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Abstract 

�

This research was conducted in Muhoza Sector, Musanze district in Rwanda with the main objective to 

assess the uniform expansion of urban centers and its associated impacts on land use/ land cover. 

Necessary data were gathered through structured interview. In addition, hand held GPS, Land SAT and 

Orthophotos were used to get geographic coordinates which were required to perform mapping tasks. 

Obtained data from the survey was analyzed and processed using software such as Microsoft Excel, 

ArcGIS and ERDAS. As results there was a drastically changes from 2003 to 2015 where urban area has 

been increased by 26.69 %, vegetation area has been decreased by 1.28 % and bare soil has been 

decreased by 0.41 %, the same to forest which has been decreased by 25.00 %. These changes are caused 

by urban immigration, lack of urban planning, population growth and urban improved infrastructures. 

Among four cells of Muhoza sector, the most urban expended was Mpenge and Cyabararika because 

there was no urban planning policies, no adequate strategies to adopt the master plan by local authorities. 

Urban centers expansion had impacts on land use/ land cover like creation of new activities as the major 

positive impact while deforestation; uncontrolled waste concentration; lack of cultivable parcels are the 

major negative impacts. 
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1. Introduction 
 
Urbanization is often associated with economics, management and expansion of agglomeration and cities 

and is essential to development. They are centers of production, employment and innovation. In a number 

of countries, urban centers containing only one-third of the total population generate up to 60 % of the 

national output (Deuskar et al., 2009). In developing countries, cities contribute significantly to economic 

growth. The economic importance of cities is rapidly increasing and the future economic growth will 

become dependent up to the ability of urban centers to perform crucial service and production (Alqurashi 

et al., 2016). The rapid rates of urbanization and unplanned expansion of cities have resulted in several 

negative consequences, particularly in developing countries. Most cities in developing countries are 

expanding horizontally and the population is moving to unplanned settlements on the peripheries at the 

expense of agricultural lands and areas of natural beauty (Glaeser, 2014). Unplanned and uncontrolled 

expansion of cities’ built up areas usually lead to problems of soil erosion, segregation of low-income 

groups in ecologically sensitive areas, and increased costs in terms of infrastructure provision (Deuskar et 

al., 2009). After Genocide, Rwandans living in neighboring countries some of whom left Rwanda 1950-

1960 began to return home and this had caused a population growth which was accompanied by the 

cities’ expansion over a hill terrain including Muhoza sector (Harerimana, 2013). 

  

This research analyzed the factors of informal expansion in the sector of Muhoza in Musanze district 

which is among the secondary cities in Rwanda. It focused on the establishment of informal settlement, 

which is one of the many threats to forest and farmland conservation, although these settlements are not 

the only source of the problem. It also provided an overview of issues arising in land use, focusing on 

other infrastructure in Muhoza sector. Normally, urban growth indicates a transformation of the vacant 

land or natural environment to construction of urban fabrics such as residential, commercial, and 

industrial and infrastructure development. It mainly happens in the fringe urban areas (Glaeser, 2014). 

 

It is termed as purposes for which human beings exploit the land cover that involves the management and 

modification of natural environment or wilderness into built environment like fields, pastures and 

settlements (Niyonzima, 2007). Furthermore in this research we are aimed to list the causes and 

consequences of urban growth and sprawl in MUHOZA sector. The causes that force growth in this urban 

area and the causes that are responsible for undesirable pattern or process of urban growth are also 

essentially important for the analysis of urban growth. The consequences or the impacts of urban growth, 

whether ill or good, are also necessary to be understood and evaluated towards achieving a sustainable 

urban growth in this study area. 
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However, some of the researchers argue that the impacts of development present a specific development 

patterns as undesirable, not the patterns themselves (Burge, 2013). Therefore, whether a pattern is good or 

bad should be analyzed from the perspective of its consequences. Causes are also similarly important to 

know the factors that are responsible to bring such pattern. Indeed remote sensing data are not enough to 

analyze the causes or consequences in many instances; one should have clear understanding. Generally, 

the causes of urban growth are similar with those of sprawl. In most of the instances they cannot be 

discriminated since urban growth and sprawl are interlinked however it is an important to realize that 

urban growth may be observed without the occurrence of sprawl, but sprawl has to induce growth in 

urban area.  

