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Abstract 
Selecting a landfill site is an optimal solution for the disposal of solid waste in 
Al-Mahawil Qadhaa, both to fulfill the environmental and scientific require-
ments, and to comply with regulations and restrictions in this Qadhaa. Present-
ly, there is no landfill site in the area that meets the scientific site selection cri-
teria. Therefore, in this study, two methods of multi-criteria decision-making 
and Geographic Information System (GIS) were used to produce a map of 
candidate sites for landfill. Fifteen criteria were entered within GIS: ground-
water depth, rivers, soil types; agriculture lands use, land use, elevation, slope, 
gas pipelines, oil pipelines, power lines, roads, railways, urban centers, villages 
and archaeological sites. The Analytical Hierarchy Process (AHP) is the first 
method that was applied to derive criteria weightings using the matrix of pair- 
wise comparisons. The second method was the Ratio Scale Weighting (RSW), 
which is based on experts’ opinion, in order to identify the criteria weightings 
by giving a ratio score value for each criterion relative to the other criteria. 
Accuracy assessment (Kappa and Overall Assessment) methods were used to 
compare the two raster maps which resulted from the two models, and to de-
termine the percentage value of matching pixels for the two maps. Two suita-
ble candidate sites for landfill were identified that satisfy the requirements 
with an area of 2.218 km2 - 2.950 km2 in order to accommodate the solid 
waste generated from the Qadhaa in the period 2020 to 2030. 
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1. Introduction 

The term “Municipal solid waste” (MSW) is used for waste that is produced in 
urban areas, and which is not uniform in characteristics or content. The proper-
ties and quantity of generated waste in a region are based on the lifestyle of in-
habitants in the region, the standard of living, increasing levels of commercial 
and industrial activities, as well as the type and quantity of the natural resources 
in a region. The major components of urban waste are often divided into two 
types: organic and inorganic [1]. Solid Waste Management includes many processes 
such as the incineration and burial of waste in landfills, recycling, reducing 
quantities of waste, and re-using [2]. Landfill sites are considered necessary to 
manage waste, even if other techniques of waste management are adopted. In 
countries that burn their waste, a suitable landfill site to dispose of the resulting 
ashes from burning is still required [3] [4]. The process of landfill siting is sub-
ject to several factors, including public health concerns, growing environmental 
awareness, government regulation, government and municipal funding, increasing 
political and social opposition to the establishment of landfill sites, and reduced 
land availability for landfills. Therefore, this process is considered to be one of 
the most complex tasks for planners and authorities [5]. 

Presently, there is no landfill site in Mahawil Qadhaa that meets the relevant 
scientific and environmental criteria used in developed countries. There are only 
four waste disposal sites distributed throughout the cities of the Qadhaa [6]. 
Therefore, the integration of GIS and multi-criteria decision making methods 
were used to solve the problem of landfill siting in Mahawil Qadhaa, Babylon, 
Iraq. GIS has a high ability to manage large volumes of spatial data from a varie-
ty of sources. Consequently, GIS plays a significance role in contributing to the 
selection of a landfill site [7] [8] [9]. 

In this study, two types of methods of multi-criteria decision making were used: 
The Analytic Hierarchy Process (AHP) method, and the Ratio Scale Weighting 
method. The AHP is one of the most common decision making methods, with a 
high ability to solve complex problems in different fields [10] [11]. AHP was de-
veloped by [10], and it is used to determine the consistency of weightings for 
criteria through constructing a matrix of pair-wise comparisons. In the litera-
ture, many candidate sites have been identified among several potential landfill 
sites using GIS and AHP (e.g. [12]-[18]). In the Ratio Scale Weighting method, 
the weightings of criteria were given in the direct way based on the opinion of 
experts, a literature review and the relative importance of each criterion to oth-
ers. [19] [20] [21] implemented the Ratio Scale Weighting method with GIS in 
their research to produce the criteria weightings in the solving the problem of 
sites selection for landfill. 

