8 
“Very to extremely strong 

importance” 

9 “Extreme importance” 

 

The decision matrix consists of numbers that are 

represented by (m); while alternatives are given 

numbers represented by (n). In order to implement a 

pair comparison in the matrix, every alternative can be 

evaluated in terms of the decision criteria, and each 

criterion can be estimated by its weight (relative scale 

of importance) [24]. A pairwise comparison is build in 

which the values of (aij) when i=1, 2,…, m and j=1, 

2,…,n are used to indicate the performance values in 

terms of ith and jth in a matrix using equation (1) [38, 

24, 19]. 

𝑎𝑖𝑗 =
1

𝑎𝑖
 (1) 

The typical comparison matrix is represented as 

below [3]: 
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Geometric principles are used to calculate the 

eigenvectors for each row. The equation is presented 

as follows [24]: 

𝐸𝑔𝑖 = (𝑎11 × 𝑎12 × 𝑎13 … × 𝑎1𝑛)
1

𝑛
 (2) 

Where, 𝐸𝑔𝑖= eigenvalue for the row (i); n= number of 

variables in row (i). 
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Eigenevalue is normalized to 1 to compute AHP 

weight [44] as below: 

𝑃𝑟𝑖 =
𝐸𝑔𝑖

(∑ 𝐸𝑔𝑖
𝑛
𝑖=1 )

 (3) 

Maximum Lambada (λmax) is derived from the 

summation of products between each element of the 

AHP weight and the sum of columns of the reciprocal 

matrix, as presented below equation [26]: 

 

λ𝑚𝑎𝑥 = ∑ ⌈𝑊𝑗 ∑ 𝑎𝑖𝑗

𝑚

𝑖=1

⌉

𝑛

𝑗=1

 (4) 

Where, 𝑎𝑖𝑗 is the criteria in each column, 𝑊𝑗 is the 

weight of each criterion that corresponds to priority 

vector in the matrix.  

 Consistency index (CI) need to be computed to test 

consistency of decision matrix through the following 

equation [38]: 

𝐶𝐼 =
(λ𝑚𝑎𝑥 − 𝑛)

(𝑛 − 1)
 (5) 

Where, 𝐶𝐼 is consistency index, λmax is maximum 

lambada, 𝑛 is the number of the matrix. 𝐶𝐼  in this 

study is 0.12 

Inorder to ensure the consitency of pairwise 

comparison matrix, consistency judgement need to be 

tested [19]. Consistency ratio (𝐶𝑅) must be less 0.1 at 

all times. The consistnecy ratio is calculated by 

dividing the consitency index value (CI) by the random 

index value (RI) [45]. In this study RI= 1.45 because we 

have used 10 criteria Table 4. 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
 (6) 

(CR) in this study is 0.08 which is less than 0.1, thus it 

can be said that there is consistency and the AHP 

weight values are valid.  

Table 4. Random inconsistency indices[42, 44] 

n 1 2 3 4 5 6 7 8 9 10 11 12 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 

 

As mentioned previously, the weights of each factor 

were determined based on expert opinion in the 

pairwise comparison matrix (Table 5) 

Table 5. Pairwise comparison matrix to determine 

importance and weight of criteria 

 A B C D E F G H I J Weights% 

A 1.00 1.00 0.50 4.00 4.00 3.00 4.00 3.00 3.00 2.00 17 

B 1.00 1.00 0.33 2.00 2.00 2.00 3.00 3.00 4.00 2.00 13 

C 2.00 3.00 1.00 4.00 3.00 4.00 4.00 4.00 7.00 6.00 25 

D 0.25 0.50 0.25 1.00 0.50 0.50 2.00 3.00 5.00 5.00 9 

E 0.25 0.50 0.33 2.00 1.00 0.50 2.00 2.00 3.00 3.00 8 

F 0.33 0.50 0.25 2.00 2.00 1.00 6.00 5.00 3.00 3.00 12 

G 0.25 0.33 0.25 0.50 0.50 0.17 1.00 3.00 3.00 3.00 6 

H 0.33 0.33 0.25 0.33 0.50 0.20 0.33 1.00 2.00 2.00 4 

I 0.33 0.25 0.14 0.20 0.33 0.33 0.33 0.50 1.00 2.00 3 

J 0.50 0.50 0.17 0.20 0.33 0.33 0.33 0.50 0.50 1.00 3 

(A) Groundwater Depth; (B) Surface Water; (C) 

