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Abstract 
 

The land use and land cover change of an area is an outcome of natural and socio-economic aspects 

and their operation by humans in time and space (Lambin et al., 2003). Land-use change is a matter 

of historical process in relation to how people use the land. It modifies the availability of different 

resources, including vegetation, soil, and water (Ahmad, 2014). 

To solve the issue of uncontrolled population growth without access to basic infrastructure, leading 

to land degradation, conflict resolution over land resources, and equitable access to its resources by 

all stakeholders within the Kabeza site, a detailed topographic survey of the area was undertaken. 

Secondary data was obtained from the Kigali City master plan and the Google Earth professional 

platform to get computerized data. The new design has ameliorated the issues in the area as much 

as possible in comparison to the former layout. 

This study assists in detecting specific land-use changes and projecting which land uses will be 

affected by future changes from 1960 to 2030.  In 1960, agriculture dominated 82.61% of the total 

area, followed by residential at 11.62%, transportation at 2.79%, commercial at 1.56%, forest at 

1.34%, and water storage at 0.09%. Compared to 1960, the percentage of area covered in 2023 had 

decreased for commercial and agriculture up to 0% and 10.16%, respectively. A percentage 

increased for residential, transportation, forest, sport, leisure, and open space to 59.86%, 25.02%, 

2.43%, 2.13, and 0.32%. There was no change in the area not observed for the water storage (tank) 

between the periods. 

However, there are still some serious concerns about the newly designed plan in this area. These 

should be viewed as recommendations to be considered by future research implementers and 

partners, particularly the local government units overseeing the research sites. The most important 

emerging issues are promoting a competitive regulatory environment for transport services. Thus, 

developers and state entities should work together to identify measures to minimize the negative 

impacts of interventions on the poor and women, as well as the negative impacts on the environment. 
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1. Introduction 

Many African countries were blessed with relative 
land abundance. People in Africa are now 
increasing in population. Hence, open-land conflicts 
are becoming more common across the continent. 
Market development and population growth 
provide an important part of the explanation for 
this development (Quan et al., 2004). However, a 
significant change has occurred in the utilization of 
natural resources, resulting in significant changes 
to land and water resources as well as their related 
ecosystems. 

Land-use refers to the amount of human activity 
that is directly tied to the land and the utilization of 
its resources, while land-cover refers mainly to 
naturally occurring resources that cover the land, 
including soil, forests, and water bodies, to name 
but a few (Ebenezer et al., 2018). LULC is gradually 
increasing due to the interaction with climate, 
ecological processes, biogeochemical cycles, 
biodiversity, and human activities (Abdul Rahaman 
et al., 2017).  

The change in LULC of a region, especially the 
increase in built-up areas, alters hydrological 
processes such as runoff pattern, peak flow 
characteristics, water quality, and so on (Ashaolu et 
al., 2019a). Changes in Earth’s natural land cover 
have been taking place since time immemorial and 
have been associated with both natural phenomena 
and human interference. Since 1700, however, 
land-cover changes have been reported as being 
human-induced changes, and these have caused 
diverse, mostly adverse, impacts on both society 
and the environment.  

Several ancient writers have documented the 
destruction of natural areas from salinization, 
overgrazing, fire, and other human activities. In his 
1864 seminal essay “Man and Nature; or, the Earth 
as Modified by Human Action,” Marsh has described 
how people used and modified land to serve 
various purposes, altering, thus, the environment. 
After the 1960s and 1970s, numerous studies 
documented the detrimental impacts of human 
activities that began to cause worldwide concern 
and action (Briassoulis, 2009). 

This research has focused on assessing and 
predicting land use and land cover change at the 
Kabeza site from 1960 to 2030, owing to the fact 
that it has been selected by the Government of 
Rwanda as a planning area based on the 

development of the region and the demands for 
development in Kicukiro District. The latter wants 
to make Kabeza one of the smartest cities in the 
region and a pilot observational area for future 
developments. Yet, Kabeza is facing the increasing 
pressure of uncontrolled population growth 
without access to basic infrastructure, thus leading 
to land degradation and conflicts over land 
resources. However, there are many studies 
showing the extent to which the existing land 
resources have been depleted at Kabeza Site. What 
are the current and projected trends of land-use 
and land-cover types at the Kabeza site? This 
research is based on the following null hypothesis 
(Ho): There is no significant difference between the 
past and current adjustments of land-use and land-
cover types at Kabeza Site. This study aims at 
assessing and predicting land-use and land-cover 
change at the Kabeza site in order to solve the 
thorny issue of land ownership and ensure 
equitable access to its resources for all 
stakeholders. 