The accuracy assessment method is used in this study to make a comparison 
between two raster maps that were produced using the AHP and RSW methods. 
Accuracy assessment methods (Kappa and Overall Assessment) were used to 
evaluate the output images and measure the correlation between the two input 
image classifications from the two models. The Kappa technique was developed 
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by [22]. 
This study seeks to select suitable sites for landfill that fulfill the scientific and 

environmental criteria in Al-Mahawil Qadhaa, Iraq, by using the Analytic Hie-
rarchy Process (AHP and RSW) methods within a GIS environment. Appling 
the accuracy assessment (Kappa and Overall Assessment) method was done in 
order to compare the output raster maps that resulted from multi-criteria deci-
sion making models. 

2. Study Area 

Al-Mahawil Qadhaa consists of the four cities of Al-Mahawil, which is consi-
dered to be the administrative center of Al-Mahawil Qadhaa, Al-Neel, Al-Ma- 
shroa, and Al-Imam. Al-Mahawil Qadhaa is located in the northern part of the 
Babylon Governorate, where this Qadhaa connects the Babylon Governorate via 
many roads with the Iraqi capital, Baghdad. It is situated between longitude 
44˚18'15"E and 45˚2'7"E, and latitude 32˚50'8"N and 32˚25'52"N (Figure 1). 

The area of Al-Mahawil Qadhaa is 1716 km2, which constitutes 32.3% of the 
total area of the Babylon Governorate [23]. The population of Al-Mahawil Qad-
haa was 356,550 in 2015, according to the statistics of the [24]. This figure 
represents 17.02% of the total population in the governorate. The proportion of 
rural population in Al-Mahawil Qadhaa was 77.4% in 2015, which constituted 
the highest percentage when compared with the other cities in the Babylon Go-
vernorate. 

3. Determination of Sailable Criteria 

In each study area, there are many criteria and factors should be taken into con-
sideration when selecting suitable sites for landfill to meet the established scientific  
 

 
Figure 1. Study area of the Al-Mahawil Qadhaa. 
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and environmental criteria based on previous studies in this field, expert’s opi-
nions and available data about the study area. Fifteen of criteria were selected 
from different sources. These criteria used are groundwater depth, rivers, soil 
types, agriculture lands use, land use, elevation, slope, gas pipelines, oil pipelines, 
power lines, roads, railways, urban centers, villages and archaeological sites. 

4. Preparing the Required Maps 

Many steps were implemented within the GIS in order to produce the final re-
quired layers as raster maps in this study using special analysis tools (e.g. Buffer, 
Clip, Extract, Overlay, Proximity, Convert, Reclassify and Map Algebra, etc.). 
Many sources were used to prepare the raster maps within GIS, one this source 
was individual shape files (river, road, urban centers, villages, topography, slope, 
archaeological sites, gas pipelines, oil pipelines, power lines and railways) which 
were obtained accordingly using the internal reports of the Iraqi [25]. The second 
source was available data which was prepared and produced in GIS software (e.g. 
data for 170 wells of groundwater depths in Babylon Governorate and its sur-
rounding areas were entered into GIS to generate interpolation between these 
data using the spatial analysis tool called as Kriging [26], and then the spatial 
analysis tool “Extract by mask” used to produce the raster map of groundwater 
depth in Babylon Governorate and Al-Mahawil Qadhaa respectively. The third 
source was produced raster maps drown from published maps. The raster map 
of “Agricultural land use” was prepared based on the map of land capability of 
Iraq (scale 1:1000000) [27]. Then it checked on the satellite images of Babylon 
Governorate dated 2011 [28]. The create the digital map of “soil types” in Al- 
Mahawil Qadhaa, the map of exploratory soil of Iraq (scale 1:1,000,000) was used 
for this purpose [29]. To obtained the locations of industrial areas within this 
Qadhaa as a digital map, the published map of industrial areas (scale 1:400,000) 
[23] was used. The digital map of archaeological sites in this Qadhaa was generated 
based on the relevant information on the archaeological map of Iraq (scale 
1:1,500,000) [30]. 

4.1. Input Data 

To prepare the rating values of the sub-criteria for each criterion, the raster map 
of each criterion was divided into categories, and each category was given a 
suitable rating value based on the opinion of experts, previous studies in this 
field and various required and available data related to the present study [31] 
[32] (Table 1). For the “groundwater depths” layer, according to groundwater 
depth readings, depths of more than 6, between 4 - 6 m, 2 - 4 m and 0 - 2 m were 
given ratings values of 10, 6, 4, and 1 respectively (Figure 2(a)). In the “river” 
layer, in order to reduce the potential for river contamination from landfill, a 
distance of less than 1000 m from the boundaries of a river was adopted, and it 
was assigned zero. A distance of more than 1000 m was scored as 10 (Figure 
2(b)). The layer of “elevation” was divided into four categories according to the 
digital elevation model (DEM) of the study area. Elevation areas between 16 - 22 m 
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Table 1. Description of the sub-criteria buffer zones, the ratings of sub-criteria. 

