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Abstract 
Waste landfills are a prominent global issue that does not concern a country 
without the other because of its long-term effects especially in the environ-
mental aspect. As these pose an environmental threat to water, air and soil; 
and directly affect human life and health. Accordingly, this research uses the 
integration of Geographic Information Systems (GIS) and Multi-Criteria De-
cision-Making (MCDM) approaches to assess the location of the municipal 
solid waste dump in Dammam, which was established in (2000AD) twenty 
years ago, due to the lack of recent studies assessing the current status of the 
landfill and whether it is in a suitable location and keeps pace with the popu-
lation and urbanization increase in the region. For this purpose, the re-
searchers are using the tools and techniques of GIS to evaluate eight criteria 
on the study area. The required standards were directed to the landfill site 
and transformed into maps that represent the most important economic, so-
cial, environmental, geological, geomorphological and Public Acceptance 
standards. These standards have been processed using the tools of spatial and 
statistical analyses. Analytic Hierarchy Process (AHP) is implemented in geo-
graphical information system for building the suitable cartographic model, 
and thus allowed to determine the suitable degree of Dammam municipal 
solid waste landfill site in light of the study criteria. The study concluded that 
the current landfill site achieves a good degree of suitability, as it achieved 
63% measured against the quality standards set by the study, and that the 
current landfill site conforms to most of the criteria in this study to a good 
degree. But it violates two standards, which are distance from wells standard 
and distance between landfill and the center of waste generation standard. 
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1. Introduction 

The explosive growth of the urban population and economic progress in recent 
years has increased the responsibility of governments to reduce the negative im-
pact caused by this growth. One of the most devastating effect is the alarming 
increase in environmental pollution and the increase in waste per capita in the 
recent years. The increasingly alarming factors therefore require significant in-
novation to improve the solid waste management (SWM) [1]. 

Waste management is a significant issue, it is a significant concern to gov-
ernments since such issues might not only have an environmental effect but 
could also lead to health complications to the population, which could also 
spread to neighboring countries. Several inter-state agreements have been con-
cluded between countries to reduce waste risk since it is a risk that is globally 
recognized, one of the most important international agreements is the Basel 
Convention on the Control of Transboundary Movements of Hazardous Wastes 
and their Disposal, also defined simply as the Basel Convention, which was 
adopted on 22 March 1989 by the Conference of Plenipotentiaries in Basel, 
Switzerland that Saudi Arabia joined in 1990. The overarching objective of the 
Basel Convention is “to protect human health and the environment against the 
adverse effects of hazardous wastes. Its scope of application covers a wide range 
of waste defined as ‘hazardous wastes’ based on their origin, composition and 
their characteristics in addition to two types of wastes defined as ‘other wastes’— 
household waste and incinerator ash” [2]. 

Industrial organizations and urban areas’ solid wastes engender serious envi-
ronmental problems. Various techniques are being used to tackle solid waste 
management. Such techniques include thermal treatment, landfilling, recycling, 
and biological treatment [3]. 

One of the primary methods of municipal solid waste disposal is sanitary 
landfill. Traditionally this is defined as “an engineered method of disposing solid 
wastes on land in a manner that protects the environment by spreading thin lay-
ers of waste and compacting it to smaller particles in volume which is later cov-
ered with soil by the end of each working day” [4]. 

Given the situation in Kingdom of Saudi Arabia, we found rate of waste gen-
eration in Saudi Arabia is one of the highest in the world with 1.5 KG/day per 
capita while the global average which is 74 KG/day for person [5]. Many factors 
contribute to such extreme rate like social customs and lack of awareness. This 
made waste management a major challenge for the government in preserving the 
environment and a serious threat towards the public health, especially in the 
three major cities Riyadh Jeddah and Dammam. 

Thus, the need for a research combining GIS with Method of (MCDM) to 
evaluate Municipal Solid Waste landfill site in Dammam city is critical.  

So as to achieve research objective, ten criteria based on Basel Convention 
have been considered as data for the suitability model, analytic hierarchy process 
(AHP) technique of multi-criteria decision-making (MCDM) has been used in 
this study to weight the criteria, (AHP) technique was used in many studies in 

https://doi.org/10.4236/jgis.2021.134028


N. Al Khaldi et al. 
 

 

DOI: 10.4236/jgis.2021.134028 510 Journal of Geographic Information System 
 

many fields and it has proven its effectiveness and success, and in our study 
fields, it was used in many studies, for example [6] [7] [8]. This study aimed to 
evaluate Municipal Solid Waste (MSW) landfill site in Dammam city combining 
GIS with Method of (MCDM).  