2. State of the Art 

Land-use change is a matter of historical process in 
relation to how people use the land. It modifies the 
availability of different resources, including 
vegetation, soil, and water (Ahmad, 2014). Land-
use change directly affects the amount of 
evapotranspiration, groundwater infiltration, and 
overland runoff. Land-use and land-cover change 
are important issues considering global dynamics 
and their responses to environmental and socio-
economic drivers (Akpoti et al., 2016; Bewket, 
2002; Hurni et al., 2005). Land-use and land-cover 
alterations negatively affect the patterns of climate, 
natural hazards, and socio-economic dynamics on a 
global and local scale (Chakilu & Moges, 2017; 
Hegazy & Kaloop, 2015; Sewnet, 2015). 
Information on land use and land cover and 
potentials for their best use is essential for the 
selection, planning, sustainable land resource 
management, and understanding of the changes in 
hydrological processes to meet the increasing 
demands for basic human needs and welfare. 

Global cities, which are the engines of economic 
development (Sherbinin et al., 2007) with large 
populations, are most vulnerable to the impacts of 
land-use and land-cover (LULC) changes. The LULC 
change is a driver of global environmental change 
such as emissions of greenhouse gases (MEA, 
2005), habitat loss and fragmentation, as well as 
biodiversity loss (Lambin et al., 2000; Sala et al., 
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2000), and reducing the quality of human wellbeing 
(Lambin, 1997; Boissiere et al., 2009). 

Land is the basis for most biological and human 
activities on earth. Agriculture, forestry, industries, 
transport, housing, and other services all use land 
as a natural and/or economic resource. Land is also 
an integral part of ecosystems and indispensable 
for biodiversity, the carbon cycle, and other life-
dependent cycles. Therefore, harmonized and 
reliable data and information on land cover/use 
status and changes are crucial for various policy 
sectors and stakeholders (Eurostat regional, 2011). 

Most biological and human activities are land-
based. Land is accounted for in two ways: as 
biogeographical land cover and as socioeconomic 
land use. Land cover indicates the visible surface of 
land (e.g., crops, grass, water, broad-leaved forest, 
or built-up area). Land-use indicates the 
socioeconomic purpose for which the land is used 
(e.g., agriculture, forestry, recreation, or residential 
use). Data on land cover and land use are essential 
for observing and managing a range of key 
environmental and socioeconomic trends, many of 
which are linked to the sustainable use of resources 
and climate change. 

Although the terms land cover and land- use are 
often used interchangeably, their actual meanings 
are quite distinct. Land cover refers to the surface 
cover of the ground, in terms of vegetation, urban 
infrastructure, water, bare soil, or others. 

Identifying, delineating, and mapping land cover is 
important for global monitoring studies, resource 
management, and planning activities. Identification 
of land cover establishes the baseline from which 
monitoring activities (change detection) can be 
performed and provides ground cover information 
for baseline thematic maps. 

Land use refers to the purpose the land serves, such 
as recreation, wildlife habitat, or agriculture. Land-
use applications involve both baseline mapping and 
subsequent monitoring, since timely information is 
required to know what the current quantity of land 
is in what type of use and to identify the land-use 
changes from year to year. Land-use and land-cover 
information may be used for planning, monitoring, 
and evaluation of development, industrial activity, 
or reclamation. The detection of long-term changes 
in land cover may reveal a response to a shift in 
local or regional climatic conditions, the basis of 
terrestrial global monitoring (Government of 
Canada, 2015). 

3. Materials and Methods 

3.1. Research design 

This study's methodological design encompasses 
one major objective and hypothesis, which are 
tested using both parametric prediction and trend 
shift analysis of land-use and land-cover techniques 
(LULCC), as portrayed in Table 1. 

