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Abstract  

Waste disposal has become a serious problem in major urban cities in Nigeria today.  Most municipal 

governments have had to admit their inability to cope with the problem. An expression of the problem is the 

common sights of refuse that often threatened the roads impassable to traffic. The aesthetic looks of cities 

are much affected apart from the likely health hazard posed by this state of affairs. Waste disposal problem 

often results from the inability of municipal governments to match the collection and disposal of wastes with 

the generation of wastes. Sometimes the problem could be traced to lack of a suitable site for disposal and 

treatment. The aim of this paper is to show how application of GIS could be used for siting solid waste 

disposal in Owo. The paper presents a review of current situation of solid waste management in developing 

and developed countries although many factors are critical in selecting a site for solid waste disposal. In 

this paper, we consider types of soil suitable for solid waste disposals, land use/ land cover, transportation 

routes and proximity to surface water. These factors are combined in this study to select the necessary site 

that meets stipulated conditions. On the whole, several map layers are derived and the final outputs are 

hard copies and soft copies showing the most suitable site for the solid waste disposal. A DEM is also 

generated and its result overlaid with the derived layer of the built up area and the final site of the solid 

disposal is indicated. 
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1.  Introduction 

Management of solid waste is one of the challenges facing urban areas in the world. This is because an 

aggregation of human settlements has the potential to produce a large amount of solid waste. Collection, 

transfer and disposal of such waste have been generally assumed by municipal governments in developed 

countries. The format varies, however, as in most urban areas, garbage is collected either by a governmental 

agency or private contractor, and this constitutes a basic and expected government function in such contexts.  

Municipal solid waste management has thus become a major issue of concern for many under-

developed nations, especially as populations increase (Bartone, 2000). The problem is compounded as many 

nations continue to urbanize rapidly. For instance, 30-50% of population in most developing countries is 

urban (Thomas-Hope, 1998) and in many African countries, the growth rate of urban areas exceeds 4% 

(Senkoro, 2003). Although developing nations do spend between 20% and 40% of municipal revenues on 

waste management (Thomas-Hope, 1998; Schubeler, 1996; Bartone, 2000), they are often unable to keep 
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pace with the scope of the problem. Senkoro (2003) added that when the governments of African countries 

were asked by the World Health Organization to prioritize their environmental health concerns, results 

revealed that while solid waste was identified as the second most important problem (after water quality), 

less than 30% of urban populations have access to “proper and regular garbage removal”. 

Municipal solid waste management is one of the major problems facing city planners all over the 

world. The problem is especially severe in most developing country cities where increased urbanization, 

poor planning, and lack of adequate resources contribute to the poor state of municipal solid waste 

management (Obirih-Opareh & Post, 2002; Mato, 1999; Doan, 1998; Mwanthi et al., 1997). In Africa, rapid 

urban growth since the 1960s has put pressure on land resources within the areas surrounding cities, and has 

led to increased generation of waste. The problem is aggravated by the open dump nature of disposing waste 

especially in the slum areas of most African cities (Hammer, 2003). Traditionally, administrations in African 

states permitted uncontrolled dumping in abandoned quarry sites with no provision for sanitary landfill, 

causing huge health problems (Martin, 1992; Hammer, 2003).  

A large part of the problem is inadequate financial and data resources for site selection and 

management (Mwanthi et al., 1997). Public administration of waste collection is also inadequate for a 

variety of reasons which led most administrations to privatise the service, where private cost recovery seems 

to indicate a better solution (Obirih-Opareh & Post, 2002). These problems have resulted in serious 

environmental and social complications (Arinola & Arinola, 1995; Moore et al., 2003). Developing 

countries thus have solid waste management problems that differ from those found in fully industrialized 

countries. Indeed, the very composition of their waste is different from that of developed nations.  

