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A Spatial Decision Support Tool for 

Landfill Site Selection: Case For Municipal 
Solid Waste Management

Nakakawa Agnes and Ogao P.J.

One of the problems faced worldwide is waste management. It involves several 
activities, which can be categorized into: collection, transportation and disposal of 
waste. Computerizing the processes involved in these activities can help to improve 
efficiency and effectiveness in waste management. However, the process of particular 
interest and environmental concern is the effective selection of sites for waste disposal 
(landfill sites). The current process of selecting landfills in Uganda is manual, costly 
and time consuming. This paper presents the design and development of a Spatial 
Decision Support Tool as a computer-based technology that can be used to solve the 
complex process of landfill site selection for municipal solid waste management in 
Kampala and the neighboring Wakiso districts. Several parameters required in 
landfill site selection such as an area’s distance from: roads, rivers, lakes, wetlands, 
towns, gazetted land, and the soil type, topography, land cover of an area among 
others were considered. The tool was developed based on existing literature on landfill 
site selection, Spatial Decision Support Systems (SDSS), Geographical Information 
Systems (GIS) and Multi-Criteria Evaluation (MCE). The model used by the tool 
was designed using ArcView Spatial Analyst 2.0, the user interfaces were designed 
using Avenue Programming language and Visual Basic 6.0, and ArcView GIS 3.2a 
provided the Database Management System. The results of the tool were validated 
using Ground Truthing. The results of this study can be very helpful during the 
procurement process of landfill sites; that is, the concerned authorities can save time 
and costs associated with inspection and evaluation for bidders whose sites are located 
far outside the range of potentially identified areas.

Introduction
Currently Uganda’s urban areas are characterized by “careless and indiscriminate 
open waste-space-dumping” (NEMA, 1998). Over the years effective management 
of solid waste has been a major problem in the city of Kampala and Uganda at 
large. Poor waste management contributes to poor environmental and unsanitary 
conditions that threaten public health and the quality of life of urban dwellers 
(NEMA, 1998; NEMA, 2002). This is because the location of a landfill is a major 
determinant of the extent to which the landfill will pose an environmental risk 
(EPA, 1998). 

Careless waste disposal results in pollution of surface and ground water, 
impairing soil permeability, and blockage of drainage systems (USEPA, 2002). 
Leachate from such dumps mixes with rainwater, hence contaminating drinking 
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water and degrades the water resource (EPA, 1998; Vitalis and Manoliadis, 2002). 
According to USEPA (2002), solid waste management can be improved by “either 
operating a properly sited, designed, constructed, and managed landfill, or burning 
of waste in a controlled facility that converts waste to energy”. However urban 
areas of Uganda lack landfills, what mostly exists are poorly sited dumpsites (due 
to limited technical capacity for suitable landfill siting), which lack management 
for proper operation (NEMA, 2001). 

Landfill site selection has been a problem not only experienced in Uganda but 
worldwide. However, over the years several researchers have discovered ways 
of partially solving this problem by applying computer based techniques in the 
process of selecting suitable landfill sites. According to Gao et al., (2004), any 
decision making process that focuses on problems that are either dependant or 
influenced by geographical information is spatial decision making.

Spatial Decision Making (SDM) Site selection is a semi-structured process 
that involves consideration of several factors before an optimal solution is got 
(Eldrandaly et al., 2003). GIS as a decision support tool, simplifies the search for 
suitable sites for a particular purpose because of its capability of spatial feature 
extraction and classification (Vitalis and Manoliadis, 2002). Site selection process is 
complex hence the need to integrate several decision support tools such as Expert 
Systems (ES), GIS, and MCE for an optimal selection (Eldrandaly et al., 2003). 

A Decision Support System (DSS) is a class of computerized information systems 
that support semi-structured decision-making activities through the support for: 
development and use of mathematical models, and data manipulation (Power, 2004). 
In addition, SDSS is an interactive, computer-based system that supports a user or 
group of users in achieving a higher effectiveness of decision making while solving 
a semi-structured spatial decision problem (Malczewski, 1997; Peterson, 1998). 
SDSS support execution, interpretation, visualization, and interactive analysis of 
spatial models over multiple scenarios encountered in site selection (Hemant et 
al., 1999). GIS is a computer-based technology and methodology for collecting, 
processing, managing, analyzing, modeling, and presenting geographic (spatial) 
data for a wide range of applications (Eldrandaly et al., 2003; Power 2004). 

