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Abstract: Sub-Saharan Africa (SSA) is undergoing rapid urbanization, yet research comparing urban
expansion and agricultural land loss in peri-urban areas is scarce. This study utilizes multi-temporal
Landsat imagery to examine the impact of urban growth on agricultural land and fragile ecosystems
in Kampala (a mega city) and Mbarara (a regional urban center) in Uganda. We distinguish between
random and systematic land-use and land-cover (LULC) transitions in the landscape. The results
reveal substantial urban expansion. Kampala’s urban area surged from 7.14% in 1989 to 55.10% in
2015, while Mbarara increased from 6.37% in 2002 to 30.95% in 2016. Correspondingly, agricultural
land decreased, from 48.02% to 16.69% in Kampala, and from 39.92% to 32.08% in Mbarara. Notably,
a significant proportion of urban growth in both cities encroached upon agricultural land (66.7% in
Kampala and 57.8% in Mbarara). The transition from agricultural to built-up areas accounted for
14.72% to 28.45% of the landscapes. Additionally, unsustainable practices led to the conversion of
wetlands and forests to agricultural land, with approximately 13% of wetlands and 23% of Savannah
and forests being converted between 2001 and 2015. These findings underscore the necessity of
monitoring LULC changes for sustainable urban growth management, emphasizing the importance
of preserving agricultural land and ecosystems to ensure present and future food security. This
research contributes to the understanding of urbanization’s impact on peri-urban agricultural land
and ecosystems in SSA, providing insights that are crucial for informed urban planning and policy
formulation aimed at sustainable development in the region.

Keywords: urbanisation; agricultural land; Sub-Saharan Africa; land-use and land-cover change

1. Introduction

Urbanization, characterized by the proliferation of urban centers and the expansion
of existing cities, is a defining phenomenon of the contemporary era, driven primarily by
population growth, economic development, and rural-to-urban migration dynamics. As
more than half of the global population currently resides in urban areas, and with urban
populations continuing to burgeon, particularly in low-income countries, the transformative
impacts of urbanization on land use and land cover (LULC) are increasingly pronounced [1].
This has led to an increase in the number of urban centers and the expansion of the existing
cities, a phenomenon commonly referred to as urbanization. Urbanisation, which involves
the irreversible replacement of natural land cover with settlements, roads, parking lots,
pavements, and buildings, is one of the major triggers of land-use and land-cover (LULC)
transformations [2,3]. The greatest challenge of urbanization in many developing countries
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is that the rate of urban growth is high and unregulated, especially in Sub-Saharan Africa
(SSA) [4,5].

Recent reports indicate that 12 of the 30 fastest-growing cities globally are in SSA,
highlighting the urgency of addressing urban expansion’s environmental impacts (World
Population Review Report, 2024; City Mayors Report, 2020). Many studies of LULC across
cities in SSA have shown an annual growth rate of built-up area reaching up to 8% [6–17]
which is far higher than the global average of 3.66% [18]. Compared to many regions of
the world, SSA is by far affected by the adverse impacts of LULC change, particularly
the expansion of urban areas into fragile ecosystems, such as agricultural lands, wetlands,
and forests. This expansion, often unregulated, exacerbates environmental degradation,
threatens biodiversity, and reduces arable land [13,19–22]. For instance, LULC analyses
for Kumasi (Ghana) in West Africa revealed urban expansion led to about a 20.8% decline
in agricultural land between 1986 and 2016 [13]. Similar results have been reported for
town and cities in Nigeria [23,24], Kenya [11], Tanzania [25], Ethiopia [19,26]. This decline
is attributed to the inability of the farmers to replace lost land as only 11% are able to
replace lost land [27]. Projections reveal that by 2030, about 80% of the current small-scale
farmers engaged in urban and peri-urban agriculture will lose their agricultural land to
urban housing development [28–31].

Whilst there are several studies that have quantify LULC changes around major cities
in SSA using multi-temporal image classification and the conventional interpretation of the
confusion matrix [13,32–34], far fewer studies have assessed LULC change in a wholistic
manner that incoporates a robust metrics of landscape transitions [35]. For example, a
naïve interpretation of the confusion matrix using the total quantity of a land category
between two points in time might indicate a zero net change, while in actual fact the
changes may be masked by the equal amounts of the losts and gains of the land category
occuring at different locations. This type of land transition is termed a swap. Swapping is an
important driver of LULC change in peri-urban agriculture (PAU) in SSA [34,36], but the
extent of agricultural land gains through swapping processes is still unknown. This has led
to possible underestimation of the original agricultural lands lost to urbanization. There-
fore, it is of paramount importance to understand the extent of agricultural land gained
through swapping, especially involving fragile lands that are necessary for environmental
protection [23]. This is particularly vital in the case of SSA, where traditionally, farmers
in SSA cities tend to encroach on forests and other fragile ecosystems to compensate for
agricultural land lost to urbanization [37].

Another key benefit of employing the robust metrics of landscape transitions is the
ability to separate random from systematic landscape transitions. From the statistical
viewpoint of LULC change, a random transition implies that a land category is losing to
or gaining from others in proportion to the availability or size of the other categories [38].
Thus, any major devitaion of losses or gains from this proprtion is termed a systematic
transition [38–40]. This distinction between random and systematic LULC change allows
reserachers and policy makers to target the dominant signals of change in the landscape,
unravel their drivers and design the optimal solution to ameliorate their negative impacts.

In this study, we quantify and elucidate the extent of agricultural land loss, identify
dominant patterns of LULC change, and assess landscape transitions involving agricultural
land and fragile ecosystems in Kampala and Mbarara, two urban centers situated in Uganda.
Specifically, we seek to provide empirical evidence linking urban growth, agricultural land
loss, and encroachment upon sensitive ecosystems, such as wetlands and forest cover,
adjacent to urban centers. Kampala and Mbarara are typical of many many towns and
cities of SSA where rapid urbanization and agricultural land loss are posing significant
environmental challenges. However, we hypothesisze the landscape trasition and patterns
between Kampala and Mbarara are different, given the the contrast in size, population
density and function. The specific objectives of this study are:

1. analyze and compare the rates of urbanization in a large urban center like Kampala
against that of a smaller urban center such as Mbarara;
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2. assess the extent of agricultural land conversion to urban use in large and small urban
centers, quantifying both the gains and losses to promote policies that balance urban
growth with the need to preserve agricultural productivity;

3. examine how urban expansion affects fragile ecosystems, including wetlands, forests,
and other ecologically sensitive areas to understand the environmental consequences
of urban sprawl on fragile ecosystems.

2. Materials and Methods
2.1. The Background of Study Sites

The study focused on two urban centers: Kampala and Mbarara (Figure 1). Kampala
serves as Uganda’s capital and largest city, while Mbarara functions as a regional urban
center in Western Uganda.

Land 2024, 13, x FOR PEER REVIEW 3 of 24 
 

the contrast in size, population density and function. The specific objectives of this study 
are: 
1. analyze and compare the rates of urbanization in a large urban center like Kampala 

against that of a smaller urban center such as Mbarara; 
2. assess the extent of agricultural land conversion to urban use in large and small urban 

centers, quantifying both the gains and losses to promote policies that balance urban 
growth with the need to preserve agricultural productivity; 

3. examine how urban expansion affects fragile ecosystems, including wetlands, forests, 
and other ecologically sensitive areas to understand the environmental consequences 
of urban sprawl on fragile ecosystems. 