 

Table 1.Suggested methodology for the study 
Objectives Hypotheses Methodology Statistics 
To assess and predict 
the existing Land-use 
and Land-cover at 
Kabeza site of Kicukiro 
District 

Ho (Null hypothesis): There 
is no significant difference 
between the past and 
current adjustments of 
Land-use and Land-cover at 
Kabeza Site 

Parametric prediction and 
trend shift analysis of land-
use and land -cover 

-Land-use and 
Land-cover change 
(LULCC) 
-Pearson 
regression model 
for Land-use and 
Land-cover change 
adjustments for 
1960-2030; and  
-Nonparametric 
tests for Trend shift 
analysis 

3.2. Presentation of the Study Area 

With an area estimated to116.32ha, Kabeza Site is 
located in Kicukiro District, Gahanga Sector and 

Karembure Cell, with an area estimated 
to116.32ha, Kabeza Site is located in Kicukiro 
District, Gahanga Sector and Karembure Cell, 
within Kigali City. It is located at the points of 
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coordinates X = 509021.575m and Y = 
4775632.714m in the coordinate system of 
ITRF_2005, which are 2.40 km away from Nyanza 
Bus Parking and 1.5km away from Agakiriro of 
Gahanga (see Ortho image in Figure 1). It is 
expected that the Kabeza Site will have modern 

infrastructure and that people from different 
regions, especially Kigali CBD (Central Business 
District) and other regions around Bugesera 
International Airport, will come to stay on this site 
safely and do their business around Gahanga New 
Kigali City Market. 
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3.3. Sampling methods and techniques 

The target population for this study included all 
residents of the study area, with a total population 
of 550 residents (NISR, 2012). The study used a 
simple random sampling technique to select the 
participants. 

The following Slovin’s formula (Equation 1) for 
sample size calculation has been adopted in this 
study:                 (Equation 1) 

Where n is the sample size, N is the population size, 
and e is the margin error, 

= 521.327 (Equation 2) 

Hence, approximately 522 people were 
interviewed in this study out of a population of 550, 
using a margin of error of 0.01 or 1% at a 99% 
confidence level. 
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3.4. Data collection techniques and instruments 

3.4.1. Type of data and techniques of data 
collection 

To carry out this observational study project, the 
researcher collected both primary and secondary 
data and computerized data using the Trilateration 

technique and relevant instruments. The following 
Table shows activities, techniques and instruments 
used during fieldwork.  

 

Table 2. Field work technique and instruments 
Activity Technique Instrument 

❖ Site reconnaissance 
❖ Detailed 

topographic Survey 

Trilateration DGNSS Receiver, Panger, Hammer, Total station 

Source: Primary data, 2023 

Topographic data has been collected from the field 

to enable an accurate understanding of the 

topography of the area. Ground point control (GPC) 

is conducted using a DGNSS receiver and a Total 

station. Interesting points revealed the existing 

natural occurrences and manmade features.  

An unstructured interview has been conducted with 

an open-ended guide to help the researcher gather 

detailed information on the topic while doing field 

observation. Both observational information and an 

unstructured interview have been obtained during 

consultative meetings with landowners. However, 

the study also used the data from the Kigali City 

master plan and the Google Earth professional 

platform to get computerized data. 

3.5. Data analysis techniques 

Pearson correlation coefficient calculation, the Chi-

square test, and normal distribution were used 

during data analysis to establish a linear relationship 

between the existing LULC and the predicted ones 

from 1960 to 2030. The Pearson correlation 

coefficient (r) took values between -1 and 1. The 

farther away r was from zero, the stronger the linear 

relationship between the existing LULC and the 

predicted ones. The following formula was used 

(Equation 3):

𝑟 =
𝑛 ∑ 𝑥𝑦−(∑ 𝑥)(∑ 𝑦)

√[𝑛 ∑ 𝑥2−(∑ 𝑥)
2

][𝑛 ∑ 𝑦2−(∑ 𝑦)
2

]

,              (Equation 3) 

Where, 

r is Pearson correlation coefficient,  

x is the existing land-use and land-cover,  

y is the predicted Land-use and Land-cover from 1960-2030  

n is the number of variables. 

To establish the significance of this statistic, a t test value was computed as follow at confidence interval α = 0.01 
and degree of freedom df = n-2 (Equation 4): 

 𝑡 =
𝑟

√1−𝑟2

𝑛−2

,                         (Equation 4) 

Critical values of the t hypothesis test were checked using the following statement:  
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• If t value is less than the critical value of t, null hypothesis didn’t reject otherwise null hypothesis will be 
rejected.

