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A B S T R A C T

Population explosion coupled with poor governance and land use planning is responsible for indiscriminate
dumping of solid waste in unsuitable sites. Despite the vast availability of modern methods of siting landfills,
many waste disposal methods in Akure are piled up in open sites and unsafe. Owing to this lack of effectiveness of
these common methods in Akure, a better approach is adopted to enable the analysis of a number of required
qualitative and quantitative issues for landfill site selection. This study is aimed at identifying suitable sites for
solid waste disposal and management while considering all essential factors and rating criteria by integrating GIS
with multi-criteria decision analysis (MCDA) in Akure, Ondo State. Standards for siting landfill formulated by the
Environment Protection Agency (EPA) were employed in this study. The criteria that are considered herein are
land use, slope, distance to drainage, distance to linear features, soil, geology, distance to the residence and road
accessibility. These criteria were assigned fuzzy membership classes based on their importance in siting landfill.
The fuzzy members of all criteria were overlaid to generate the final landfill site suitability map which was
classified into five: not suitable (34.1%), less suitable (50.4%), moderately suitable (0.3%), suitable (0.02%) and
highly suitable (15.5%). The Analytical Hierarchy Process (AHP) technique was employed in the selection of the
landfill site with reverence to multiple criteria and the fuzzy membership classes in accordance with the standards
of the EPA. The result of this study serves as guide for further field survey.
1. Introduction

The enormous amount of solid waste being generated coupled with
indiscriminate disposal is a major challenge for an urban management
system due to population growth and economic development. The threat
of environmental pollution stemming from indiscriminate waste disposal
through open waste dumping, has been haunting the human race since
early times and is still growing, due to poor waste disposal techniques in
most developing countries (Karimi et al., 2018; Ferronato et al., 2017;
Rahmat et al., 2017; Adewumi et al., 2017a; Akinbile et al., 2016a;
Adewumi and Ajibade, 2015; Ali et al., 2014). Even though, different
techniques have been utilized for reducing and recycling solid waste,
waste disposal via landfill is an integral feature of all waste management
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schemes (Alavi et al., 2013; Tchobanoglous et al., 1993) which is un-
doubtedly significant considering the adverse impacts of wastes on the
environment and public health (Soroudi et al., 2018; Yukalang et al.,
2017; Yan et al., 2017; Akinbile et al., 2016b).

The suitability of landfill site selection for the disposal of wastes is a
tricky and difficult process which demands analytical assessment of
several criteria (environmental, financial, social and technical factors)
(Nas et al., 2010; Kontos et al., 2005) because unsuitable landfills have
critical environmental issues on the constituents of the environment such
as natural habitats, soil fertility, water resources and terrain view
(Al-Anbari et al., 2018; Kapilan and Elangovan, 2018; Feo and Gisi,
2014). Delgado et al. (2008) and Kontos et al. (2003) have placed
emphasis on the importance of the economic factor to appropriately
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siting landfill since it includes the acquisition cost, operation and
development of the site. Lober (1995) asserted that political and social
constraint to landfill siting has been recognized as the main resistance to
effectively situate waste disposal facilities. Environmental factors are
enormously crucial since landfill may influence the bio-physicochemical
characteristics of the environment and the ecology of the nearby area
(Al-Anbari et al., 2014; Kontos et al., 2003; Siddiqui et al., 1996).