2. Materials and Methods 
2.1. The Background of Study Sites 

The study focused on two urban centers: Kampala and Mbarara (Figure 1). Kampala 
serves as Uganda’s capital and largest city, while Mbarara functions as a regional urban 
center in Western Uganda. 

 
Figure 1. Location of Kampala and Mbarara urban centers in Uganda. (Source: https://energy-
gis.ug/gis-maps (accessed on 20 November 2020)). 

Figure 1. Location of Kampala and Mbarara urban centers in Uganda. (Source: https://energy-gis.
ug/gis-maps (accessed on 20 November 2020)).

Our study area encompassed the urban centers and their contiguous peripheral lands.
Using a combination of expert knowledge and Google Earth maps, we delineated the
boundaries of the study areas within the administrative boundaries of Greater Kampala
and Mbarara. In Kampala, the delineated area spans between latitudes 000 28′ 10′′ N and
000 29′ 00′′ N, and longitudes 0320 46′ 12′′ E, covering approximately 1940 km2. Similarly,
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the study area in Mbarara extends between latitudes 000 33′ 09′′ S and 000 33′ 31′′ S, and
longitudes 0300 35′ 28′′ E and 0300 42′ 04′′ E, encompassing approximately 246.5 km2.

Kampala and Mbarara were selected for this study due to their significant roles as
the capital and a major regional city, respectively, in Uganda. These cities exhibit critical
socio-economic characteristics that make them ideal case studies for examining urban
sprawl and agricultural land loss. Greater Kampala is a major economic and industrial hub
that accounts for over 80% of the industries, contributing over 45% of Uganda’s GDP [41].
Its economy attracts substantial rural–urban migration, driven by the promise of better
employment opportunities and improved living standards. The city’s young population,
one of the youngest globally, further accelerates its growth, positioning Kampala as one of
the fastest-growing cities in SSA. Mbarara, as a prominent regional city, similarly draws
a significant number of rural migrants due to its expanding economic opportunities. It
serves as a central commercial and administrative center in Western Uganda, contributing
notably to regional development.

The high rural–urban opportunity gap, characterized by better infrastructure, edu-
cation, and healthcare in urban areas, further fuels this migration. Both cities exemplify
unregulated urban growth, a common issue in many SSA cities. This growth often leads to
encroachment on agricultural lands, wetlands, and forests, highlighting the urgent need
for sustainable urban planning. By focusing on Kampala and Mbarara, this study aims
to provide insights into the broader patterns of urban expansion in SSA. The findings are
intended to support evidence-based policy interventions and urban-planning strategies
that promote sustainable growth while preserving essential natural resources. This research
underscores the importance of addressing the socio-economic and demographic factors
driving urbanization to mitigate its environmental impacts.

The history of urban centers in Uganda reveals that most of the major centers started
during the colonial period [42]. For instance, Kampala started in 1902 as a small ad-
ministrative center gazetted on about 0.7 km2 of land reserved exclusively for European
settlement [43,44]. The city expanded in size to 12.95 km2 by 1929 [45], and by 1959, the city
had expanded to 21.76 km2 [46]. The city boundary, by 2013, covered about 190 km2, about
23% of its area fully urbanized, a significant portion (60%) semi-urbanized (peri-urban),
and the rest considered rural settlements [47]. The administrative boundary of Kampala has
been expanded to create the Greater Kampala Metropolitan Area (GKMA) which subsumes
the additional smaller urban centers around the city. Globally, GKMA is the 13th fastest
growing city (http://www.citymayors.com/statistics/urban_growth1.html, last accessed
on 2 June 2024), with a population of little over three million and a population density of
9429.6/km2. The population is projected to grow to 5 million by 2025 and to 10 million
by 2040 [47].

Similarly, Mbarara, which started as a commercial center around 1950, is currently
the fastest-growing urban center in Uganda. In 1957, it attained township status under
the British Administration and was elevated to municipality status in 1974. It is now
the second-largest urban center in Uganda, with an urban population growing at 4.5%
per annum [48].

2.2. Data Sources

The data used in this study included Landsat images, aerial photos, and field-survey
observation points. The Landsat images (30 m resolution) were downloaded from the Land-
sat archive of the US Geological Survey (USGS) Earth Explorer portal (http://earthexplorer.
usgs.gov/, last accessed 24 September 2022). Since change analysis requires multi-temporal
images, three Landsat scenes over Kampala were acquired (27 February 1989, 27 November 2001,
and 27 February 2015) and two for Mbarara images (13 May 2002 and 5 February 2016).
We tried as much as it is practicable to select cloud-free images and made sure that multi-
temporal images fell within the same season in order to avoid any bias related to the effect
of climate variation on the land-cover condition [49].

http://www.citymayors.com/statistics/urban_growth1.html
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
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Additionally, historical aerial photos dating back to 1959 were procured to comple-
ment the Landsat data, particularly for identifying and collecting training points for the
supervised analysis of past LULC states. These photos, captured by the Uganda Lands and
Survey Department using low-flying aircraft, included images from 1959, 1973, and 1993 for
Kampala, and 1973, 2001, and 2006 for Mbarara. For image analysis in 2015 and 2016, train-
ing samples were derived from a visual analysis of high-resolution Google Earth images
(5-m resolution) and augmented by approximately 200 samples collected during fieldwork
conducted between August and October 2014 and between July and December 2015.

Furthermore, a total of 430 validation points for LULC were identified during field-
work and selected based on matching ground and image interpretation LULC classes.
Validation points were constrained to sites with time-invariant LULC classes, targeting
dominant categories, such as built-up areas, agricultural land, wetlands, savannah, water
surfaces, and grazing lands in Mbarara. An overview of the data sources and processes
employed in this study, focusing on the determination of agricultural land loss and overall
LULC transitions in both cities, is illustrated in Figure 2.
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2.3. Image Classification Analysis and Accuracy Assessment

LULC classification was performed using the supervised maximum likelihood ap-
proach [50]. This was done with Erdas Imagine software version 2014 [51]. A total of
2000 points obtained from high-resolution Google Earth images and aerial photographs
between 1993 and 2006 were used for training purposes. Post-classification validation
was performed to assess map accuracy. Validation samples focused on areas that did not
experience a change (persistence) between the dates of the Landsat data, which served
as a basis to create the spectral signature for each LULC class. The approach of using
known unchanged land-use locations to perform multi-temporal image classification is
well established in LULC analyses [35,49].

Accuracy assessment involved the use of an independent data set from that used
for training to avoid the overestimation of classification accuracy [52]. The accuracies of
the classified land-cover maps were assessed using 400 validation points outside of the
training sites for Kampala and 230 validation points for Mbarara. The classified LULC
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maps were post-processed to produce transition matrices: 1989 to 2001, 2001 to 2015,
and 1989 to 2015 for Kampala and 2002 to 2016 for Mbarara. Further post-classification
analyses, which involved the assessment of the transition matrices to identify the gains,
losses, persistence, and dominant signals of change between LULC categories within the
landscape, are described in the next section.