The integration of both GIS and Multi-Criteria Decision Analysis (MCDA) 
techniques improves decision-making because it enhances an environment for 
transformation and combination of geographical data and stakeholders’ preferences 
(Malczewski, 2006). In site selection problems, GIS perform deterministic Overlay 
and buffer operations while; MCDM methods evaluate alternatives based on the 
decision maker’s subjective values and priorities (Eldrandaly et al., 2003).

A spatial problem can have both spatial and non-spatial aspects, all of which 
must be considered in decision-making for optimal results (Gao et al., 2004). There 
is need for integration of a spatial model (representing spatial aspects) and a non-
spatial model (representing non-spatial aspects) of the problem (Gao et al., 2004; 
Eldrandaly et al., 2003). A spatial model is a set of spatial processes that convert 
input data into an output map using a specific function such as buffer or overlay 
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(Gao et al., 2004). In this study, vector and grid (raster) data were both used in 
spatial analysis.

Spatial Modeling is the process of manipulating and analyzing spatial data to 
generate useful information for solving complex problems (Haggett and Chorley, 
1967). Spatial modeling is useful when finding relationships among geographic 
features and helps decision makers to logically address the spatial problem (Gao 
et al., 2004).

Related work
Research has been done in the area of SDM in site selection (Vitalis and Manoliadis, 
2002; Adinarayana, 2003; Eldrandaly et al., 2003; Herzog, 1999; Gao et al., 2004; 
Lourdes, 1996; Gaim, 2004; Ramos, 2004; Yaw et al., 2006 among others). The 
review of literature identified a need for development of a spatial decision support 
tool for landfill site selection for municipal solid waste management for Kampala 
district. This is because the existing landfill site selection systems or tools and multi-
task site selection projects developed in other countries (like; Western Macedonia-
Greece (Vitalis and Manoliadis, 2002), Philippines (Lourdes, 1996), South 
Calfornia- Savannah River site (Ehler et al., 1995), Malaysia (Gaim, 2004), Larimer 
county- Colorado USA (Herzog, 1999), among others) cannot be efficiently and 
effectively used for the case of Kampala- Uganda without any modifications, due 
to the following reasons: 

(i) Though the landfill site selection criterion is almost similar all over the 
world, there are some constraints related to locality, which may cause 
criteria factors to conflict with each other (Michael (1991) as cited by 
Yagoub and Taher, 1998). In addition, waste hierarchy options for different 
countries differ because of different geography, culture, environment, 
urban structure, and planning system among other factors (Pitt, 2005). 

(ii) Tools designed by other countries are not readily available for direct use 
or for modification in order to be used for the case of Uganda. 

Site Selection Criteria for Landfills
Several countries (like Australia, Malaysia, Niger, North Dakota, Philippines, 
Uganda, and United States among others) have put in place rules to follow when 
selecting suitable sites for sanitary landfills. These guidelines act as the primary 
mechanism used to protect the host community and the environment at large. 
Below are the factors that several researchers (EPA, 1998; EPA, 2003; Malaysian 
Government, 1995 as quoted by Gaim, 2004; North Dakota Department of 
Health, 2002; KCC, 2000; Yaw et al., 2006 among others) have used to determine 
the appropriateness of a site to be used as a sanitary landfill.

(i) Site Capacity: A site should be capable of providing at least 10 years of use 
in order to; minimize costs for site establishment, operation and closure.

(ii) Land cover: buffer zones should be provided between the landfill and 
sensitive areas or other land uses. For example; at least 100m from public 
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roads, at least 200m from industrial developments, at least 500m from urban 
residential or commercial area, at least 1000m from rural residential areas. 
For the case of Malaysia (Gaim, 2004), land use types such as grassland, 
forests and cultivated land were considered appropriate for dumping 
except marshland and swamp type. For this study, grassland and bush 
land areas were considered appropriate for a landfill site.

(iii) Airports: The distance between an airport and a landfill should be a 
minimum of 3km, unless there is a clear demonstration of bird control 
measures at the landfill.