Considering all the factors in the process of siting a landfill, the
incorporation of Geographical Information Systems (GIS) and multi-
criteria decision analysis (MCDA) is an effective tool to unravel the
landfill site selection problem because GIS offers efficient handling and
presentation of the data and MCDA gives harmonious ranking of the
prospective landfill areas on the basis of a variety of criteria (Barakat
et al., 2016; Sener et al., 2006, 2010, 2011; Ersoy and Bulut, 2009; Wang
et al., 2009). Moreover, the use of GIS in landfill siting is necessitated by
the spatial nature of the site. Although, GIS has integrated procedures for
managing, elaborating, and rendering spatial information, which en-
hances its role in site suitability analyses, combining MCDA and GIS in
the development of multi-criteria spatial decision support systems
(MC-SDSS) does not increase accuracy only but also upturns the effec-
tiveness of the site suitability index valuation (Demesouka et al., 2016).
In the process of situating suitable landfill sites, various techniques have
been used by researchers which include the use of a weighted linear
combination (WLC) method and spatial cluster analysis (SCA) (Salman
and Gholamalifard, 2016; Gbanie et al., 2013; Moeinaddini et al., 2010),
merging fuzzy procedure and GIS (Khoram et al., 2015; Isalou et al.,
2013; Donevska et al., 2012; Mehmet et al., 2010; Alves et al., 2009;
Chang et al., 2008)), a combined use of MCDA (multi-criteria decision
analysis) and GIS methodology (Demesouka et al., 2019; Khan et al.,
2018; Santhosh and Sivakumar 2018; Bahrani et al., 2016; Aksoy and
San, 2017; Ashraf et al., 2015; Karimzadeh Motlagh and Sayadi, 2015;
Gorsevski et al., 2012), and GIS digital map overlay techniques (Vatalis
and Manoliadis, 2002).

Solid waste management (SWM) is at the prime position of environ-
mental challenges in Nigeria and it is in no doubt a threat to the rapidly
growing city of Akure (Sunshine City of Nigeria). Nigerian Government
stated clearly that solid waste must be collected and disposed of in an
effective and environmentally safe manner in its National Policy for the
Environment in 1989 (FEPA, 1989; FRN, 1991). The population explo-
sion with respect to urban expansion in Akure has led to an increase in
waste generation in the area. There is, therefore, a need to carry out
effective and efficient waste dump disposal which this study attempts to
address. There are several factors that have led to the complexity of solid
waste management problems which include scanty data on the degree of
solid waste generated, insufficient information on the number of family
units producing the waste and poor assortment system within the city.
GIS is a tool that can give data spatially and non-spatially for urban
development and management. It can also link all the information for
diverse uses. Therefore, this study employed multi-criteria decision
analysis approach with GIS to situate potential landfills that will not be
hazardous to the health of the inhabitants and as well as ensuring sus-
tainable solid waste management in Akure. The miscellany of disposal
site was done through a multi-level screening procedure which was fol-
lowed by engagement of a GIS-based constraint mapping to eliminate the
environmentally inappropriate sites and limit the number of locations for
further reflection. Land use, slope, road, geology, lineament, drainage are
the basic environmental parameters used with the aid of GIS and fuzzy
logic to determine the suitable dumpsite.

2. Materials and methods

2.1. Concise description of study area

Akure is an urban metropolis in the south-western region of Nigeria
and is the capital and the largest city in Ondo State, Nigeria (Fig. 1). It lies
about 7�150 north of the equator and 5�15’ east of the Greenwich
2

Meridian and stands on the altitude of almost 400m above the sea level
(Ajibade et al., 2014a). Its climate is tropical humid with two clearly
distinctive seasons, a wet or rainy season from April to October and a
somewhat dry season from November to March. The depth of rainfall
varies about 1500mm and 3000mm every year (Ajibade and Adewumi,
2017). The atmospheric temperature ranges between 25 �C and 32 �C
and an average yearly relative humidity of around 80% (Ajibade et al.,
2014b). Akure metropolis topographically is composed of lowlands and
rugged hills with granitic outcrops in several places.