No. Criterion Buffer Zone Sub-criteria Ratings 

1 Groundwater depth (m) 

0 - 2 1 
2 - 4 4 
4 - 6 6 
>6 10 

2 Rivers (km) 
0 - 1 0 
>1 10 

3 Elevation (a.m.s.l.) 
16 - 22 3 
22 - 28 5 
28 - 34 7 

  >34 10 
4 Slope (degree) 0 - 5˚ 10 

5 Soils types 

Soil 7 (A) 10 
Soil 6 (B) 9 
Soil 5' (C) 8 
Soil 5 (D) 7 
Soil 4 (E) 6 
Soil 11 (F) 3 

6 Land use 

Industrial Area 0 
Urban Centers 0 

Villages 0 
Rivers 0 

Archaeological 0 
Agricultural lands 0 

Orchards 5 
Unused lands 10 

7 Agricultural land use 
Agricultural land 0 

Orchards 5 
Unused land 10 

8 Roads (m) 

0 - 500 0 
500 - 1000 7 
1000 - 2000 10 
2000 - 3000 5 

>3000 3 

9 Railways (m) 
0 - 500 0 
>500 10 

10 Urban centers (km) 

0 - 5 0 
5 - 10 10 
10 - 15 7 

>15 4 

11 Villages (m) 
0 - 1 0 
>1 10 

12 Archaeological sites (km) 
0 - 1 0 
1 - 3 5 
>3 10 

13 Gas pipelines (m) 
≤300 0 
˃300 10 

14 Oil pipelines (m) 
≤75 0 
˃75 10 

15 Power lines (m) 
≤30 0 
˃30 10 
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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, and (j) Urban 
centers. 
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above mean sea level (a.m.s.l.), between 22 - 28 m (a.m.s.l.), between 28 - 34 m 
(a.m.s.l.) and greater than 34 m (a.m.s.l.) were given grading values of 3, 5, 7 and 
10 respectively (Figure 2(c)). In Al-Mahawil Qadhaa, all lands have a slope of 
less than 5˚, and they were given a score of 10 (Figure 4(d)). The layer map of 
“soil types” in this Qadhaa includes six types of soils according to Buringh 
(1960) (Figure 2(e)). These soil types are: periodically flooded soils 7 (A), basin 
depression soils 6 (B), river basin soils, poorly drained phase 5 (C), river basin 
soils, poorly drained phase 5 (D), river levee soils 4 (E) and active dune land F 
(11). After merging all these soil types into a single layer within GIS, they were 
giving scores of 10, 9, 8, 7, 6 and 3 respectively. The “land use” layer consists of 
ten categories. These categories are urban centers, villages, industrial areas, arc-
haeological sites, rivers, agricultural land, orchards and unused land. The cate-
gories of “orchards” and “unused lands” were assigned scores of 5 and 10 re-
spectively, whereas other categories were given a score of zero (Figure 2(f)). The 
map layer of “agricultural land use” was divided into three categories. The cate-
gories of “agricultural land”, “unused land” and “orchards” were given scores of 
zero, 5, and 10 respectively (Figure 2(g)). The layer of “roads” comprises main 
roads and highways. The layer was divided into five categories: buffer zones of 
greater than 3 km, buffer zones of 2 - 3 km, buffer zones of 1 - 2 km, buffer 
zones of 0.5 - 1 km and less than 0.5 km were given grades of 3, 5, 10, 7 and zero 
respectively (Figure 2(h)). For the layer of “railway”, buffer zones of less than 
500 m on both sides of the railway were given a score of zero. Buffer zones 
greater than 500 m were assigned of score of 10 (Figure 2(i)). The map of “ur-
ban centers” layer was divided into four categories. Buffer zones of 5 - 10 km, 
buffer zones of 10 - 15 km, buffer zones of more than 15 km and buffer zones of 
less than 5 km were given scores of 10, 7, 4 and zero respectively (Figure 2(j)). 
For the layer of “villages”, buffer zones of less than 1 km were graded zero, while 
buffer zones greater than 1 km were scored 10 (Figure 3(a)). For the “archaeo-
logical sites” layer, a buffer zone of less than 1 km, buffer zones of 1 - 3 km 
around these areas, and buffer zones of more than 3 km were given grading val-
ues of zero, 5 and 10 respectively (Figure 3(b)). Buffer zones of more than 300 
m in the “gas pipelines” layer; buffer zones of more than 75 m in the “oil pipe-
lines” and buffer zones of more than 30 m in the layer of “power lines” were 
given scores of 10. Buffer zones which were less than these values were given a 
grading value of zero (Figure 4(c), Figure 4(d) and Figure 4(e)). 