The amount of solid waste generated in Owo has increased steadily over time, from an estimated quantity of 

60, 000 metric tons per year in 1991 to 75,000 metric tons in 2012 because of the increasing population, 

industrial and economic development. While the population of Owo was about 176,955 in 1996, it increased 

to approximately 253,061 in 2012 (Modebola 2012). In 2004 government conducted a feasibility study of 

waste management in Ondo State. The study revealed that most of the waste arises from households, 

abattoirs, poultries, piggeries, markets and small scale industries with a total generation of 280 tons per day 

(Bayode, 2011). 

Remote sensing is one of the excellent tools for inventory and analysis of environment and its 

resources, owing to its unique ability of providing the synoptic view of a large area of the earth’s surfaces 

and its capacity of repetitive coverage. Its multispectral capability provides appropriate contrast between 

various natural features where as its repetitive coverage provides information on the dynamic changes taking 

place over the earth surface and the natural environment (Navalgund et al; 1983). 

The role of GIS in solid waste management is very large as many aspects of its planning and 

operations are highly dependent on spatial data. In general, GIS plays a key role in maintaining account data 

to facilitate collection operations. In this manner, aspects such as customer service; analyzing optimal 

locations for transfer stations; planning routes for vehicles transporting waste from residential, commercial 

and industrial customers to transfer stations and from transfer stations to landfills; locating new landfills and 

monitoring the landfill, are important. GIS is a tool that not only reduces time and cost of site selection, but 

also provides a digital data bank for future monitoring programme of the site (Tomlison, 1990).  

GIS is a suitable tool for site selection since it has the capability to manage large amount of spatial 

data that comes from various sources. Kao et al., (1996) pointed out that large amount of spatial data can be 

processed using GIS and thus, it potentially saves time that would normally be spent in selecting an 

appropriate site. While Daneshvar et al., (2005) claimed that GIS is an ultimate method for preliminary site 

selection as it efficiently stores, retrieves, analyzes and displays information according to user-defined 

specification. However, GIS can be limited by the existing sources of data needed in siting analysis. 
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According to Barron (1995), GIS analysis of waste composition, degree of compaction and resulting density 

along with volumetric changes during land-filling, can ensure that the most efficient placement method is 

used and maximum capacity is achieved. 

The objectives of this study are to: 

        1. determine criteria for locating the most suitable locations in the study area 

        2. identify and evaluate possible suitable locations of landfill in Owo. 

        3. identify the effectiveness of GIS as a siting tool in land-fill site selection in the study      

            area. 

 

2   The Study area 

Owo Local Government is one the 18 Local Government Areas in Ondo State. It is bounded by Emure-Ise-

Orun Local Government Area of Ekiti State to North, Akure and Idanre to the East and South respectively, 

while Ose Local Government forms the border to the west and part of the South. River Ogbese and Ose form 

the natural boundaries between Owo and a few of these neighbouring Local Government areas. Owo is 

located on latitude 07
o
11’N and longitude 05

o
33’E (see figure 1a, 1b and 1c). 

 It has a land area of about 636kmsq, with a population of 157,181 (NPC, 1991). By the year 2006, the 

population had increased to 196,729 (NPC, 2006). 

 

 
Figure 1a: Map of Nigeria Showing Ondo State 
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        Figure 1b: Map of Administrative Map of Ondo State Showing Owo LGA 

 
Figure 1c: Map of Owo Local Government showing the Eleven (11) wards 

 

3.  Data Acquisition and Method 

This study is interested is locating the most suitable area for waste disposal in Owo, using the capabilities of 

GIS and remote sensing. To achieve this, Enhanced Landsat ETM
+
 images of 2002, 2007 and 2012 were 

acquired for the landuse / land cover map of Owo L.G.A. These Enhanced Landsat ETM
+
 images were used 

to determine the available area that can be used as a potential site for sitting the landfill. 
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The general site selection criteria that must be satisfied for the most suitable site for landfills site in Owo 

include: 

     i.  200 metres buffer around all surface water. 

    ii.  100 metres buffer around all transport routes 

    iii.  2,500 metres buffer zones created around all urban areas. 

    iv.  Soil with low permeability e.g. clay rich environment 

    v.   A landform that is located on flat or undulating land. 

    vi.  Land use/ landcover types such as grassland, forests and cultivated land. 

