
sustainability

Article

Land Cover Change in the Abuja City-Region,
Nigeria: Integrating GIS and Remotely Sensed Data
to Support Land Use Planning

Evidence Chinedu Enoguanbhor 1,2,*, Florian Gollnow 3 , Jonas Ostergaard Nielsen 1,2,
Tobia Lakes 1,2 and Blake Byron Walker 1

1 Institute of Geography (Applied Geoinformation Science Lab), Humboldt University of Berlin,
Unter den Linden 6, 10099 Berlin, Germany; jonas.ostergaard.nielsen@hu-berlin.de (J.O.N.);
tobia.lakes@geo.hu-berlin.de (T.L.); walkerbl@geo.hu-berlin.de (B.B.W.)

2 Integrative Research Institute on Transformations of Human-Environmental Systems, Humboldt University
of Berlin, Unter den Linden 6, 10099 Berlin, Germany

3 National Socio-Environmental Synthesis Center (SESYNC), University of Maryland, 1 Park Place, Suite 300,
Annapolis, MD 21401, USA; fgollnow@sesync.org

* Correspondence: evidence.chinedu.enoguanbhor@geo.hu-berlin.de; Tel.: +49-1521-911-7475

Received: 17 January 2019; Accepted: 26 February 2019; Published: 2 March 2019
����������
�������

Abstract: Rapid urban expansion is a significant contributor to land cover change and poses a
challenge to environmental sustainability, particularly in less developed countries. Insufficient data
about urban expansion hinders effective land use planning. Therefore, a high need to collect, process,
and disseminate land cover data exists. This study focuses on urban land cover change detection
using Geographic Information Systems and remote sensing methods to produce baseline information
in support for land use planning. We applied a supervised classification of land cover of LANDSAT
data from 1987, 2002, and 2017. We mapped land cover transitions from 1987 to 2017 and computed
the net land cover change during this time. Finally, we analyzed the mismatches between the past
and current urban land cover and land use plans and quantified the non-urban development area lost
to urban/built-up. Our results indicated an increase in urban/built-up and bare land cover types,
while vegetation land cover decreased. We observed mismatches between past/current land cover
and the existing land use plan. By providing detailed insights into mismatches between the regional
land use plan and unregulated urban expansion, this study provides important information for a
critical debate on the role and effectiveness of land use planning for environmental sustainability and
sustainable urban development, particularly in less developed countries.

Keywords: change detection; urban expansion; urban planning; regional planning; environmental
sustainability; Sub-Saharan Africa

1. Introduction

Global urban growth/expansion continues to rapidly increase [1–3], causing significant impacts
on land and environmental dynamics at the regional and local scales [4–6]. The associated land
use/cover changes [7–12] pose a great challenge to environmental sustainability [13] and sustainable
urban development [6]. In this context, environmental sustainability is defined as the condition that
allows human society to meet their current needs without compromising the current and future
health of natural ecosystems [14]. Sustainable urban development thereby relies on designing urban
areas with consideration given to consumption (e.g., energy) and pollutions (e.g., waste, water, air,
and soil) [15], together with social, economic, and cultural considerations of creating a functional
urban environment for current and future generations.
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Environmental sustainability and sustainable urban development can be improved through
informed land use planning. Uncoordinated, unenforced, or non-existent land use planning may result
in haphazard development [16] and excess deterioration of the built and natural environments. In less
developed countries (and particularly in Sub-Saharan Africa), rapid urban expansion and growth
of informal settlements challenge current efforts for sustainable land use planning [17]. Land use
planning, which is the process of allocating land to different uses in order to balance social, economic
and environmental objectives [18], focuses on the spatiality and geographies of socioeconomic and
ecological factors to optimize the use of space while minimizing conflict [19]. Applied land use
planning varies widely, but the general process includes preparation (defining the goal and objectives),
data collection and analysis, plan formulation, negotiation and decision-making, implementation,
and monitoring and updating [19]. According to Metternicht [20], land use planning processes can be
carried out at different scales (e.g., urban, regional, national). At the regional scale, the process of land
use planning aims to resolve conflicts between national goals and local interests by balancing different
purposes such as new settlements, protected areas, intensive agriculture, and animal husbandry.

