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Abstract 

This thesis was aimed at the development of a Geographical Information System (GIS) based model to 

support the Rwanda Land Use and Development Master Plan. Developing sustainable land 

management is the main task of this master plan. Stakeholder’s involvement was of key importance. 

Their demands should be analysed and visualised to support discussions and the decision-making 

process. Spatial Multicriteria Decision Analysis (MCDA) is a proven method for land-use planning 

purposes. However, most land-use planning applications focus on a specific theme, such as urban 

development. In addition, land-use planning is often limited to a relatively small area. This thesis 

focused at the development of a countrywide GIS model, containing all land-uses accommodated in 

three main land-use categories: urban, agriculture and conservation. The GIS model was largely based 

on the Land-Use Conflict Identification Strategy (LUCIS) model. Many of the goals, objectives, and 

subobjectives that described the earlier mentioned land-use categories were adopted from the original 

model. However, a significant number of them were dropped, and new were created to suit the 

Rwandan situation. Stakeholder’s involvement was realized by assigning weights to the goals and 

preference maps. The Analytical Hierarchy Process (AHP) was used as weighting method. ESRI’s 

ArcGIS ModelBuilder was used to give the model shape in the GIS. Firstly, suitability maps were 

created of all elements in the model. The suitability maps were then transformed into preference maps 

by weighting them. In the next step the preference maps were collapsed in three classes: low, medium 

and high preference. Finally, the preference maps of the three land-use categories were combined, in 

order to visualize conflict areas. Ortho photos proved to be useful when acting as reference for the 

suitability and preference maps. Despite a large number of missing datasets, the GIS model was 

executed to simplify the understanding. However, many of the obtained results were unreliable 

because of the incompleteness of datasets, and can therefore not be used for decision-making.  

Unfortunately, due to the stage of the project it was not possible to obtain weights from the 

stakeholders, and should therefore be done when the time is right. Right Choice DSS, a very user-

friendly decision support application, was proposed to use for calculating weights. To conclude, the 

developed GIS model integrated countrywide land-use suitability mapping and stakeholders’ wishes 

that can be used for discussions and decision making.   

 

Keywords: GIS, Multicriteria Decision Analysis, AHP, Stakeholders, Decision-support system, Land-

use suitability, Rwanda 
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Introduction  

Rwanda is a small land-locked country, with an estimated population of over nine million people. It is 

the country with the highest population density in Africa, as well as one of the poorest countries in the 

world. On the list of the World Bank (2007) it is the 14th poorest country in the world, based on gross 

domestic product (GDP). Around 80% of the people earn their livelihood with agriculture or other 

land related activities. Land is therefore of enormous value. During a devastating genocide, that took 

place in 1994, approximately one million people lost their lives. Apart from the human tragedy, great 

damage was also caused to both physical and social infrastructure of the country (Viking, 2007). The 

government of Rwanda has set some goals within their Rwanda Vision 2020 (MFEP, 2000) to 

improve the country’s current situation. According to the Rwanda Vision 2020 (MFEP, 2000), the 

Rwandan government wants to transform the country into a middle income country by the year of 

2020. An important step to accomplish this is the development of the Rwanda Land Use and 

Development Master Plan. Swedesurvey is assigned to assist with the preparation of this master plan, 

and it will take approximately three years. The master plan aims at developing sustainable land 

management, which should lead to a decrease of poverty. The Food and Agricultural Organisation 

(FAO) (1995) underlines that sustainable land management is of key importance to develop a country. 

They indicate that “an integrated physical and land-use planning and management is an eminently 

practical way to move towards more effective and efficient use of the land and its natural resources. 

That integration should take place at two levels, considering on the one hand all environmental, social 

and economic factors and on the other all environmental and resources components together”. 

 

Geographical Information System (GIS) technology is an important part of the Master Plan 

development process. The demands of the different stakeholders should be analysed, visualised and 

presented to support decision-making. One of the most commonly used methods for land-use decision-

making is spatial Multi Criteria Decision Analysis (MCDA). This method combines all the spatial 

factors that are important, and results in a map with the best locations for a certain type of land-use. 

Most often with spatial MCDA, the goal is to find the most suitable location for a certain object, like a 

house, reservoir, etc. In this case, however, more than one stakeholder might be interested in a certain 

location. In addition, existing Spatial Decision Support Systems (SDSS), which are decision making 

tools that make use of spatial MCDA, often concentrate on a specific type of land-use, for example 

urban development. When applying land-use suitability on an entire country, it should contain not only 

urban development, but also agricultural and conservational land-uses. To conclude, the main purpose 

in this thesis is to introduce a method that integrates land-use suitability, covering all relevant land-use 

categories (urban, agriculture and conservation), and stakeholder wishes in Rwanda.  
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1.1 Rwanda 

After the genocide in 1994, Rwanda has been recovering rapidly. With a determined president up 

front, the government has set progressive goals to pursue. The Rwanda Vision 2020 (MFEP, 2000) is 

probably the most important guideline in the near future, which should lead Rwanda to become a 

middle income country by the year of 2020. At present, however, poverty is still a significant problem, 

with almost 60% of the people living in poverty (Viking, 2007). One of the major aims of Rwanda 

Vision 2020 (MFEP, 2000) is to decrease the percentage of people earning their livelihood with 

agriculture, or other land related activities. At the moment, this is around 80%; the government wants 

to reduce this to approximately 50%. Especially with the rapidly growing population (3.5% per year), 

new ways of earning livelihood need to be found. Natural resources are almost not present, and trade 

by sea is impossible because the country is locked within other countries. According to the Rwanda 

Vision 2020 (MFEP, 2000), development into a knowledge-based society is of key importance to grow 

to a higher economical level.   

 

Tourism can also become a significant source of income. Nowadays, most tourists visit Rwanda only 

for a few days, mainly to see the Mountain Gorillas, and then proceed to neighbouring countries. But 

there are more, especially natural, attractions to hold the tourist in the country for more than a few 

days. To name a few, there is the stunning lake Kivu in the west, a rainforest in the southwest and 

Akagera National Park in the east with plenty of wildlife.  

 

Land is of enormous value in Rwanda, and will only become more valuable when population 

increases. It is therefore important to: (1) develop a land-use master plan, and (2) think of new ways to 

earn money. Especially for the first part, the GIS is of huge importance. The framework for this GIS is 

described in detail in the next chapter. There are only a few conservation areas left in Rwanda. Many 

endangered species live here and are protected against poachers. Because of the increasing need on 

land, pressure on these conservation areas will only rise, where extension of this conservation lands 

would be of similar importance. When people came back to Rwanda after the genocide, huge amounts 

of land were taken from Akagera National Park for holding livestock. If allowed, more land would be 

taken without consideration of the consequences for nature. The whole country is full with houses and 

villages, most often built along the main roads. Roads are also the places where most people gather 

during daytime. Good urban planning is therefore very important, both for safety and for economical 

reasons.  

 

The government of Rwanda is the initiator of the Land Use and Development Master Plan, and should 

therefore be involved in the decision making process. Unfortunately, during the authors’ period in 
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Rwanda, the stakeholders were not yet informed about the Master Plan. It was therefore not desirable 

to question them about GIS and preference related issues, while not being aware of the bigger picture.   

 

Although not of enormous importance, the lack of data was another issue. On arrival, there were only 

a few basic GIS datasets available, such as boundaries, rivers and major roads. A visit to the GIS 

Centre of the National University of Rwanda in Butare turned out to be very useful. They provided a 

number of complete and accurate datasets, such as land-use, detailed road networks, hospitals, and 

schools. Despite the fact that many preferred datasets are missing, there should be enough to create a 

working example of the model. Appendix D provides a list with used and proposed datasets, including 

details about availability.  

 

1.2 Brief history of suitability analysis 

According to Miller (1993) and McHarg (1996), Charles Eliot and his associates were one of the first 

to use overlay maps for land-use suitability analysis, which was at the late nineteenth and early 

twentieth century’s. They used sun prints, the overlay of transparent sheets on a window, to view site 

characteristics. At a later stage, halfway the twentieth century, new methods were applied. Tyrwhitt 

(1950), who published an article about town and country planning, gave an example of a new overlay 

technique. Four maps were drawn on transparent paper about soil, relief, hydrology and rock types, all 

at the same scale and referenced to common control features. Sieve mapping was used, where areas 

with constraints were eliminated and the remaining areas were defined as suitable (Steinitz et al., 

1976). This method was widely accepted and used for planning purposes in both North America and 

Great Britain (Lyle and Stutz, 1983). The Land Inventory branch of the Canadian government and the 

Harvard Lab for Computer Graphics and Spatial Analysis contributed greatly to the development of 

GIS in the early 1960s. To illustrate, in 1963 the project Development of Canada Geographic 

Information (CGIS) started. During this project many basic GIS concepts were contrived, such as 

topology, separating attribute and location information in different files, and the use of layers 

(Malczewski, 2004).  Since that time, the combined use of computers and land-use suitability maps 

has increased rapidly. The publication of McHarg’s Design of nature in 1969 was an important step in 

suitability analysis. He was the first to use transparent maps with light and dark values for different 

factors, and then superimposed them over each other to create suitability maps (Belknap and Furtado, 

1967; McHarg, 1969; Gordon, 1985).  

