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Abstract 
 

Urban upgrading is broadly defined as physical, social, economic, organizational, and environmental 

improvements undertaken cooperatively among citizens, community groups, businesses, and local 

authorities to ensure sustained improvements in the quality of life for individuals (Cities Alliance, 

2003). More specifically, the primary goals of upgrading projects are to provide secure land tenure 

in informal and often illegal areas and to improve basic infrastructure and service delivery (Gulyani 

and Connors, 2002). 

This study assists in making needed adjustments to upgrade the existing land development planning 

at the Kabeza site, assisting site residents and policymakers in developing optimal land use planning 

and management methods for the long-term development of this site. To solve the issue of an 

uncontrolled increase in informal settlements and a lack of basic infrastructure, 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 findings of 

this study show that the existing situation is not well planned according to the standard and indicate 

that the new design is well planned compared to the existing one. The residential area has increased 

up to 69.62ha with 1873 new proposed plots and 295 existing adjusted plots; transportation with a 

total length of 28.85 km; leisure and sport with an area of 2.48ha; ravine with 1.24km of length; open 

space with 0.37ha; leisure and sport with an area of 2.48ha; forest with 3.18 ha; and a water tank 

occupying 0.098ha. 

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 issue is the packaging of all infrastructure within the project. 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 

Rwanda is a developing country. As such, the 
government plans to focus on solving problems arising 
from poor local urban upgrading. The service 
infrastructure must be maintained, constructed, or 
reconstructed for better achievement of a range of 
goals. These goals are expressed at different levels of 
government: the central, provincial, district, and 
sector levels. An example is the Kigali City goals. In 
order to maintain the city’s vision, local urban 
upgraded development planning should be 
comprehensive, efficient, inclusive, informative, 
integrated, logical, participative, and fair while 
contributing to common-interest operations such as 
securing public space, facilities, and utilities (Rwanda 
National Land Use Planning Guidelines, 2017). 

In order to maintain the city’s vision, the local urban 
upgraded development planning should be 
comprehensive, efficient, inclusive, informative, 
integrated, logistical, and participatory with fairness 
while contributing to common interst operations such 
as safeguarding public space, facilities, and utilities 
(Local Land Development Plan Guidelines, Kigali City, 
2017). 

This research has focused on making needed 
adjustments to upgrade the existing land 
development planning at the Kabeza site by providing 
the development of public infrastructure and the 
resulting subdivisions to mitigate conflicts over land if 
not properly managed. In the context of the city for 
citizens and the city on the move, with the 
encouragement of the local authority and initiative of 
the local community, a local land development plan 
for the Kabeza site using a participatory approach has 
been provided. Kabeza site faced increased pressure 
from uncontrolled informal settlements and a lack of 
basic infrastructure. 

This research focused on the following null hypothesis 
(Ho): There is no significant difference between the 
land use and cover change and the adjustments to the 
land development plan at the Kabeza Site. This study 
aims to make needed adjustments to upgrade the 
existing land development planning at the Kabeza site 
to be sure that all plots have basic infrastructure and 
reduce conflict related to the land. 

2. State of the Art 

Chen and Jiang (2000) developed an event-based 
approach to spatio-temporal modeling of land 

subdivision systems. The location of parcels and the 
time a parcel is designed (e.g., because of a 
subdivision) represent the different states of land 
parcels over time. This is a good idea that could be 
investigated for the different states of a land 
reallocation plan, i.e., from the original cadastral 
situation to the new final land consolidation plan. 
Such a process could monitor the evolution of the 
decisions (e.g., of an automated land reallocation 
model) taken for the land reallocation plan so as to 
explain system behavior and decisions at each stage. 

Urban planning also designs and regulates the uses of 
space that focus on the physical form, economic 
functions, and social impacts of the urban 
environment and on the location of different activities 
within it. Because urban planning draws upon 
engineering, architectural, and social and political 
concerns, it is variously a technical profession, an 
endeavor involving political will and public 
participation, and an academic discipline. Urban 
planning concerns itself with both the development of 
open land (“green fields sites”) and the revitalization 
of existing parts of the city, thereby involving goal 
setting, data collection and analysis, forecasting, 
design, strategic thinking, and public consultation. 
Increasingly, the technology of geographic 
information systems has been used to map the 
existing urban system and project the consequences 
of changes. In the late 20th century, the term 
sustainable development came to represent an ideal 
outcome in the sum of all planning goals (Marisa 
Sailus, 2021). 