Residential area; (D) Soil; (E) Elevation; (F) Slope; (G) 

Geological Formations; (H) Land Use; (I) Roads; (J) 

Archeological site. 

4. Results and Discussion 

After calculating the weights of the ten criteria from 

the pairwise comparison matrix, weighted overlay was 

performed for all map layers to obtain the landfill 

suitability map (Figure 6). Three classes of suitability 

index were obtained which are unsuitable, moderately 

suitable and suitable. The total matching area for 

unsuitable areas was about (75.62) km2 which 

represents (98.47%) of the study area. Moderately 

suitable category represents a very small portion of the 

study area which is (0.0023) km2 or (0.003%). The 

suitable area was (1.17) km2 which represents (1.52%) 

of the study area. 

The analysis shows most of the study area is unsuitable 

(98.47%) for landfill site construction; this is largely 

due to limited land availability due to rapid 

urbanization in the study area. Also, the study area is 

surrounded by a series of mountains from east, north, 

and west and Dukan Lake from the southern border 

which makes it difficult for decision makers and 
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authorities to decide on a landfill site. However, with 

the aid of GIS and AHP this study is proposing three 

suitable sites for landfill construction in Ranya city. 

The proposed sites have minimal impact on residential 

areas, agricultural land and are within a safe distance 

from Dukan Lake. The area of site (1) is (0.29) km2, site 

(2) is (0.12) km2 and site (3) is (0.098) km2. The sites 

proposed as suitable were validated with field visit. 

Generally, suitable sites comply with landfill site 

characteristics. However, a careful feasibility study 

should be conducted on the proposed sites to reduce 

environmental, economic and social impacts.  

In Ranya city, the quantity of solid waste in 2038 is 

expected to be (99,209.5) tones with a population of 

(319,773) but the projected cumulative quantity of 

solid waste from 2018 to 2038 is expected to be 

(364,167.8) tones. Based on the solid waste density 

average of (450 kg/ m3) by Ministry of Municipality, 

the expected volume of cumulative waste in 2038 is 

(675,927) m3. Hence, the required area to hold the 

expected volume of solid waste in the study area is 

(0.16) km2.  

 

Figure 6. Landfill suitability map and candidate sites in 

the study area 

5. Conclusions 

Despite the growing concern of rapid solid waste 

generation rate, the current waste dumping sites in 

Rany city do not comply with necessary 

environmental and scientific standards. The aim of this 

research was to select suitable landfill sites in Ranya 

City using GIS and AHP method by taking into 

consideration 10 criteria including groundwater, 

surface water, residential areas, soil, elevation, slope, 

geological formations, land use, roads and 

archeological sites.  

Ten map layers were prepared using Arc GIS 10.8 and 

the criteria weightings were calculated from the AHP 

method using a pairwise comparison matrix. GIS has 

the ability to process large volume of data from various 

sources, and AHP allows for consistency check. The 

suitability map was produced using weighted overlay 

for the ten map layers. Three classes of suitability index 

were identified: unsuitable with a total matching area 

of 75.62 km2 (98.47%), moderately suitable represents 

0.0023 km2 (0.003%) of the study area and suitable area 

with a total area of 1.17 km2 (1.52%) of the study area.  

The results signify that (98.47%) of the study area is not 

suitable for landfill construction, this mostly due to 

land availability as a huge portion of the study area is 

already occupied by residential area including Ranya 

city and surrounding villages. In addition, natural 

geographic features such mountains and Dukan Lake. 
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