  



 9

1.3 MCDA and Spatial Decision Support Systems (SDSS) 

Recent literature surveys show that MCDA has attracted significant interest over the past 15 years 

(Malczewski 2004, 2006; Mendoza and Martins, 2006). Malczewski (2006), an expert in the field of 

MCDA, did a review of literature published between 1990 and 2004, and found 319 relevant articles. 

He defined MCDA as a process that transforms and combines geographical data and value judgements 

(the decision makers’ preferences) to obtain information for decision making.  

 

Basically, MCDA can be subdivided in two parts: Multiattribute and Multiobjective decision analysis, 

(MADA and MODA). With Multiattribute analysis, there are a limited number of predetermined 

outcomes (option A, B, C or D). Weightings will determine which of the options the best solution is 

(Malczewski, 2006). With Multiobjective analysis, however, the possible outcomes are undefined 

beforehand. Solutions are found using algorithms and standard linear-integer programming (Cohon, 

1978; Goicoechea et al., 1982).  

 

MADA and MODA can be further subdivided by the number of goals of decision makers. If there is 

one interest group involved, the problem is referred to as a single decision-makers’ problem. The 

number of people containing this interest group is not relevant because they all have the same interest. 

On the other hand, if there are more interest groups involved, it is called a group decision-making 

problem (Malczewski, 2006). An example is forest management planning. Different groups with 

different opinions will be involved, like property owners, environmentalists, the government, forestry 

companies, tourism, and many others (Sheppard and Meitner, 2005). The literature survey done by 

Malczewski (2006) shows that the majority (almost 70%) of MCDA problems are of the MADA type. 

Over 60% of the MCDA are single decision-makers problems. Only seven papers contained group 

decision making in MODA, which is the group that will most likely be the group of interest for this 

thesis. Depending on the type of MCDA, different decision rules can be used to select one or more 

alternatives available to the decision maker(s) (Malczewski, 1999).  

 

MCDA are often integrated in Spatial Decision Support Systems (SDSS). An SDSS is an application 

that uses analytical methods and models to define alternatives, it is able to analyse their impact, and 

interpret and select the best option for implementation (Ochola and Kerkides, 2004). Most SDDS 

focus on a specific field, and are therefore adapted to the characteristics of the problems in this field.  

Urban planning is by far the most popular field; other examples are forestry, natural resource 

management and rural land-use planning (Santé-Riveira et al., 2008).  

 

Van Ittersum et al. (1998) describe three main stages in the process of land-use planning: (1) an 

evaluation of land suitability for each land-use type; (2) the optimization of the different land-use 
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areas; (3) the spatial allocation of land-uses. Many methods and SDSS deal with one of the earlier 

mentioned stages. Only a few systems, however, deal with all three stages. Examples of systems that 

do contain all stages are What-If? (Klosterman, 1999), SIRTPLAN (FAO, 2000), the Rural Land-use 

Exploration System (RULES) (Santé-Riveira et al., 2008) and the Land-Use Conflict Identification 

Strategy (LUCIS) model (Carr and Zwick, 2007). What-if? has been applied in numerous land-use 

planning studies, but has a focus on urban planning (Klosterman et al., 2003; Kim, 2004). However, if 

the focus of a certain study is on urban planning, it is a highly suitable SDSS. According to Pettit 

(2005), What-If? is a transparent, flexible and user friendly system with a simple and easy to use 

graphic user interface (GUI). On the other hand, What-If? lacks a firm theoretical basis. Its strength of 

simplicity is a weakness at the same time. In contrast to What-If?, other urban models include 

measures of spatial interaction, like accessibility to employment, shopping and recreation, which are 

of key importance in urban models (Klosterman, 1999). The SIRTPLAN system, which is in Spanish 

and therefore especially popular in South America, is a group of independent programmes, and misses 

a strictly defined methodology which makes it difficult to apply (Santé-Riveira et al., 2008). RULES is 

a planning support system for rural land-use allocation, and is demonstrated with a case study in 

northwest Spain. It is innovative because all three land-use planning stages are incorporated in one 

tool (Santé-Riveira et al., 2008). However, the focus of this tool is on rural planning, which makes it 

less suitable for the current study. The LUCIS model does not have a specific focus on a certain type 

of land-use planning, and is therefore particularly suitable for regional and countrywide planning. It 

consists of three general models, describing the suitability of urban, agriculture, and conservation 

land-use. Finally, these three land-uses are combined to identify conflicts. Its broad focus makes it 

particularly suitable, and will therefore be used as starting point for this thesis.  

 

1.4 Project scope and objectives 

The desired outcome of the thesis is a GIS model that can be used for discussions and decision-making 

during the land-use planning process. It is preferable to include a practical example to show the 

application of the model in order to clarify its meaning and purpose. The extent of this example will 

depend both on time and the availability of required data.  

 

The main objective of this research is to develop a GIS model that covers urban, agricultural and 

conservational land-use suitability, and at the same time integrates stakeholders’ wishes in such way 

that they can support the decision-making process. Often MCDA is used for locating the most suitable 

location for a single object; in this case it will involve the whole country with its stakeholders. In 

addition, MCDA is most often used for local and regional planning, not for a whole country. Research 

will be done to find a method that will suit these needs. Furthermore, a method will be devised that 
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combines land-use suitability maps and aerial photographs, in order to provide a better reference for 

the suitability maps which should make planning easier. Finally, a method will be devised to 

investigate the wishes of the individual stakeholders, most probably by weighting elements of the 

multi criteria model.       

 
 

1.5  Organisation of the thesis  

The thesis is organised in the following manner. Chapter one presents an introduction to the research 

background. It outlines the needs of a land-use and development master plan in Rwanda, including the 

role of a GIS. The second part of the first chapter provides background information on Rwanda, and 

describes the problems of the past and its present day situation. It also sketches the phase that the 

project was in during the time of visit. The third part consists of theory about spatial multi criteria 

analysis. A brief overview is given to provide a general understanding, which is important to put the 

project in perspective. Finally, the focus of the project is described, including the scope and objectives.  

 

Chapter two describes the methods used. Firstly, all steps of the Land-Use Conflict Identification 

Strategy (LUCIS) are explained, including the creation of suitability and conflict maps. Next to that, 

similarities and differences are described between the Florida case study and the Rwandan situation. 

Finally, the combination of suitability maps with aerial photographs that serve as reference is 

described. 

 

Chapter three presents the developed model. The three main land-use categories, urban, agriculture, 

and conservation are exhaustively explained and argued. The chapter continues with a practical 

example that illustrates the working of the model. Chapter four ends with the presentation of 

suitability maps that are overlain over the aerial photographs. 

 

Chapter four discusses the results and findings of the project. The main issues that are discussed are: 

the developed model, data availability, the stage of the project, the use of ortho photos and the 

weighting method.    

 

Chapter five draws conclusions based on discussions in the previous chapter, and results are analyzed. 

 

Finally, chapter six points to possible future work.  
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2   Materials and methods 

2.1 The LUCIS model 

LUCIS stands for Land-Use Conflict Identification Strategy, and was developed at the University of 

Florida (Department of landscape architecture and department of urban and regional planning). Ten 

years of development resulted in a comprehensive GIS model, and was tested with the help of a case 

study of an area composed of nine counties in north central Florida (Carr and Zwick, 2007).  

 

The GIS model is goal driven, and produces a spatial representation of probable patterns of future 

land-use. There are three major land-use categories: urban, agriculture and conservation. The concept 

of this design was firstly used by Odum (1969), and later redesigned by Carr and Zwick (2007). Each 

of these categories consisted of goals, objectives and subobjectives. Weights were used to assign 

importance to each of them. Carr and Zwick (2007) subdivided the model in five general steps, which 

are shown in figure 1. Their model will be explained in more detail in the next paragraphs, including 

the nuances that were made for the Rwandan model.  

 

 
Figure 1. The five main steps of the LUCIS model.   
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2.2 The LUCIS model applied 

2.2.1 Defining goals and objectives 

In the first step, goals and objectives were defined. They can be seen as a hierarchical set of 

statements, where the goal defined what should be accomplished, and the objective defined how this 

goal should be achieved. The top level, also referred to as overall statement of intent, was the ultimate 

goal of the decision at hand. For Rwanda it was formulated as follows: ‘Determine the lands preferred 

for urban, agriculture and conservation use in Rwanda. Compare the resulting preferences to derive the 

most likely locations for future conflict‘. Both in the Florida case study as in the Rwanda model, a 

three-tier system was used: goals, objectives and subobjectives. It is important that all the features that 

are important in the region or country are represented in one of the goals or objectives.  Finally, it is 

important that all involved groups are satisfied with the formulated goals, and the goals represent their 

wishes.  

 

2.2.2 Data inventory 

Step two consisted of data inventory. After defining the goals and objectives, suitable data was 

selected for the suitability analysis in the third step. Carr and Zwick (2007) created a matrix with the 

objectives, and then added potential datasets for each objective. Due to the limited availability of data 

for the Rwandan case study, it was not a case of selecting the best dataset available but getting 

whatever dataset is available and see how it can fit in the model. After defining the goals and 

objectives, a list was made with datasets that were needed. Unfortunately, less than 50% of the needed 

datasets were available. Appendix D shows which datasets were available, incomplete or missing. 