 

4.  Result and discussion 

The GIS analysis and operations performed in the selection of the most suitable sites in this study involved 

the multi-criteria evaluation and overlay operations. The multi-criteria which is conducted by weighing all 

factor maps and combining them with the overlaid constraint map suitable site for landfills site in the study 

area. The following variables are taken into consideration in the final suitability map. They are land-use/ 

land-cover type, distance to surface waters, proximity to urban areas; distance to transport route, geology 

and soil type of the study area. 

 Figure 2 shows the landuse/land cover map of the study area. Over 50% of the land use is for vegetation 

while over 30% is used as bareland or cultivation only about 10% is used as built-up area.  

 
                         Figure 2: Landuse/Landcover Map of Owo LGA 

 

Figure 3, the built-up area of the study area was buffered by 2500 meters, the purpose is to create adequate 

setback between dwelling or residential areas and the landfill site to avoid any form of pollution.The areas 

outside the buffered zone are potential areas for the siting of the landfill because they are out of the 

restricted area. 
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           Figure 3: Buffered Built-Up Area Map of Owo 

Figure 4 shows all the categories of roads in the Owo LGA buffered by 100 meters. The choice of 100 

meters buffer is to give adequate consideration to aesthetics and safety and this is generally acceptable in 

Nigeria. Also, the power line passing through Owo LGA from Benin was also buffered by 100 meters. 

 

 
           Figure 4: Buffered Road Network Map of Owo LGA 

 

Landfills should not be placed too close to streams and rivers that constitute the drainage system of an area 

in order to mitigate conflicts relating to the contamination of sources of water supply. This becomes 

imperative in order to guard against health problems, noise complaints, odour complaints, decreased 

property values and animal – perpetrated mischief due to scavenging creatures. These were buffered at a 

distance of 200 meters in figure 5. 
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        Figure 5: Buffered Drainage Map of Owo LGA 

 

In Landfills site selection, the geological characteristics of the region are very important.  

There are three (3) major geological characteristics in Owo LGA, these are the Migmatite which is a 

coarsely crystalline rock composed of a mixture of bands of metamorphic and igneous rocks, the Granite 

Gneiss which is a metamorphic rock formed at high pressures and temperatures and is made up of feldspar, 

mica and at least 20% of quartz and the third is the Quartzite Schist which also a metamorphic rock 

composed mainly of quartz formed by the action of heat and pressure on sandstone, the quartzite schist is a 

rock that splits into layers whose minerals have aligned themselves in one direction (see figure 6).One 

constant characteristic of the 3 geological types is that they all contain fracture, meaning that they allow 

water percolation. 

 

          
Figure 6: Geological Map of Owo 
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In figure 7 shows the buffered built-up area was overlaid on the buffered drainage map, this is to screen out 

unsuitable areas and leave areas that could be suitable for the landfill site. 

 
         Figure 7: Map of Owo LGA Showing Overlay of built up and Drainage 

 

Figure 8 shows the overlay analysis of the buffered built-up map overlaid on the landuse/land cover map. 

The purpose of this analysis is to determine the available area that can be used as a landfill site, bearing in 

mind that areas covered by the buffer are unsuitable, area covered with rock-out crop are unsuitable and 

areas housing the forest reserves are also unsuitable, that leaves us with whatever areas left being the 

potential suitable areas for the landfill site. 

 
Figure 8: Map of Owo LGA Showing buffered build up overlaid on the land use/landcover 
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The buffered built-up area was erased from the Landuse/Land cover map using the GIS Xtool, erase feature 

tool; this is to reveal the available area that can be used as a potential site for siting the landfill. As the built-

up area has been erased, we are left with areas dominated with vegetation, bareland or cultivation. These 

areas are the potential suitable sites for siting the landfill (see figure 9). 

 
Figure 9: Potential Suitable Site 1: Erased Buffered Built-Up Area  

 

A spatial and attribute query was then performed on the erased map for areas covering 99 hectares and 

above. After the query, five (5) areas in figure 10 were identified as having more than 99 hectares. The 

reason for choosing areas covering 99 hectares or above is to ensure continuity. More often than not, it is 

observed that when a sanitary landfill site is used up to its capacity it is abandoned and a new site is the 

sought. 