2.4. Change Analysis: Gain, Losses, and Persistence
2.4.1. Transition Matrix

A transition matrix is a table used to summarize the LULC changes, which are pre-
sented in rows and columns to indicate the losing and gaining classes. The LULC maps
produced from the multi-temporal analysis of the Landsat images described in the pre-
vious section were used to derive the conventional transition matrices showing changed
and unchanged locations in the landscape. Following recommendations from various
authors [35,53–55], we formatted the LULC change matrix, such that the rows display the
categories of start time 1. In this case, the year is 1989 for Kampala and 2002 for Mbarara,
and the columns display the categories of the most current time 2, which was 2015 for
Kampala and 2016. This paper splits the transition matrix into random and systematic tran-
sition processes to detect strong signals of systematic landscape transformation. Generally,
this analysis helps to explain the actual transition of change, irrespective of the proportion
of each category in the landscape. Thus, without this assessment, the random process of
LULC change of the largest categories on the landscape would dominate, and fewer details,
such as conversion for smaller categories like wetlands to agricultural land, would not be
detected. Therefore, to determine whether the LULC transitions are random or systematic,
the conventional LULC change matrices were extended to include losses and gains. This
was recommended by Pontius, Shusas [56] who applied a chi-square statistic to assess
loss and gain in LULC (Equation (1)). This equation was generally used to compare the
observed and expected frequencies of the LULC categories.

χ2 =
n

∑
i−1

(Oi − Ei)

Ei

2

(1)

where n is the number of grid cells in the map to determine the losses and gains, and χ2

is Pearson’s cumulative test statistic, which asymptotically approaches a χ2 distribution.
Oi = Ri is the number of observations of type i. Ei = (Ri+ ∗ R+j) = nRi is the expected
(theoretical) frequency of type i, asserted by the null hypothesis that the ratio of type i in
the population is ri. n is the number of cells in the map. The notation Rij denotes the ratio
of the landscape that experiences a transition from category i to category j. The detailed
final matrix obtained using Equation (1) is presented in Table 1.

Table 1. Extended land-cover transition matrix between 1989 and 2015.

1989 2015

Urban and
Built Up

Water
Bodies Wetlands Savannah

and Other
Agricultural

Land Total 1989 Loss

Urban and built up R11 R12 R13 R14 R15 R1+ R1+ − R11
Water bodies R21 R22 R23 R24 R25 R2+ R2+ − R22

Wetlands R31 R32 R33 R34 R35 R3+ R3+ − R33
Savannah and other R41 R42 R43 R44 R45 R4+ R4+ − R44

Agricultural land R42 R43 R44 R45 R46 R5+ R5+ − R55
Total 2015 R+1 R+2 R+3 R+4 R+5 1

Gain R+1 − R11 R+2 − R22 R+3 − R33 R+4 − R44 R+5 − R55

The entries on the diagonal of Table 1 indicate persistence, and Rjj denotes the ratio
of the landscape that shows the persistence of category j. Entries off diagonal indicate
a transition from category i to a different category j. The off-diagonal entries in the row
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indicate loss, whereas those in the column indicate gain [35,51]. The off-diagonal entries
have been used to identify the dominant signals of landscape change by differentiating
between systematic and random transitions of the landscape over two time periods. This
analysis uses the observed and expected transitions to identify whether the changes that
occurred are a result of a systematic process or due to an apparently random process [38,52].
The entries on the leading diagonal of the matrix are used to determine the unchanged
(persistence) part of the landscape, which generally reveals the static state of the landscape
between time 1 and time 2 [54].

In the total column, the notation Ri+ denotes the ratio of the landscape in category i in
time 1, which is the sum of the overall j of Rij. In the total row, the notation R+j denotes the
ratio of the landscape in category j in time 2, which is the sum over all i of Rij. Analysis
of the matrices with a chi-square approach in Equation (1) compares the observed values
to expect that are generated by random chance. This approach computes the expected
values from the known total, Ri+ and R+j. The expected proportion of the landscape that
experiences a transition from category i to category j due to random chance is Ri+ ∗ R+j,
and the expected ratio of the landscape that experiences persistence of category j due to
chance is Rj+ ∗ R+j.

2.4.2. Gains and Losses Assessment

The cross-tabulation matrix is extended to derive the gross gains and gross losses by
categories. For example, 1989 and 2001, and 2015, and 1989 and 2015 were grouped to
assess the transition of the categories for Kampala and 2002 and 2016 for Mbarara. The
gross gain for each category is derived by subtracting the persistence from the column
total, while the gross loss is computed by subtracting the persistence from the row total.
Persistence indicates the proportions of different land covers that were static shown in the
diagonal (Table 1).

The interpretation using persistence indices from Braimoh [35] are as follows: when
the loss–persistence ratio (lp) value is 1, it indicates a higher tendency of a category to
transition (lose) to another category. Likewise, when the gain–persistence ratio (gp) value is
1, it indicates a higher tendency of a category to gain from other landscape categories than
to persist. While the net change to persistence ratio (np = gp − lp) indicates the tendency of
each category to lose to (negative value) or to gain from other categories (positive value).

2.4.3. Total Change on the Landscape, Net Change, and Swap

The net change of a category in the landscape is the difference between its total gain
(column total) and the total loss (row total). For example, the landscape conversion between
two different categories X, Y, and Z may involve category X losing to category Y in one part
of the landscape and simultaneously category X can gain from category Z in another part
of the landscape. This form of loss in one part followed by a gain in another part of the
landscape is known as swap change [35,54]. The process of swapping thus implies that
the loss of agricultural land in one location could be compensated for by the same gain of
agricultural land in another location. The concept of swap is essential for understanding
the land-cover changes due to urban expansion. For instance, as the city grows because
of increased population, agricultural land on the periphery of the cities is converted into
built up and settlement. On the other hand, new agricultural fields are created farther or
from nearby wetlands, forests, savannahs, and other unused lands. The amount of swap (S)
for each category j is twice the minimum value of the gain and loss (Equation (2)) because
each grid cell that loses is paired with a grid cell that gains to create a pair of grid cells that
swap [53,54]:

Sj = 2 ∗MIN (Rj+ − Rjj, R+j − Rjj) (2)

The change in the landscape is equal to the total gains of the individual categories,
which is equal to the total losses of the individual categories. The total change for each
category is the sum of its swap and absolute value of net change (sum of its gross gain and
its gross loss). However, the sum of the changes in the individual categories, swap, and net
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change in the landscape is twice their respective change in the landscape because a change
in one grid cell counts as a gain in one category and a loss in another category.

2.5. Assessment of the Principal Signals of Inter-Category Transitions in the Landscape

Gains and losses of LULC categories over time can be due to random or systematic
patterns of landscape change. The random process of expected gain of a category is
computed by distributing the observed gains among the off-diagonal entries of categories
according to their relative proportions at time 1(t1) using the formula [54];

Gij = (R + j− Rjj) ∗ Ri+
(100− Rj+)

. . . . . . . . . . . . . . . . . . . . . .. . . . ∀i 6= j (3)

where Gij is the expected transition from category i to j under a random process of gain, R+j
is the column total of category j, and Rjj is the persistence for category j. Thus, (R+j − Rjj)
is the observed gain for category j, Ri+ is the row total for category i, and Rj+ is the row
total for category j. Thus, (100 − Rj+) indicates the sum of row totals of all the categories
except category j. Like in Equation (3) above, the expected losses can also be calculated by
distributing observed losses among the off-diagonal categories relative to their proportions
at time 2 (t2), using the formula [54]:

Lij = (Ri +−Rii) ∗ R + j
(100− Ri+)

. . . . . . . . . . . . . . . . . . ∀i 6= j (4)

where Lij is the expected transition from category i to j under a random process of loss, R+i
is the row total of category i, and Rii is the persistence for category i. Thus, (Ri+ − Rii) is the
observed loss for category i, R+j is the column total for category j, and Ri+ is the row total
for category i. Thus, (100 − Ri+) indicates the sum of column totals of all the categories
except category i.