2.2. Data acquisition

Landsat 8 imagery that covers Akure was acquired from the United
States Geological Survey (USGS) website. The Landsat imagery acquisi-
tion date was 15th of January 2016. This imagery was used to generate
the land use and land cover map. SRTM imagery for Akure area was
downloaded from the Global Land Cover Facility (GLCF) website. This
imagery was used to generate the slope, drainage and lineament of the
study area as criteria to determine best suitable waste dumpsites.
Geological map can be referred to as a special-purpose map created to
point out geological features. Rock units or geologic strata are depicted
by colour or signs to signify their exposure at the surface as employed in
this study. Bedding planes and structural characteristics like lineation,
folds, faults and foliations are revealed with strike and dip and plunge
signs that offer these attributes three-D orientations. Soil data for Akure
was acquired from the Harmonised World Soil Database (HWSD) which
is a generated as a result of collaboration between Food Agriculture
Organisation (FAO) with International Institute for Applied Systems
Analysis (IIASA), ISRIC-World Soil Information, Institute of Soil Science,
Chinese Academy of Sciences (ISSCAS), and the Joint Research Centre of
the European Commission (JRC). Google Earth is a virtual globe, map
and geographical data program that was primarily known as Earth
Viewer 3D created by Keyhole, Inc, a Central Intelligence Agency (CIA)
funded company acquired by Google in 2004. It maps the planet by
superimposing pictures gotten from GIS, satellite imagery and aerial
photography onto a 3D globe. Google earth imagery was acquired for the
purpose of generating the road network shape file. The image was
georeferenced and the road network was digitised so as to achieve this
result.

2.3. Software used

ArcGIS is a GIS software for operating with maps and geographic
information. The version of ArcGIS used was ArcGIS 10.2. It has all the
capability that would be required in the analysis process of this research
work. Google Earth was also used in this study since it shows satellite
images of varied resolution of the earth surface, permitting users to catch
sight of things like cities and houses at an oblique angle. The degree of
resolution accessible relies somewhat on the points of interest and
popularity, however, majority of the land (except for few islands) is
covered in a minimum of 15m of resolution. It can be used to map homes
and select a random sample for research in developing countries
(Wampler et al., 2013).

2.4. Methods

The following steps were used in this study as stated by (Demesouka
et al., 2016):

1) Identification of the study area (Akure),
2) Setting criteria for MCDA (AHP) operation,
3) Obtaining existing data and maps,
4) Evaluation of criteria by AHP method,
5) Determination of sub-criteria depending on the main criteria,
6) Transfer of criteria to GIS environment in a common coordinate

system,



Table 1
Criteria from EPA landfill manual 2003.

Criteria Unsuitable Least
Suitable

Moderately
Suitable

Highly
Suitable

Distance to
Water Body

<160m 160m–480m 480m–960m >960

Slope >15� 100–150 50–100 00–50

Distance to
Road

<300m >2000 m 1000m–2000
m

100m–1000m

Distance
Residential
Area

<100m 300m–500m 500m–800m >8000m

Soil – – Luvisols Nitisols
Geology – – Migmatite-

Gness Complex
Granite Gneiss

Table 2
The landuse ranking.

Land use Types Ranking

Built up 0
Bare Surface 1
Light Vegetation 5
Dense Vegetation 3
Rocks 0

Fig. 1. Map of the study area.
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7) Reclassification of layers by sub-criteria values,
8) Reclassify layers with distance values with Euclidean distance,
9) Weighing the layers and analyzing them in the GIS environment to

determine the most suitable areas,
10) Creating a dynamicmodel with amodular structure within the GIS

software for location selection.

In order to demonstrate that the results obtained may differ in line
with different imports, after these steps, the economic state of affairs was
also considered in addition to the environmental scenario.

2.4.1. Analytical hierarchy process (AHP)
The analytical hierarchy process was developed by Saaty in 1980 and

has been in use to derive the comparative importance weighting of sit-
uations involving multiple criteria consideration hitherto (Sumathi et al.,
2007). It is a wide-ranging measurement theorem. The AHP uses discrete
and continuous binary judgments in multiple hierarchical structures. It
provides qualitative and quantitative measures as one of the MCDA
(Guler and Yomrahoglu, 2017). This study was based upon a set of crucial
criteria which were selected based upon the already obtainable knowl-
edge from research literature as well as the antecedent local level factors
of the Akure area. The area was identified and different criteria were
analyzed while subsequent screening and fine-tuning on the basis of
existing sub-criteria led to an optimized selection of 4 classifications of
sites in terms of their suitability in relation to the existing factors as
provided by the EPA as shown in Tables 1 and 2. Fig. 2 summarily shows
the primary objective of this study by considering the key factors in a
hierarchical structure of different levels. Measurement of physical and
3

social events from people’s concerns for a long time can be done together
by the engagement of AHP. AHP methodology can effectively be
explained by the following method as stated by (Guler and Yomrahoglu,
2017):