 

The effect that high population growth rates have had in slowing economic   growth   appears   to   be not   

well understood by policymakers.  The effects of urban growth may have both positive and negative 

impacts; however, negative impacts are generally more highlighted because this growth is often 

uncontrolled or uncoordinated and therefore the negative impacts override the positive sides.  Positive 

implications of urban growth include higher economic production, opportunities for the underemployed 

and unemployed, better life because of better opportunities and better services, and better lifestyles. 

Urban growth can extend better basic services (such as transportation, sewer, and water) as well as other 

specialist services (such as better educational facilities, health care facilities) to more peoples.  However, 

in many instances, urban growth is uncontrolled and uncoordinated resulting in sprawl. As a result, the 

upside impacts vanish inviting the downside (Sundarakumar, 2012). 

MUHOZA urban centers are faced with rapid expansion resulting in urban sprawl with limited basic 

services and infrastructure, encroachment of urban land on high quality agricultural land and environment 

degradation. Those urban centers have experienced a rapid expansion and land use changes due to many 

factors including the population growth, emigration –rural-urban linkage where people from rural areas 

attracted by services and infrastructures that are available such as schools, water supply, electricity, easy 

transport means and other emigration of people from other districts around the country based on easy way 

of living (Musanze, 2008). 

All this contributed to the land use changes in MUHOZA urban centers, it is therefore necessary for a 

study like this to be carried out to provide information related to a uniform expanding urban center in 

MUHOZA sector for guiding urban planners and decision makers.  
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The major objective of this research was to assess the uniform expansion of urban centers and its 

associated impacts on land use with specification to analyze causing factors of a uniform expansion and 

its impact on land use, to provide a map showing the effects of urban centers expansion on land use, to 

determine land cover /land use map. 

 
 
2. Methodology 
The information from the primary data was obtained through a structured questionnaire and an interview 

schedule and documentary search applied to obtain secondary data. Data collection methods refer to a set 

of methods and techniques that are used to collect data. Data concerning administrative boundaries of the 

study area were obtained though former Rwanda Natural Resources Authority (RNRA) websites. The 

following is the flowchart methodology used in this study: 

�
Figure 1: Research methodology follow chart 

�
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3. Results 
3.1. Land use/land cover maps 

The classified map obtained after preprocessing and supervised classifications which are showing the land 

use and land cover of the Muhoza sector are given in the figure 2. It provides the information about the 

land use pattern of the Muhoza sector in 2003. 

 

�
Figure 2: Muhoza land use/ land cover in 2003 map 

 

The classified image obtained after preprocessing and supervised classification which is showing the land 

use and land cover of the Muhoza sector is given in the figure 3. It provides the information about the 

land use pattern of the Muhoza sector in 2015. 
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�
Figure 3: Muhoza land use/ land cover in 2015 map 

�

The figure 4 describes the magnitude (frequency and percentage) of urban centers expansion in 2015 for 

low, medium and high with 16.67%, 26.67% and 56.66% respectively. 

 

 
Figure 4: Variation of urban centers expansion magnitude in 2015 
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3.2. Urban centers expansion magnitude in 2015  

Due to statistics from the figure above, the majority of respondents in Muhoza sector 56.66 % said that 

Urban centers expansion was high while 26.67 % said that urban centers expansion was Medium. Among 

all respondents, however, a proportion of 16.67 % highlighted that urban centers expansion of Muhoza 

sector was low. 

3.3. Reasons for urban centers expansion in 2015 

Information given by respondents for urban centers expansion in 2015 in Muhoza sector is presented on 
the following chart with different reasons of urban centers expansion. 

 
Figure 5: Different reasons for urban centers expansion in 2015 

 According to questionnaire’s respondents the reasons that justified urban centers expansion in Muhoza 

sector in 2015 include; Lack of urban planning 40 % of respondents conformed that this urban centers 

expansion due to lack of urban planning; other arguments are given on above chart with their proportion.  