Equations (3) and (4) above assume that the gross gain/loss of each category is known
and fixed and, thus, distributes the gross gain/loss across the other categories according to
the relative proportion of the other categories at the initial time. The relative differences
between the observed and expected gains/losses are then compared to derive a measure of
the dominant signal of land-cover transitions between land-use categories. Large deviations
from zero indicate that systematic inter-category transitions, rather than random transitions,
occurred between the 2 land use types [35]. Positive values indicate the inclination of one
category to gain or lose, while negative values indicate a disinclination of one class to gain
or lose. It is possible for systematic gain or loss of one category from another category
to occur independently of any reciprocal systematic gain or loss. For more conclusive
evidence of the dominant signal of landscape change, category Y must gain systematically
from category X, and category X must lose systematically to category Y between time 1 and
time 2 [35,53,54].

The comparative analysis of spectral classifications for time 1 and time 2 produced inde-
pendently has been widely recommended as the clearest method of change detection [5,57,58].
However, it is necessary to include post-classification change-detection analysis. One way
to do this is the use of a conventional transition matrix, which is a cross-tabulation of gains
and losses among the classes in which the rows show the categories of the classified map
from a starting time, time 1, and the columns show the categories of the classified map from
a subsequent time, time 2 [56]. A detailed approach of computations involved in detecting
systematic landscape changes based on deviations of observed patterns of change from the
expected random patterns of change, including the formulae, are presented by Pontius,
Shusas [56], and later by Braimoh [35].
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3. Results
3.1. LULC Classification Accuracy

The overall accuracy and the kappa index (K-index) of agreement of the LULC clas-
sification for the different years are presented in Table 2. A K-index of agreement above
0.60 is categorized as good and an indication of a satisfactory level of classification ac-
curacy [59,60]. However, McHugh [61] suggested that K-index and overall classification
accuracy should be considered collectively to get the most reliable interpretation of the
accuracy. The results are satisfactory, considering that the overall accuracy is generally
greater than 85% and the K-index is about 0.8 or more.

Table 2. Overall and kappa accuracy of final LUCC maps of Kampala and Mbarara.

Sensor Date Site Overall Classification Accuracy Kappa Index of Agreement

Landsat TM 27 February 1989 Kampala 85.6% 0.80
Landsat ETM+ 27 November 2001 Kampala 90.00% 0.87

Landsat OLI/TIRS 27 February 2015 Kampala 89.9% 0.86
Landsat ETM+ 13 May 2002 Mbarara 92.0% 0.89

Landsat OLI/TIRS 5 February 2016 Mbarara 93.48% 0.90

The good overall accuracy of the LULC classification (Table 2) could be attributed to
the quality of the Landsat images and the disparity between the LULC categories. Built
up, agriculture, wetland, water surface, and savannahs can be detected easily because they
display a recognizable pattern by the different spectral signatures of the classes [18]. For
example, the distinction between agricultural land and the built-up class in the spectral
space is stronger than the spectral noise caused by factors such as differences in atmospheric
conditions, soil moisture, and sun illumination angles [57].

3.2. Urbanization Rate in Large and Smaller Urban Centers
3.2.1. Urbanization in Large Urban Centers

In terms of land-use and land-cover changes (LULC), Kampala’s built-up area ex-
panded 7.7 times between 1989 and 2015, which corresponds to a 1.84% annual trans-
formation of the landscape to built up (Table 3). A summary of the proportion of each
LULC category, in terms of persistence, gain, loss, gain–loss ratio, total change, swap, and
absolute net change indicates that built-up area expansion resulted from targeting other
LULC categories, especially wetlands, savannah, and agricultural land.

Table 3. Summary of landscape changes between 1989 and 2015 for Kampala.

Total 1989 Total 2015 Persistence Gain Loss Gain–Loss Swap Absolute Value of
Net Change Total Change

------------------------------------------------------------%-----------------------------------------------------------------------

Built up 7.14 55.10 6.44 48.66 0.69 70.21 1.39 47.96 49.35
Waterbody 0.68 0.66 0.64 0.02 0.04 0.37 0.03 0.03 0.06

Wetland 8.23 6.40 2.03 4.37 6.20 0.71 8.74 1.83 10.57
Savannah 35.92 21.15 8.92 12.23 27.00 0.45 24.46 14.77 39.23

Agricultural 48.03 16.69 8.00 8.69 40.03 0.22 17.37 31.34 48.71
Total 2015 100.00 100.00 26.04 73.96 73.96 1.00 26.00 47.96 73.96

Persistence (the proportion of the land that remained unchanged during the study
period) indicates that water body had the highest, at 94.1%, closely followed by the built-up
category, with a persistence of 90.2%. However, savannah, wetlands, and agricultural land
had low persistence of 24.8%, 24.7%, and 16.7%, respectively (Table 3). This implies more
than 75% of the initial land under each of these categories was lost.

The overall loss of each land category was minimized by the gains from other cate-
gories. For instance, the proportion of the landscape that transformed from other categories
to agricultural land was 8.69% (18% of the initial agricultural land), 12.23% savannah
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(34.05% of the initial savannah land), and 4.37% wetlands (53.10% of the initial land wet-
land). As a result of these gains, the overall net loss was 22.24% for wetlands, 41.12% for
savannah, and 65.25% for agricultural.

About 65.79% of the total landscape that was under different categories in 1989 had
converted to built up by 2015 through expansion and intensification.

Agricultural land had the highest loss, accounting for over 40% of the landscape
(54.08% of the total losses) (Table 3).

The total change for the built-up category (49.35%) was almost equivalent to the
total change for the agricultural land category (48.71%), suggesting possible competition
between the agricultural land and built-up categories.

The results show that, except for the built-up category, all categories decreased but
each at a different rate. Agricultural land had the largest decline, followed by savannah
and other, while wetlands experienced a small decline between 1989 and 2015, despite the
gains and swapping change that was experienced.

Quantitatively, the initial proportion of agricultural land was six times the size of the
built-up area. However, the built-up area increased from 41.54 km2 to 320.68 km2 between
1989 and 2015. Concurrently, agricultural land decreased from about 279.5 km2 in 1989
to about 97.12 km2 by 2015 (Figure 3). This indicates an inverse relationship between the
overall change in the built-up area and agricultural land, as depicted by the observable
decrease in agricultural land between 1989 and 2015 with a large proportion transitioning
to the built-up category (Figure 3).
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3.2.2. Urbanisation in Smaller Urban Centers

In Mbarara, the built-up area increased fivefold between 2002 and 2016. Specifically,
the built-up category in the landscape expanded from 6.37% to 30.95% of the landscape
within this period (Table 4). Specifically, landscape transformation involved annual built-up
category growth of 1.76%. Concurrently, agricultural land decreased from 39.92% of the
landscape to 32.08% within this period. Like the case of Kampala, the increase in built-up
area in Mbarara is occurring at the expense of agricultural land. As observed in Table 4,
within 14 years, the initial agricultural land had reduced by 19.64%, despite the high rate of
swap change.
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Table 4. Summary of landscape changes in Mbarara between 2002 and 2016.