(iv) Surface Water: The distance between a landfill and the nearest surface 
water should be a minimum of 100m, or 200m to minimize the risk of 
polluting water with leachate. However, North Dakota Department of 
Health (2002) uses a minimum distance of 60m to the nearest surface water, 
and Yaw et al., (2006), a distance of 300m from any water body. For this 
study, at least 200m were considered appropriate for a landfill site.

(v) Groundwater: An extremely deep water table region is suitable so that 
underground water is not contaminated by the leachate of the waste. 
According to North Dakota Department of Health (2002), the bottom of 
disposal trench should be at least four feet above the water table.

(vi) Local Topography: landforms located in flat or undulating land, in a 
disused quarry are suitable for waste disposal. Major landfills must not 
be sited in hilly areas, those with ground slopes nominally greater than 
10%. However, EPA (2003) recommends a slope less than 5 %, and North 
Dakota Department of Health (2002), 15% slope or less. For this study, 
20% or less was considered appropriate for a landfill site.

(vii) Soils: soil should be of sufficiently low permeability to significantly slow 
the passage of leachate from the site. Thus, sites in clay-rich environments 
are preferable.

(viii) Climate: areas with heavy rainfall need extra care to avoid side effects of 
drainage and erosion, sites with prevailing winds require extra efforts to 
control litter and dust. 

(ix) Unstable Areas: landfills must not be located within 100m of an unstable 
area. 

(x) Infrastructure: Although landfills should have suitable transport access, 
with power and water available, they should not be located within 100m 
of any major highways, city streets or other transportation routes. Yaw et 
al., (2006) recommends 300m. It would be more cost efficient for landfills 
not to be located so far away in order to avoid high transportation costs. 
For this study, at least 200m were considered appropriate for a landfill 
site.
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(xi) Local Flora and Fauna: Sites that contain protected or endangered fauna 
and/or flora, or sensitive ecosystems are unsuitable for landfill facilities. 

(xii) Distance from environmentally sensitive or protected areas: A landfill 
must not be located in close proximity to sensitive areas such as fish 
sanctuaries, mangrove areas and areas gazetted for special protection 
would be excluded. Therefore a 3,000m buffer is necessary to surround an 
environmentally sensitive area. EPA (1998) recommends a buffer of at least 
500m. For this study, at least a 3000m buffer was considered appropriate 
for a landfill site.

(xiii) Distance from urban areas: Landfills should not be placed too close 
to high-density urban areas in order to mitigate conflicts relating to the 
Not in My Back Yard syndrome (NIMBY). This guards against health 
problems, noise complaints, odour complaints, decreased property values 
and mischief due to scavenging animals. Development of landfills should 
be prohibited within 3000m from village or rural settlements. EPA (2003) 
recommends at least 500m from an urban residential or commercial area. 
Yaw et al., (2006), a distance of 4000 m from a town. For this study, at least 
a 3000m buffer was considered appropriate for a landfill site.

(xiv) Population: Gaim (2004) recommends that areas with a population density 
less than 200 were regarded as suitable for landfills.

In addition to the above guidelines, some countries have developed landfill site 
selection systems or tools that use the above guidelines to make the site selection 
process efficient and effective (for example; Western Macedonia-Greece (Vitalis 
and Manoliadis, 2002), Philippines (Lourdes, 1996), South Calfornia- Savannah 
River site (Ehler et al., 1995), Malaysia (Gaim, 2004), Larimer county- Colorado 
USA (Herzog, 1999), among others).

However Uganda still has a manual and time-consuming landfill site selection 
procedure that uses the guidelines given in KCC (2000). Through advertising, 
Kampala City Council (KCC) expresses interest in purchasing land that satisfies the 
above criteria, and then willing bidders respond to the advertisement. Thereafter 
the procurement process involves several activities one of which is the inspection 
and evaluation of sites that bidders are offering. This process is tedious, costly and 
time consuming. Kampala district currently has one sanitary landfill site located 
at Mpererwe, which was acquired using the above process. Currently, there is no 
computer-based system to help KCC have an effective and efficient landfill site 
selection process. 

Methodology
All data that was used in the study was collected using the following methods: 
Library Research Method, Interviews with the Landfill Site Contractor of KCC, 
and Observation method. The digital maps (or data sets) of the required parameters 
for Kampala and Wakiso districts were obtained from the GIS labs of National 
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Forestry Authority (NFA), KCC and Uganda Bureau of Statistics (UBOS).
The architecture and Model of the tool (Figure 1 and Figure 2 respectively) 

were designed by modifying the architecture and framework of a decision support 
system for industrial site selection (Figure 3 and Figure 4 respectively) designed by 
Eldrandaly et al., (2003). 