3.4. Change Detection Analysis 

Change detection analysis describes and quantifies differences between images of the same scene at 

different times. The classified images of the two years (2003 and 2015) dates can be used to calculate the 

area of different land cover and observe the changes that are taking place in the span of data. This analysis 

is very much helpful to identify various changes occurring in different classes of land use like increase 

vegetation area or decrease in bare soil and so on. 
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Figure 6: Muhoza change detection map 

 
Figure 7: State of Muhoza land cover/ land use in 2003 

Land cover/ land use information in 2003 shows that forest occupied 39%, urban 28%, vegetation 20% 
and 13% for bore soil. 
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Figure 8: State of Muhoza land cover land use in 2015 

Land cover/ land use information in 2015 shows that urban increased to 54%, Vegetation, forest and bore 
soil decreased to 19%, 14% and 13% respectively. 

4. Discussion  
 

4.1. Muhoza Land Cover/ Land Use changes 

Based on the table 1 and respondents’ view in Muhoza sector, the urban centers expansion between 2003 

and 2015 were affected negatively the land use where we found deforestation, built up in the land 

reserved to formers, new roads pass though the land used for other things for transports, new centers 

created, built up of many infrastructures are the main sources of climate change. Although those above 

negative impacts of urban centers expansion in Muhoza sector, there was also main positive impacts like: 

creation of new activities, Access to employment, Center of market area and so on. 

Table 1: Muhoza change detection analysis 

Class       2003 2015 2015-2003 

Area (Ha) Area (%) Area (Ha) Area (%) Area (Ha) Change (%) 

Vegetation 413.235 19.99 403.582 18.715 -9.653 -1.275 

Urban 606.983 28.15 1164.67 54.836 557.687 26.686 

Forest 853.177 39.564 314.055 14.564 -539.122 -25.000 

Bare soil 283.050 13.126 274.14 12.713 -8.910 -0.410 

Total 2156.445 100.000 2156.447 100.000 0.000 0.000 

The urban area has been changed drastically from 2003 to 2015. Urban area has been increased by 

26.686 %, vegetation area has been decreased by 1.275 % and bare soil decreased by 0.410 % even if it is 

not visible on the chart because of approximation, the same to forest which was decreased by 25 %. The 

increase in urban area has many reasons.  
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Muhoza sector is located in Musanze city which is situated at the junction of main road from Kigali to 

Rubavu, which means that the location of Muhoza sector facilitate immigration and It is also the shortest 

link to Uganda border through Cyanika this is the 

reasons of many immigration which are contributing to Muhoza urban centers expansion. Large numbers 

of institutions are coming in to existence and corresponding infrastructure development leads to the 

increase of urban area.  

4.2. Change detection analysis 

The table 2 shows the amount of land use/land cover change from one type to another which is the result 

of overlaid two maps for the year 2003 and 2015. This table shows also the conversion in area (ha) and 

percentage from one type of land use/land cover to another land use/land cover. Area of vegetation 

changed to other type of land use was 310.792 ha, while the area of other types of land use to vegetation 

was 301.139 ha; therefore there were 9.653 ha of loss in vegetation. Increase in merchant establishments 

and urban areas are contributing to the loss of vegetation area. 

 

There is decrease in vegetation or shrubs by 1.275 % over the study period. The reason for this decrease 

in light vegetation is that large amounts of agricultural area converted in to land for real urban areas and 

construction of new infrastructures.  Area of forest attenuated to other type of land use was 707.31 ha 

while the area of other types of land use to forest was 150.367 ha; therefore there were 556.943 ha of loss 

in forest. Area of bare soil condensed to other type of land use was 232.335 ha; while the area of other 

types of land use to bare soil was 223.424 ha therefore there was 8.911 ha of loss in bare soil. 

 

Area of urban accrued to other type of land use was 98.527 ha while the area of other types of land use to 

urban was 656.212 ha; therefore there was 557.685 ha of gain in urban. The increase in urban area has 

many reasons. Muhoza sector is famous for educational institutions, large numbers of institutions are 

coming in to existence and corresponding infrastructure development leads to the increase of urban area, 

the accumulation in urban area leads to a reduction of forest and bare soil due to the converted of forest 

area and bare soil into urban area. 