When the datasets were finally selected, the spatial and attribute accuracy were determined. With 

spatial accuracy, the closeness to the true location on the surface is meant. The attribute accuracy is the 

correctness of the description of the noncapital characteristics. This accuracy was important to create a 

reliable model, but the circumstances did not allow being picky. In fact, no datasets that were of key 

value to the model were discarded. Examination of current available datasets learned that 50 meters 

was the highest possible resolution.  

 

2.2.3 Creation of land-use suitability maps 

The third step was the creation of land-use suitability maps. The production of suitability maps was 

extensively explained for the Florida case study. The original model was adopted for the Rwandan 

model, however, significant changes were made.   
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Although Florida and Rwanda were two different worlds, there were still similarities. The first 

similarity was the size of the study areas. The area of the case study in Florida was 18863 km2, 

whereby Rwanda had an area of 26338 km2. Despite the difference, the sizes were of the same order. 

Another similarity was the needs of people; everyone needs clear drinking water, schools, medical 

service, etc. The need to grow crops, hold livestock and conserve nature and wildlife are other 

examples that were present in both areas.  

 

There were, however, significant differences between the two areas. Florida is part of the United 

States, which is a developed and rich country. Rwanda, on the other hand, is still one of the poorest 

countries in the world. Not only the socio-economical situation was different, the topography was also 

totally opposite. While Rwanda is called the country of the thousand hills, Florida is practically flat. 

This result in problems like erosion and high construction costs Rwanda has to face. To conclude, a 

substantial number of goals and objectives from the Florida case study were used. On the contrary, a 

significant number were changed or omitted, and new ones were designed.  

 

In addition, the goals and objectives were also implemented in the GIS, as was done for the Florida 

case study. The ModelBuilder in ESRI’s ArcGIS 9.2 was used to create the models for all individual 

goals and objectives. The ModelBuilder can be seen as a graphic programming environment within 

ArcGIS. All tools from the toolbox, which is a large set of geo-processing tools, can be used to create 

complex geographical analysis. Creating complex models here has the advantage that analysis, which 

has to be done on regular basis, does not take much time once they are anchored in a model. Due to 

the graphical programming environment, the user does not need programming skills in order to create 

the models. Other major advantages are that they are easy to modify and share with other users. 

Appendix A shows the geo-processing tools that were used in ModelBuilder.  

 

Finally, environmental settings of the models in ModelBuilder needed to be set. In the environmental 

settings it is possible to set a large number of settings for the output file, such as extent, mask and cell 

size. These three settings were also used for the creation of the Rwandan models. All of them were 

important to get similar output results regarding shape and (cell) size, which is essential for spatial 

multicriteria analysis. One raster file of Rwanda was created, with a cell size of 50 meters. All models 

in the ModelBuilder adopted the extent, cell size and mask of this file, in order to ensure that all output 

files were similar in that perspective.   

 

The tools that were used to create the suitability maps depended on the aim of the concerning goal, 

objective or subobjective. However, the outcome was always a map with suitability values between 1 

and 9. Nevertheless, it was not inevitable for a suitability map to contain all values between 1 and 9. 

To illustrate, wetlands are important for flood storage. In this case it was not necessary to distinguish 
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more than two classes: suitable and not suitable. Wetlands therefore got the value 9 and all other areas 

were assigned with the value of 1. On the other hand, topographical suitability was for example 

adopted in the agricultural model. Verdoodt and Van Ranst (2003) created a scale between 1 and 6 

based on slope steepness that defined suitability for agricultural use. This scale was used for the 

concerning subobjective indentifying lands that are topographically suitable for agriculture. Most of 

the suitability maps were based on the distance from a specific feature. The closer to a school, the 

higher its suitability for residential land-use. This type of suitability always ranges between 1 and 9. 

However, the distance between value 1 and 9 may differ between features. For a certain subobjective 

the suitability value of 5 could be at 1 km from the feature, while for another subobjective the value 5 

is at 5 km. This depended on the importance of a feature to be at close range. If all needed datasets are 

available, the project manager and urban, agricultural and conservation experts can specify the 

appropriate distances between suitability values.  

 

Subobjectives were based on one or more layers, depending on what they represented. Sometimes a 

combination of layers was needed to cover a topic. To illustrate, a subobjective from the urban model 

aimed at finding places proximal to medical centres. One dataset with hospitals and another dataset 

with medical centres were combined to cover the topic of health care. Then the Euclidean distance 

from these health centres was calculated, and reclassified in values between 1 and 9, where 9 represent 

highly suitable areas, and 1 low suitable areas. All these steps were modelled within the ModelBuilder, 

with a map as final result. Figure 2 shows the development of a subobjective in a schematic way. If an 

objective contained subobjectives, the result was a weighted combination of all the subobjective maps. 

However, if the objective did not contain subobjectives, it was created the same way as a subobjective. 

In both cases, though, the final result was a map that was created with a model built in ModelBuilder. 

The creation of the goals was more or less similar as the objectives. The resulting maps of the 

objectives were combined and weighted, which resulted in a final map for that goal. Figure 3 shows by 

using a flowchart the development from subobjective to goal. 

 

Weighting all subobjectives and objectives requires a substantial amount of time and knowledge. It 

cannot be expected from all stakeholders that they have the specific knowledge to judge all 

subobjectives and objectives. It was therefore decided to let the consultants that are involved in the 

project judge them, all from their specialist background. However, the goals and preferences will be 

weighted by all involved interest groups. Not all stakeholders were identified yet, mainly because it 

was not possible to visit them. Stakeholders will soon be informed about the project by Swedesurvey. 

This group of stakeholders, which will probably mainly consists of governmental decision-makers, 

should be expanded by conservational and other interest groups, to ensure all interest groups are 

represented. The project manager, who has great knowledge of Rwanda, can decide for himself in 

which of the stages of the weighting process he participates in. The weighting will be done with the  
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Figure 2. Schematic visualization of the steps to create a subobjective in ModelBuilder. On the right 

side the maps of the geo-processing results are shown.     
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Figure 3. Flowchart showing the creation of objectives and goals. Fictive weights have been added to 

illustrate the method.  
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AHP method, which has been described in paragraph 2.3. Right Choice DSS was proposed for the 

calculation of weights. Right Choice DSS is described in more detail in paragraph 3.4. Due to the 

earlier mentioned stage of the project, the actual weighting has not yet been done. The design of the 

weighting forms that will be used to obtain the weights from the consultants and stakeholders, can be 

seen in Appendix B.  

 

It should also be noted that, in contrast with the Florida case study, no buffer around the study area 

was included. Using a buffer is a commonly used method to include features just outside the study 

area, that however do have influence on the study area (Forman, 1995; Perlman and Milder, 2004). To 

illustrate, there could be a polluting factory just across the border of the study area. If this factory 

would not be included in the analysis, it could be a suitable location for a new residential area. When 

including a buffer area, and thus the factory, the outcome of the suitability analysis could change 

dramatically. However, in this case the study area was an entire country, with borders that are not as 

easily passable as a provincial or fictive study area boundary. If there are features located just across 

the border that are of significant importance to Rwandan areas, it should be considered to include them 

in the model. However, data availability could be a problem.    

 

2.2.4 From suitability to preference 

In the fourth step suitability was transformed into preference. Although the meaning of both words lies 

within the reach of each other, there is a significant difference. Suitability tells us something about the 

suitability of a single criterion, while preference tells us something about community values based on 

a number of criteria. As an example, there might be a location with a flood risk, which is not 

particularly suitable for residential development. However, this part of land is close to other criteria 

such as schools, hospitals and commercial areas, which make this area very suitable. When 

considering all criteria, it can become the preferred location to start building a residential area. 

Furthermore, the construction of dikes can protect the area against floods, which will ultimately make 

it a highly suitable area for residential development. The outputs of the goals within one land-use 

category were combined with the use of weights, which then resulted in a single preference output for 

each land-use category.  

 

At this stage, the groups should come into action. It is of major importance that participation and 

support from all involved (stakeholder) groups is ensured, so no one feels locked out. It is not up to the 

author to decide which groups should be involved in the weighting process; the project manager is 

much more capable of doing that. A weighting schema was designed which can be used when needed. 

As said before, at the moment of being in Rwanda, the stakeholders were not yet informed about the 

project. It was therefore impossible to go to the stakeholders and ask them to weight the goals and 
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objectives of the GIS model, without having heard anything about the project it is related to. When the 

time is right, a project member can arrange a meeting or visit the individual stakeholders to obtain the 

weights.  

 

2.2.5 Future land-use conflict identification 

The final stage of the model aimed at identifying future land-use conflicts. The preference maps of the 

individual land-use categories from step four were used as input. There were areas that had to be left 

out of consideration for this analysis, because they had a permanently designated land-use. To leave 

them out of consideration, a mask was applied that covered all concerning areas, like urban lands, 

conservation areas and open water.  

 

It was important to normalize and collapse the preference maps in order to compare them and identify 

conflicts. To illustrate, values of a land-use category could range between 1 and 7. If another land-use 

category ranged between 1 and 9, it would be unjust to compare them. The normalization was done 

with the Divide tool in ArcGIS, which can be found in the Math toolset of the Spatial Analyst toolbox. 