Total 2002 Total 2016 Persistence Gain Loss Gain–Loss Total Change Swap Absolute Value of
Net Change

Built up 6.37 30.95 5.49 25.45 0.88 29.02 26.33 1.75 24.57
Agricultural 39.92 32.08 14.99 17.09 24.93 0.69 42.02 34.18 7.84
Grazing land 19.71 23.71 7.38 16.33 12.32 1.32 28.65 24.65 4.00

Stream 1.06 1.25 0.40 0.85 0.66 1.28 1.52 1.33 0.19
Savannah 25.62 9.75 4.36 5.39 21.26 0.25 26.65 10.78 15.87

Other 7.32 2.26 0.72 1.54 6.59 0.23 8.13 3.08 5.05
Total 2001 100.00 100.00 33.35 66.65 66.65 1.00 66.65 37.88 28.77

Persistence, which helps to determine the dominant signals of change in the landscape,
shows that about 15% of the landscape remained agricultural land, which corresponds
to 37.55% of the initial agricultural land persisting during the study period. Though the
grazing land had an overall increase of 20.29%, the portion that persisted was only 37.44%.
This translates to over 60% of the grazing land in 2002 being converted to the built-up
category by 2016. Savannah, which had decreased by 61.94% had only 17.02% of its initial
land persist. The high persistence of agricultural land is partly because it was the dominant
category in the landscape, as close to 25% of agricultural land in 2002 changed to non-
agricultural categories. In the interim, agricultural activities around Mbarara, like other
smaller urban centers in SSA, are a dominant LULC category (Table 4).

3.3. The Extent of Agricultural Land Conversion to Urban Use in Large and Small Urban Centers
(Gains and Losses)

Kampala experienced a 32% decline in agricultural land between 1989 and 2015 (see
Table 3), while Mbarara experienced a 20% decline between 2002 and 2016 (see Table 4).

LULC categories are affected differently by the land-use pressure, as some land cate-
gories persist on the landscape because of their perceived limitations and due to the high
costs required for developing them. To assess the tendency of the land category to undergo
transition in the landscape, the metrics of gain-to-persistence (gp) and loss-to-persistence
(lp) ratios can be used (Table 5).

Table 5. Gain-to-persistence and loss-to-persistence and net change-to-persistence ratios of built-up
and agricultural land classes for Kampala and Mbarara.

Land Use/Land Cover Gain-to-Persistence
(gp)

Loss-to-Persistence
(lp)

Net Change-to-Persistence
(np) Swap (S) Net Change (nc)

(a) Kampala 1989–2001
Built-up 2.34 0.26 2.08 2.94 11.78

Agricultural land 0.69 0.96 −0.27 33.88 6.62
(b) Kampala 2001–2015

Built-up 2.08 0.06 2.02 2.07 36.19
Agricultural land 1.10 4.21 −3.11 17.49 24.72

(c) Mbarara 2002–2016
Built-up 4.63 0.16 4.47 1.75 24.57

Agricultural 1.14 1.66 −0.52 34.18 7.84

In Table 5, the values in the loss-to-persistence (lp) column indicate the vulnerability
of a category to be lost to other categories, whereas the values in the (gain-to-persistence
(gp) column indicate the tendency of a category to gain from other categories.

The lp ratio for the built-up category was less than one in both Kampala and Mbarara.
Thus, the built-up category had a higher tendency to persist than to lose and this is expected
since LULC transitions to built-up are generally permanent. On the other hand, the built-up
category in both cities had a gp value greater than one, an indication of the irreversible
nature of the cover changes involving the built-up category.

Agricultural land has, generally, gp and lp values greater than one in all the analyzed
years, except for the period between 1989 and 2001. Thus, agricultural land experienced



Land 2024, 13, 1056 12 of 23

higher swapping change as a result of experiencing both a higher tendency to lose and to
gain from other categories than to persist (Table 5),

One of the key observations is that agricultural land had a negative net change-to-
persistence ratio (np) = gp − lp, throughout the study period, which implies a higher
tendency to lose than to persist in the landscape. Meanwhile, the built-up category had
positive values of np due to a lower tendency to lose than to persist.

Figure 4 shows the spatial distribution of the agricultural LULC class changes in
Kampala between 1989 and 2015. Agricultural land had a high persistence and gain
between 1989 and 2001; however, between 2001 and 2015 agricultural land had high loss
and low gains. This is generally attributed to the high urban population increase and
increased pressure on the land for housing development during this period. As shown in
Figure 4, agricultural land experienced noticeable gains in areas far from the city centers, in
peri-urban areas, and persistence was higher in the period between 1989 and 2001 compared
to the period between 2001 and 2015.Land 2024, 13, x FOR PEER REVIEW 13 of 24 
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Agricultural land in Mbarara generally experienced significant levels of persistence
between 2002 and 2016 (Figure 5). The losses are visibly concentrated near the city center,
while gains can be observed far away from the urban centers along the city boundaries, like
what was observed in Kampala (Figure 4). Agricultural land gains in peri-urban areas can
be attributed to the conversion of open green spaces to agricultural land. Agricultural land
losses tend to concentrate along major roads, where building activities are more intense.
Overall agricultural land in Mbarara remained constant over the study time periods because
of persistence plus gains, which offset the observable losses.
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A comparison of the agricultural LULC spatial patterns of change reveals that Mbarara
had a higher persistence in the agricultural land category compared to Kampala (Figures 4 and 5).
Small urban centers tend to have high agricultural land persistence compared to big
cities. Between 1989 and 2001, when Kampala was the same size as present-day Mbarara,
it exhibited higher persistence of agricultural land compared to when it had enlarged
between 2001 and 2015.

3.4. Urban Expansion on Fragile Ecosystems, including Wetlands and Forests

Table 6 reveals the dominant signals of landscape transitions, indicating whether the
transitions among the categories are systematic or random in nature.

The row totals show the proportion of the landscape that was under that category in
the initial year time 1 (t1 is the year 2001) while the column totals depict the proportion
of the landscape under that category at time 2 (t2 is the year 2015). For instance, in t1 the
built-up land was only 18.92% (built-up row total) but this increased to 55.10% (built-up
column total) indicating a net landscape gain of 37.2% (equivalent to 191.22% increase).
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Table 6. Inter-category percent of gains and losses between 2001 and 2015 (Kampala) *.

2015 Total 2001 Loss

Urban and Built Up Water Bodies Wetlands Savannah and
Other

Agricultural
Land

2001
Built up 17.88 0.00 0.05 0.36 0.63 18.92 1.04

17.88 0.00 0.78 2.90 2.82 24.39 6.51
17.88 0.01 0.11 0.39 0.53 18.92 1.04

Waterbody 0.02 0.64 0.02 0.01 0.00 0.69 0.05
0.32 0.64 0.03 0.11 0.10 1.20 0.55
0.01 0.64 0.00 0.01 0.02 0.69 0.05

Wetland 2.59 0.01 2.64 2.40 1.20 8.83 6.20
4.05 0.00 2.64 1.35 1.32 9.36 6.73
1.29 0.05 2.64 2.05 2.81 8.83 6.20

Savannah and Other 9.80 0.00 2.98 10.44 6.92 30.15 19.71
13.84 0.00 1.24 10.44 4.50 30.04 19.59
5.34 0.19 2.49 10.44 11.68 30.15 19.71

Agricultural land 24.81 0.00 0.71 7.94 7.94 41.41 33.47
19.01 0.01 1.71 6.35 7.94 35.02 27.07
10.81 0.39 5.04 17.22 7.94 41.41 33.47

Total 2015 55.10 0.66 6.40 21.15 16.69 100.00 60.46
55.10 0.66 6.40 21.15 16.69 100.00 60.46
35.32 1.29 10.29 30.12 22.99 100.00 60.46

Gain 37.22 0.01 3.76 10.71 8.75 60.46
37.22 0.01 3.76 10.71 8.75 60.46
0.00 0.00 0.00 0.00 0.00 0.00

* The number in bold is the actual percent of the landscape. The number in italics is the percent of the landscape
that would be expected if the process of gain were random. The number in the normal font is the expected value
if a random process of loss occurred (2001–2015). Systematic transitions are represented by percent numbers in
red font.