�
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Table 2: Changes in loss and gain on studied features 

 Area (ha) Vegetation Urban Forest Bare soil 

Vegetation no change 102.443 No change    

Vegetation to urban 136.957 Gain Loss   

Vegetation to forests 99.810 Gain  Loss  

Vegetation to bare soil 74.025 Gain   Loss 

Urban to vegetation 24.907 Loss Gain   

Urban no change 508.455  No change   

Urban to forest 17.100  Gain Loss  

Urban to bare soil 56.520  Gain  Loss 

Forest to vegetation 234.945 Loss  Gain  

Forest to urban 370.575  Loss Gain  

Forest no change 154.778   No change  

Forest to Bare soil 101.790   Gain Loss 

Bare soil to vegetation 41.287 Loss   Gain 

Bare soil to urban 148.680  Gain  Loss 

Bare soil to forest 33.457   Gain Loss 

Bare soil no change 50.715    No change 

 

According to Fekadu & Awol (2015) urban expansion is a common phenomenon in both developed and 

developing countries. In developed countries, it is associated with economic advancement and urban 

centers are seen as engine of growth enhancing rural development by creating market for agricultural 

products and providing agricultural inputs for more productivity. However, in developing countries urban 

expansion is with negative effect (Xian et al., 2007). 

The major effects contributing for rapid urban expansion in Ethiopia are higher natural population 

growth, rural to urban migration and spatial urban development. Hossana town is one of the most 

expanding Towns in the country. Based on the results of this study, we agree with Fekadu & Awol (2015) 

and Sundarakumar (2012) who said that positive implications of urban growth include higher economic 

production, opportunities for the underemployed and unemployed, better life because of better 

opportunities and better services, and better lifestyles.  
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Urban growth can extend better basic services (such as transportation, sewer, and water) as well as other 

specialist services (such as better educational facilities, health care facilities) to more peoples 

(Sundarakumar, 2012). However, in the study area, urban growth is uncontrolled and uncoordinated 

resulting in negative impacts like climate change, decrease of cultivable land, waste concentration and so 

on. 

 
5. Conclusion and recommendations 

 
The main objective of this study area was to assess the uniform expansion of urban centers and its 

associated impacts on land use. The reserved land use in the detailed of Muhoza sector urban centers 

expansion has been identified as follows: according to the analysis done by using Land Sat, the urban area 

in 2003 was 689.85 ha this area was equivalent to 31.74 % of the total areas of Muhoza sector. Urban area 

was increased until 1079.82 ha equivalent to 49.66 % of urban area in 2015. The changes from rural area 

to urban area were 389.97 ha equivalent to 17.92 % between 2003- 2015. The vegetation area in 2003 was 

677.975 ha corresponding to 31.19 % in term of percentages; the vegetation area was decreased until 

453.33 ha equivalent to 20.85 % in term of percentages which shows that the change made on vegetation 

between 2003-2015 was 224.64 ha similar to 10.34 %. The forest area in 2003 was 630.81 ha similar to 

29.03 %, the forest area was decreased until 374.94 ha equivalent to 17.24 % in 2015, the changes which 

were made on forest area was 255.87 ha equivalent to the decrease of 11.79 % between 2003-2015. The 

bare soil area in 2003 was 174.78 ha similar to 8.04 %, the bare soil area was increased until 266.13 ha 

equivalent to 12.25 % in 2015, analysis done shows that the increasing of bare soil area come thought the 

decreasing of forest and vegetation area; the changes made on bare soil area between 2003 and 2015 was 

91.35 ha similar to 4.21 %. 

The findings from the research are not exhaustive and there is a need to formulate the following 

recommendations to public institutions in charge of urban planning: To increase the public awareness of 

residents in Muhoza sector vis-à-vis the master plan, to organize consultations and sensitization 

campaigns with residents before and during the implementation of any new activity to reduce inform 

residents, and to organize more training of local leaders and others in related fields of urbanization 

managements and uses. 
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