All cell values of the preference map were divided by the highest value present in the concerning 

raster. The output raster contained values between 0 and 1. This procedure was done for all three 

preference maps. In the second step, the normalized rasters were collapsed in three classes: low, 

medium and high preference. According to Carr and Zwick (2007), standard deviation is usually the 

best method to collapse preferences, because it resulted in the most even distribution. Therefore, 

standard deviation was used within this project. However, if all datasets are available for the Rwandan 

model and another collapsing method turns out to be better, that one should then be used. With 

standard deviation, cells are grouped according to how far individual values vary from the mean value 

of all cells in the dataset (Carr and Zwick, 2007). The strength of collapsed preference mapping is its 

ability to rapidly show preference areas for a certain type of land-use, as well as conflict areas (Carr 

and Zwick, 2007). In addition, low, medium, and high preferences are also easily understandable for 

the general public. To be able to identify preference differences and possible conflicts between the 

land-use categories, the preference rasters were reclassified in different ways. Urban was reclassified 

in the following way: low preference 1, medium preference 2, and high preference 3. Conservation 

was reclassified in values of 10 for low preference, 20 for medium preference and 30 for high 

preference. Finally, agriculture was reclassified in values of 100 for low preference, 200 for medium 

preference and 300 for high preference. The three rasters were then combined to produce a single 

raster that represented potential land-use conflicts. The result was a raster with 27 values (33), 

describing low (1), medium (2) and high (3) preferences for agriculture, conservation and urban land-

use. To illustrate the working of this system, it is best to give two examples. If a cell value is 111, it 

means that all three land-use categories have a low preference for that cell. A value of 321, on the 
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other hand, means that agriculture has a high preference (3), conservation a medium preference (2), 

and urban a low preference (1). By reclassifying the last obtained raster, it was possible to get even 

more insight in preferences and conflict situations. Various combinations were used to visualize 

conflicts, all based on different combinations of the 27 values.  

 

2.3 Visualising suitability and preference maps with aerial photographs 

The power of GIS lies in its ability to display, manipulate, and analyze layers individually or in 

combination with other layers (Malczewski, 1999). A common coordinate system makes sure that all 

layers are overlaid in an accurate way. In contrast with the Florida case study, where apart from roads 

no reference layers such as aerial photography or satellite images were used, this study made use of 

aerial photographs to serve as reference. In this way, it will be easier for the decision-makers to relate 

the suitability and preference maps with the real world. The maps created by the model were made 

transparent, which resulted in an environment where the decision-maker can both see the created 

maps, and the aerial photograph. Depending on the map and underlying photo, best results were 

obtained when using transparency values between 50% and 65%.  

 

Digital aerial photographs were taken of Rwanda between June and August 2008. Almost 75% of the 

country was covered during this period; the remaining 25% will hopefully be obtained in June-July 

2009. The final result will be a countrywide ortho-rectified image database. The images will initially 

be used for land registration. In addition, the images will be used to produce a base map at 1:50 000, 

covering the entire country, which will be used for planning purposes. The images have a resolution of 

0.25 meter, and are of high quality. The high quality and resolution makes them very suitable for 

exhaustive planning. Therefore, it would have been a missed opportunity to not incorporate them in 

this thesis.  

 

2.4 Weighting of the subobjectives, objectives, goals and preferences 

An important part of the model was the weighting of the subobjectives, objectives, goals and 

preferences. Weights will significantly influence the results of the model. AHP was used as the base 

method for the weighting process. Appendix A describes the AHP method in more detail. The 

program used for the weighting process was Right Choice DSS. An educational licence was obtained, 

and used during the period of this research. Figure 4 shows goal one of the urban model in Right 

Choise DSS.  
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Figure 4. Visualization of a goal, objectives and subobjectives in Right Choice DSS.  

 

This program will be used to produce the final weights that are used in the model. In addition, schemas 

for the pair-wise comparisons concerning goals and preferences were produced to investigate the 

stakeholders’ wishes. The same design will be used to obtain pair-wise comparison values from the 

consultants, who will weigh the subobjectives and objectives. An example of these schemas can be 

seen in Appendix B. All schemas will be gathered, and results will be inserted in Right Choice DSS, 

which then produces the final weight for every subobjective, objective, goal and preference. Figure 5 

shows the input screen for the pair-wise comparisons of objective 2.1 from the urban model.   

 

 
Figure 5. Pair-wise comparison is easy to perform in Right Choice DSS.  
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Figure 6. Pair-wise comparison results of multiple participants are shown, including the calculated 
average of all participants.  
 
 

Figure 6 shows the pair-wise comparison results of two fictive participants. The average value is also 

shown. This average values are then used to calculate the final weights. Figure 7 shows the resulting 

weights.  

 

 
 
 

 
 
Figure 7. Final weights in Right Choice DSS.  



 23

3  Results 

In this chapter, the results from the methods described in the previous chapter will be presented. First 

the GIS model will be shown, and subsequently the weighting system for the goals and objectives will 

be presented. Then the operation of the model is demonstrated with the help of a practical example.  

Finally, the results of the integrated ortho-photos with the suitability and preference maps will be 

presented.  

3.1 GIS model 

The development of the GIS model was the major part in this work. The presented model aimed at 

integrating land-use suitability and stakeholder wishes, which can be used as a tool for the decision 

making process. As explained in the materials and methods chapter, three major land-use categories 

were developed: urban, agriculture and conservation. Each of them has been visualised in a scheme in 

such a way that relationships between goals, objectives and subobjectives can be clearly seen. In 

addition, the goals, objectives and subobjectives will be described and argued.  

 

The model was developed with the notion to be as complete, accurate and relevant as possible. 

Furthermore, the model should be operational under Rwandan conditions. This means that the model 

should not require huge computer resources, and it should be relatively easy to work with. The current 

situation of data availability made it difficult to develop the models. Of some desired datasets, it was 

almost certain that they would not be available in the near future, such as land values. Normally, land 

value would have been included in the model due to its importance. However, when a dataset will not 

be available during the timeframe of the project, there was no reason to include it. At the same time, 

other datasets are under development, such as Important Bird Areas (IBA) and an exhaustive dataset 

containing all markets in Rwanda. It is expected that they will become available during the project, 

and were therefore included in the model.  

 

3.1.1 Urban model 

The first part of the Rwandan model that will be presented is the urban model. The aim was to include 

everything that is important when it comes to urban development. Carr and Zwick (2007) defined it as 

followed: “This category includes all land-uses commonly found within the umbrella of urban use. 

This include residential, office and commercial, retail, wholesale and warehouses, and industrial and 

institutional uses. Urban parks and recreational areas like golf courses are also included in this 

category”. Figure 8 shows the urban model in a systematic way. All goals and objectives in the 
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Rwandan model were adopted from the Florida case study. In addition, all subobjectives in the 

Rwandan model were adopted, except 1.1.6, 1.2.7, 1.2.8, 2.1.6, 3.1.4, and 4.1.3. 

 

Four goals are particularly stressed in the urban model: Lands most suitable for residential land-use, 

office/commercial land-use, retail land-use and industrial land-use. All goals were subdivided in two 

objectives; lands most suitable from both physically and economically point of view. These were then 

further subdivided in themes that were of relevance for the concerning objectives. In dialogue with 

Nils Viking (personal communication, 2009), project manager and urban planner, it was decided to try 

to create mixed development instead of block zoning. To achieve this, all urban types, except 

industrial land-use, are included in each other’s preferences, and defined as suitable. This means that 

residential and retail areas are also suitable for office and commercial land- uses. 

 

3.1.1.1 Lands suitable for residential land-use 

The first goal, which aimed at finding lands most suitable for residential land-uses, consisted of two 

objectives and fourteen subobjectives, as can be seen in Figure 8. Firstly, it is important to live close to 

facilities like schools and health care for the vast majority of the population. In general, people prefer 

to live near one another, and therefore lands proximal to existing residential areas were included. 

Furthermore, it is convenient to live close to roads; most activity in Rwanda is centred along the roads. 

Recreational areas, such as parks and cultural or historical sites, were also found preferable to live 

close to. It is cost-effective to have residential areas close to existing public water and sewer services. 

Finally, lands proximal to existing office/commercial and retail land-uses were identified as suitable.   

 

Apart from subobjectives dealing with economical suitability, there were also a number of 

subobjectives describing the physical suitability for residential land-use. Six subobjectives were 

included to model this type of suitability. First of all, the soil should be suitable to build on. Secondly, 

the land must be free of potential floods, in order to be a safe place to live. Good air quality, land free 

from hazardous waste, and an environment free of noise also ensured a safe and convenient domicile. 

Finally, the topography must be suitable for residential development.  

 

3.1.1.2 Lands suitable for office and commercial land-use 

The second goal aimed at finding lands suitable for office and commercial land-use. The subobjectives 

describing the physical suitability for office and commercial land-use were identical to the ones for 

residential land-use.  
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Figure 8. Urban land-use model for Rwanda, based on LUCIS model (Carr and Zwick, 2007).  
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With relation to economic suitability, there were differences in what was important compared with 

residential land-use. For offices, it is important to be located along roads to be easily reachable for 

customers. To amplify this, a subobjective was included that searches for crossings of major roads, 

which are even more attractive for offices to be located. Furthermore, it is preferable to develop 

offices within urbanized areas to increase the chance of success. Finally, areas close to utility services, 

such as water and sewer services, were identified as preferable concerning cost effectiveness.  