In less developed countries, including Nigeria, land use planning processes are greatly inhibited
by insufficient data availability [21–23]. This is also the case for Abuja, one of the fastest growing
cities in Sub-Saharan Africa [24]. The potential of Geographic Information Systems (GIS) and remote
sensing (RS) tools to offer new insights into land use planning and urban development is yet to be
fully tapped. While previous research efforts in less developed countries have successfully applied
GIS and RS techniques and data to quantify land use/cover change, the literature is yet to explore
how these approaches directly relate to land use planning. In Abuja, Nigeria, Mahmoud et al. [25]
report an increase in urban land cover to the detriment of bare land. They argue that the spatial pattern
of urban expansion in Abuja is based on the master plan and exhibits sprawl towards surrounding
satellite towns. Owoeye and Ibitoye [8] show urban expansion at the expense of vegetation in Akure,
Nigeria. They suggested that the master plan of the city is in dire need of revision and a comprehensive
regional land use plan should be prepared to address the problems of urban expansion but did not
conduct a comparison between planned and actual land cover. Nkeki [26] shows how urban expansion
affected agricultural and forest land use/cover in Benin City, Nigeria, concluding that vital planning
information for urban planners and public decision-making bodies can potentially be extracted from
the findings. Akintunde, Adzandeh, and Fabiyi [27] show that urban land increased, while non-urban
land decreased in Jos, Nigeria. They argue that urban development did not conform to the recent
master plan in Jos. While comparing urban growth in three African cities (Bamako, Cairo, and Nairobi),
Hou, Estoque, and Murayama [28] show an increase in urban expansion corresponding to a decrease in
bare land, arguing that there is unplanned urban expansion in rapidly growing African cities. Similar
results have been found in cities outside Africa. For example, Barrera and Henríquez [12] observed an
increase in urban growth and a decrease in urban vegetation in three cities in Chile, suggesting that
the vegetation can and should be preserved using urban planning and design. Liu et al. [29] observed
cropland losses due to urban expansion in the past four decades in China, although no reference
to urban land use planning rendered it impossible to quantify how much of the development was
haphazard in nature.

In Sub-Saharan Africa, no previous study has assessed land cover change to analyze the
mismatches between urban expansion trend and land use plans. By quantifying the differences
between proposed land uses and actual development, this study seeks to address this gap, supporting
more sustainable urban planning and development in the Abuja city-region.

We integrate GIS and open access RS data to examine spatial trends of urban land cover change in
Abuja, Nigeria between 1987 and 2017; in doing so, this study provides baseline information in support
for informed land use planning. Specifically, we sought to: (1) visualize and quantify the spatial
pattern of land cover types for 1987, 2002, and 2017; (2) quantify the land cover transitions between
urban/built-up and vegetation, bare land, and water; (3) compute the net change of land cover types
between 1987, 2002, and 2017, and; (4) quantify the mismatches between urban/built-up and the urban
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and regional land use plans to offer new insights into the past and current urban dynamics. This paper
thereby provides objective information to inform a critical debate on the role and effectiveness of land
use planning for environmental sustainability and sustainable urban development in less developed
countries. As such, our paper contributes to current research on urban land cover change, particularly
urban expansion and its environmental problems that could be useful to support land use planning in
Sub-Saharan Africa and other less developed countries across the globe.