The landfill site selection process performed by this tool is divided into two 
phases as explained below:

(i) First phase (Spatial Modeling phase) involves the use of ArcView GIS 
Geoprocessing tools to create buffers, intersects and select sites that satisfy 
the landfill site selection criteria; for example, distance from water bodies, 
towns, roads, among others. Themes were categorized into geographical, 
surface water and social factors. Weighted Overlay process and Multi-
Criteria Evaluation were performed on all the parameters in each category; 
and the same processes were again applied on all the 3 category output 
maps. The remaining areas (areas or sites satisfying all the constraints of 
all layers or parameters) were further evaluated in phase II.

(ii) Second phase involves further analysis and evaluation of the potential sites 
obtained in the phase 1. Additional factors used in this phase include; site 
capacity, population distribution, and other factors obtained as a result 
of ground Truthing. Factors considered after Ground Truthing include; 
government policy on an area, and cultural beliefs or norms of people 
living in that area. Finally the tool gives the sites recommended for 
municipal solid waste disposal in the study area. However, the tool allows 
the decision maker to experiment the impact of weights (preferences of 
any criteria) assigned to each parameter; which provides flexibility during 
decision-making.

Tool Evaluation was done using both quantitatively and qualitatively measures. 
Qualitative Evaluation ensures that the system meets the user’s requirements 
whereas Quantitative evaluation ensures that the system performs the required 
tasks effectively within the constraints of time, CPU speed, data storage limits 
(Goodchild and Rizzo, 1987) as cited by Ehler et al., (1995)).

Architecture of the Prototype Spatial Decision Support Tool
This tool is based on a 3-tier architecture and below is a description of each tier; 

(i) Database Management Component: ArcView GIS 3.2a performs the function of 
storing and maintaining the digital maps of all the required parameters in the digital 
GIS database. All data was obtained in vector format, which was later converted to grid 
(raster) format for analysis purposes. ArcView GIS 3.2a was used because according 
to Connolly and Begg (2004), GIS database stores various types and large volumes of 
spatial and temporal information, derived from survey and satellite photographs; and 
the data requires operations (on distance, intersection and others) that SQL does not 
provide.
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(ii) Model Base Management Component; contains the spatial model and the 
MCE analysis procedures of the tool. This component was developed as 
follows:
a) Spatial Analyst 2.0a ModelBuilder was used to design the model 

using routines and processes involved in spatial analysis. GIS routines 
for Clipping, Data Conversion, Buffering, Weighted Overlay, Data 
Classification, and Slope Analysis were all used.

b) MCE was done together with the Weighted Overlay process in order 
to include the decision maker’s preference in the landfill site selection 
criteria. 

(iii) User Interface Component; was designed using scripts written in Avenue 
(ArcView’s Object Oriented Programming Language) and the Dialog 
Designer extension provided in ArcView 3.2a. The Interface is used to; 
enter the explicit spatial datasets, implicit spatial datasets (parameters), 
and non-spatial input like decision maker’s preferences, perform model 
simulation, and display maps and reports of analysis results.

Results
The landfill site selection model (spatial model) used in this tool was developed 
basing on the information obtained from the review of the different criteria used 
in other countries, and also from the expert knowledge that was provided by 
the Solid Waste Engineer of KCC and other officials who were interviewed. 
The parameters used in the tool are both spatial (Soils, Land Cover/Land Use, 
Topography, Lakes, Rivers, Wetlands, Major Towns, Roads, and Protected Areas) 
and non-spatial factors (Capacity, population distribution, and government policy). 
The digital maps used were taken and prepared in 2000 by NFA, which creates 
digital maps after every 5 years because of the high costs involved in the creation 
of those maps and the time required for cleaning and validating the maps.

The weight assigned to each parameter (see Equation 1) illustrates the relative 
importance of that parameter in the site selection process and the decision maker’s 
preference to a particular landfill site selection criterion. The presented weights 
in the model were obtained after several simulations were done. Spatial Modeling 
(Phase I) using the above information, yielded the Potential Landfill Sites Weighted 
Overlay Map, which shows areas that meet the landfill site selection criteria of 
only the spatial factors.