2. Geographical Setting  

The study area located in the Eastern Region, which is the largest geographical 
region of Saudi Arabia. It has an area of 778,479 km2 that represents about 26% 
of the Kingdom’s total area. The Eastern Region is divided into 11 governorates, 
which are Dammam, Khobar, Al-Hasa, Qatif, Abqaiq, Jubail, Hafr Al-Batin, Ras 
tanura, Nairyah, Khafji, and Al Elyah. Dammam is a coastal city located on the 
Arabian Gulf (latitude 26.43˚ North and longitude 50.10˚ east). It is the capital 
of the Eastern Region and has King Abdul-Aziz port, which is the main port on 
the Arabian Gulf.  

Dammam’s Municipal Solid Waste is located in the Southwestern Dammam 
(Figure 1), near Dammam-Abqaiq Highway (latitude 26.16 north and longitude  
 

 
Figure 1. Study area location.  
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49.86 east). It was established in the year 2000 covering an area of 8 km2. It is 
used to collect waste from Qatif and the metropolis locations of Dammam or 
Greater Dammam including Dammam, Khobar and Dhahran. 

3. Materials and Methods  

GIS’s ultimate power is in its ability to perform analysis. Problems are modeled 
geographically in a process called spatial analysis. Results are derived by com-
puter processing, followed by exploration and analysis of the results. This type of 
analysis has proved to be of high effectiveness when the objectives are: to eva-
luate geographic suitability of certain locations for specific purposes, estimate 
and predict outcomes, interpret and understand changes, detect important pat-
terns hidden in the information presented, etc. and much more. 

In this study, the researchers are in the process of evaluating the site in regard 
to the solid waste landfill of the Municipality of Dammam. GIS and analytical 
tools are used to prepare maps that cover the most important criteria in the area 
studied, with reference to expert opinion. The study adopts the workflow shown 
in Figure 2. 

 

 
Figure 2. Work flow chart.  
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3.1. Define and Select Criteria 

To continue to appropriate landfill location, eight criteria as layer map criteria 
were made up based on GIS spatial analysis tools for studied zone. These were 
urban area layers, airports, slope, roads soil types, groundwater depth, geological 
formations, in accordance with environmental, socio-economical and Geological 
and geomorphological component for the choice of landfill location. 

The data for this research was obtained from official government authorities 
as shown in Table 1 which summarizes the main sources of data. 

3.2. Criteria Restriction  

The acceptable distance from landfill sites is determined on the basis of govern-
ment regulations, eventual environmental risks, and also public health and eco-
nomical evaluation for each criterion [9] [10]. The development of specific geo-
graphical features was done through buffer zones by GIS spatial analysis soft-
ware around each criterion. The creation of buffer zones hinged on criteria and 
requirements of the Regional Center for Training and Technology Transfer in 
the Arab Countries affiliated to the Basel Convention in Egypt (BCRC). This is 
crucial in determining the distance from each feature to the specified criteria. 
Restricted criteria and suggested buffer values for the study area were presented 
in Table 2. 
 
Table 1. Restricted criteria and recommended buffer values for the study zone. 

Data Sources 

Topographic map of Dammam Geological Survey Authority 

Geological map of Dammam Geological Survey Authority 

Saudi provinces map General Commission for Survey 

Roads network map Ajaji maps 

Governate of Eastern Region Eastern Region Municipality 

Coordinates of the landfill site Eastern Region Municipality 

Satellite Image United States Geological Survey (USGS) web site 

Coordinates of Dammam airports Eastern Region Municipality 

 
Table 2. Restricted criteria and suggested buffer values for the study area. 