 

3.1.1.3 Lands suitable for retail land-use 

The third goal was developed to locate suitable places for retail land-use. From physical point of view, 

there were considered four themes. Firstly, soils should be suitable. Furthermore, lands free of both 

hazardous waste and flood potentials were defined as suitable. Finally, the topography must be 

suitable for retail development.  

 

The subobjectives describing the economical suitability were identical to the ones for office and 

commercial land-use.  

 

3.1.1.4 Lands suitable for industrial land-use 

The fourth and final goal aimed at finding suitable lands for industrial land-uses. When looking at 

physical suitability, soils and topography should be suitable, and lands should be free of flood 

potential. Concerning economic suitability, there were more elements to take in consideration. In 

contrast with the other urban development types, it was not favorable to mix industrial land-use with 

other urban land-uses. It is preferable to develop industry far from residential land-uses. However, 

lands proximal to roads and existing industrial areas were defined as preferable. Finally, lands close to 

water and sewer service are also favorable.  

 
 

3.1.2 Agricultural model 

Carr and Zwick (2007) defined agriculture as followed: “This category includes the full range of 

Agricultural uses and can be customized depending upon one’s region and character of agriculture to 

be found there “. Agriculture is subdivided in four goals, and will be described in this paragraph. A 

visualisation of the agricultural model can be seen in figure 9. All the goals and objectives that were  
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Figure 9. Agriculture land-use model for Rwanda, based on LUCIS model (Carr and Zwick, 2007). 
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used in the Rwandan model were adopted from the Florida case study. In addition, all subobjectives in 

the Rwandan model were adopted, except 1.1.3, 1.1.4, 2.1.2, 3.1.3, 3.1.4 and 4.1.3. 

 

3.1.2.1 Lands suitable for croplands 

The first goal identified lands that were suitable for croplands; the goal was subdivided in two 

objectives: physical and economical suitability.  Physical suitability was further subdivided in three 

subobjectives. The first subobjective identified lands with suitable soils for cropland. This is important 

to ensure good growth of crops. Verdoodt and Van Ranst (2003) created a large number of suitability 

maps for all existing crop types in Rwanda. These maps are available in digital format at the Ministry 

of Agriculture. However, they have not yet become available for the project. In the future, they can be 

used for determining suitability of croplands. Secondly, existing croplands were located. If lands were 

currently used for crop production, it should be physically suitable (Carr and Zwick, 2007). The 

topography was also considered for its suitability for croplands. Rwanda is a hilly country with steep 

slopes, which makes it vulnerable to erosion. Verdoodt and Van Ranst (2003) introduced eight 

capability classes that tell something about the possibility of sustainable forms of agricultural land-

uses in a certain area. This capability is not only based on the risk of erosion, but also on soil depth 

which is an important characteristic for vegetation and whether or not it is possible to build terraces. 

This capability will describe the topographic suitability for croplands (and later for the other goals as 

well). Finally, lands close to water were identified as suitable. Crops need water to grow, which makes 

lands close to water more interesting than lands far away from water.  

 

Economical suitability was described by a single subobjective, which is proximity to markets. The 

reasoning behind this is that lands close to markets make it easier to sell produced crops.   

 

3.1.2.2 Lands suitable for livestock 

The second goal aimed at identifying lands suitable for livestock. Like before, a distinction was made 

between physical and economical suitability. Two subobjectives were used to describe the physical 

suitability. As in the first goal, topographical suitability and existing lands of that type of land-use 

were included. In the original model, geological suitability was also included, which dealt with aquifer 

vulnerability. The agricultural expert involved in the project questioned this subobjective. As far as 

known, there is no documentation that proofs a relation between livestock and aquifer vulnerability in 

Rwanda. Moreover, farmers in Rwanda are keen to collect dung and use it as fertilizer on their 

cropland. Hence, it was decided to exclude this subobjective in the Rwandan model.  
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Economical suitability was subdivided in two subobjectives. The first identified lands close to 

markets, and the second dealt with lands close to troublesome adjacent land-uses. The smell generated 

by livestock is undesirable for residential areas and should therefore be positioned away from 

residential areas.  

 

3.1.2.3 Lands suitable for special agriculture 

Lands suitable for special agriculture were described in goal number three. This goal was designed to 

amplify a certain type of agriculture. To illustrate, there may be a type of agriculture the government 

wants to intensify. By allocating this type in an own goal, it was possible to assign it a higher weight. 

The objectives and subobjectives were identical to those of croplands, because the special agriculture 

type most likely is a crop. An example of a special agriculture type in Rwanda could be coffee or tea, 

in order to increase the export. 

 

3.1.2.4 Lands suitable for timberland 

The fourth and final goal of the agricultural model aimed at the identification of lands suitable for 

timberland. Forestry is the recommended land-use for areas with slopes ranging between 22 and 55% 

(Verdoodt and Van Ranst, 2003). The objectives and subobjectives were again similar to those of 

croplands. Soils and topography should be suitable, and existing timberland should be identified as 

well. On the economic side, lands close to markets were identified as suitable.   

 
3.1.3 Conservation model 

Carr and Zwick (2007) defined conservation as follows: “This category includes lands with some 

degree of permanent protection with at least a partial conservation mission. These may be publicly 

owned like national and state parks or forests, wildlife refuges and management areas. They may also 

be privately owned like agricultural lands protected through conservation easements.” The model is 

shown in figure 10. All the goals and objectives that were used in the Rwandan model were adopted 

from the Florida case study, except objective 3.2. In addition, all subobjectives in the Rwandan model 

were adopted, except 1.3.2 and 1.3.3.   

 

3.1.3.1 Lands suitable for protecting native biodiversity 

The first goal aimed at identifying lands suitable for protecting native biodiversity. This was 

subdivided in three objectives. Existing conservation lands and areas proximate were assigned as 

suitable for protecting native biodiversity; otherwise they would not have been protected. Areas 

proximal to existing conservation areas often have the same characteristics, and are therefore also  
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Figure 10. Conservation land-use model for Rwanda, based on LUCIS model (Carr and Zwick, 2007).  



 31

interesting to protect (Carr and Zwick, 2007). However, they are often transformed into agricultural 

land-uses. These lands should be considered for protection, or to serve as buffer areas around existing 

protected areas (Farrington, 2008). The second objective identified lands with a relatively low road 

density. A low road density means fewer disturbances for flora and fauna, and makes it therefore 

suitable for conservation (Carr and Zwick, 2007). The last objective, which identified lands with high 

native biodiversity, consisted of three subobjectives. Wetlands and water bodies with high native 

biodiversity was the first subobjective. Wetlands and other water bodies are of general importance to 

the Rwandan biodiversity, and are home to many species, of which some are endemic (Farrington, 

2008). Moreover, water bodies should also be protected against overfishing and dominance of exotic 

fish. The second subobjective identified forests with a high native biodiversity. Large parts of Rwanda 

used to be covered by forest, but when population increased, more and more forest was converted into 

agricultural lands, or was used for fuel. The forests that are left are of enormous importance to the 

biodiversity. Moreover, the World Wide Fund for Nature (WWF) ranked the worlds eco-regions by 

ecological and biodiversity values. Three of these global eco-regions can be found in Rwanda, and two 

of them are forests (Farrington, 2008). The tropical and subtropical broadleaf forest is ranked 17th out 

of a total of 200 globally important eco-regions. Conservation, and if possible expanding these forests, 

is therefore of great importance. The last subobjective describing areas with a high native biodiversity 

is Important Bird Areas (IBA). According to Farrington (2008) there are currently seven IBA’s in 

Rwanda which are not only of national but international importance. There are many endangered and 

vulnerable bird species in these areas, and should therefore be considered for conservation.   

 

3.1.3.2 Lands suitable for protecting water quality 

Water is of great importance; all life on earth depends on it. Two objectives were devised for the 

identification of lands suitable for water quality protection. The first objective identified lakes, 

wetlands, rivers and streams with buffers of sufficient size to filter runoff. Native vegetation plays an 

important role in filtering contaminants and particulates. A buffer of native vegetation around the 

mentioned features ensures better water quality (Carr and Zwick, 2007; Farrington, 2008).  

 

In addition, the same applied to springs. Native vegetation around springs ensures a better water 

quality. The motive to separate springs from other surface water features was that springs are usually 

the primary or significant source, and should therefore get greater protection than other surface water 

features (Carr and Zwick, 2007).  
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3.1.3.3 Lands suitable for protecting important ecological processes 

The first objective for the third goal aimed at identifying lands that are important for flood storage. 

Three subobjectives were used here; wetlands, rivers and open water, they were all identified as 

suitable for flood storage functions.  

 

As stated earlier, native vegetation plays an important role in protecting water quality, but it is not 

limited to that. Especially (native) forests are of key value for the protection of ecological processes. 

According to Farrington (2008), forest is a key element in the regulation of the climate and river 

systems, in preventing erosion, and in the carbon cycle. What is left should be protected, and if 

possible expanded. Therefore, lands that need permanent vegetation cover were included in the second 

objective describing the protection of important ecological processes.  

 

3.2 Practical example of the GIS model 

In order to visualise and demonstrate the working of the previously described model, a practical 

example has been performed. The entire model has been executed, from creating suitability maps in 

the beginning, up to conflict maps at the end. It is, however, very important to mention that the 

datasets are not complete, and therefore a number of subobjectives are missing. The results shown can 

therefore not be used for decision-making, but are only shown to demonstrate the working of the 

model.   