For phase II of site selection, Query Builder was used to select only the potential 
landfill sites from the entire overlay map. All the selected features were converted 
to a separate vector theme mainly because vector data represents geographic 
features with greater precision compared to grid data (ESRI, 2000). This resulted in 
249 potential sites for landfills in Kampala and Wakiso Districts (with the current 
Mpererwe sanitary landfill site inclusive). Non-spatial factors (for example site 
capacity, population distribution of the potentially identified areas, government 
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policy on the potentially identified areas, and land ownership) were not included 
in the spatial model, but were used to evaluate the 249 potential sites obtained in 
phase I. 

Qualitative Evaluation/Validation was done by Ground Truthing, which 
involved visiting the potentially identified sites. Sites in 3 areas (Mpererwe, 
Naluvule and Buloba) were visited. However the accuracy of the obtained results 
is subject to; the time of satellite imagery (the time when the satellite images were 
taken), the accuracy of the data (that was obtained from KCC, NFA, and UBOS), 
and the weights a user or decision maker assigns to parameters. 

The results of this work were acceptable by the Solid Waste Engineer of KCC; 
in the sense that parishes where some of the potential sites (identified by this 
study) are located, were among the areas that bidders who responded to the “The 
Call for Bidders” by KCC were offering in response to the advertisement. Those 
areas include sites in Nangabo, Kyambogo, and Wakiso subcounties. Evaluation 
reduced the potential sites from 249 to 27 potential sites (see Figure 5 and Figure 
6), with the current Mpererwe sanitary landfill site inclusive.

Quantitative Evaluation/Validation involved testing or running the tool on 
platforms that had varying specifications, and it was able to effectively run on 
platforms. The tool enables one to select landfill sites in less time compared to 
the time taken during the procurement process of landfill sites (especially the task 
of inspection and evaluation of sites offered by bidders to KCC) and debates or 
number of meetings held before any site is chosen. 

Conclusions and Future Work
Locating suitable sites for any purpose (for example industrial, landfills, and road 
construction or infrastructure development among others) has always been a 
challenge due to NIMBY attitudes among the communities (Ramos, 2004; Yaw et 
al., 2006). This implies that decision makers should aim at choosing sites that cause 
minimum conflicts since it’s not possible to find sites that cause no opposition (Yaw 
et al., 2006). This study only covers municipal solid waste disposal in Kampala and 
Wakiso districts, and the tool is limited to a desktop implementation because of 
limitations of high costs, complexity regulation and time. The design, operations 
and maintenance of a landfill are out of the scope of this work.

The findings of this work can be useful to planners and researchers since this 
work serves as a guide for further development and research in the following 
areas:

(i) Ground water levels of the potential sites were not measured because 
of time limitations, costs and technical equipment required. Performing 
Ground water level analysis will modify and improve the results.

(ii) Digital maps for the entire country (Uganda) can be used so as to select 
landfill sites countrywide. Further Ground Truthing can then be done, so 
that the output can be stored as a separate digital map for areas suitable 
for landfills. In this, such areas can be reserved for waste disposal and not 
compromised to other purposes or services.
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(iii) Lastly, the framework and implementation of this tool can be modified 
to include several stakeholders in the landfill site selection decision-
making process. That will lead to incorporation of preferences of several 
stakeholders (for example Parish leaders, NEMA, Ministry of lands, 
landowners and community among others) in the landfill site selection 
decision-making exercise, and therefore minimize conflict. Such analysis 
will eventually yield the most suitable sites for waste disposal in the entire 
country.
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Appendix

Fig 1: Architecture of the Prototype Spatial Decision Support Tool
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Fig 2: Conceptual Model of the Spatial Decision Support Tool

Fig 3: Three-Tier Architecture for the SDSS for Industrial Site Selection by Eldrandaly 
et al., 2003
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Equation 1: Equation used in the Spatial Model

Fig 4:  Framework for the SDSS for Industrial Site Selection by Eldrandaly et 
al., 2003

Fig 5: The 27 Potential Landfill Sites that are more than 30 Acres in Area
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Fig 6:  Parish Location of the 27 Potential Landfill Sites in Kampala and 
Wakiso Districts

 