Standards Criteria Restricted Criteria (Buffer Zone) 

Environmental 
Ground water >200 m 

Distance from wells >25 km 

Social and economic 

Distance from airports >9.5 km 

Distance between landfill and  
the center of waste generation 

The maximum distance is 50 Km or  
maximum time taken per trip for  

assembly vehicles 30 - 45 min 

Property boundary >500 m 

Distance from primary highways >500 m 

Geological and  
geomorphological 

Soil Soil should have low permeability 

Slope 5% is perfect 
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3.3. Sub-Criteria Rating Values  

Each criterion was classified into sub-criteria, then allocated a suitability score 
(values from zero to six) [2]. Several steps were involved in determining the 
ranking value for each criterion and sub-criteria. These include buffer, clip, ex-
tract, overlay, proximity, convert, reclassify and map algebra using GIS spatial 
analyst tools. Appendix 1 (Table A1) presents the sub-criteria buffer zone and 
rating values for the input layer. 

In this research, sub-criteria rating value of 0 corresponds to the nearest re-
stricted area from the landfill. A rating value of 6, however, was assigned to the 
best zone. The suitability index for the classes, from 0 to 6, was graded in accor-
dance with the degree of the slope and the elevation distribution. Buffer zones 
and suitability index maps figure are in Figure 3 and Figure 4. This can be  
 

 
(A) 

 
(B) 

https://doi.org/10.4236/jgis.2021.134028


N. Al Khaldi et al. 
 

 

DOI: 10.4236/jgis.2021.134028 514 Journal of Geographic Information System 
 

 
(C) 

 
(D) 

Figure 3. Buffer zones and suitability index maps: (A) Groundwater depth; (B) Distance 
from wells; (C) Distance from property boundary; (D) Distance from airports. 
 
clearly seen in the sub-criteria “Slope” which consists of seven classes less than 
0.5, equal to 0.6, 0.7, 0.9, 1.1, 1.2 and 1.5 as depicted in Figure 4(C). 

3.4. The Analytic Hierarchy Process (AHP) Approach for  
Multi-Criteria Decision-Making  

Pairwise comparison is applied in the matrix for all criteria depending on the 
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priority of the significance importance of one criterion over another using a 
numerical scale of nine points, as listed in Table 3. According to [11], the scale 
ranges from one to nine, with one implying an equal weight of the two criteria. 
Conversely, the number nine implies the extreme importance of one element 
over the other in the pairwise matrix. 

The comparative criteria values fill the upper triangular matrix. The upper re-
ciprocal values, however, fill the lower one [12] [13]. To calculate the eigenvalue, 
the value for each criterion in each column in the same row in the pairwise ma-
trix is multiplied. The determination of the priority vector (Pri) is completed by 
normalizing the eigenvalue to one [11] as follows: 
 

 
(A) 

 
(B) 
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(C) 

 
(D) 

Figure 4. Buffer zones and suitability index maps: (A) Distance to Primary Highways; (B) 
Permeability; (C) Slope; (D) Distance from waste generation sources. 
 

1

i
n

ii

Eg
Pri

Eg
=

=
∑

                         (1) 

where Egi = eigenvalue for the row (i) (Egi = (a11 × a12 × a13 … × a1n)1/n);  
n = number of elements in matrix row (i). 
The consistency index (CI) is calculated using the equation  
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Table 3. The fundamental scale of (AHP) method. 

Intensity of importance Definition 

1 Equal importance 

2 Weak 

3 Moderate importance of one factor over another 

4 Moderate plus 

5 Strong importance 

6 Strong plus 

7 Very strong importance 

8 Very, very strong 

9 Extreme importance 

 

maxCI
1

n
n

λ −
=

−
                         (2) 

with reference to [11]. The maximum lambda (λmax) is the result of the summa-
tion of products between each criteria of priority vector. The sum of columns of 
the reciprocal matrix is shown in the following formula: 

1 1max
m

j ijj i
n w aλ
= =
 =  ∑∑                      (3) 

where, Wj is the weight value for each criterion corresponding to the priority 
vector in the decision matrix and aij is the criterion in each column in the matrix. 

max 8.876804627λ =  

CI 8.87 8 7 0.12= − =  

where, CI is the consistency index and n is size or order of the matrix, (λmax) is 
equivalent to the priority vector in the matrix of decision [11].  

The consistency ratio (CR) depends on the dimension of the matrix (n = 8) 
thus, random index value (RI = 1.41) [11]. Table 4 shows the Random inconsis-
tency value RI in several sizes for a matrix [11] [14].  