 

3.2.1 Creating suitability maps  

As described in chapter three, the first thing that was done was a data inventory. The available datasets 

were inspected on their content to determine the usability for the various objectives and subobjectives. 

Some of the datasets had to be extracted from certain datasets, such as tea plantations from an 

agriculture dataset. When the data pre-processing was completed, the models were built in 

ModelBuilder. A significant part of the models designed for the Florida case study were adopted and 

modified to fit in the Rwandan model. Not only the directory of the input files needed to be changed, 

but also the output locations and names. Furthermore, the environmental settings were adjusted to the 

Rwandan situation. In spatial multicriteria decision analysis, it is important that outputs are consistent. 

Therefore, a raster file of Rwanda was created that was then used as reference for extent, cell size and 

mask. These three environmental settings made sure that the outputs were consistent. Depending on 

the aim of the suitability analysis, different geo-processing tools were used. Sometimes, a subobjective 

existed only out of suitable or not suitable, which in case of the model resulted in a map with values of 
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1 or 9. However, most of the time there was some sort of distance involved, like distance from 

schools. In that case, the Euclidian distance tool was used.  

 

The first land-use category, which is urban, was divided in four goals. Appendix C shows the results 

of all four urban goals. The first goal identified areas suitable for residential development, and was 

like all other types of urban development subdivided in physical and economical suitability. For 

physical suitability (1.1), the subobjectives 1.1.2, 1.1.3 and 1.1.5 were used. For economical suitability 

(1.2), the subobjectives 1.2.2, 1.2.3 and 1.2.4 were used. The second goal of the urban model was 

identifying lands suitable for office/commercial land-use. Physical suitability (2.1) consisted of the 

subobjectives 2.1.2, 2.1.3 and 2.1.5. Economical suitability (2.2) was given shape by subobjectives 

2.2.2 and 2.2.4. Goal three identified lands suitable for retail development. Subobjective 3.1.2 was 

used for the physical suitability (3.1), and 3.2.3, 3.2.4 and 3.2.6 were used for the economical 

suitability (3.2). The final goal of the urban model aimed at identifying lands suitable for industrial 

development. Subobjective 4.1.2 was used for the physical suitability (4.1), and 4.2.1 and 4.2.3 for 

economical suitability (4.2).  

 

The land-use category agriculture was divided in four goals. All goals contained an objective that 

aimed at identifying economical suitability by using the proximity to markets. Unfortunately, the 

dataset with markets was not available, and therefore agricultural suitability was limited to physical 

suitability. Subobjectives 1.1.2 and 1.1.3 were used for the first goal, 2.1.2 and 2.2.2 for the second 

goal, 3.1.2 and 3.1.3 for the third goal, and 4.1.2 and 4.1.3 for the fourth goal. The maps of the goals 

can be found in appendix D.   

 

The third and final land-use category aimed at identifying the suitability for conservational land-uses. 

Three goals described this suitability. The objectives and subobjectives used for creating the results 

were 1.1, 1.2 and 1.3 (based on 1.3.1 and 1.3.2) from the first goal, 2.1 from the second goal, and 3.1 

(based on 3.1.1, 3.1.2 and 3.1.3) and 3.2 from the third goal. Appendix E shows the results of the three 

conservation goals.   

 

3.2.2 Preference, normalize and collapse maps 

In the next step, suitability was transformed into preference. All goals of the land-use categories were 

combined into one final map, representing the preference for each land-use category. In reality, this 

should be done by using weights derived from stakeholders’ wishes, but in this case, all goals were 

given the same importance. In addition, a development mask was created that contained all current 

urban, conservation and water areas. The preference maps of the land-use categories are shown in 

figures 11, 12 and 13.   
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To compare the three land-use categories in a fair way, the preference maps were normalized. The 

maximum value of each of the preference maps was determined, and a raster with that maximum value 

was created for each of them. Then the preference maps were divided by the corresponding raster with 

the maximum values. This resulted in three new maps with values between 0 and 1. Collapsing the 

maps was the next step. Standard deviation was used to create three preference classes: low, medium 

and high preference. A development mask was used to exclude areas that were already permanently 

designated, such as open water, conservation areas, and urban areas. At this point, it became possible 

to compare the different land-use categories. The collapsed preference maps are shown in figures 14, 

15 and 16. Finally, two more maps were developed, showing intensity of conflicts, conflicts between 

land-use categories, and areas that have one preferred land-use type. The maps can be seen in figure 17 

and 18.    

 
 
 

 
    Figure 11. Final preference map for urban land-use. 
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    Figure 12. Final preference map for agriculture land-use. 

 

 
    Figure 13. Final preference map for conservation land-use. 
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    Figure 14. Collapsed urban preference map, showing low, medium, and high preferences.  

 

 
     Figure 15. Collapsed agriculture preference map, showing low, medium, and high preferences.  
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     Figure 16. Collapsed conservation preference map, showing low, medium, and high preferences.  
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Figure 17. Map showing areas of potential land-use conflicts.  
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  Figure 18. Map showing land-use preferences of the three land-use categories. Moderate and major  
  conflicts between the land-use categories are also shown.  
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3.2.3 Visualising suitability and preference maps with ortho photos as reference 

Suitability maps themselves are interesting and informative. Yet, without proper reference, it is hard to 

use it for the actual planning. Aerial photographs at low altitude were taken from Rwanda for land 

registration purposes. In addition, they will be the source for the production of a base map at 1:50000 

scale, which will be used for land-use and development planning purposes concerning the Rwanda 

Land Use and Development Master Plan. Fortunately, due to their high resolution, they were very 

suitable to use as reference for the suitability maps. To illustrate, a number of suitability maps were 

combined with aerial photographs.  

 

Figure 19 shows one of the combined preference/conflict maps overlaid on an ortho photo. It is easy to 

distinguish patterns on this scale (1:90.000). Figure 20 consists of two parts: an overview map at a 

scale of 1:50.000, and a more detailed map at a scale of 1:8.000. The overview map is ideal to discover 

patterns, and the close-up map provides a more detailed view, which makes it possible to distinguish 

individual houses.  

 

 
Figure 19. Preference and conflict map overlaid on an ortho photo. Kigali, capital of Rwanda, is 

located on the east side of the map. Ortho-photo was obtained from Swedesurvey.  
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Figure 20. Proximity to schools overlaid on an ortho photo. The overview map is ideal to discover 

patterns, the close-up for detailed planning. The ortho photo was obtained from Swedesurvey.    
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4 Discussion  

This thesis has examined a method that integrates stakeholders’ wishes in a countrywide land-use 

planning model. In contrast with most other land-use planning applications, this model does not focus 

on a specific area, but consists of all land-use categories that give shape to a country.  

 

Much research has been done in the area of stakeholders’ wishes and integrating them in the decision 

making process (Malczewski, 2004; Sheppard and Meitner, 2005; Hajkowicz, 2007). The AHP is a 

widely used and proven method for obtaining weights when dealing with multiple stakeholders 

(Carlsson and Walden, 1995; Lai et al., 2002; Contreras et al., 2008). The original LUCIS model is 

also using AHP, and therefore it was decided to adopt AHP in the Rwandan model.  

 

Unfortunately, at the moment of being in Rwanda, the stakeholders were not yet informed about the 

Rwanda Land Use and Development Master Plan. This made it impossible to discuss the model and 

weights with them. When developing a countrywide GIS land-use model, the chance to overlook a 

certain land-use type always lies in wait. It is therefore important that all involved groups have the 

possibility to comment on the proposed model. Due to the previously mentioned reason, this was not 

possible. When the time is right, the model can be presented, and if needed changes can be made.     

 

MCDA has often been used for land-use planning purposes during the last 15 years (Malczewski, 

2004). However, the application of MCDA in combination with countrywide land-use planning 

projects could not be found. It is therefore hard to compare this work with other researches. However, 

the obtained results in the Rwandan case study look promising. It should be mentioned that a 

significant number of datasets is missing, and can therefore not be used to draw real conclusions (see 

Appendix D for a list of available datasets). Hence, a real comparison between the results obtained by 

the original LUCIS model (Carr and Zwick, 2007) and the results presented in this work is not 

possible. Most of the missing datasets will probably become available during the project. The question 

is, how this ‘gaps’ influence the result. Is it still useful, or should the model be adjusted when not all 

necessary datasets come available? Answering these questions is difficult, but the best solution will 

most likely be to adjust the model in such way that land-uses are compared in a fair way.  

 

If all necessary datasets are used, the created suitability, preference, and conflict maps provide a firm 

mean for discussions and decision making. The suitability maps of the subobjectives, objectives, and 

goals provide insight in detailed themes, such as proximity to schools and health care. Preference 

maps show land-use preferences in a more general perspective, so that patterns can be discovered. The 

conflict maps show land-uses that are preferred over the others, as well as places where conflicts 
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between two or three land-uses occur. In conclusion, all output maps can be useful for discussions and 

decision making.  

 

The development of the models in ArcGIS’s ModelBuilder can be described as easy. The graphical 

interface plays an important role in that respect. Settings for individual models, or parts of a model, are 

easy to adjust to the users wishes.  