2. Materials and Methods

2.1. Study Area

This study focuses on Abuja, one of the fastest growing cities in Sub-Saharan Africa [30]. As shown
in Figure 1, the study area is a part of the Nigerian Federal Capital Territory (FCT) and comprises
the Federal Capital City (FCC) and other surrounding settlements. The total area of the study area
is approximately 1994 km2. It covers the major parts of two local government areas of FCT, which
include Abuja Municipal and Bwari Local Government Areas. It extends into Gwagwalada and Kuje
Local Government Areas of FCT in the southern part of the city-region [25].
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Figure 1. Map of the Abuja city-region showing the locations of Abuja city and the surrounding settlements.

Abuja was declared the new capital city of Nigeria in 1976, due to overpopulation, shortage of
land for urban expansion, distortion of the master plan, and traffic congestion, in the formal capital
Lagos [30,31]. By contrast, Abuja featured availability of space for urban development, a central
location to provide almost equal access to the different ethnic groups across Nigeria, and an ethnically
neutral territory [32]. The FCT Abuja was carved out from four states [30]. The seat of government
was officially relocated to FCT Abuja in 1991 [33] and since then the region has witnessed a high rate
of urban growth [34]. The population of FCT Abuja was 1,406.239 million in 2006 [35,36]. Based on
the 2006 population, we estimate the population of FCT Abuja to be 3,770,376 million in 2017. This
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population explosion and the accompanying sprawl has led to pressure on the surrounding natural
resources causing loss of other land uses in the region [37].

In 1979, the Abuja master plan was prepared to comprise regional and urban land use plans [30].
The regional land use plan covers the FCT Abuja, while that of the urban land use plan was limited
to the city, Abuja, and was divided into four phases [38]. The four development phases included
5, 15, 19, and 29 districts, respectively [30]. Phase 1 included the central district (planned for the
governmental seat of power and the Central Business District), and four other residential districts [39].
Additional urban land use plans for the satellite settlements were separately designed [39]. However,
through field surveys, we observed that the urban land use plans for the satellite settlements have
not been implemented in most areas. These areas are currently characterized by informal settlements
(Figure 2). The purpose of the Abuja land use plans included the designation of areas for urban land
uses, the preservation of the natural environment, improved accessibility of all areas [40], coordination
of land use [32], etc. Monitoring of urban expansion and updating of land use plans are challenged
by rapid urban growth and especially by the development and expansion of informal settlements in
peri-urban/satellite settlements in the city-region. In Abuja city, urban land uses expanded from a few
development districts to create some urban extensions [37]. Vegetation, which is another important
land cover in the Abuja city-region, is similar to that of other parts of FCT Abuja. The vegetation
is categorized under the West African ecoregion of Guinean Forest-Savannah mosaic [41]. Due to
the location of the Abuja city-region in the northern part of FCT Abuja, the area is dominated by the
savannah vegetation, which is characterized by deciduous trees that are scattered among grasses [42].
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2.2. Data Collection

We collected remotely sensed data that were captured in 1987 from Landsat 4 satellite (Thematic
Mapper), 2002 from Landsat 7 satellite (Enhanced Thematic Mapper plus), and 2017 from Landsat 8
satellite (Operational Land Image). The spatial resolution for all the satellite images is 30 m (Table 1).
The data were obtained from the United States Geological Survey (USGS) Earth Explorer service, an
online, openly-accessible platform for acquiring remotely sensed imagery [43].

Table 1. Summary of remotely sensed data description.

Landsat Series Sensor Spatial Resolution No: of Bands Date of Acquisition Sources

Landsat 4 TM 30 m 7 21/12/1987 USGS
Landsat 7 ETM+ 30 m 9 30/12/2002 USGS
Landsat 8 OLI 30 m 11 14/02/2017 USGS
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Additionally, we used satellite imagery accessed via Google Earth in 2017, the regional land
use plan of FCT Abuja [44], and the 2011 FCC Abuja revised land use plan phases 1, 2, and 3 [45].
The regional land use plan was collected from the Abuja Geographic Information System (AGIS), while
the urban land use plan was collected from the Department of Urban and Regional Planning (DURP)
in Abuja. A field trip was conducted from 19 February to 27 March 2018, during which urban and
regional land use plans were collected, and informal interviews and discussion were held regarding the
urban and regional planning processes, de facto urban development, and environmental challenges.

