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Abstract. Landfilling remains the most common systematic technique of
solid waste disposal in most of the developed and developing countries.
Finding a suitable site for landfill is a very challenging task. Landﬁll site
selection process aims to provide suitable areas that will protect the
environment and public health from pollution and hazards. Therefore,
various factors such as environmental, physical, socio-economic, and
geological criteria must be considered before siting any landfill. This
makes the site selection process vigorous and tedious because it involves
the processing of large amount of spatial data, rules and regulations from
different agencies and also policy from decision makers. This allows the
incorporation of conflicting objectives and decision maker preferences into
spatial decision models. This paper particularly analyzes the multi-criteria
evaluation (MCE) method of landfill site selection for solid waste
management by means of literature reviews and surveys. The study will
help the decision makers and waste management authorities to choose the
most effective method when considering landfill site selection.

1 Introduction
Identifying a suitable site for the disposal of municipal solid waste is a very demanding
task requiring a lot hard work for the municipality. There are different factors and criteria
that needs to be given careful consideration before siting a landfill [1]. The selection
process is very demanding because of its effects on the economy, environments and health
are numerous. The developing countries are facing difficulty in waste management due to
the population growth, urban migration, inappropriate planning, and lack of sufficient
resources [2]. Getting rid of unwanted materials through landfills is an unavoidable event in
solid waste management practice.
Waste disposal of residual proportion produced on land is an inevitable aspect of solid
waste management even if all the measures of reduction, reuse and recycling are being
employed in the environment. The sanitary landfill has become the most well-known and
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popular method of solid waste disposal in many developed and developing countries [3].
Furthermore, proper landfill site selection is an essential step in solid waste disposal
practice and towards ensuring sustainable environment, good health, and quality of life for
the future. To avoid the undesirable long-term effects of the landfill to the environment, it
is important to implement a proper landfill siting. Therefore, careful consideration of siting
criteria (constraints and regulations) set up by environmental agencies or local authorities
should be employed for a suitable landfill site [4].
One of the most important tool used in land use suitability analysis recently is the
Geographical information systems (GIS), also this same tool can be applied for landfill
siting [5]. The benefit of the GIS-based method in site selection study include time and
energy saving, cost reduction as well as provision of digital data for the site monitoring for
long-term [6]. The reason is because GIS has the storage capacity, easy management and
maintenance of the analyzed geographical data, and it is well designed for spatial and
descriptive dependency data [7]. The combination of GIS features and multi criteria
decision analysis (MCDA) methods gives rise to a convenient method for spatial multicriteria decision analysis (SMCDA) for optimal landfill siting. This integration method of
both techniques has been broadly used to a great extent in different landfill site selection
studies [5]. In landﬁll siting decisions, various factors have to be incorporated and for this
type of study, and geographic information systems (GIS) are the best ideal tools to carry
out such study because of its ability in spatial data management especially in large volume
[8]. The GIS is very important in siting process because it efficiently display and manage
data from different type of sources, also, the cost and time of the siting process is reduced
[9, 10]. Recently, over the past few years GIS developed into a very useful strong tool that
can perform different type of analysis using spatial data. This is s also due to the
technological advancement in computing technology and the availability of various kind of
spatial data. Environmental models and GIS function with a broad range of related
geospatial data used for a variety of applications and spatial analysis at different levels.
Data evaluation and organization into a meaningful form produces a reliable information,
which then gives rise to suitable analysis and modeling [11].
Literature review regarding landfill site selection and its methodology was conducted
from various studies in different part of the world. This review paper specifically considers
in detail the Geospatial based strategies of landfill site selection for municipal solid waste
particularly the Multi-Criteria Evaluation techniques (MCE) by means of related literature
and surveys. The study will help the decision makers and waste management authorities to
know which method is to be considered most effective.
2 Literature Review Related to Landfill Siting
A lot of literature related to landfill site suitability analysis has been conducted over the
years with the integration of GIS and MCDA. These methodologies have been widely used
by many researchers in different countries in order to achieve suitable landfill site for waste
disposal e.g. [1, 3, 12]. Fig. 1 describes the process and steps to be taken when siting a new
landfill considering environmental, socio-economic, design, areas availability and technical
criteria.
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Fig. 1. Landfill site selection process [13].