Upgrading has been described in many low-income 
communities, but at its simplest, it has come to mean 
a package of basic services: clean water supply and 
adequate sewage disposal to improve the well-being 
of the community. But fundamental is legalizing 
and'regularizing’ the properties in situations of 
insecure or unclear tenure (David Saithwaithe, 2000). 

3. Materials and Methods 

3.1. Research design 

This study's methodological design encompasses one 
major objective and hypothesis, which have been 
tested using the comparison of means between LULC 
and the adjustment of upgraded urban development 
plan techniques as portrayed in Table 1. 
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Table 1. Suggested methodology for the study 

Objectives Hypotheses Methodology Statistics 

To make needed 
adjustments to upgrade 
the existing land 
development plans at 
Kabeza site 

Ho (Null hypothesis) : There is 
no significant difference 
between the land use/cover 
change and the adjustment 
of upgraded urban 
development plan at Kabeza 
Site 

Comparison of means 
between LULC and 
adjustment of upgraded 
urban development plan 

-Homogeneity test 
of LULCC and 
adjustment of 
upgraded urban 
development plan -
Normal distribution 
of the difference 
between the two 
variables 

3.2. Presentation of the Study Area 

With an area estimated at 116.32 ha, Kabeza Site is 
located in Kicukiro District, Gahanga Sector, and 
Karembure Cell, covering around 75% of the total area 
of Kabeza Village and 26% of the total area of Mubuga 
Village within Kigali City. It is located at points of 
coordinate X = 509021.575m and Y = 4775632.714m 
as the coordinate system of ITRF_2005, at 2.40 km 
away from Nyanza Bus Parking and 1.5km away from 
Agakiriro of Gahanga, and also in the neighborhood of 
a school called G.S. Karembure at its north. 

3.3. Sampling methods and techniques 

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

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

𝑛 =
𝑁

1+𝑁(𝑒)2
,                             (Equation 1) 

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

𝑛 =
550

1+550(𝑒)2
 = 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. 

3.4. Data collection techniques and instruments 

3.4.1. Types 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. Fieldwork Techniques and Instruments 

Activities Techniques Instruments 

❖ 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.  
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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 compare the means between LULC 
and the adjustment of the upgraded urban 
development plan. Using the homogeneity test, two 
variables were examined to examine whether land 
use, land cover, and the adjustment of the upgraded 
urban development plan were independent in 
influencing the test statistic. The following formula 
was used (Equation 3):                                          

𝒙𝟐 = ∑
(𝑶𝒃𝒔𝒆𝒓𝒗𝒆𝒅−𝑬𝒙𝒑𝒆𝒄𝒕𝒆𝒅)𝟐

𝑬𝒙𝒑𝒆𝒄𝒕𝒆𝒅
        (Equation 3) 

Normally for testing both independence and 
homogeneity computation of degree of freedom 

 (𝑑𝑓) = (𝑟 − 1)(𝑐 − 1)             (Equation 4) 

On this project, the normal distribution is used to 
identify if there is no significant difference between 
two variables. 

3.6. Research Procedure 

The following steps will be used during 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. 

• Generating a topographic map is a 
better way of understanding and 
analyzing the terrain of the study area. 

• Predicting land use and land cover 
change, 

• Adjustment of the upgraded urban 
development plan, 

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

• AutoCAD 2018 &CAVADIS17 for 
topographic surveying reporting to 
make detailed topographic maps and 
mapping of existing features. 

• ArcGIS Pro for analyzing and 
demonstrating the site plans of different 
purpose requirements and also to 
upgrade urban development planning, 
replotting, layout planning, and 
hydrology analysis by showing flow 
accumulation within the study area. 

• Excel will be 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 1  shows that most of the existing parcels had 
no access to the basic infrastructure. Some of the 
existing parcels are larger than 300 m2 others are less 
than 300 m2 from the land titles provided by the 
National Land Authority. 
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Table 2: Existing land-use and Land-cover  

LAND USE LAND COVER Area (ha) % 

 Residential  13.52 11.62 

Forest 1.56 1.34 

Water tank 0.098 0.09 

Commercial 1.81 1.56 

Agriculture 96.0956 82.61 

Transportation  3.24 2.79 

Total 116.32 100% 

Source: Primary data, 2023 
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4.1.2. Topography 

The topography of this site is presented with an 
average of 1457.68m of height and a difference in 

elevation of 133.61 m, where the high level is 1529.45 
m, the low level is 1395.84 m, and the terrain level is 
a 5m contouring interval with 11 contours per km. 
Figure 2 shows a contour map of the Kabeza Site. 