3.6. Research Procedure 

The following steps have been used during the 
preparation for the planning process: 

• Reconnaissance, 

• Overlaying the developed basemap on the 
existing LUDP to compare proposed land 
uses versus the existing situation on the 
ground, 

• Carry out a topographic survey to collect data 
and verify information. 

• Predicting land-use and land-cover change, 

During data analysis for this project, the following 
software will be taken into account: 

• AutoCAD 2018 and CAVADIS17 for 
topographic surveying reporting to make 

detailed topographic maps and mapping of 
existing features. 

• ArcGIS Pro for analyzing and demonstrating 
the site plans for different purposes 

• Excel is used in data management and 
reporting. 

• Microsoft Word, in writing and combining 
the layouts from other software, 

• Aerial photos. 

4. Results and Discussion 

4.1. Assessment of the existing land use and land 
cover at the Kabeza site 

Figure 3  shows the current land-use types (existing 
situation) in the study area before planning. These 
include agriculture, commercial centers, residential 
areas, roads, forests, and water tanks. 
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Table3: Existing Land-use and Land-cover  
Land-Use /Land-Cover Area (ha) % 

Residential area 13.44 11.62 

Forest 1.56 1.34 

Water storage (tank) 0.098 0.09 

Commercial area 1.81 1.56 

Agriculture 96.0956 82.61 

Transportation  3.24 2.79 

Total Area 116.32 100% 

Source: Primary data, 2023 

Land use categorizes into areas of different usages 
of land. Areas of land use (in hectares) of 13.52, 
1.56, 0.098, 1.81, 96.0956, and 3.24 were surveyed 
for residential areas, forests, water storage (tanks), 
commercial areas, agriculture, and transportation. 
Land-use variable data were acquired from the field 
using the DGNSS receiver and total station. 

4.2. Predicting land use and land cover at the 
Kabeza site (1960–2030) 

Land use and land cover predicted in residential 
areas, forests, water storage (tanks), agriculture, 

and transportation present similar trends as the 
existing ones. Or the commercial zone is bound to 
disappear from the site based on the Kigali master 
plan regulation zone. This site has been designed as 
a residential area for single families, and there is no 
good reason to keep any area for a commercial 
zone, which has been integrated into this new 
design.

Table 3: Predicted Land- Use and Land- Cover 
Land-Use and Land-Cover Area (ha) % 

Residential area 69.62 59.86 

Forest 2.83 2.43 

Water storage (tank) 0.098 0.08 

Commercial area 0.00 0.00 

Sport and Leisure 2.48 2.13 

Open space 0.37 0.32 

Agriculture 11.82 10.16 

Transportation  29.10 25.02 

Total Area 116.32 100% 

Source: Primary data, 2023 

Figure 3 compares existing land-use and land-cover 
patterns with the predicted ones. It shows that land 
use and land cover will drastically change over time 

with the occurrence of more residential areas and 
less agricultural land
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Figure 3: Existing and Predicting Land- Use and Land- Cover at Kabeza Site (Primary Data, 2023) 

The adjustments to the existing land-use and land-cover changes for 1960–2030 were done using the Pearson 
regression model (Table 4). 

Table 4. Correlated existing land use and land cover and their predicted changes in 1960–2030 
Variable Value Mean Covariance Variance Standard 

Deviation 

n 6 
    

Σx  116.32 19.38667 
   

Σy  116.32 19.38667 
   

Σxy 2891.505 
 

481.9175 
  

Σ(x2 ) 9433.372 
  

2358.343 48.56277 

Σ(y2)  7930.762 
  

1982.6905 44.52741 

(Σx)2 13530.34 2255.05667 
   

(Σy)2 13530.34 2255.05667 
   

 
 

 

0,09971068 
   

 
 
  

 

0,20042017 
    

 
𝑡(α = .01; df = 4) 

4.604 
    

Source: Primary data, 2023 

The analysis found a correlation coefficient of about 
10% (= 0.0997) between the existing land use and 
land cover (x) and their predicted changes in the 
1960–2030 period (y). The t hypothesis test 
revealed that the relationship between the two sets 

was not significant at a 1% interval (α = 0.01; df = 
4). Thus, the study fails to reject the null hypothesis 
(Ho), stating that “there is no significant difference 
between the past and current adjustments of land 
use and land cover at Kabeza Site." Hence, the new 
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Kabeza site landscape as planned in the Kigali 
master plan regulation zone is likely to be 
significantly different from the existing LULC in the 

area. Table 5 provides a summary of the general 
outcome of this study.