Furthermore, several studies discussed the integration of GIS and multi-criteria decision
analysis and its efficiency in solving the site selection problems. Landﬁll site selection
process involves multiple criteria and conflicting objectives in decision- making therefore,
it considers not only scientiﬁc analysis and data-mining, but also political factors and
public acceptance [14]. This is because the site selection for landfill is very difficult as it
requires large number of criteria both economic, environmental, social, political, and
technical as shown in Fig. 1. In order to identify a landfill site, an evaluation process is
required for optimal and best site selection [15]. This site selection process is increasingly
becoming more complex and difficult, and it must be in accordance with rules and
regulations governs by the authority [16].

3 Methods of Multi Criteria Decision Analysis
Multi-Criteria Decision-Making method support decision-making involved with conflicting
objectives and multiple criteria [17]. The MCDA methods assist the decision makers in
coming out with the best solutions or alternatives [18]. The MCDM is able to deal with
large number of criteria, which makes it to be considered as an efficient method for
decision support tool. Fig. 2 shows the structure of framework for spatial multicriteria
decision analysis.
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Fig. 2. Structure of spatial multi-criteria decision analysis [19].

3.1 Fuzzy Logic
This method was first innovated by Zadeh (1965) to identify and describe the uncertainties
related with criteria and sub-criteria assessment. The selection criteria are weighted to
represent the importance and contribution of each factor [19]. With Fuzzy Logic, criteria
standardization is very accurate with the use of fuzzy membership function.
3.2 Weighted Linear Combination
This method is applied when dealing with Multi Attribute Decision Making (MADM). It is
an analytical technique, which is used when there is more than one attribute to be
considered based on the content of weighting average. The attributes are known as criteria
and each of these criteria are assigned value (weight) based on its importance where the
favorable outweigh the unfavorable. The outcome of it is multi-attribute features with a
standardized score allocated to each. From the scores, the areas with higher scores indicate
the level of adequacy. Example of this weighted linear combination method include land
suitability analysis [20]. One of the most commonly used MCE methods in GIS-based
studies is Weighted Linear Combination especially in land suitability analysis, site
selection and evaluation analysis [21]. This method can be performed by GIS and
overlapping capacities of this system. Use of this method is practical in both raster and
vector format [22].
3.3 Analytic Hierarchy Process (AHP)
The most popular and most commonly used MCDA method is Analytic Hierarchy Process
(AHP) which was introduced and established by Saaty [23]. It is a decision-making tool
used in solving multiple criteria problems because of its ability in the determination of
relative weight of multiple criteria, which are expressed in numerical order of 1 to 9. Pair
wise comparison method is carried out among the criteria through the scores and weights
assigned to each criterion [24].
AHP is complicated when there is large number of criteria to be the considered in the
decision-making process. Saaty [25] explain the scale values and their definition as shown
in Table 1.
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Table 1. Pair wise comparison scale.
Intensity of
importance
1
2
3
4
5
6
7
8
9

Definition
Extremely less important
Very strongly less important
Strongly less important
Moderately less important
Equally important
Moderate important
Strongly important
Demonstrate important
Extreme important

3.4 Ordered Weighted Averaging (OWA)
Ordered weighted average is a recent MCDA integration technique which is used to rank
criteria. OWA is able to identify specific uncertainties related to criteria ranking. There is
some trade-off among the criteria which are controlled by the ordered weights thus, giving
rise to the best output in planning process [26]. It is also flexible to use because the level of
importance of criteria can be changed based on expert decision [27]. Table 2 shows some
outline of the advantages and disadvantages of the MCDA methods.