2.3. Data Analysis

We performed spatial analyses using ArcGIS (version 4.1) and TerrSet (version 9.3), including land
cover classification, accuracy assessments, transition mapping, change detection, and cartographic
overlays. We applied a supervised classification method to derive land cover types. Supervised
classification is a process whereby samples of pixels from a satellite image are carefully selected
in locations, where each pixel’s true land cover type is known (e.g., following field observation).
The spectral signatures of these known pixels are then analyzed to estimate and assign information
classes to unknown pixels [46]. This method enables the analyst to have control over the assignment
of different pixel classes based on known information about the study area [46]. The supervised
classification algorithm used in this study is the maximum likelihood classifier, which relies on the
probability that different pixels belong to different classes [47] and assigns pixels to the class with the
highest probability [48]. The maximum likelihood algorithm was used as it has been demonstrated in
the literature to produce high-accuracy results for land cover classification [49]. The land cover classes
were categorized into the most frequently occurring classes in the satellite imagery: urban/built-up,
vegetation, bare land, and water (Table 2).

Table 2. Categories of land cover classes.

Land Cover Classes Description of Land Cover

Urban/built-up Elements of urban/rural settlements such as buildings, roads, etc.

Vegetation Forest vegetation: Tall trees that form canopy as healthy vegetation.
Savannah vegetation: Isolated short trees mixed with grasses.

Bare land All other surfaces such as open space with bare soil, rocks.
Water Lakes and other water bodies.

We performed accuracy assessments of the land cover classification using GIS and Google Earth.
We sampled referenced points using a stratified random sampling approach method, which is a
probability sampling applicable to assess class-specific accuracy [50] and which allows for selecting
the number of points relatively proportional to the sizes of each land cover class. This is to ensure
that each land cover class is properly represented by referenced points in order to reduce bias in the
accuracy assessments. We used a total of 500 points for validation on Google Earth satellite images
for 1987, 2002, and 2017. We randomly selected 200, 150, 100, and 50 points from land cover types
for vegetation, bare land, urban/built-up, and water, respectively. We calculated the user (errors of
commission) and producer (errors of omission) accuracies for each land cover class for 1987, 2002,
and 2017, as well as overall accuracy and Kappa coefficients. The formulae for accuracy assessments
are expressed as:

UA =
CR
TR

(1)

where UA is user accuracy, CR is the number of correctly classified pixels in each row category. TR is
the total number of classified pixels in the same row category.

PA =
CC
TC

(2)
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where PA is the producer accuracy, CC is the number of correctly classified pixels in each column
category. TC is the total number of classified pixels in the same column category.

OA =
CD
TP

(3)

where OA is the overall accuracy, CD is the number of correctly classified pixels in diagonal. TP is the
total number of referenced points.

KC =
(TP ∗ CD)− ∑(TC ∗ TR)

TP2 − ∑(TC ∗ TR)
(4)

where KC is the kappa coefficient.
After the accuracy assessments, we quantified the land cover transition through tabulation and

transition mapping in GIS [51]. The essence of the transition mapping was to calculate the transition
change between urban/built-up area and other land cover types. We computed the net change
detection between 1987, 2002 and 2017 using the differential method of post-classification comparison
of specific land cover types [52]. We performed the analysis by simple arithmetic of subtracting the
calculated area and the percentage of formal land cover classes from the latter.