 

Table 5. The general outcome of the study hypothesis testing 
Objectives Hypotheses Results Comments 

Y: Predicted 
LULC (1960-
2030) 

X: Existing LULC 

To assess and 
predict the 
existing Land-use 
and Land-cover at 
Kabeza site of 
Kicukiro District 

Ho (Null hypothesis): 
There is no significant 
difference between the 
past and current 
adjustments of Land-use 
and Land-cover at Kabeza 
Site 

Residential with 
area of 69.62ha  

Residential with 
area of 13.44ha  

Null 
hypothesis is 
not rejected 

Forest with area 
of 2.83ha 

Forest with area 
of 1.56ha 

Water storage 
(tank) with area 
of  0.098ha 

Water storage 
(tank) with area 
of  0.098ha 

Agriculture with 
area of 11.82ha 

Agriculture with 
area of 96.0956ha 

Open space with 
area of 0.37ha 

Open space with 
area of 0ha 

Commercial area 
with area of 0ha 

Commercial area 
with area of 
1.81ha 

Sport and Leisure 
with area of 
2.48ha 

Sport and Leisure 
with area of 0ha 

Transportation 
with area of 
29.1ha 

Transportation 
with area of 
3.24ha 

Source: Primary data, 2023 

4.3. Discussion of the Study Results 

According to Liping et al. (2018), the rapid increase 
in the human population and associated economic 
development further exacerbate the rate of these 
changes, especially in fast-growing urban areas, 
threatening their sustainable growth. 

This increase is progressing at a higher rate in 
developing countries where cities are growing, 
thereby rapidly changing urban landscapes. Such 
rapid growth in the absence of adequate planning 
and infrastructure expedites LULC changes, which 
are associated with degrading ecosystem services 

and human well-being (Mallupattu and 
Sreennivasula, 2013; Kanal et al., 2019; Mishra et 
al., 2019). 

Table 5 displays the changeover of LULC categories 
from 1960 to 2030. In 1960, agriculture dominated 
82.61% of the total area, followed by residential at 
11.62%, transportation at 2.79%, commercial at 
1.56%, forest at 1.34%, and water storage at 0.09%. 
Compared to 1960, the percentage of area covered 
in 2023 had decreased for commercial and 
agriculture up to 0% and 10.16%, respectively. A 
percentage increased for residential, 
transportation, forest, sport, leisure, and open 
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space to 59.86%, 25.02%, 2.43%, 2.13, and 0.32%. 
There was no change in the area not observed for 
the water storage (tank) between the periods. 

This study assists in detecting specific land-use 
changes and projecting which land uses will be 
affected by future changes. The findings assist site 
residents and policymakers in developing optimal 
land use planning and management methods for 
the long-term development of this site. The author 
carried out all technical details and prepared the 
map, analysis, and results discussion. 

5. Conclusions and Recommendations 

The main objective of this project is to assess and 
predict the existing land use and land cover at the 
Kabeza site in Kigali City, Kicukiro District, Gahanga 
Sector, and Karembure Cell at the Kabeza site. 

The data collected from the field and the 
topographic survey showed that the existing 
situation was not well planned according to the 
standard, which indicates that the new design has 
ameliorated it as much as possible compared to the 
existing one. 

From the data analysis of the hypotheses, there is 
no significant difference between the past and 
current adjustments of land use and land cover at 
the Kabeza Site.  

Based on these results, several recommendations 
have been formulated. For an adequate 
consideration of urban and rural design during the 
physical planning and design process, the following 
recommendations are proposed: 

• Promote a regulatory environment for 
competitive transport services. 

• Identify measures to minimize the 
interventions' negative impacts on the 
poor and women. 

The following are considerations for the design of 
future similar projects: 

1. The design, implementation, and 
maintenance of infrastructure should be 
integral to the project design and 
operations; infrastructure users, 
particularly households that hold most of 
the benefits (i.e., transport operators), 
should be required to bear a larger share of 
facility maintenance and upkeep. 
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