4 Multi-Criteria Decision Analysis using GIS
Presently, integration of GIS and MCDA plays an important role in selecting site for
landfill. GIS-based approach has the capability of providing the spatial data in digital
format which can be used for long term monitoring of the site, also it is able to save time
and cost in the landfill siting process [10]. Some researchers [28] provided a method
describing the process for municipal landﬁll sites identification in urban areas in Sierra
Leone using a multi-criteria and GIS approach. The weighted linear combination (WLC)
and ordered weighted averaging (OWA) was used as the MCE technique. From their
studies, it was revealed that 83% of the study areas were unsuitable for the landfill siting.
A study conducted by [12] applied both GIS-based and multi-criteria evaluation
approach for characterizing and assessing potential favorable landﬁll sites in the Polog
Region in Macedonia. The environmental and economic factors were considered as multicriteria decision framework, which were standardized by fuzzy membership functions after
which they were integrated with analytical hierarchy process (AHP) and ordered weighted
average (OWA) techniques. The AHP methodology was used to evaluate the importance of
criteria and generates the global weights, which were used in conjunction with the local
weights in OWA procedure for producing the decision alternatives.
Furthermore, [29] developed an integrated fuzzy logic and analytic network process (FANP) with the aim of locating a suitable site for disposing municipal solid wastes
generated in Kahak Town, Qom, Iran. Their ﬁndings shows that the application of fuzzy
logic and analytical neural process can be implemented in landﬁll site selection in similar
study areas.
In addition, [22] used different models of the analytic multi-criteria decision-making
process, such as an analytical hierarchy process (AHP), weighted linear combination
(WLC), and Boolean logic, to manage layers to establish speciﬁc databases for urban waste
landﬁlls site location. Their results indicated that AHP and WLC methods in the early
stages had better decision-making powers for locating landﬁll sites when compared to
Boolean logic.
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Table 2. Comparison of some MCDA methods.

1

MCDA
Methods
AHP

2

WLC

-It has distinct
advantages in
preference modeling,
weight elicitation, and
aggregation
performance.
-It can be applied both
in raster and vector
format.

3

FUZZY
Logic

- It is able to identify
and describe the
uncertainties related
with criteria
assessment.
- It enables criteria
weighting and
standardization.
- Ability to provide
sufficient mapping of
the decision-making
vagueness and
Imprecise knowledge.

S/No

Advantages
- it is easy to handle
complex conflicting
objectives in decisionmaking process.
- It enables the
computation of
consistency ratio.
- It is straightforward
and simple to use by
using pairwise
comparison.

Disadvantages
- Subjective evaluation i.e.
conversion from verbal to
numeric scale.
- Limited to the use of 1-9
scale.
- Very tedious in terms of
calculations of pairwise
comparison matrix,
normalization, and
consistency ratio.
- Inconsistent judgement by
decision makers
-Absence of unit of
measurement will lead to
error.

- Inconsistencies cannot be
processed in multiple criteria
decision problems such as
criteria ranking.

5 Conclusions
An attempt has been made to review the recent existing literature regarding GIS-based and
MCDA application in landfill site selection process. From this paper, it has been proved
that they are both efficient tools to be used in this type of site selection analysis. The main
aim of the MCDA is to provide aid to the decision-makers in choosing the best candidate
site from the variety possible choice alternatives under the presence of multiple priorities.
Also, it has been noticed that from the previous decades, the integration of geospatial based
strategies coupled with multi-criteria decision analysis has increased rapidly, this can be
because of its accuracy, efficiency, and less time consuming compared to the conventional
methods. Furthermore, the incorporation of the GIS-based technology and MCDA in
landfill site selection and other land suitability analysis has been found useful and thus, aids
in sustainable development. The study will help the waste management authorities and
decision-makers to know which method is to be considered most effective when siting a
new landfill.
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