 

 
Figure 10: Potential Suitable Site 2: Landuse/Landcover Showing Potential Suitable Sites ≥ 99 Hectares  

The five area having over 99 hectares of land were separated using unique colours and their corresponding 

land area were identified.  The site at Emure covers an area of 369.223 hectares, the site at Ijebu covers 
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137.204 hectares, the site at Ipele covers 120.847 hectares, the site at Idasen covers 112.455 hectares while 

the site at Uso covers 99.967 hectares.Figure 11 shows a vivid illustration of the area of the various potential 

site as well as where they are located. 

 
Figure 11: Map of Owo LGA Showing Potential Suitable Sites for the Landfill Site 

 

Figure 12 shows the road network map overlaid on the potential suitable sites to show the route connectivity 

in order to identify the site with the most routes. It is pertinent to state here that accessibility is key to site 

selection, the site that would eventually be chosen as the most suitable site for the landfill must be very 

accessible; this would ensure that wastes collected would eventually be easily transported to its final 

destination. 

 
Figure 12: Potential Suitable Site Showing Route Connectivity. 

Figure 13 shows the triangulated irregular network map (TIN). It was derived from the contour map of the 

study area using surface analysis in Arcview 3.3. The map shows the elevation of the area. Areas with 

elevation range of 150m to 300m are suitable areas while those below or above it are unsuitable.
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Figure 13: Triangulated Irregular Network Map of the Study Area (TIN) 

 

Figure 14 is the overlaid analysis of figure 11 and figure 13, where the five (5) Potential suitable sites are 

overlaid on the elevation map (TIN). From the above it can be observed that the area with 369.223 hectares, 

falls within the suitable area (Emure), however, potential suitable sites located at Ijebu, Ipele and Idasen fall 

within the forest reserve area making them unsuitable, that leaves suitable sites located at Uso and Emure. 

The suitable site in Uso falls within an unstable relief with elevation ranging between (44-220m).This shows 

that Emure is considered the most suitable site for the siting of the sanitary land fill site in the study area as 

shown in figure 15.   

 
Figure 18: Map of Owo LGA Showing the Most Suitable Landfill Site 
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5.  Conclusion and Recommendations 

This study has examined the problems of waste disposal sites in Owo, and its implications on the residents 

of the town. The study revealed that Owo town has grown appreciably in population as well as spatial extent 

over the years. As a result of this, there has been a tremendous growth in the waste generation. These 

phenomenons with some other factors have resulted in many urban problems among which are waste 

generation. This study used digitized data layers consisting of major roads, minor roads, streams, soil, 

geology, landuse/landcover and wards in a GIS to locate the most suitable areas for waste disposal site in 

Owo. The results of the GIS showed that there are limited suitable areas, sufficient sites were chosen under 

predefined parameters. All the sites selected are located far from any environmental interest areas, streams, 

urban areas where population is very clustered, which minimizes social conflict and environmental impacts. 

The most suitable sites are located at Emure in Emure/Uso wards which covers an area of 369.223hectares, 

relatively close to the built-up areas, relatively plain terrain, located within the vegetative areas and 

geologically suitable. 

For proper waste disposal systems and management to be maintained in the town, the following 

recommendations were suggested. There should be public awareness and participation in the planning and 

implementation of solid waste management. Different avenues like media, school symposia, workshops, 

seminars should be explored by the government. Also, proper management of the selected landfill sites by 

the government and private sector in the city. Lastly, although the introduction of private sector participation 

is not a panacea, government should put in place and pursue policies that encourage the private sector 

operators. 

Using GIS approach to waste disposal and site selection has proven to be a powerful tool that enhances the 

siting process. The GIS is a powerful tool for identifying suitable waste disposal sites. The major benefit of a 

GIS is that once a GIS database exists, it can be enhanced into a complete waste disposal management GIS 

package. 
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