4.2. Multi-Criteria Decision Methods 

To produce the criteria weightings for this study, two methods were used: Ana-
lytical Hierarchy Process (AHP) and Ratio Scale Weighting. In each method, two 
different procedures were used to estimate the weightings for criteria, and then 
these weightings were implemented on their maps’ layers within GIS to produce 
the suitability index map for landfill siting in Al-Mahawil Qadhaa. These me-
thods are given below. 
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Figure 3. Maps of suitability indexes of (a) Villages, (b) Archaeological sites, (c) Gas pipelines, (d) Oil pipelines and (e) Power 
lines. 

4.3. Analytical Hierarchy Process (AHP) Method 

The Analytic Hierarchy Process was developed by [10], and it was used to calcu-
late the relative importance of criteria (significant weightings) for the present 
study through using a pair-wise comparisons matrix. The decision-makers con-
tributed their experience and judgment in the evaluation of the relative impor-
tance of each criterion compared to the others, and then in building a pair-wise 
comparisons matrix using a numerical scale consisting of 9 points. Each point 
equates to an expression of the relative importance of the two factors. 

The eigenvectors (Egi) were estimated based on multiplying the value for each 
criterion in each column in the same row in a matrix under the root for numbers  
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Figure 4. Pair-wise comparison matrix for landfill siting using AHP, eigenvector and significance weightings. 

 
of elements in this row. This process was applied to each row (Figure 4). The 
relative weighting for each criterion (priority vector (Pri)) was calculated through 
a normalized eigenvalue for each criterion to 1 by dividing each weight by its 
sum. The consistency between the relative weightings of criteria obtained from 
the matrix of pair-wise comparisons was checked by estimating the Consistency 
Ratio (CR = CI/RI), where ((CI = (λmax − n/n − 1)), and the Consistency Index 
(λmax) is obtained from the sum of the products of multiplying the sum of each 
column of the matrix by the corresponding value of the priority vector, where n 
is number of criteria. RI is the mean deviation of randomness for matrices with 
different sizes [10] [33]. 

In this study, the values of CI = 15.61, and RI15 = 1.59. If the Consistency Ra-
tio value is smaller than 0.1, then the consistency is acceptable. Thus, the CR 
value was 2.7 < 0.1. 

4.4. The Ratio Scale Weighting (RSW) Method 

The decision process in the Ratio Scale Weighting (RSW) method is based on 
allocating a suitable ratio score value for each criterion, where the value of 100 is 
given to the most important criterion to be the basis for the values of other crite-
ria. Values smaller than 100, are proportionally allocated to criteria that are low-
er in the order according to the importance of each criterion with respect to the 
others [34]. To estimate the original weightings for criteria (Ri) using the Ratio 
Scale Weighting (RSW) method, the value of proportional weight of each crite-
rion was divided by the value of proportional weight of the lowest importance 
criterion. Then, the normalized weights for criteria of the RSW method were es-
timated using Equation (1) (Table 2). 

1

1, 2, ,i
i n

jj R
i n

R
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==
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                  (1) 
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Table 2. The criterion weightings defined for the Ratio Scale Weighting (RSW) method. 