 

In contrast with the original model, no buffer area is included in the Rwandan model. A buffer area 

around the study area is often used to include features just across the border that are of significant 

importance to areas within the study area (Forman, 1995; Perlman and Milder, 2004). However, the 

border of a provincial or fictive study area is not comparable with the border of a country in terms of 

crossing these borders. An exception on this might be two cities in Rwanda that are strongly connected 

to a city in The Democratic Republic of Congo. In the northwest, Gisenyi turns into Goma across the 

border, and in the Southwest Cyangugu is connected to Bukavu. Especially Gisenyi and Goma can 

almost be seen as one city in two countries. On this place it is relatively easy to pass the border for 

Rwandan citizens, which amplifies the idea to include these cities. On the other hand, exclusion from 

analysis might give insight in possible lack of facilities on Rwandan side. This could lead to the 

decision to improve the situation, and as a result people will spend their money in Rwanda instead of 

The Democratic Republic of Congo. However, if will be decided that areas located just across the 

border should be included, it is highly questionable if needed datasets will come available.  

 

Nowadays, aerial photographs are used for a wide range of purposes, and planning is one of them. 

This study, in contrast with the Florida case study (Carr and Zwick, 2007), makes use of aerial 

photographs to serve as reference for the suitability, preference and conflict maps. When looking at 

these maps, the ease to orientate is striking. On the other hand, using transparency is always a trade-off 

between two layers. A high transparency of the suitability layer makes sure that the aerial photograph 

is clearly visible, but suitability colours are then harder to distinguish. In the opposite way are 

suitability colours easy to distinguish, but is the visibility of the aerial photograph in jeopardy. Playing 

around with transparency values often works best to determine the best visibility for both layers.     

 

Right Choice DSS, the proposed application to calculate weights, can be described as a user-friendly 

decision support application. Weights can also be calculated by hand or using a spreadsheet, but this 

software makes it much easier with less chance to make mistakes. It is capable of dealing with 

multiple participants, what makes it even more useful for this project. In the part called consensus, it is 

possible to see the results of the pair-wise comparisons from all participants. In addition, the average 

of every pair-wise comparison is showed. The question here is which method is used to calculate this 
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mean, geometric or arithmetic mean. According to Saaty (2008) only geometric can be used when 

calculating the mean of multiple participants.  

 

In conclusion, a GIS-based model has been developed that integrates countrywide land-use suitability 

and stakeholders’ wishes. It is focussing on three main land-use categories: urban, agriculture and 

conservation. This combination, for as far as known, is very rarely used before. Due to its potential, it 

is certainly worth more attention, and hopefully more research will be done in this area.    
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5  Conclusion 

During the thesis work, a GIS model was developed that integrated land-use suitability and 

stakeholders’ wishes. In addition, land-use was not focused on a single land-use category, but 

consisted of all land-use categories that give shape to a country.  

 

Based on the LUCIS model, suitability models were developed for three land-use categories in 

Rwanda. All land-use categories were divided in goals. Each of them was further subdivided in 

objectives. The objectives, on their turn, consisted of subobjectives. These subobjectives contained all 

themes that were of importance for the objectives. The first category is urban land-use, and is 

subdivided in four goals: residential, office/commercial, retail and industrial land-uses. The second 

land-use category is agriculture, and consists of four goals; lands suitable for croplands, livestock, 

special agriculture and timberland. The last land-use category is conservation. Lands suitable for 

protecting native biodiversity, for protecting water quality, and for protecting important ecological 

processes are the three goals that describe conservation.  

 

The LUCIS model was firstly used for a case study in Florida, and now for land-use suitability 

analysis in Rwanda. The theory behind the model is simple, and with some modifications it can be 

used practically in every region in the world. It is important to include all themes that are of 

significance for the concerning study area. Not only on paper, but also in the GIS it is easy to modify 

the elements of the model. The ModelBuilder in ArcGIS proved to be a user-friendly interface to 

develop and execute the models.    

 

In the next step, the suitability maps were transformed into preference maps. The three final maps of 

the land-use suitability categories were first normalized, and then collapsed. Normalization, where 

suitability values are calculated to values between zero and one, is important to make sure that the 

land-use categories are compared in a fair way. The normalized results were then collapsed in three 

classes; low, medium and high preference. With only three classes left, it is much easier to compare 

the land-use preferences. This applies not only for the creator of the model, but also for the 

stakeholders and general public.  

 

The last step was conflict identification. Basically, the collapsed land-use category classes were 

compared with each other. To illustrate, if agriculture has a medium preference on a certain location 

and conservation has a high preference on the same location, conservation wins. If two or three land-

use categories have the same preference value on the same location, there is a conflict situation. This 

way of comparing land-use preferences is clear and easy to understand for a broad public.  
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AHP was used as weighting method in this study. Previous studies proved that AHP is a highly 

suitable method for obtaining weights when dealing with multiple stakeholders. In addition, the 

original LUCIS model used AHP, what made the choice even easier to adopt this weighing method. A 

form, with pair-wise comparisons between the criteria, was designed to be used to obtain the weights 

from stakeholders and consultants. Right Choice DSS, a decision support tool, is proposed to use for 

calculating weights. The user-friendly interface makes it relatively easy to insert pair-wise comparison 

results from the stakeholders and consultants. In addition, the average pair-wise comparison value of 

all participants is calculated for the user, which saves a lot of time. These averages are then used to 

calculate the final weights.  

 

To simplify the understanding, and to demonstrate the outputs of the model, a practical example was 

applied. Unfortunately, a significant number of datasets are still missing. Many of the obtained results 

can therefore not be used for decision making at this moment. The results that are obtained, however, 

look promising. All outputs, from subobjective to preference map, can be used for discussions and 

decision making (if datasets are complete).  

 

Aerial photographs were combined with suitability and preference maps. It can be concluded that they 

are very useful as reference. It puts the maps in perspective, so they can actually be used for detailed 

planning purposes. Suitability, preference and conflicts are ‘connected’ to the real world.  

 

To conclude, the combination of multiple land-uses for the planning of an entire country is most likely 

not done very often before. Even though some parts of the model should be completed in the near 

future, and conclusions should therefore be cautious, it can be seen as a small success. Hopefully, the 

number of studies using the LUCIS model will increase in the near future.  
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6 Future work 

There are a number of topics that should be worked on in the near future. Some of them were not 

possible to accomplish due to the stage of the project, while others were impossible due to the lack of 

data.  

 

First of all, it is important to introduce the model to the stakeholders, and let them comment on it. At 

the same time data acquisition should be continued, to be able to create a reliable model.  

 

Within the models, parameters that define the suitability of the individual land-uses should be fine-

tuned. Most of them were adopted from the Florida case study, and seemed to be very reasonable. 

However, a final check done by the consultants is advisable.  

 

If the model is approved by the stakeholders, all data is acquired, and weights are obtained, the model 

should be executed and results must be examined. The results should be compared with the Florida 

case study, which can be useful for determining the quality of the proposed model.    
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Appendix A  

The Analytical Hierarchy Process (AHP) 

 

In our daily lives we are continuously making decisions, sometimes aware but in generally unaware of 

it. To make a decision, there is more involved than we initially think. Saaty (2008) describes the 

information needed to make a decision. First of all, the problem, needs and purpose of decision- 

making should be identified. The criteria and sub criteria of the decision have to be clear, and also the 

stakeholders or groups affected by the decision should be known. Finally, the alternative actions to be 

taken should be clear. When we know this, it is possible to find the best alternative.   

 

As described in paragraph 1.3, MCDA is pre-eminently suitable for complex decision making. One of 

the most well-known weight assessment techniques is the Analytical Hierarchy Process (AHP), 

developed by Saaty (1980). It has been widely applied on various complex decision making problems, 

not only in the field of GIS but also in many other fields (Contreras et al., 2008). Examples of the 

broad use of AHP are the selection of a vendor for the entertainment system on board of the entire 

British Airways fleet, to allocate resources to their activities by the Department of Defence in the US, 

to allocate money on research projects, and for student admissions, personnel promotions and hiring 

decisions (Saaty, 2008).   

 

The AHP of Saaty (1977, 1980) can be summarized as follows. It consists of four general steps, which 

will be explained with the help of an example. Firstly, the unstructured problem must be decomposed 

in a hierarchical structure, usually consisting out of goals, objectives and subobjectives. Secondly, 

relative ratings are obtained using pair-wise comparisons between the different criteria or alternatives. 

The ratings of the criterion range in values between 1 and 9, describing the intensity of importance 

over one another. A detailed description of the values suggested by Saaty can be found in Table 1.  

 
In the next step, pair-wise comparisons are used as input in the pair-wise comparison matrix (see 

Table 2). If residential land-use is moderately more important than Office/Commercial land-use, the 

value of 3 is assigned to the corresponding matrix position. The reciprocal value, in this case 1/3, will 

be assigned to the transpose position. 