Fig. 2. Hierarchical structure of the multi-criteria approach used to assess the multiple suitability index for optimized landfill siting.
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1) Identification of the problem and determination of the target,
2) Starting from the top level of the hierarchy, creating different levels of

target, criteria, sub-criteria, and alternatives,
3) The creation of the comparison matrix in the relevant sections,
4) To find the highest eigenvector, consistency indicator, consistency

ratio, and normalize values of each criterion,
5) If the values found are satisfactory, normalize the weighing process; if

not, repeat the steps to reach the target range.

2.4.2. Landfill standard
To map out suitable sites for landfill sites in Akure, ArcGIS 10.2 and

AHPwere used and international standards were taken into consideration.
The multi-criteria decision technique (AHP) used divides the decision
challenges into comprehensible categories and each of these categories is
considered separately and integrated with a logical fashion (Alavi et al.,
2013). The standard used in this study is based on the standard of Envi-
ronment Protection Agency (EPA) landfill manual 2003. Table 1 shows
the criteria as extracted from the EPA landfill manual 2003.

2.4.3. Supervised classification
The Information classes (i.e., land cover type) of interest within the

image were identified by supervised classification and are known as
"training sites". The statistical description of the reflectance for each in-
formation class was worked out using the image processing software.
This stage is commonly referred to as "signature analysis" and might
include obtaining classification as easy as the mean or the rage of
reflectance on each band, or as advanced as elaborated analyses of the
mean, variances and covariance over all bands. As soon as the statistical
characterization for every information class has been attained, thereafter,
the classification of the image was done by examining the reflectivity for
each pixel and making a decision about which of the signatures it looks a
lot like the most. (Eastman et al., 1995). A decision criterion to statisti-
cally help in the categorization of overlapping signatures is called
Maximum likelihood Classification; pixels are given to the category of
highest possibility. The maximum likelihood classifier is taken into ac-
count to offer more precision than other classifier methods but however,
it is much slower because of extra computation. This process was used to
produce the land use and land cover map.

2.4.4. Georeferencing
Georeferencing is the process of assigning spatial coordinates to

datasets which have no explicit geographic coordinate system but are
4

spatial in nature. Georeferencing means associating a feature with loca-
tions in physical space. Google Earth Imagery was georeferenced so as to
align it to its real position on earth. This was performed to generate an
accurate location of buildings and road networks for further analysis.

2.4.5. Digitizing
Digitizing is a process of tracing geographical features in a correct

manner from an image or map. Road network and residential areas were
traced out from the georeferenced google earth imagery so as to generate
the residential and road network datasets.

In this study, the digitization and analysis of the shown thematic
maps were achieved by the use of the desktop GIS software; ArcGIS
10.2 at the Department of Civil and Environmental Engineering, Federal
University of Technology, Akure. Below are the procedures engaged in
the generation of the thematic maps:

1) Scanning of the available primary paper maps of Akure.
2) Geo-referencing the scanned maps to earth coordinates.
3) On-screen digitizing of the primary maps, by this means the digital

thematic maps are generated and each characterizing the influencing
factors considered for landfill site selection.

4) Locating the Global Positioning System (GPS) coordinates and
entering in the database as latitude and longitude of the area.

5) With the aid of the software, the latitude and longitude data are
converted into the point data.

6) The attribute data to the location are added.