 

After analyzing contours, it is also necessary to 
analyze the slope of the Kabeza Site, where the slope 

is presented in percentages between 0% and 33.57%, 
with an average of 14.96%, as Figure 3 shows. 
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4.1.3. Hydrology 

Figure 4 shows the water flow accumulation used to choose the main water drainage within the site for hydrology 
analysis. 

 

4.2. Adjustments to the upgraded urban 
development plan of Kabeza Site 

During the upgrading of the area, some parcels 
remained in their original shape, especially existing 

constructed parcels and roads with substandard 
widths that need upgrading under the guidance of 
Kigali City Master Plan 2020 regulation in the low-
density residential densification zone (R1A). Within 
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the Kabeza site, parcels have been upgraded and 
replotted by making the new plot, as Figure 5 shows. 

 

Figure 5: Local Land Upgraded Development Plan of the Site (Primary Data, 2023) 

The Kabeza site was planned according to the 
different analyses by considering that site residents 
need the following zoning: residential, roads, green 
space, sport and leisure, agriculture, and forest, with 

plots of 15m in width and 20m in length. The 
minimum size of the plot is 252 sq m, and the 
maximum size of the plot is 300 sq m. The road has a 
total length of 28.84km and a total area of 25ha, 
including water drainage of around 21.49% and 
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1.24km of the proposed ravine, green space land with 
0.37 ha, agriculture having an area of 11.82ha, forest 
occupied 2.83ha, newly designed plots are 1873 plots 
for the residential extension area with 56.12 ha, or 
48.25% of the total area of the site. From 652 parcels 
unplanned, 295 plots were upgraded by considering 

the built-up area, which occupied a total area of 
13.44ha, which is 11.56% of the total area. Sport and 
leisure areas of 2.48ha and 4.22ha have been 
destroyed by basic infrastructure, which is about 
3.63% of the total area. 

Table 4: Adjustment of the upgraded urban development plan 

UPGRADED LAND USE Area (ha) % 

Existing upgraded residential plot 13.44 11.56 

New residential plot 56.18 48.25 

Agriculture 11.82 10.16 

Forest 2.83 2.48 

Open space 0.37 0.32 

Sport and Leisure 2.48 2.13 

Water tank 0.098 0.08 

Upgraded Transportation  8.7 7.48 

New Transportation 20.402 17.54 

Total 116.32 100% 

Source: Primary data, 2023 

4.3. Comparison of land use and land cover and 
adjustment of the upgraded urban development 
plan 

By making a comparison of means between land use, 
land cover, and adjustment of an upgraded urban 

development plan using the homogeneity test of two 
variables (LULC and land reallocation) from the given 
data in the following table.

 

Table 3: Observed value for LULC and Adjustment of upgraded urban development plan  
Residential Agriculture Forest Open 

space 
Sport 
and 
Leisure 

Water 
tank 

Transportation 

Land Use Land 
Cover 

69.62 11.82 2.83 0.37 2.48 0.098 25.02 

Adjusted 
urban 
development 
plan 

56.18 11.82 2.83 0.37 2.48 0.098 20.402 

Source: Primary data, 2023 

Expected values have been calculated from the combined percentage of the observed values, providing the following 
table: 
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Table 4: Expected value for LULC and Adjustment of upgraded urban development plan  
Residential Agriculture Forest Open 

space 
Sport 
and 
Leisure 

Water 
tank 

Transportation 

Land Use Land 
Cover 

68.403 12.854 
 

3.078 0.402 2.697 0.107 24.698 

Adjusted 
urban 
development 
plan 

57.397 
 

10.786 
 

2.582 
 

0.338 2.263 0.089 20.724 

Source: Primary data, 2023 

Then, 𝑥2 = 0.328 and computing degree of freedom (𝑑𝑓)  

𝑑𝑓 = 7-1 = 6 and 𝑝 − 𝑣𝑎𝑙𝑢𝑒 is 0.999. 