The landscape changed from 8.83% to 6.40% wetlands, which implies a net landscape
loss of 2.4% (equivalent to a 27.2% net decrease in wetlands). Savannah and other decreased
from 30.15% to 21.15% (equivalent to a 29.85% net decrease of savannah and other land),
while agricultural land changed from 41.41% to 16.69% (equivalent to a 59.70% net loss of
agricultural land).

The disparity between observed and expected gains or losses is indicative of systematic
processes. That is, if the observed value is greater than both the expected gain value and
expected loss value, then it is a systematic process.

Based on Table 6, the most systematic process in the landscape involved the transition
from agricultural land to built up. The observed 24.81% is greater than the expected gain of
19.01% (indicating systematic gain), and the observed 21.81 is greater than the expected
loss of 10.81% (indicating systematic loss). Thus, it had both systematic gain and systematic
loss, which is a condition for transition to be classified as a systematic process of change.
This accounted for 24.81%of the total landscape change between 2001 and 2015. Specifically,
59.91% of agricultural land was converted to the built-up category in a systematic process.

The second systematic transition, though on a smaller scale, was from wetlands to
savannah and the other category. The observed value was 2.4% greater than the expected
gain of 1.35% (systematic gain), and the observed value of 2.4% was greater than the
expected loss value of 2.05% (systematic loss). This accounted for 2.4% of the landscape
change. Specifically, 27.18% of the wetlands transitioned to savannah and other between
2001 and 2015 through a systematic process of change.

Other forms of change involved a combination of systematic gain and random loss,
leading to overall classification as a random process of change. Notably, this kind of
transition occurred between agricultural land and the savannah and other categories.
Savannah and other LULC classes gained systematically from agricultural land (observed
value 6.92% greater than the expected gain value of 4.50%), but the observed value of 6.92%
was less than the expected loss value of 11.68%, meaning agricultural land did not lose
systematically to the savannah and other LULC categories. Similarly, agricultural land was
gained systematically from the savannah and other LULC classes (the observed value of
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7.94% was greater than the expected gain value of 6.35%, but the observed value of 7.94%
was less than the expected loss of 17.22%), implying savannah and other LULC classes
did not lose systematically to agricultural land. This means that there was no systematic
transition between agricultural land and savannah and other LULC classes (Table 6). This
presents a situation characterized by simultaneous systematic gains and random losses, a
common form of land-use transitions in the study area.

Table 7 shows the landscape transition of different categories between 2002 and 2016
in Mbarara. Like in Kampala, built up gained systematically from agricultural land, and at
the same time, agricultural land lost systematically to the built-up category. This indicates
the transition of 14.72% of the landscape was because of a systematic process of change
rather than a random process of change.

Table 7. Inter-category percent of gains and losses between 2002 and 2016 (Mbarara) *.

2016 Total 2002 Loss

Built Up Agricultural Grazing Land Stream Savannah Other

2002
Built up 5.49 0.46 0.14 0.05 0.10 0.13 6.37 0.88

5.49 1.81 1.30 0.06 0.46 0.11 9.22 3.73
5.49 0.37 0.18 0.01 0.24 0.07 6.37 0.88

Agricultural 14.72 14.99 6.46 0.16 2.86 0.74 39.92 24.93
10.85 14.99 8.12 0.34 2.89 0.66 37.86 22.87
2.64 14.99 8.18 0.44 10.63 3.04 39.92 24.93

Grazing land 3.95 6.17 7.38 0.25 1.76 0.20 19.71 12.32
5.36 5.61 7.38 0.17 1.43 0.33 20.27 12.89
0.98 6.13 7.38 0.16 3.93 1.12 19.71 12.32

Stream 0.16 0.03 0.14 0.40 0.27 0.06 1.06 0.66
0.29 0.30 0.22 0.40 0.08 0.02 1.30 0.90
0.04 0.27 0.13 0.40 0.17 0.05 1.06 0.66

Savannah 4.44 8.34 7.72 0.34 4.36 0.41 25.62 21.26
6.96 7.29 5.21 0.22 4.36 0.43 24.47 20.11
1.82 11.41 5.63 0.30 4.36 2.09 25.62 21.26

Other 2.19 2.10 1.86 0.06 0.39 0.72 7.32 6.59
1.99 2.08 1.49 0.06 0.53 0.72 6.87 6.15
0.45 2.84 1.40 0.08 1.82 0.72 7.32 6.59

Total 2016 30.95 32.08 23.71 1.25 9.75 2.26 100.00 66.65
30.95 32.08 23.71 1.25 9.75 2.26 100.00 66.65
11.43 36.01 22.91 1.39 21.16 7.09 100.00 66.65

Gain 25.45 17.09 16.33 0.85 5.39 1.54 66.65
25.45 17.09 16.33 0.85 5.39 1.54 66.65
25.45 17.09 16.33 0.85 5.39 1.54 66.65

* The number in bold is the actual percent of the landscape. The number in italics is the percent of the landscape
that would be expected if the process of gain were random. The number in the normal font is the expected if a
random process of loss occurred (2002–2016). The systematic transitions are represented by percent numbers in
red font.

Another systematic process of landscape change was between other and built-up
categories. Built up gained systematically from the other category, and the other category
lost systematically to built up, based on the differences between observed values and
expected values from the random process of gain or loss (Table 7).

Other forms of transition involved agricultural, savannah, grazing land, and other.
For instance, agricultural land gained systematically from grazing land, but grazing land
did not lose systematically to agricultural land. Similarly, agricultural land gained sys-
tematically from savannah, but savannah did not lose systematically to agricultural land.
Also, grazing land and savannah lost systematically to built up, but built up did not gain
systematically from these categories.



Land 2024, 13, 1056 16 of 23

4. General Discussion
4.1. Urbanization Rate in Large and Smaller Urban Centers

This study found that the annual urbanization rate, measured by built-up area ex-
pansion, was 1.76% in Mbarara, a smaller urban center, and 1.85% in Kampala, a larger
urban center. This implies that the percentage of the landscape converting to built-up areas
annually was quite similar in both cities.

Uganda, being one of the least urbanized countries in the world [62], has concentrated
most of its urban growth in Kampala and regional centers like Mbarara, which boast of a
relatively better infrastructural development. Hitherto, Kampala is of a significant economic
importance, housing over 80% of Uganda’s industries. This concentration of economic
activity attracts many people, leading to a high urbanization rate despite expectations of
faster growth in smaller cities like Mbarara. Similar findings of rapid urbanization were
reported in Kumasi, Ghana where urbanization doubled in 10 years [63], while Kisangani,
DRC grew by 8.7% [64]. These findings indicate different trends from what was reported
in developed countries. For example, studies in China observed that smaller cities had
expanded more than medium and big cities [65]. If these results are projected at the current
growth rate, the overall national urban areas will double in less than 30 years.