No. Criteria Ratio scale value Original weight (Ri) Normalized weight (Wi) 

1 Groundwater depth 100 20 0.2012 

2 Urban centers 74 14.8 0.1489 

3 Rivers 73 14.6 0.1469 

4 Villages 52 10.4 0.1046 

5 Elevation 35 7 0.0704 

6 Soils types 35 7 0.0704 

7 Slope 23 4.6 0.0463 

8 Roads 23 4.6 0.0463 

9 Agricultural land use 23 4.6 0.0463 

10 Land use 15 3 0.0302 

11 Archaeological sites 15 3 0.0302 

12 Power lines 10 2 0.0201 

13 Gas pipelines 7 1.4 0.0141 

14 Oil pipelines 7 1.4 0.0141 

15 Railways 5 1 0.0100 

 Sum 
 

99.4 1 

 
where: 

Wi: is the normalized weight of each criterion which was divided by the Orig-
inal weight of each criterion by their sum; Ri: the Original weight of each crite-
rion of area i under criterion j; n: number of criteria. 

4.5. Analysis Process Methods 

To obtain the final maps of suitability index for landfill siting, overlaying analy-
sis was performed on the layers maps of criteria, which were entered within GIS. 
The method of Weighted Linear Combination (WLC) was applied on all criteria 
using the spatial analysis tool “Map Algebra”. This method was used based on 
the following Equation (2): 

1
n

i j ijjA W C
=

= ×∑                       (2) 

where: 
Ai is the suitability index for area i, Wj is the relative importance weighting of 

the criterion, Cij is the grading value of area i under criterion j, and n is the total 
number of criteria [35] [36]. 

In summary, the suitability index was calculated for each final map of the 
AHP and the RSW methods through the sum of the products of multiplying the 
rating values of the sub-criteria for each criterion (based on the opinion of ex-
perts in this field) (Table 1) by the weight of each criterion which was calculated 
using the AHP and RSW methods (Table 3). 
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Table 3. The values of criteria’s weightings which were estimated from the AHP and 
RSW methods. 

No. Criterion Criterion’s weight (AHP) Criterion’s weight (RSW) 

1 Groundwater depth (m) 0.2004 0.2012 

2 Rivers (km) 0.1471 0.1469 

3 Elevation (a.m.s.l.) 0.0709 0.0704 

4 Slope (degree) 0.0463 0.0463 

5 Soils types 0.0709 0.0704 

6 Land use 0.0302 0.0302 

7 Agricultural land use 0.0462 0.0463 

8 Roads (m) 0.0463 0.0463 

9 Railways (m) 0.0107 0.01 

10 Urban centers (km) 0.1471 0.1489 

11 Villages (m) 0.1038 0.1046 

12 Archaeological sites (km) 0.0302 0.0302 

13 Gas pipelines (m) 0.0146 0.0141 

14 Oil pipelines (m) 0.0146 0.0141 

15 Power lines (m) 0.0207 0.0201 

 
The suitability index maps for landfill siting in Al-Mahawil Qadhaa were pro-

duced using the AHP, RSW and WLC methods. Each map was divided into four 
categories. The four categories with their areas and also their proportion in the 
AHP method are as follows: “unsuitable”, 27.923 (1.48%) km2; “moderately suita-
ble”, 414.667 (21.9%) km2; “suitable”, 1070.55 (56.56%) km2; and “most suitable” 
379.749 (20.06%) km2 (Figure 5(a)). 

In the Ratio Scale Weighting (RSW) method, the area of each category with 
their proportions is as follows: “unsuitable”, 29.854 (1.58%) km2; “moderately 
suitable”, 413.684 (21.85%) km2; “suitable”, 1070.64 (56.56%) km2; and “most 
suitable”, 378.715 (20.01%) km2 (Figure 5(b)). 

4.5.1. Combination of Maps 
In order to combine the maps that resulted from the two methods (AHP and 
RSW), each map was classified into four categories and the same range was used 
for each map and each category. The four categories were: unsuitable, mod-
erately suitable, suitable and most suitable (Figure 6). Each category within 
maps has a number of pixels and, consequently, this help in the combination 
process. In order to combine two maps, the raster maps were entered into GIS, 
and the special analysis tool ‘Local’ and then ‘Combine’ were used. The resultant 
databases were exported to an Excel file. To create the matrix of data which will 
be used in estimating the error matrix of accuracy assessment methods (Kappa 
and Overall Assessment) between the two maps, the special analysis tools “Data 
Management Tools”, “Table” and “Pivot Table” were used, and then the file was 
saved as a dBase type file. 
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Figure 5. Final maps of suitability index for landfill sitting using (a) AHP method and (b) the RSW method. 