To offer new insights into the past and current urban dynamics, we analyzed the mismatches
between urban/built-up and the urban and regional land use plans by geo-referencing, geo-processing,
and digitizing the official plans. We digitized the locations of dense informal settlements from Google
Earth and reclassified and extracted urban/built-up from land cover maps for 1987, 2002 and 2017.
We performed an overlay analysis of the variables to visualize the urban expansion trends on the
regional land use plan and urban planned area. Finally, we quantified the non-urban development areas
including land uses designated for nature conservation, intensive agriculture, and animal husbandry
lost to urban/built-up in 1987, 2002, and 2017 and calculated their annual change (degraded) rate
(ACR). The formula we applied to calculate the non-urban development areas lost to urban/built-up
is expressed as:

ANL = TLC − LCD (5)

where ANL is the area of non-urban lost to urban/built-up, TLC is the total urban/built-up land cover
of the City-Region, and LCD is the total urban/built-up land cover in the area designated for urban
development. The formula we applied to calculate the percentage of the area of non-urban lost to
urban/built-up is expressed as:

ANL
AND

∗ 100
1

(6)

where AND is the total area for non-urban development. The formula we applied to calculate the ACR
is expressed as:

ACR =
LA2 − LA1

T
(7)

where LA2 is the latter area of non-urban lost to urban/built-up, LA1 is the initial area of non-urban
lost to urban/built-up, and T is the time interval between LA1 and LA2 observations. Figure 3 shows
the schematic diagram of materials and methods used in this study.
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Figure 3. Methods for land cover change detection.

3. Results

We visualized and quantified the spatial pattern of land cover types for 1987, 2002, and 2017
by performing the supervised classification of land cover. Our results (Figure 4 and Table 3) show
that in 1987 the urban/built-up areas were mostly distributed in the eastern part of the city-region.
The urban/built-up class covered 1.8% of the total area, vegetation covered 73.0%, bare land covered
24.7%, and water covered 0.5%. In 2002 (Figure 4 and Table 3), the pattern of distribution indicates
that the urban/built-up areas were mostly concentrated in the eastern part of the area, covering 10.0%
in the Abuja city-region. Vegetation covered 63.3%, bare land covered 26.2%, while water covered
0.5%. In 2017, the results (Figure 4 and Table 3) show that urban/built-up cover is expanding from
east to south and south-west, and covered 19.3%. Vegetation covered 50.8%, while bare land and water
covered 29.5% and 0.4%, respectively.

Table 3. Calculated area of land cover of Abuja in 1987, 2002, and 2017.

Land Cover
Classes

1987 2002 2017

Area km2 (% of Study Area) Area km2 (% of Study Area) Area km2 (% of Study Area)

Urban/built-up 36.8 (1.8%) 198.8 (10.0%) 385.4 (19.3%)
Vegetation 1455.6 (73.0%) 1262.5 (63.3%) 1011.9 (50.8%)
Bare land 491.9 (24.7%) 522.1 (26.2%) 588.6 (29.5%)

Water 9.3 (0.5%) 9.6 (0.5%) 7.7 (0.4%)
Total 1993.6 (100.0%) 1993.0 (100.0%) 1993.6 (100.0%)
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We calculated the user accuracy (UA), producer accuracy (PA), overall accuracy (OA), and Kappa
coefficients (KC) of land cover classification for 1987, 2002, and 2017 (Table 4). The OA and KC show
that the accuracy assessments of land cover classifications for 1987, 2002, and 2017 are high.

Table 4. Accuracy assessments of land cover classification for 1987, 2002, and 2017.

Land Cover
Classes

1987 2002 2017

UA PA OA KC UA PA OA KC UA PA OA KC

Urban/built-up 91% 94.8%

94% 0.91

88% 87.8%

92.6% 0.89

96% 85.3%

94% 0.91
Vegetation 97.5% 97.5% 94.5% 95.9% 95% 98.4%
Bare land 93.3% 88.6% 94.7% 89.3% 94.7% 94%