2.4.6. Hydrology analysis
Drainage features were extracted from SRTM Imagery using hydrol-

ogy spatial analysis tool in an ArcGIS environment. Fill sink was per-
formed on the SRTM imagery. The flow direction and flow accumulation
were generated using the fill sink image. The drainage network was
identified and extracted using the Strahler stream order method.

2.4.7. Fuzzy membership
Fuzzy membership was used to reclassify values of input data to a

scale of 0–1 according to the likelihood of being a member of a definite
set. 0 is allocated to places which are not members of the set suitable for
siting landfill, one (1) is designated to those values that are members of a
definite set suitable for siting landfill. The whole range of possibilities
stuck between 0 and 1 are apportioned to some level of possible mem-
bership i.e., the larger the number, the greater the possibility.
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2.4.8. Fuzzy overlay
The fuzzy logic is used as overlay analysis techniques to solve tradi-

tional overlay analysis applications such as suitability models. The fuzzy
logic overlay provides a technique to address inaccuracies in attribute
and in the geometry of spatial data. Fuzzy membership classes created for
multiple criteria are overlaid and the likelihood of membership in all sets
are determined by fuzzy logic overlay. The final result is a suitability
map. The flowchart for the procedure employed in this study is indicated
in Fig. 3.

3. Results and discussion

3.1. Land use

Land use is crucial to sorting out public fracas of the approval of the
unneeded location of landfill amenities (Adewumi et al., 2016) and a
prime indicator of spatial impact extent (Adewumi et al., 2017b). Hence,
the objective of considering this criterion is to avoid the siting of a
landfill in areas with high productivity or development. Supervised
classification was performed on Landsat 8 imagery of the study area to
generate the land use and land cover map. Fig. 4 shows the land use/land
cover map of Akure. Five land use types were identified within the study
area which includes; built up, bare surface, light vegetation, dense
vegetation and rock. The land use were reclassified according to their
importance in siting landfills according to Olajire and Ojeh (2017). Fig. 5
Fig. 3. Methodolo
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represents the land use/land cover reclassificationmap. Built up and rock
outcrops were ranked lowest as they are not suitable for siting landfills.
Bare surfaces are ranked least suitable as the most open surface in Akure
are located within the settlement areas. Dense vegetation was ranked
moderately suitable as they are forested areas and light vegetation was
ranked highly suitable because of the easy clearing, good terrain and of
low economic values to humans since it would not involve felling of
economic trees as also indicated by Moeinaddini et al. (2010) and Bah-
rani et al. (2016). Table 2 reveals the land use/land cover reclassification.
3.2. Slope

The values of the slope distribution in Akure ranges between 0� and
60� as demonstrated in Fig. 6. When it comes to slope, landfill areas can
be facilitated in old borrow pits or quarries, which can show dramatic
land inclination. Nevertheless, in consideration of the economic situation
and the need to reduce shaping and grading costs, the EPA values for the
selection of landfill sites with regards to slope are; areas with slopes
greater than 15� are unsuitable, area with slope ranging from 10� to 15�

are less suitable, area with slope ranging from 5� to 10� are moderately
suitable and areas with slopes ranging from 0� to 5� are highly suitable.
Sener (2004) asserted that the 8–12% would be too steep, he therefore
used slope between 0 and 5% while Guiqin et al. (2009) considered areas
with 0–10% slope as most appropriate and 40–50% as not appropriate
areas for landfill site. Karimi et al. (2018) also stated that construction
gy flow chart.



F.O. Ajibade et al. Environmental and Sustainability Indicators 3-4 (2019) 100010
cost in areas with highly steep slopes is not ideal economically and
should not be considered for locating suitable place for a landfill. This
indicates that areas that are almost flat or flat are the ones suitable for
siting landfills.