 

 
Figure 6. Categories of suitability index and number of pixels resulting from the two maps. 

4.5.2. Accuracy Assessment Methods (Kappa Overall Assessment) 
The Kappa technique was introduced by [22], and it is used to estimate the 
agreement between a raster map of a prediction model and a raster map which 
has real geographic features in special locations using the error or correlation or 
covariance matrix [37]. In this study, The Kappa technique was used to measure 
the relationship between the databases of similar categories (four categories) for 
two output images maps which were produced using the AHP and RSW me-
thods using a correlation matrix. After combining the four categories of the two 
raster maps within GIS, and then importing the data into an Excel file. The cor-
relation matrix was created and imported its data into excel file (Table 4). 

The Kappa technique was used to measure the association or agreement be-
tween the output images resulting from the different analysis methods that pro-
duced the AHP raster map, which is considered an essential map for compari-
son, and the RSW raster map, using the correlation matrix. Cohen’s Kappa is 
computed as follows [38]. 

( )
( )

1 1
2

1

r r
ii i ii i

r
i ii

N X X X
K

N X X
+ += =

+ +=

− ×
=

− ×
∑ ∑

∑
                 (3) 
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Table 4. The correlation matrix resulting from combining the final maps from the AHP 
and RSW methods. 

Category RSW-1 RSW-2 RSW-3 RSW-4 Sum 

AHP-1 44,682 3016 65 0 47,763 

AHP-2 0 659,794 2051 60 661,905 

AHP-3 0 679 1,709,979 2564 1,713,222 

AHP-4 0 0 998 604,843 605,841 

 
44,682 663,489 1,713,093 607,467 3,028,731 

 
where: 

N: total number of cells in the error matrix, r: number of rows in the matrix, 
Xii: total number in row i and in column i, X+i: the total for row i, Xi+: the total 
for column i. 

The value of Kappa for the correlation matrix was estimated based on (Table 
2) using Equation (3), as follows: 

N = 3,028,731, N2 = 9.17321E + 12, Xii = (44,682 + 65,9794 + 1,709,979 + 
604,843) = 3,019,298, (X+i × Xi+) = ((47,763 × 44,682) + (661,905 × 663,489) + 
(1,713,222 × 1,713,093) + (605,841 × 607,467) = 3.74424E + 12 

( ) ( )
( )

3,028,731 3,019,298 3.74424E 12
99.474

9.17321E 12 3.74424E 12
K

× − +
= =

+ − +
 

The Cohen’s Kappa value between the categories of the two maps obtained 
from the AHP and the RSW methods was equal to 99.474%, and it was consi-
dered a high level of agreement according to [39]. The error value of the correla-
tion matrix was 0.526%. 

In order to calculate the accuracy of the overall assessment value (OA) be-
tween the two maps from the AHP and RSW methods, the summation values of 
cell numbers along the major diagonal (DV) was divided by the total value of 
cells in the correlation matrix (TV). The accuracy of Overall Assessment is esti-
mated as follows. 

DVOA 100
TV

= ×                          (4) 

where: 
OA: The overall assessment value that was resulted from comparison between 

the two maps using the AHP and RSW methods, DV: the summation values of 
cell numbers along the major diagonal for the matrix, TV: the total value that 
resulted from summation the values of cells in the correlation matrix. 

The overall assessment value for the matrix of correlation was computed using 
Equation (4) based on (Table 2), as follows: 

( )44,682 659,794 1,709,979 604,843
OA 100% 99.689%

3,028,731
+ + +

= × =  

In this study, through using two methods (Kappa and Overall Assessment) to 
assess the accuracy of correlation between two raster maps produced using the 
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AHP and the RSW methods using a correlation matrix, the resulting values of 
the accuracy assessment methods were very similar to each other. The overall 
Assessment value for all cells which was resulted from comparison between two 
image maps was approximately 99.689%, indicating a strong statistical corres-
pondence to the kappa percentage 99.474%.Thus, the Kappa technique is consi-
dered a very quick and significant method for a comparison between two maps 
resulting from using two prediction models. 

Figure 7 shows the percentage of raster values for the matching and non- 
matching classes. The percentages of matching pixels in the combination map 
are 99.479% (in blue), while the percentage of the non-matching pixels is 0.521% 
(yellow) using the Kappa technique. 