 

The fourth step of the process is the calculation of the weights, and can be further subdivided in three 

sub steps. Firstly, the columns of the pair-wise comparison matrix are summed, as can be seen in table 

2. In the second step, all individual matrix elements are divided by their column total, which results in 

a normalized pair-wise comparison matrix. The resulting matrix is shown in table 3.  
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Table 1 
AHP pair-wise comparison scale 
 
Intensity of             Definition  Explanation  
importance  
  
1    Equal importance     Two activities contribute equally to the objective 
2    Weak or slight 
3    Moderate importance     Experience and judgement slightly favour one activity  
                                                                           over another    
4    Moderate plus 
5    Strong importance     Experience and judgement strongly favour one activity  
                                                                           over another    
6    Strong plus            
7    Very strong or      An activity is favoured very strongly over another; its  
    demonstrated importance     dominance demonstrated in practise   
8    Very, very strong 
9    Extreme importance     The evidence favouring one activity over another is of  
        the highest possible order of affirmation         
 
Source: Saaty (1980). 
 
 
 
Table 2 
Pair-wise comparison of the evaluation criteria 
 
Criterion                Residential Office/ Retail Industrial 

Commercial   
 
Residential  1 3 5 7 

Office/Commercial  1 1 5  

Retail   1 1 5 

Industrial     1 

 
  1.676 5.2 7.2 18 
 
 
Table 3 
AHP Normalized pair-wise comparison matrix 
 
Criterion                Residential Office/ Retail Industrial 

Commercial   
 
Residential  0.597 0.577 0.694 0.389 

Office/Commercial 0.199 0.192 0.139 0.278  

Retail  0.199 0.192 0.139 0.278 

Industrial  0.085 0.038 0.028 0.056 

  1 1 1 1 
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By computing the average of the elements in each row of the normalized matrix, the final 

weight can be obtained, as showed in table 4.  

 

 
Table 4 
Calculation of final weights 
 
Criterion                    Weight   

Residential  (0.597 + 0.577 + 0.694 + 0.389) / 4 = 0.564 

Office/Commercial (0.199 + 0.192 + 0.139 + 0.278) / 4 = 0.202  

Retail  (0.199 + 0.192 + 0.139 + 0.278) / 4 = 0.202 

Industrial  (0.085 + 0.038 + 0.028 + 0.056) / 4 = 0.052 

 

 

 

There is one important step remaining after the weights are obtained, i.e. the estimation of the 

consistency ratio. Its purpose is to determine the consistency of the comparisons (Malczewski, 2004). 

Firstly, the weighted sum vector is calculated. This is done by multiplying the weight of the first 

criterion (residential) times the first column of the original pair-wise comparison matrix, and then the 

second weight times the second column, etc. Finally the values from the rows are summed and divided 

by the earlier obtained weights. Table 5 illustrates the previous step.  

 

Table 5 
Determining the consistency ratio 
 

Criterion                       Weight   

Residential      (0.564 * 1) + (0.202*3) + (0.202*5) + (0.052*7)   = 2.544 

Off./Com.      (0.564 *0.333) + (0.202*1) + (0.202*1) + (0.052*5)   = 0.852 

Retail      (0.564 *0.2) + (0.202*1) + (0.202*1) + (0.052*5)   = 0.777 

Industrial       (0.564 *0.143) + (0.202*0.2) + (0.202*0.2) + (0.052*1)  = 0.213  

 

2.544/0.564 = 4.511 

0.852/0.202 = 4.218 

0.777/0.202 = 3.847 

0.213/0.052 = 4.096 
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Next is the calculation of Lambda (average of previously calculated values), the consistency index 

(CI) and Consistency ratio (CR). They can be calculated with the following formulas: 

 

λ =  
4.511 + 4.218 + 3.847 + 4.096

4
= 4.168  

 

CI =
휆 − 푛
푛 − 1

=  
4.168 − 4

4− 1
= 0.056 

 

CR =
CI
RI

=
0.056

0.9
= 0.062 

 

If CR < 0.10, it indicates that there is a reasonable level of consistency in the pair-wise comparisons. 

However, if the value is ≥ 0.10, it means that comparisons are inconsistent and have to be 

reconsidered. The example, where CR = 0.062, is consistent.  

 

In the case of group decision making, individual weights of the participants need to be aggregated into 

a single weight for the specific criterion. According to Saaty (2008), only geometric mean can be used 

here, not the widely used arithmetic mean.  

 

One of the main advantages of AHP is its simplicity in use, and the corresponding potential to support 

participation by a wide range of groups, like stakeholders, community leaders, experts and the general 

public (Saaty, 1980; Malczewski, 1999). Due to its simplicity, people with different backgrounds can 

work together effectively. Furthermore, personal preferences are suppressed by using pairwise 

comparisons where alternatives are weighted against each other. It is therefore harder to get the 

predetermined preference on top of the list from the final weight of the alternatives.  

 

The method, in spite of its broad use, has also received some criticism (Goodwin and Wright, 1998). It 

is argued that the questions of the pairwise comparison are meaningless. To illustrate this critique, if 

criterion x is compared with criterion y, the decision maker should know how much of criterion x 

(cost) is compared with how much of criterion y (quality of environment) (Malczewski, 1999). The 

answer to this criticism is to think of average quantities and qualities in order to be able to give a 

reasonable judgement (Malczewski, 1999). In addition, another point of criticism is the so called rank 

reversal problem (Belton and Gear, 1983). In short, the rank of a criterion might change when a 

criterion is removed or added from the initial set of criterion. To overcome or minimise this problem, 

it is important to develop a complete set of criterion.  
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Appendix B 

The geo-processing tools that were used in ModelBuilder to create suitability, preference and conflict 

maps. Source: ESRI ArcGIS help.  

 

 

 

  

 

Reclassify  

By reclassifying, you can modify the values in 

an input raster and save the changes to a new 

output raster. 

 

 

 

 

Old values                new values 

0-29 1 
30-58 2 
59-87 3 
88-115 4 
116-142 5 
143-170 6 
171-197 7 
198-226 8 
227-255 9 

 

 

Euclidean distance 

Calculates, for each cell, the Euclidean distance 

to the closest source. 

 

 

 

 

 

Weighted Single output map algebra 

Overlays several rasters using a common 

measurement scale and weights each according 

to its importance. 

 

 

 

Polygon to raster 

Converts polygon features to a raster dataset. 
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Make feature layer 

The Make Feature Layer tool is used to create a 

feature layer from an input feature class or layer 

file. 

 

 

Merge 

Combines input features from multiple input 

sources (of the same data type) into a single, 

new, output feature class. 
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Appendix C 

Weighting schema devised for obtaining weights from stakeholders and consultants. 
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Appendix D 

 
Used and proposed datasets 
 
 
Name of              Where is it used?            Availability  
dataset  
  
Soils  Urban: 1.1.1, 2.1.1, 3.1.1, 4.1.1           Incomplete 
  Agriculture: 1.1.1, 3.1.1, 4.1.1   
 
Wetlands  Urban: 1.1.2, 2.1.2, 3.1.2, 4.1.2           available (old) 
  Conservation: 1.3.1, 3.1.1 
  
Rivers  Conservation: 2.1, 3.1.2            Available 
 
Lakes  Conservation: 2.1, 3.1.3            Available 
 
Country boundary For region grid            Available 
 
Elevation model Urban: 1.1.6, 2.1.6, 3.1.4, 4.1.3           Available 
  Agriculture: 1.1.3, 2.1.2, 3.1.3, 4.1.3 
  Conservation: 3.2 
 
Forests  Conservation: 1.3.2            Available (old) 
 
National parks  Conservation:  1.1            Available 
 
Protected areas Conservation: 1.1            Available 
 
Roads  Urban: 1.1.3, 1.2.4, 2.1.3, 2.2.3, 3.2.3, 4.2.3          Available 
  Conservation: 1.2  
 
Urban areas  Urban: 2.2.2, 3.2.2            Incomplete 
 
Schools  Urban: 1.2.2             Available 
 
Health centres  Urban: 1.2.3             Available 
 
Springs  Conservation: 2.2            Missing 
 
Hazardous waste Urban: 1.1.4, 2.1.4, 3.3.1            Missing 
 
Road intersections Urban: 2.2.4, 3.2.4            Missing 
 
Important bird areas Conservation: 1.1.3            Missing 
 
Air quality  Urban: 1.1.5, 2.1.5            Missing 
 
Residential areas Urban: 1.1.2, 2.2.8, 3.2.7, 4.2.2           Missing 
  Agriculture: 2.2.2 
 
Office/Commercial areas urban: 1.2.7, 2.2.1, 3.2.6            Missing 
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Retail areas   Urban: 1.2.8, 2.2.5, 3.2.1  Missing 
 
Industrial areas  Urban: 4.2.1   Missing 
 
Recreational areas  Urban: 1.2.5, 2.2.6  Missing
  
Cultural and historical sites  Urban: 1.2.5, 2.2.6  Missing 
 
Public water and sewer service Urban: 1.2.6, 2.2.7, 3.2.5, 4.2.4 Missing 
Existing croplands 
 
Agricultural markets  Agriculture: 1.2, 2.2, 3.2, 4.2  Missing 
 
Existing croplands  Agriculture: 1.1.2  Incomplete 
 
Existing livestock  Agriculture: 2.1.1  Missing 
 
Existing special agriculture  Agriculture: 3.1.2  Incomplete 
 
Existing timberland  Agriculture: 4.1.2   Incomplete 
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Appendix E 

Suitability maps for final goals of the urban model.  
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Appendix F 

Suitability maps for final goals of the agriculture model.  
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Appendix G 

Suitability maps for final goals of the conservation model. 
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