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Abstract 
The selecting of a site for landfill is considered as a difficult process because 
many criteria should be involved. The main aim of establishing a landfill is to 
protect the human and environment. Al-Qasim district is considered as the 
study area in this work. It is one of the main districts in Babylon Governorate,
Iraq. There is no systematic site as landfill that fulfil the environmental and 
scientific criteria in this area. Therefore, the most important fifteen criteria
that suited the environmental requirements were selected in the current study.
These criteria are: groundwater depth, urban centers, rivers, villages, soil types, 
elevation, roads agricultural land use, slope, land use, archaeological sites,
power lines, gas pipelines, oil pipelines and railways. Two methods of multi 
criteria decision making AHP (analytical hierarchy process) and SRS (straight 
rank sum) were applied to obtain the weights of criteria in dissimilar styles. 
The raster maps of the selected criteria were prepared and analyzed within the
GIS software. Then, the change detection method was implemented to com-
pare the two output raster maps resulted from AHP and SRS methods. Two 
appropriate candidate sites for landfill were selected to accommodate the cu-
mulative solid waste until the year 2030 in Qasim district. The areas of these 
sites were 2.766 km2 and 2.055 km2 respectively. 
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1. Introduction 

Solid Waste Management is considered a source of concern in developing coun-
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tries due to many factors, which effects on human health and environmental, 
where they arise from open dumping sites that are often commonly used in the 
disposal of waste randomly [1]. In developed countries, there are many processes 
to achieve a proper management for solid waste such as recycling, minimizing 
the waste, recovery of energy, reuse, and landfill [2]. Even if other techniques of 
waste management are used, a landfill site is considered very necessary to a solid 
waste management system to accommodate unused materials or the remains 
parts of waste that burn, because landfill is simple to use and relatively inexpen-
sive [3] [4] [5]. Therefore, many previous studies were interested with the most 
details of landfill management within the last two decades, especially selecting an 
appropriate site for landfill [6] [7]. The selection site for landfill is considered 
one of the difficult processes related to solid Waste Management systems and a 
major concern for decision-makers and official authorities. This process is sub-
jected to many factors and constraints such as government funding, government 
regulations, increasing population growth rate, growing environmental aware-
ness, public health, protecting the environment, reductive of available land for 
landfills, improving standards of living and increasing political and social oppo-
sition to the landfill sites’ establishment [8] [9].  

Geographic information system (GIS) and multi-criteria decision making 
methods are represented powerful and integrated tools used to solve the prob-
lem of selecting sites for landfill. GIS plays an important role for selecting a site 
for landfill. It reduces time and cost in the process of landfill siting, as well as 
having a high capability to manage large volumes of data from variety of sources. 
Multi criteria decision methods (MCDA) often help decision-makers to handle 
the large amount of complex information [2] [10] [11]. Analytical hierarchy 
process (AHP) and SRS (straight rank sum) are considered as examples of such 
methods. AHP was developed originally by Saaty [12] in 1980 to derive the 
weights of criteria using pair wise comparison matrix. SRS is considered one of 
the multi criteria making methods, where this method was adopted on giving the 
weights for criteria directly [13].  

In this study, the Change Detection method was used to compare two raster 
maps that were resulted from using the AHP and SRS methods, where this me-
thod was used to determine the pixels’ percentage of matching and non-match- 
ing for two maps.  

The main aim of this study is determined suitable candidate sites for landfill 
in Al-Qasim Qadhaa, Babylon Governorate, Iraq through using two methods of 
multi-criteria decision making (AHP and SRS) and GIS software. In addition, 
the resultant maps of two methods were compared using the Change Detection 
method to determine the proportion of areas for matching and non-matching.  

2. Methodology  
2.1. Study Area 

Al-Qasim Qadhaa was formed newly and considered one of the five major cities 
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of Babylon Governorate, Iraq. It is situated in the southern part of the Babylon 
Governorate. Al-Qasim Qadhaa includes two cities are Al-Qasim and Al-Ta- 
lyaah. This Qadhaa occupies an area of 637 km2 [14]. It is located between lon-
gitude 44˚27'41"E and 44˚49'24"E, and latitude 32˚25'53"N and 32˚5'53"N 
(Figure 1). The estimated population of Al-Qasim district was 201,664 inhabi-
tants in 2016 with the annual population growth rate of 2.99% [15].  

2.2. Sources of Required Maps 

For preparing the required maps for this study, many sources were used for this 
purpose. One of these sources was as digital maps (shape files). These maps are: 
topography, slope, river, road, urban centers, villages, archaeological sites, gas 
pipelines, oil pipelines, power lines and railways, where these maps were adopted 
according to the internal reports of the Iraqi Ministry of Education [16]. The 
second source for preparing the required maps was the available data which was 
entered in GIS, where the readings of 170 wells for the depths of groundwater 
were entered into GIS to generate an interpolation between them using the spa-
tial extension tool called Kriging in order to produce the digital map of ground-
water depth in Al-Qasim Qadhaa [17]. The third sources which were used to 
produce the required maps in this study were the published maps. These maps 
were prepared within GIS using spatial analysis tools as a separate shape file us-
ing the relevant information in each map, and then they were converted to the 
digital maps. The digital map of “agricultural land” was determined using the 
published map of land capability of Iraq (scale 1:1,000,000) [18], and it was 
checked by analyzing satellite images of the Babylon Governorate from 2011 [19]. 
The digital map of “soil types” was obtained using the map of exploratory soil of 
Iraq was used (scale 1:1,000,000) [20]. The map of industrial areas (scale 1: 
400,000) [14] shows industrial locations within this Qadhaa, while the map arc-  
 

 
Figure 1. The study area across Al-Qasim Qadhaa, Babylon Governorate, Iraq. 
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haeological sites of Iraq scale (1:1,500,000) [21] displays the important archaeo-
logical and religious sites in this Qadhaa.  

2.3. Preparing Rating Values for Sub-Criteria 

In this study, based on literature review and opinion of experts in this field, dif-
ferent requirements and regulations as well as available data about the study area, 
each criterion was classified into categories (sub-criteria), and each category was 
given a suitability rating value. In order to prepare each criterion and sub-crite- 
ria, there were a number of steps that were performed in GIS environment using 
special analysis tools (e.g., buffer, clip, extract, overlay, and map algebra, etc.) as 
shown in (Figure 2 & Figure 3) and (Table 1).  
 

 
Figure 2. Maps of suitability indexes of (a): Ground water depth; (b): Rivers; (c): Elevation; (d): Slope; (e): 
Soil types; (f): Land use; (g): Agricultural land use; (h): Roads; (i): Railways. 
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Figure 3. Maps of suitability indexes of (a): Urban centers; (b): Villages; (c): Archaeological sites; (d): Gas pipelines; (e): Oil pipe-
lines and (f): Power lines. 

2.4. Multi-Criteria Decision Making Methods 
2.4.1. Analytical Hierarchy Process (AHP) 
The Analytic Hierarchy Process (AHP) was developed by Thomas Saaty in 1980 
to solve a complicated decision problem into simpler decision problems. AHP is 
used a matrix of pair wise comparison to derive the relative weights for criteria, 
rather than scoring weights directly, which used in other methods of Multi Cri-
teria decision making. This method has high capability to assess the consistency 
of judgments, and mathematical foundation [22].  

In the Analytic Hierarchy Process, the numerical scales of 9-points are used, 
where each point equates to an expression of the relative importance between 
each two criteria [12]. After selecting the number of all criteria (n) for compari-
son purpose, AHP method was used the following steps to derive the weight for 
each criterion [23].  

The typical matrix of the pair wise comparison (A