Water 88% 95.6% 88% 95.7% 84% 97.7%

We quantified the land cover transitions between urban/built-up and vegetation, bare land,
and water through transition mapping. The result (Figure 5) shows that from 1987 to 2002, an area of
113 km2 of vegetation transitioned into urban/built-up area. 60.5 km2 transitioned from bare land to
urban/built-up, and water did not change. However, some urban/built-up land cover also transitioned
into vegetation and bare land by 4.7 km2 and 4.5 km2, respectively. Urban/built-up did not change
into water, as expected. Vegetation features the largest land cover transition into urban/built-up areas
from 1987 to 2002, followed by bare land. From 2002 to 2017, the result (Figure 6) shows that an area of
117.3 km2 of vegetation transitioned into the urban/built-up area. 117.2 km2 and 1.0 km2 transitioned
respectively, from bare land and water into the urban/built-up area. However, urban/built-up also
transitioned into vegetation and bare land by 38.6 km2 and 13.7 km2, respectively. Vegetation and bare
land have almost equal land cover transitions into urban/built-up area from 2002 to 2017.
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We computed the net land cover change from 1987 to 2002 and from 2002 to 2017 (Figure 7). Our
result showed that from 1987 to 2002, urban/built-up increased by 162 km2 (8.2%), while bare land
increased by 30.2 km2 (1.5%). There was no increase or decrease in water. The only land cover that
decreased was vegetation, with the highest observed change at 193.1 km2 (9.7%). Second to the highest
land cover class is urban/built-up, which from 2002 to 2017 increased by 186.6 km2 (9.3%), while bare
land increased by 66.1 km2 (3.3%). Vegetation decreased by 250.6 km2 (12.5%) and water decreased by
1.9 km2 (0.1%). The highest land cover class that is changing is vegetation followed by urban/built-up.
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We analyzed mismatches between urban/built-up, the land use plans, and the distribution of
dense informal settlements (Figures 8 and 9). The regional land use plan indicated that the areas
designated for urban development are primarily within Abuja city, with urban extensions in the
peri-urban/satellite settlements. In the southern part of the city-region, the area designated for urban
development for Abuja city extends beyond the boundary of the city-region.
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Past and current urban developments are mostly concentrated in Abuja city, with more space for
urban development found in the southern part of the city. However, urban land uses are also expanding
into areas designated for non-urban development (Figure 10). Our results in Table 5 indicate that the
total area of non-urban development in the city-region is approximately 555.25 km2. Urban/built-up
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gradually expanded into the non-urban development areas, which lost 11.65 km2 (0.8%), 73.58 km2

(5.1%), and 179.57 km2 (13.7%) to urban/built-up in 1987, 2002, and 2017, respectively (Table 5 and
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Table 5. Calculated area planned for urban development and urban/built-up in other land uses.

Years Regional Planned Area for
Urban Development in km2

Urban/Built-up
Area in km2

Urban/Built-up in Non-urban
Development Area in km2

1987 555.25 36.8 11.65
2002 555.25 198.8 73.58
2017 555.25 385.4 179.57
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Our results in Figures 12 and 13 show that the past and current urban expansion encroached into
the proposed land use for intensive agriculture, animal husbandry and protected areas. The protected
area lost to urban/built-up in 1987, 2002, and 2017 are 0.92 km2, 6.84 km2, and 16.65 km2, respectively.
In 1987, 2002, and 2017, the proposed land use for intensive agriculture lost 3.73 km2, 18.98 km2,
and 34.91 km2, respectively, while that of animal husbandry lost 0.16 km2, 1.16 km2, and 3.59 km2

to urban/built-up. From 1987 to 2002 and from 2002 to 2017, the ACR of the protected areas lost to
urban/built-up is 0.39 km2 and 0.65 km2 per year. The ACR of the proposed land use for intensive
agriculture lost to urban/built-up is 1.02 km2 from 1987 to 2002 and 1.06 km2 from 2002 to 2017 per
year, while that of animal husbandry is 0.07 km2 and 0.16 km2 from 1987 to 2002 and from 2002 to 2017.
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4. Discussion

This study provides the first instance of a comprehensive analysis of urban land cover change in
relation to land use planning in the Abuja city-region. We integrated GIS and freely available RS data
to examine the spatial trends of urban and other land cover changes in Abuja, from 1987 to 2017 and
were, therefore, able to provide baseline information that can be used to support land use planning.