3.3. Distance to road

The digitalization of the road network was done using Google Earth
imagery. The road has both minor and major roads. Fig. 7 describes the
Akure road map. According to the standard formulated by EPA for siting
landfills, areas less than 100m from the road are unsuitable for landfill,
distances from road greater than 2000 m are less suitable, a distance
between 100m and 1000m may be considered suitable which is in
tandem with the study of Allen et al. (2002) who affirmed that a distance
greater than 1 km frommain roads and highways should be avoided. The
most suitable distance from the road is 251–500m for easy accessibility
and reduce the cost of constructing new roads which is in tandem with
the assertions made by Karimi et al. (2018). This indicates that easy
accessibility to the road is important for the movement of waste disposal
vehicles. Fig. 8 vividly shows the distance to road map for Akure.

3.4. Drainage

Drainage systems, also referred to as river systems, are the patterns
formed by the rivers, streams, and lakes in a certain drainage basin. Fig. 9
displays the Akure drainage map. The drainage map shows the number of
streams orders for drainage in Akure. The stream order ranges from 1 to
7. The drainage patterns are dendritic in nature. The drainage generally
flows from Northern part of Akure towards the Southern part. The dis-
tance to drainage was classified based on the standard formulated by EPA
landfill manual 2003. Fig. 10 portrays the distance to the drainagemap of
Akure. Areas at a distance lesser than 160m are unsuitable, areas that are
between distances of 160m–480m are less suitable, areas within a dis-
tance of 480m–960m are moderately suitable and areas that are at a
Fig. 4. Landuse m
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distance greater than 960m are highly suitable.

3.5. Lineament

A lineament is a linear characteristic in a landscape which is an
illustration of an underlying geological structure such as a fault. Linea-
ments are indicators of the presence of groundwater in any area. Con-
taminants can be strongly influenced by fracturing which may provide
pathways for easier flow from the solid waste dump into groundwater
area. Groundwater is useful for human consumption, domestic and in-
dustrial purposes. Safe distance from faults are apposite for siting land-
fills because faults enhance the permeability of rocks leading to
groundwater pollution (Moeinaddini et al., 2010) and eventually cause
other earth movements (Gorsevski et al., 2012). Fig. 11 gives a picture of
Akure lineament map which was classified according to the standard
formulated by EPA for distance to water body when siting landfill. Places
that are at distances less than 160m are unsuitable, places that are be-
tween distances of 160m–480m are less suitable, places between dis-
tances of 460m–960m are moderately suitable and places at distances
greater than 960m are highly suitable. Fig. 12 represents the distance to
lineament map for Akure.

3.6. Geology

The migmatite gneiss and granite gneiss are the major kinds of rocks
that are found in the geological formation of Akure. They are resistant to
weathering (Ademeso, 2009). The migmatite will stand weathering more
than the granite gneiss. This is because migmatite is composed of
metamorphic rock and igneous rock compared to granite gneiss derived
from igneous rock. Also, metamorphic rocks have twofold behaviour
based on their precursor and are suitable (Barakat et al., 2016). Fig. 13
depicts the Akure geological map. The geology types were classified
based on the EPA standard for siting landfill. Migmatite-Gneiss Complex
is moderately suitable for siting landfill while the Granite Gneiss is more
ap for Akure.



Fig. 6. Slope map of Akure.

Fig. 5. Map of Landuse classes.

F.O. Ajibade et al. Environmental and Sustainability Indicators 3-4 (2019) 100010

7



Fig. 8. Map of distance to road.

Fig. 7. Akure road map.
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Fig. 10. Map of distance to stream network classes.

Fig. 9. Map of stream network.
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Fig. 12. Map of distance to lineament.

Fig. 11. Map of lineament.
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suitable for siting landfill.

3.7. Soil

The soil types in Akure include Eutric Nitosols and Ferric Luvisols.
Fig. 14 illustrates the Akure Soil Map. The soil types were classified based
10
on EPA formulated standard for landfill and their drainage properties.
Soil types that reduce the rate of infiltration or leaching of contaminants
from landfill sites are considered a better choice. Eutric Nitosols were
classified as highly suitable and Ferric Luvisols were classified as
moderately suitable.