5. Results and Discussion 

After determining the weighting for each criterion using two methods (AHP and 
RSW) and the rating weightings for the sub-criteria of each criterion, the me-
thod of Weighted Linear Combination (WLC) was applied to all criteria using 
the spatial analysis tool “Map Algebra” within GIS to produce the final output 
maps for the suitability index for landfill siting. The result of this process pro-
duced two final output maps of the suitability index of candidate sites for land-
fill. Then, the two final raster maps which resulted from using AHP and Ratio 
Scale Weighting methods were combined. 

In Al-Mahawil Qadhaa, the cumulative quantity of solid waste expected in 
2030 and from 2020 to 2030 is 96,389 tonnes and 877,419 tonnes respectively, as 
calculated by [6]. The expected population in this Qadhaa in 2030 is 618,274 
 

 
Figure 7. The combination map of matching and non-matching areas between (AHP and 
RSW) methods and its percentages. 
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inhabitants calculated according to the present population growth rate. The waste 
density in the waste disposal sites is 450 kg/m3 in Al-Mahawil Qadhaa according 
to the [40]. Thus, the volume of waste and cumulative waste are 214,198 m3 and 
1,949,820 m3 respectively. The average suggested depth to the groundwater in 
the candidate sites that resulted from this study was adopted as 2 m because the 
groundwater depth from the ground surface in Al-Mahawil Qadhaa is shallow. 
According to these requirements, the area of the candidate site required to ac-
commodate the cumulative quantity of solid waste generated from 2020 to 2030 
was found to be 0.975 km2. 

Two candidate sites were selected for landfill among the many sites which re-
sulted from this study (Figure 8). The areas of site No. 1 and 2 are 2218 km2 and 
2950 km2 respectively. The two sites were checked on the satellite images (2011) 
from the Babylon Governorate to make sure that these sites are suitable for land-
fill, with site No. 1 situated at latitude 32˚38'12"N, and longitude 44˚34'9"E, and 
site. No. 2 situated at latitude 32˚29'59"N, and longitude 44˚41'2"E. 

6. Conclusions 

This study used the integration of GIS and methods of multi-criteria decision 
making (AHP and RSW) and through adopting the scientific and environmental 
criteria that are followed in developed countries in order to select suitable sites 
for landfill in Al-Mahawil Qadhaa. The process of an overlaying analysis of fif-
teen layers of raster maps was implemented within the GIS environment in or-
der to solve the problem of landfill siting in this Qadhaa. The layers maps were 
groundwater depth, rivers, elevation, slope, soil types, land use, agricultural land 
use, roads, railways, urban centers, villages, archaeological sites, gas pipelines, oil  
 

 
Figure 8. The candidate sites in Al-Mahawil Qadhaa. 
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pipelines and power lines. The two methods of multi-criteria decision making 
were used to identify the weightings for criteria in different styles. The first me-
thod was the AHP, which used a matrix of sequences of pair-wise comparisons 
between criteria to derive the weighting for each criterion. The Ratio Scale 
Weighting (RSW) method was the second method, based on the opinion of ex-
perts through allocating proper ratio values for the criteria in terms of relative 
importance. 

The weighted linear combination (WLC) method was used to produce the fi-
nal suitability index map for landfill in the study area using the spatial analysis 
tool “Map Algebra”. This procedure was done through summation of the prod-
ucts of multiplying the criteria weightings with the weighting of each sub-criteria 
of each criterion. After combining the two final maps which resulted from the 
AHP and RSW methods within GIS, accuracy assessment methods were used 
to measure an agreement between the output maps for these methods through 
creating a correlation matrix. The overall Assessment method was used to com-
pare between all pixels for all categories of the two maps produced using the 
AHP and RSW methods, whilst the Kappa technique was a strong, accuracy and 
statistical significance method using to measure the agreement between the pix-
els of two maps using the AHP and RSW methods. Thus, the percentages of ac-
curacy between found by using the Kappa and Overall Assessment (OA) me-
thods were 99.474%, and 99.689% respectively. 

For selecting suitable locations for landfill in Al-Mahawil Qadhaa, two candi-
date sites were considered. The satellite image of the Babylon Governorate in 
2011 was used to ensure that these sites were adequate for landfill. 
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