Our results highlight large mismatches between the regional land use plan and the observed
urban land cover, indicating an uncontrolled and rapid urban expansion. This result indicates gaps
between planned land use developments and actual urban expansion, similar to those observed
by Shen et al. [53] for urban expansion in China, who underscored that urban expansion occurred
often in an uncontrolled manner and in conflict to proposed and existing land use plans, impeding
efforts for a more sustainable urban expansion. Our study showed that the area designated for urban
development was larger than the total area of the past and current urban land cover (Figure 10 and
Table 5). The urban expansion might have been more sustainable if it were steered towards the areas
proposed for urban development. Figure 8 showed that the regional land use plan proposed Lugbe as
one of the areas for productive forestry and forest reserve. However, as indicated in Figure 12, urban
expansion did not stop at the proposed borders of urban development areas. Between 2002 and 2017,
urban areas expanded continuously into Lugbe. In the city-region, various land uses designated for
nature conservation, intensive agriculture, animal husbandry that were lost to urban/built-up have
increased in recent decades (Figures 12 and 13). Built-up land coverage in 1987 was relatively low at
1.8% (Table 3) when the region primarily comprised of a few, isolated settlements. A large expansion of
urban/built-up area could be identified until 2002 (10%), which increased to 19.3% in 2017 (Figure 4 and
Table 3). The transition mapping results indicated rapid urban expansion at the expense of vegetation
cover. This result differs from those of Mahmoud et al. [25], who reported rapid urban expansion at
the expense of bare land in Abuja. However, the results coincide with several previous studies such
as Akpu et al. [7], Owoeye and Ibitoye [8], and Fanan, Isa, and Olarewaju [11], who observed urban
expansion at the expense of vegetation cover in their various study areas. The reduction of vegetation
cover as indicated by our results also corresponds with similar studies, such as Mahmoud et al. [25],
Owoeye and Ibitoye [8], and Barrera and Henríquez [12], and Hassan [54], all of which highlight a large
loss of vegetated area due to urban expansion in developing regions. Parallel to the expansion of urban
areas, we also observed an increase in bare lands, adding to an even more rapid reduction of vegetation
within the region. Despite the high degree at which bare land was converted into urban/built-up
between 2002 and 2017 (Figure 6), our result showed an increase of bare land (Table 3), similar to
Fanan, Isa, and Olarewaju [11]. This result contradicts that of Mahmoud et al. [25], who reported a
decrease in bare land in Abuja. In other African cities, decreases in bare land during periods of urban
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expansion have been observed by Hou, Estoque, and Murayama [28]. Our observed increase in bare
land may be due to rapid increases in food and wood demands, in turn driving agricultural expansion
and deforestation. Further field observation and interviews with locals will enable us to explore this
question directly in subsequent research.

In less-developed countries, informal settlements are primarily home to low-income earners and
are characterized by deteriorating housing [55]. In Sub-Saharan Africa, such neighborhoods comprise
the majority of urban growth [56–58] and are mostly found around the peri-urban space [59] and
satellite towns [30]. We observed similar spatial trends of urban expansion in relation to the locations
of dense informal settlements. As reported by Trefon [59] and Goodfellow [60], urban growth in the
peri-urban areas of Sub-Saharan African cities is often haphazard and chaotic. Such urban growth is
characterized by rapid population growth, pressure on urban land tenure systems [61], insufficient
infrastructure, and severe environmental degradation [59]. We observed similar urban development in
peri-urban/satellite settlements of the Abuja city-region (Figure 2a,b).