Table 7. Normal distribution of two variables 

Variable Value Standard Deviation 

X 16.034 23.383 

Y  16.034 18.7439 

E(X-Y) 2.5797 
 

 

29.9683 
 

Source: Primary data, 2023 

Table 8. Result of Normal distribution of the difference between the two variables 

Z score 6.802 

P(X > 206.418) 0 

P(X ≤ 206.418) 1 

P(X ≤ -206.418 ∪ X ≥ 206.418) 1 

P(-206.418 ≤ X ≤ 206.418) 0 

Source: Primary data, 2023 
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Figure 1 : Normal distribution (Primary data, 2023) 

 

Table 9. The general outcome of the study hypothesis testing 

Objectives Hypotheses Result Comments 

To make needed 
adjustments to 
upgrade the 
existing land 
development 
plans at Kabeza 
site 

Ho (Null hypothesis 
) : There is no 
significant 
difference between 
the land use/cover 
change and the 
adjustments of 
Adjustment of 
upgraded urban 
development plan 
at Kabeza Site 

Adjusted urban 
development plan 

upgraded Land Use and 
Land Cover 

Null 
hypothesis  is 
not rejected Residential with area of 

56.18ha 
residential with area of 
13.44ha 

Agriculture with area of 
11.82ha  

Agriculture with area of 
11.82ha 

Forest with area of 
2.83ha 

Forest with area of 
2.83ha 

Open space with area of 
0.37ha  

- 

Sport and Leisure with 
area of 2.48ha 

- 

Water tank with area of 
0.098ha 

Water tank with area of 
0.098ha 

Transportation with area 
of 20.402ha 

Transportation with 
area of 8.7ha 

Source: Primary data, 2023 

After analysis and designing made during this study, the comparative Table 10 has provided to identify the result 
before and after the study: 
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Table 10. Comparative table of finding   

Before detailed study (Before Planning) After detailed the study (After Planning) 

Transportation with area of 3.24ha New transportation with area of 20.402ha 

Upgraded transportation with area of  8.70ha 

-   Total Length of Ravine 30.08Km   

652 Existing  Parcel (Unplanned) 1873 New Proposed Plots 

295 Existing Remained Plots 

- Open space with area of 0.37ha 

- Leisure and sport with area of 2.48ha 

- 4.22ha have totally destroyed by basic infrastructures 

Residential with area of 13.52ha Residential with area of 69.62ha 

Water tank with area of 0.098ha Water tank with area of 0.098ha 

Agriculture with area of 96.0956ha Agriculture with area of 11.82ha 

Commercial with area of 1.81ha - 

Forest with area of 1.56ha Forest with area of 3.17ha 

Source: Primary data, 2023 

4.4. Discussion of the Study Results 

Urban planning touches on numerous elements of city 
life: new and pre-existing land, buildings, roads, 
communal spaces, transportation, economic 
development, infrastructure, and the environment, 
among others (Marisa Sailus, 2021). 

Tables 9 and 10 express the findings of this study, 
where planning has provided that residential area has 
increased up to 69.62ha with 1873 new proposed 
plots and 295 existing adjusted plots, transportation 
with a total length of 28.85 km, leisure and sport with 
an area of 2.48ha, ravine with 1.24km of the length, 
open space with 0.37ha, leisure and sport with an area 
of 2.48ha, forest with 3.18 ha, and a water tank 
occupying 0.098ha. 

This study assists in making needed adjustments to 
upgrade the existing land development planning at 
the Kabeza site, assisting 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 make needed 
adjustments to upgrade the existing land 
development planning at the Kabeza site, Kigali City, 
Kicukiro District, Gahanga Sector, and Karembure Cell 
in Rwanda. The data collected from the field and the 
topographic survey showed that the existing situation 
is not well planned according to the standard, which 

indicates that the new design is well planned 
compared to the existing one. 

From data analysis and testing of the hypothesis, 
there is no significant difference between the land use 
and cover change and the adjustments to land 
reallocation 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: 

• The project implementers and partners, 
particularly the local government units 
overseeing the project sites, should pay 
particular attention to the growing income 
disparity and the exclusion of the poorest of 
the poor from the development process 
since this may lead to social disparities. 

• Identify measures to minimize negative 
impacts on the environment. 

• To make a detailed feasibility study of the 
road, water drainage, ravine, and sewage 
system within the site 

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 the 
households that hold most of the benefits 
(i.e., transport operators), should be 
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required to bear a larger share of facility 
maintenance and upkeep. 

The packaging of all infrastructure within the project 
should be supported by interventions that ensure the 
inclusion of the poor and help enhance their 
capacities and capabilities. Some of these 
interventions are: provision of credit, microenterprise 
development services, agricultural technology 
transfer, social capital formation, and gender 
integration. 
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