Fig. 14. Akure soil map.

Fig. 13. Geological map of Akure.
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Fig. 15. Distance to residential areas.

Table 3
Various criteria and their corresponding fuzzy membership class.

Criteria Values Fuzzy Membership

Distance to drainage <160m
161m–480m
481m–960m
>960m

Fuzzy Large

Slope <5�

6� – 10�

11�
– 15�

>15�

Fuzzy Small

Distance to Road <100m (1)
101m–1000m (5)
1001m–2000 m (3)
>2000 m (1)

Fuzzy Large

Distance to Residential Areas <300m
301m–500m
501m–800m
>800m

Fuzzy Large

Landuse Built Up (1)
Bare Surface (1)
Light Vegetation (5)
Dense Vegetation (3)
Rock Outcrop (1)

Fuzzy Large

Distance to Lineament <160m
161m–480m
481m–960m
>960m

Fuzzy Large

Soil Eutric Nitosols (5)
Ferric Luvisols (3)

Fuzzy Large

Geology Granite Gneiss (5)
Migmatite Gneiss Complex (3)

Fuzzy Large

F.O. Ajibade et al. Environmental and Sustainability Indicators 3-4 (2019) 100010
3.8. Distance to residential areas

According to the standard formulated by EPA for siting landfills, areas
that are at distances less than 300m to residence are unsuitable, areas at
distances between 300m–500m are less suitable, areas that are at dis-
tances between 500m–800m are moderately suitable and areas that are
at distances greater than 800m are highly suitable. This is as a result of
the need to maintain the aesthetics of residential areas, and equally,
prevent air pollution and other health intrusion phenomena that would
be caused by the dumping of solid waste. Air pollution from solid waste
dump can lead to the outbreak and spread of diseases within residential
areas close to the dump site. Landfills are to be sited far from human
residence to avoid the devastating effects of pollution. Fig. 15 pictorially
describes the distance to residential area map of Akure.

3.9. Selected sites

The various criteria were put into fuzzy membership classes based on
their effectiveness in the determination of suitable sites for landfills.
Table 3 illustrates the various criteria and their corresponding fuzzy
membership class. The criteria fuzzy members were overlaid to produce
the landfill suitability map. Fig. 16 shows the landfill site suitability map.
The landfill site suitability was categorized into five namely not suitable,
less suitable, moderately suitable, suitable and highly suitable. Akure
covers a total area of 531.1 km2. Not suitable sites cover a region of
180.9 km2 which is 34.1% of the total area, less suitable sites cover a
region of 267.4 km2 which is 50.4% of the total area, moderately suitable
sites cover a region of 1.8 km2 which is 0.3% of the whole area, suitable
sites cover an area of 0.1 km2 which is 0.02% of the total area and highly
suitable sites cover a region of 81.1 km2 which is 15.5% of the entire area.

4. Conclusion

Waste dump site selection is a complex process involving the
12
evaluation of numerous factors like regulations, engineering, environ-
mental, socio-cultural, and economic factors. The integration of Remote
Sensing and GIS techniques was used to map out landfill suitable sites in
Akure. Understandably, in this study, criteria including distance from the
railways, mine, national park, historical sites, and archaeological sites



Fig. 16. Suitability map of landfill sites.
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have not been taken into consideration as a result of their absence in the
study area. The considered factors are all almost environmental-related
with few social and economic elements as key factors. GIS is a tool that
has the capability of selecting the best site for a landfill. Using GIS is
economical and also a practical way of generating a useful and top-
quality map for landfill site selection. It also helps to downscale the
extent of work as it models and gives the best suitable sites before the
reconnaissance survey or ground truthing is carried out. Multiple criteria
were used which includes distance to drainage, distance to roads, dis-
tance to residential areas, distance to lineament, land use and land cover,
slope, soil and geology types. The study also serves as a guide for plan-
ning and management of improved waste dump disposal.
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