An important implication of these findings addresses urban expansion beyond the scope of urban
land use plans, underscoring the necessity to address informal settlements and their effects on the
implementation of land use plans in Abuja. The Abuja urban planning efforts are not administratively
allowed to address proposed urban/built-up by the regional land use plan (Figure 10) and at the
satellite settlements, the urban plans have not been implemented in most areas. This lack of urban
planning may be a key contributing factor to the development of informal settlements, particularly in
peri-urban/satellite settlements (Figure 9) and is a serious challenge for sustainable urban development.
Furthermore, the expansion of urban land use into protected areas has led to deforestation, habitat loss,
and has increased the risk of biodiversity loss. The loss of land designated for intensive agriculture is
also certain to have direct negative impacts on local food availability and soil health, both of which are
vital elements of urban and environmental sustainability.

However, this paper demonstrates that some existing and potential problems associated with
land cover change and urban development can be identified using GIS and freely available RS data.
Of particular importance at this stage are the mismatches between urban expansion trends and
various land uses designated for non-urban development by the regional land use plan. As such,
our study contributes to the current literature on urban expansion in relation to land use planning in
less-developed countries. Additionally, the urban expansion at the expense of vegetation is associated
with local urban planning efforts and lack of implementation in peri-urban/surrounding settlements.
Moving forward, such spatial information is necessary to inform decision-makers in land use planning,
particularly by enabling decision-makers to make direct comparisons between actual urban and
regional land use plans with other alternative plans, prior to their attempted implementation.

This study was limited by the unavailability of high-resolution spatial data. We used RS data with
a 30 m spatial resolution data because they are freely available for multiple points in time. Using such
data makes it challenging to differentiate some sub-categories of urban land use such as residential,
industrial, and mixed land uses, as well as identifying dense informal settlements without the need
for direct field observation. However, the availability of free and long-term data allows for possible
monitoring of land cover processes and a transfer to other areas with limited financial resources
and personnel. The unavailability of Phase 4 of the urban land use plan (currently under revision)
prevented us from incorporating this phase into our study. The land cover maps and change trajectories
presented within this manuscript might be one helpful additional source of information for the revision
of the plans, once they are made available.

As a result of our analysis, we put forth the following recommendations. Urban planning and its
implementation should not be limited to Abuja city but rather expanded to include peri-urban and
other surrounding settlements in the city-region. This would help urban land use planning efforts to
encompass regional land use, which is intricately tied to potentially sustainable urban development.
The administrative challenges preventing the successful implementation of land use plans should
be monitored in more detail and directly addressed. Spatial information about land cover change
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and urban expansion can and should be produced at low-cost using GIS and freely available RS data
to support land use planning. By disseminating such spatial information, important steps towards
strategic action (such as land use policies and enforcement) can be taken. Finally, there is a pressing
need for further research addressing the disconnect between spatial data, land use planning, and the
implementation of land use plans in developing countries.

5. Conclusions

We applied GIS and RS data to analyze past and current land cover change in relation to land use
planning. Our results indicate an increase in urban/built-up and bare land cover types, corresponding
to a decrease in vegetation cover from 1987 to 2017. The largest observed transition featured urban
growth in place of vegetation. The highest observed net changes in land cover types were vegetation,
followed by urban/built-up, and bare land. Comparison of actual land cover changes against the
city and regional plans indicated large mismatches. Perhaps most alarming is the recent loss of
land designated for protected areas, intensive agriculture, and animal husbandry, now replaced
with unplanned and haphazard urban development. This is most evident in the peri-urban/satellite
settlements, where the loss of natural ecosystems and agricultural resources is certain to pose future
challenges to environmental sustainability and sustainable urban development in the city-region.

Overall, this study provides evidence that integrating GIS and open access RS data constitutes
a useful approach for the provision of baseline spatial information. Such spatial information is
crucial for informed land use planning to improve environmental sustainability and sustainable
urban development in the city-regions found in both Sub-Saharan Africa and less-developed
countries worldwide.
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