CR CI RI=                           (4) 

CR 0.12 1.41 0.08= =  

4. Results and Discussion 

Table 5 shows the matrix of pairwise comparisons with AHP weight. The max-
imum lambda (λmax) = 8.87, CI = 0.12 and CR = 0.08. If CR is less than 0.1 the 
ratio indicates a reasonable consistency level in the pairwise comparison [15]. 
The final map shows the suitability index for landfill sites in Dammam which 
was divided into five categories: unsuitable, low suitability, medium suitability, 
high suitability and ideal suitability areas [16]. Suitability index with areas for all 
categories of the AHP methods is shown in Figure 5. 

The results of the study showed that some of the criteria achieved a high degree  
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Table 4. Random inconsistency indices for various values of (n). 

N 1 2 3 4 5 6 7 8 9 10 

RI 0.00 0.00 0.58 0.9 1.12 1.24 1.32 1.41 1.46 1.49 

 
Table 5. Pairwise comparison matrix with AHP weight. 

Criteria (x1) (x2) (x3) (x4) (x5) (x6) (x7) (x8) Wight 

Distance from wells (x1) 1 2 2 3 2 3 2 5 0.23 

Distance from Urban Areas (x2) 0.5 1 1 3 1 3 2 5 0.16 

Distance from waste generation 
sources (x3) 

0.5 1 1 3 1 3 2 5 0.16 

Slope (x4) 0.33 0.33 0.33 1 3 1 3 3 0.12 

Groundwater depth (x5) 0.5 1 1 0.33 1 3 2 5 0.13 

Permeability (x6) 0.33 0.33 0.33 1 0.33 1 3 3 0.08 

Distance from airport (x7) 0.5 0.5 0.5 0.33 0.5 0.33 1 5 0.08 

Distance to major highways (x8) 0.2 0.2 0.2 0.33 0.2 0.33 0.2 1 0.03 

 

 
Figure 5. Suitability index area for landfill site using AHP method. 
 
of suitability while some of them were of low suitability. The study investigated 
11 criteria, six of which received a high degree of suitability which is flood 
probability, distance from urban area, distance from airport, and distance from 
primary highway, slope and the perfect wind direction. 

5. Conclusions  

Multi-criteria decision-making method with the GIS techniques was used to as-
sess the appropriate selection of landfill locations in the studied area. The find-
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ings suggest index values classified into 5 zones with calculated area using GIS 
pixel calculation. The results show that the high and ideal suitable zone covers 
the area of 24.35% and 16.37% or 591.71 and 392.92 km2 respectively in AHP 
method. 

There are many aspects for researchers to explain and analyze in order to 
achieve the overall quality standards in their research of which we have covered 
only a few of them. This study concludes the Dammam’s MSW landfill is highly 
acceptable but the room for improvement is still present especially in the aspect 
of recycling and maintaining professional municipal solid waste management 
tactics by experts. This study has been done with a high degree of motivation 
towards improving the overall quality of the municipal solid waste landfill. 
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Appendix 1 

Table A1. Layers buffer zone with sub-criteria ratings. 

Criteria Sub-Criteria and Buffer Zone Rating Values 

Groundwater depth (m) 

<10 0 

10 - 25 1 

25 - 35 2 

35 - 70 3 

70 - 100 4 

100 - 200 5 

>200 6 

Distance from wells (km) 

<2 0 

2 - 4 1 

4 - 6 2 

6 - 8 3 

8 - 14 4 

14 - 25 5 

>25 6 

Distance from Urban areas (m) 

<500 0 

500 - 1500 1 

1500 - 2500 2 

2500 - 3500 3 

3500 - 4500 4 

4500 - 8500 5 

>8500 6 

Distance from airports (m) 

<1500 0 

1500 -3000 1 

3000 - 4500 2 

4500 - 5500 3 

5500 - 7500 4 

7500 - 11,500 5 

>11,500 6 

Distance from waste generation sources 
(km) 

>30 0 

20 - 30 1 

15 - 20 2 

10 - 15 3 

8 - 10 4 

5 - 8 5 

<3 6 
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Continued 

Distance to Primary Highways (m) 

<168 0 

168 - 336 1 

336 - 500 3 

>500 6 

Permeability (liter/day/m2) 

<24 0 

24 - 12 1 

12 - 8 2 

8 - 2 3 

2 - 0.75 4 

0.75 - 0.5 5 

0.5 - 0.25 6 

Slope (%) 

<0.5 0 

0.6 1 

0.7 2 

0.9 3 

1.1 4 

1.2 5 

1.5 6 
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