The global annual urban expansion rate is estimated at 3.66% with built-up area ex-
pected to double in 25 years [18]. The driving factors behind this rapid urbanization are
multifaceted. Rural-to-urban migration remains a primary catalyst, driven by the substan-
tial opportunity gap between rural and urban areas. As rural residents seek better economic
opportunities, they migrate to urban centers, accelerating urban growth. High natural
population growth is another significant factor. Uganda has a youthful demographic, with
most of the population below 30 years of age. This demographic trend suggests contin-
ued exponential population growth, which will further fuel urbanization. Additionally,
improvements in healthcare systems have increased life expectancy, contributing to overall
population growth. Unlike more densely built urban areas in other parts of the world,
Uganda’s cities predominantly feature low-rise buildings. This means that population
increases result in horizontal expansion into peri-urban areas, often at the expense of
agricultural land, forests, and wetlands.

4.2. The Extent of Agricultural Land Conversion to Urban Use in Large and Small Urban Centers
(Gains and Losses)

Urban expansion in both Mbarara and Kampala is driving significant changes in land
use and land cover (LULC). This study found that 48% of new built-up areas in Mbarara
and 45% in Kampala have emerged on previously agricultural land. Most importantly, the
conversion of agricultural land to the built-up category in both locations was systematic.
This means that the built-up category is more likely to expand into agricultural land than
any other category. The preference for agricultural land is rooted in the history of these
cities, which started as settlements in areas suitable for farming activities. The values of loss
to persistence (lp) of agricultural land were high, which indicates that it is more likely to
lose to other categories than to persist between classifications [35,38]. Since most SSA cities
quickly metamorphosed from agrarian communities that had settled on fertile lands, it is
highly likely that the observed LULC is occurring on fertile land [66]. Consequently, only
16.7% of the initial agricultural land in Kampala had persisted during the study period,
which generally reveals the low static state of the landscape between time 1 and time 2 [56].
This means that more than 80% of the initial agricultural land had been lost, and the level
of existing agricultural land was largely because of a high proportion of swapping change
in which farmers open up new farmlands on marginal land [67]. Our findings align with
similar studies across SSA. For instance, in Tamale, Ghana [68], it was found that 61.3% of
the urban growth occurred on previously agricultural land. In Osun State and Makurdi,
Benue State, about 60% of urban growth was on agricultural land [69,70]. In Sebougou,
Mali, more than 50% of the previous agricultural land has been lost to built up [71].
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The conversion of agricultural land to built-up areas, including infrastructure such as
roads, parking lots, and pavements, represents a significant loss in agricultural productivity.
As farmers are displaced from their lands near urban centers, they move to peri-urban
areas, often encroaching on wetlands and forests. This relocation leads to the cultivation of
marginal lands, whose productivity is uncertain, posing a sustainability challenge. Despite
these challenges, some agricultural land persists in urban areas, especially in smaller urban
centers like Mbarara, where backyard gardens and public open spaces remain [72]. This
persistence is higher in smaller cities compared to larger ones, where urban sprawl is
more extensive.

The current high annual rate of agricultural decline, despite farmers’ coping mecha-
nisms, suggests that the loss of agricultural land is far greater than the gains. This study
projects that, if the urbanization rate continues unchecked, agricultural land in these regions
could decrease by 90% by 2030. This significant reduction poses a severe threat to food
security and agricultural sustainability.

Smaller urban centers experience a higher swap type of change than large cities. For
example, over 34% of the landscape change in Mbarara involving agricultural land use was
a result of swapping. Swap change in Mbarara involving agricultural land is associated
with the farmers’ desire to replace land for growing crops when the previous one is lost to
urban growth. LULC categories that are very important to the livelihoods of the residents
have a high tendency to experience swap change, as the need for replacing lost proportion
is high. For example, in Mbarara, grazing lands gained from savannah and other land-
use classes experienced high swap change despite being vulnerable to conversion into
agricultural land. High swap change in grazing land is attributed to the importance of
cattle grazing in this region known as Uganda’s cattle corridor [73].

4.3. Urban Expansion on Fragile Ecosystems, Including Wetlands and Forests

The study found that built-up areas were expanding, while other land-use categories
were facing a drastic decline. For instance, in Kampala, 29.3% of wetlands had been con-
verted to the built-up category, while in Mbarara, 15% of wetlands were converted to built
up between 2002 and 2016. One of the most important ecosystems is systematically being
converted to savannah and other LULC classes, and 6.2% of wetlands have experienced
encroachment (Table 3). Previous studies on LULC transition generally show similar trends.
Urban expansion was reported to largely target ecologically sensitive lands like wetlands,
forests, and agricultural land [13,19–22].

In Kampala, 13.6% of the wetlands were converted to agricultural land. This could be
attributed to the loss of agricultural lands to built-up ones, which leads to the encroachment
of forest cover and wetlands for replacement. Also, wetlands had transitioned systemati-
cally to savannah and other. The conversion of wetlands to savannahs could be a result
of the over-exploitation of wetland resources beyond their natural rejuvenation potential
because of population pressure emanating from urbanization. A similar study in Ghana
reported higher wetland loss of 18% in coastal urban areas between 2002 and 2017 [33],
and another study in the US found that 26% of the wetlands had been degraded [74]. The
conversion of wetlands to agricultural land is on the rise as farmers who lose their land
due to a lack of alternative employment usually make desperate attempts to replace lost
agricultural land.

Wetlands, which are critical for ensuring the ecological integrity of cities, and are
vital components of air and water quality, have been compromised due to unregulated
rapid urbanization, putting the public health at a great risk. Thus, the destruction of
wetlands, which act as buffers and filter water and air, leads to both air and water pollution.
Whereas the likelihood of conversion of water bodies to other land-cover types is practically
impossible, the quality of air and water around unregulated urbanizing cities is of major
concern. As natural habitats to several plant and animal species, wetlands also provide
economic value by acting as a source of food and raw materials for the local craft industry.
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Therefore, considering these vital roles and the apparent threat from urban sprawl, it is
important to find ways to establish policies to ensure sustainable land management.

In addition, the loss of agricultural lands leads to the encroachment of forest cover
for replacement. The current study reveals that about 27% of the savannah and forests
around Kampala were lost between 1989 and 2015 (Table 3). Similar studies show higher
losses. For instance, in Ebonyi state (Nigeria), forest cover declined by 50% between
1996 and 2018 [39]. The destruction of tree cover because of urban expansion has already
exacerbated the effect of climate change in this region. This is evidenced by the increased
incidences of floods that lead to the destruction of property worth millions of dollars and,
in several cases, loss of lives as well [37,75]. It has been observed that the occurrence
and intensity of floods in major cities of SSA have increased significantly compared to
before, when the extent of urbanization was low [34,76]. Recent floods in Lagos, Nigeria,
were attributed to unregulated urban growth [24]. Similar studies in Uganda show that
urbanization is also expected to increase the demand for housing and deforestation and
wetland encroachment will increase in order to provide timber for building construction,
which will affect hydrologic processes [34]. The deleterious impact of forest and wetland
destruction around urban centers affects the microclimate and, consequently, lowers the
quality of air around urban centers, which is likely to negatively affect people’s health [3].
In addition, the rise in carbon dioxide associated with the LULC will lead to an increase in
the effects of climate change, which is expected to hit this region hardest [22].

Previous studies have also provided evidence of the positive link between the loss of
arable lands to urban uses and food insecurity in this region. For instance, national reports
across SSA show a consistent decline in crop production around several cities, due partly
to the impacts of climate change, land degradation, and, partly, to the loss of fertile lands
to urban land-use forms because of urban expansion [77]. As a consequence of climate
change, land degradation and the loss of large areas of cropland due to conversion to urban
uses, many countries that were previously classified as predominantly self-sufficient in
food production are now net grain importers of food [34]. Food insecurity is likely to rise
as the cost of living in crowded cities is increasing spontaneously. Food prices are also
expected to triple in just ten years, which will expose more than half of the population in
this region to severe food shortages [1]. Also, studies have reported a significant positive
relationship between urbanization and poverty in this region [78].

Urban-planning authorities need to implement stringent policies that protect urban
forests and fragile ecosystems from being overexploited as the urban population grows.
Urban sprawl and the depletion of the natural landscape in the metropolis are generally
taking place within the context of weak legal and institutional regimes [6,13,25,78]. A study
in Abuja (Nigeria), for example, found a mismatch between the urban land-use plan and
the existing urban cover [23]. A similar study in Lusaka (Zambia) reveals unregulated rapid
urban growth between 2000 and 2015 [17]. Another study in South Africa found that 48% of
wetlands have low levels of protection from encroachment [79]. This implies urban growth
in SSA is not following urban-planning policies, and that is leading to encroachment on
fragile ecosystems. Alternative sources of energy should be sought to minimize the current
rate of urban forest destruction. There should be tree-planting programs like those in
Ethiopia that target the replacement of destroyed forests. Countries that have embarked
upon tree-planting programs need to ensure that the planted trees are protected against
illegal exploitation. The need to address the problem of deforestation should involve
educational programs to raise awareness of the impact of deforestation and ensure that the
public is involved in environmental protection.

4.4. Possible Measures to Solve Urban-Sprawl Problems

Our findings indicates that urbanization, as typified by the expansion of built-up
area, comes at a cost on agricultural food production and the loss of ecologically sensitive
ecosystems in SSA. There is an urgent need to arrest and reverse this trend so as to pre-
vent food insecurity and lost of vital ecosystem services and habitat for native flora and
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fauna. The implementation of the following recommendations will help to ammeriolate
the aforementioned issues associated with uregulated urban sprawl:

1. Develop and enforce comprehensive urban planning and zoning regulations to man-
age urban expansion effectively. Unregulated urban growth leads to encroachment on
ecologically sensitive areas, such as agricultural lands, wetlands, and forests. Imple-
menting and enforcing zoning laws can help guide sustainable urban development,
preserving vital natural resources and reducing environmental degradation;

2. Invest in rural development programs to reduce the rural–urban migration pressure.
The significant rural–urban opportunity gap drives migration to cities like Kampala
and Mbarara, contributing to urban sprawl. By improving rural infrastructure, health-
care, education, and economic opportunities, policymakers can make rural areas more
attractive and reduce the rate of urban migration;

Encourage sustainable agricultural practices and effective land-use management to
balance urban growth and agricultural productivity. Protecting agricultural lands from ur-
ban encroachment is crucial for food security and environmental sustainability. Sustainable
agricultural practices can enhance land productivity and resilience, reducing the need for
expanding farmland into urban areas.

4.5. Limitations of the Study

We note that the findings of this study are limited by the quality of the aerial and
satellite images acquired from different years and platforms and the accuracy of our
interpretation and classification scheme. Therefore, the findings of this study should be
interpreted within the bounds of these limitations, which include:

1. Land-use and land-cover (LULC) image classification lacks direct information on the
socio-economic and demographic factors driving these changes, requiring integration
with other data sources for comprehensive analysis;

2. The spatial resolution of satellite imagery limits the ability to detect fine-scale changes
in land use and land cover (LULC), as most of the agricultural land in this region
is fragmented and farming is conducted on a small scale. Higher-resolution images
would be required for more accurate classifications, but they can be costly and less
frequently available;

3. Despite the relatively high overall classification accuracy, this study is limited by
the use of medium (30 m) resolution Landsat imagery. Such resolution poses some
challenges in terms of the ability to identify informal settlements, mixed land uses,
and sub-categories of the major LULC types. There is, therefore, the need to explore
the use of a much higher resolution satellite imagery, such as the 10 m Sentinel 2
data. A higher resolution imagery will not only increase the accuracy of the LULC
classification but also improve our understanding of the contribution of informal
settlements to the densification of relatively unplanned urban centers, such as those in
this study. Also, the accuracy of our LULC classification could be improved further by
using machine-learning algorithms, such as deep learning and random forest models
for classification. Furthermore, there is a need to quantify the uncertainty associated
with our data analyses at the pixel level to provide some sort of confidence to potential
users of our maps;

4. Urban centers in developing countries have several bare lands, which makes it difficult
for classification algorithms to distinguish between different types of built-up areas
and bare soil accurately.

5. Conclusions and Future Research

In this study, we have examined urban growth dynamics in Uganda, focusing on the
Kampala and Mbarara regional centers as representative case studies. Unlike most conven-
tional LULC classification studies focusing on SSA, we incoporated a suite of landscape
transitions metrics in our assessment of urban growth, broadening our understanding of
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the dynamics of urban sprawl. Some key findings from this study and the direction of
future research direction are detailed below.

1. The findings reveal a substantial expansion of built-up areas in both cities over the
respective study periods. Kampala expanded nearly eightfold from 1989 to 2015,
while Mbarara increased fivefold from 2002 to 2016. Notably, a significant portion of
this urban growth is occurring at the expense of agricultural land, with more than
half of the expansion encroaching upon such vital resources;

2. Compensatory gains in agricultural land, primarily through the conversion of other
land-cover categories, such as savannahs, forests, and wetlands, highlight the dynamic
nature of land-use changes, particularly in peri-urban and surrounding rural areas.
However, the absence of stringent regulations governing urban development, coupled
with the prevalence of diverse formal and informal land-tenure systems, portends a
continued encroachment of urbanization on agricultural land in the region;

3. While the precise quantitative impact of urban growth on agricultural production
and ecosystem integrity remains challenging to ascertain, our study underscores
the critical importance of understanding both the losses and gains in agricultural
land for sustainable urban growth management. Importantly, the acquisition of new
agricultural land from ecologically sensitive areas like wetlands and forests raises
concerns not only about productivity but also about environmental conservation. The
unchecked expansion of urban areas, coupled with the indiscriminate conversion of
fragile ecosystems for agricultural purposes, poses significant long-term challenges,
exacerbating the already pronounced impacts of climate change and threatening
regional food security. Urgent collective action by policymakers, urban planners, and
scientists is imperative to ensure sustainable urban growth-management practices.

While our study focused on Kampala and Mbarara, the observed patterns of urban
growth are likely indicative of broader trends across Sub-Saharan Africa. Hence, this
research serves as a catalyst for further investigations into the implications of agricultural
land loss due to urban expansion, with particular emphasis on its ramifications for fragile
ecosystems and food security in the region. Future research directions may include an
exploration of the socio-economic implications of urbanization by integrating social and
economic indicators into land-use and land-cover analysis. Additionally, assessing the
quality of agricultural land lost to urbanization through overlay analysis with agricul-
tural land suitability maps presents a promising avenue for deeper investigation into this
multifaceted issue.
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