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Abstract

This study examined the spatial-temporal dynamics of
urban expansion in Uyo Capital City, Akwa Ibom State,
Nigeria. Landsat satellite imageries from 1986, 2005,
and 2024 with 30-meter resolution were analyzed using
supervised and unsupervised classification techniques in
ERDAS Imagine 10.5. The research employed Remote
Sensing and GIS-based spatial analysis to assess land use
and land cover (LULC) transformations, urban growth
patterns, and environmental impacts. The results revealed
notable LULC transitions during the study period.
Forest cover declined from 31.05% in 1986 to 16.43%
in 2024, while built-up areas expanded from 23.44% to
44.80%, signifying rapid urbanization and infrastructure
development. Agricultural land increased slightly by
2005 but later decreased to 22.83% in 2024, indicating
urban encroachment. Water bodies steadily declined,
highlighting potential hydrological stress. Between 1986
and 2024, forest and farmland decreased by 4,923.6
and 1,525.4 hectares respectively, while built-up areas
increased by 7,192.74 hectares. Urban growth showed a
concentric pattern outward from Ibom Plaza, influenced
largely by road infrastructure. NDVI analysis showed
vegetation degradation, especially between 2005 and
2024, attributed to economic changes. Population and
economic growth were identified as the primary drivers
of urban expansion, followed by infrastructure, housing
demand, and policy influences. Farmland loss and land use
transformation emerged as the most critical consequence,
along with livelihood disruption, environmental
degradation, and economic impact. Projections using the
MOLLUSC model in QGIS indicate a 79% rise in built-up
areas by 2050. The study recommends sustainable urban
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planning, land use regulation, reforestation, and predictive
modeling to mitigate ecological damage and enhance
urban resilience in Uyo.
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INTRODUCTION

Globally, cities have undergone significant growth
and transformation in recent decades accompanied by
substantial changes in land use (1, 2, 3). Monitoring
change of expansion involves studying how cities grow
and develop overtime, using tools that provide accurate,
up-to-date data remotely sensed data and geospatial
techniques. (2, 4, 5). Urban growth monitoring play
pivotal roles in understanding the evolving dynamics
of urban landscapes, offering essential insights for
sustainable urban development (6, 7, 8, 9,10). These
measures are aimed at evaluating human activities and
socioeconomic advancement, encompassing qualitative
and quantitative aspects across different temporal and
spatial dimensions (11, 12, 13). For instance, urban centres
have always continued to experience unprecedented
population growth due to the fact that they have always
been seen as the engines of economic growth (14, 15).
Urban growth has four components according to
studies done recently, namely, urban natural increase,
rural-urban migration, international-urban migration and
urban reclassification (16, 17, 18, 19). Urban growth could
be characterized by the transition that occurs in natural
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environment where it turns into an artificial one which is
often brought about by built-up areas created by humans
(20, 21, 22, 23). In the global world for instance, there has
been a continuous conversion of land cover to other land
uses. According to the Food and Agriculture Organization,
about 10 million hectares (ha) of the world’s forest, which
was estimated to be one-third of the total world land
cover, was converted mainly to agricultural land and other
uses from 2015 to 2020 (11). During this period, Africa
had the highest annual rate of forest loss at 3.9 million
hectares (23,24,25). With the rapid increase in human
population, particularly in many African nations, coupled
with continuous land development and high demand for
food, the situation is expected to continue.

Another study observed that land is seen as a social
security asset to most people because after all else has
failed in the city, they can still manage to go back to
their villages to demand a piece of their inherited family
land and start subsistence farming (12). Land control
and land use policy must consider the fact that most
people’s existence relies on having access to a piece of
land, and they would strongly resist and oppose any act to
deprive them of this land (8). Therefore, the detection of
changes in land use reveals noticeable differences in the
developmental process of a particular area, by monitoring
urban growth at different time periods (7).

The recent rapid population growth in Uyo, the capital
city of Akwa Ibom State, has led to a significant increase
in unplanned urban development, drawing more attention
from planning authorities than any other urban issue
(26,27). This highlights the urgent need for comprehensive
and standardized urban planning. To effectively manage
this growth, it is essential to systematically select and
collect relevant data, analyze development trends, and
monitor the city’s growth rate.

Figur_e 1 ) ]
Administrative Map of Uyo Capital City-study Area
Source: GIS Unit (2024)
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The following research objectives are considered:
i. To take inventory of land use and land cover classes for
three years period (1986, 2005 and 2024).
ii. To examine the trend, rate and direction of urban land
use change detection in the study area using remote
sensing and GIS.
iii. To examine the likely land use pattern of Uyo capital
city in the year 2050.

MATERIALS AND METHODS

This research analyzed the monitoring of the trends in
urban expansion in Uyo capital city. The city covered
the spatial extent of 25702.65 hectares and has been
expanding at a varying pace in different directions.
Landsat imageries and ancillary data are utilized to
achieve these. The imageries of 1986, 2005 and 2024 was
used for the study. This study made use of remote sensing
data through ERDAS imagine software 10.5 to monitor
urban growth and changes in land use in order to assess
the trends, rate, and direction of urban growth in the study
area.

For this study, Landsat imagery of Akwa Ibom State
was obtained for three years period; 1986, 2005 and
2024 from united State Geological Survey (USGS).
Population census report was obtained from national
population census report of 1990. The administrative map
and vegetation land use map of Akwa Ibom State was
obtained from Akwa Ibom State Ministry of lands and
Town Planning. Information for likely land use and land
cover pattern of Uyo Capital City for projected year 2050
was obtained using the Landsat satellite imagery of the
years under investigation from United State Geological
Survey (USGS) to monitor and depict the changes in
urban growth.
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Data on inventory of land use land cover classes was
derived from Landsat satellite imagery for 1986, 2005
and 2024 acquired from United States Geological Survey
(USGS), to get the view of Uyo capital city. The image was
corrected for atmospheric interference, sensor inaccuracies
and geometry correction to make them ready for analysis.
The images were layer stacked, mosaic. These processes
are crucial in refining the raw data from remote sensing
satellites. The study area (Uyo Capital City) was extracted
using subset menu after defining the area of interest (AOI).
The data was classified into four different land use type
using Erdas imagine software 10.5. The both supervised
and unsupervised classification method was used in
ERDAS Imagine 10.5 software to classify the images into
four land use cover classes. The classified classes include;
Forest, Agricultural land, Water and Built up following
modified Anderson’s land use classification and the area of
each class was generated in hectares.

This study also employs the used of the overlay

Table 1
Inventory of Land Use Status

analysis to produce the change map. The analysis
processes provide good information and changes of
both land use and land cover due to urbanisation. The
extraction of the green area covers using NDVI was also
done using ERDAS imagine software 10.5, for the period
under investigation. Monitoring of land use cover pattern
prediction (2050) was done using image classification of
Landsat satellite imagery of the years under investigation
and land cover maps. The model plaque in MOLUSCE
technique was used which enable the projection of land
use/land cover change for future prediction over time
using QGIS software for year 2050.

RESULTS AND DISCUSSIONS

Inventory of Land Use classes

The status of land use classes for the three decades 1986,
2005, and 2024 as derived from the analysis is presented
in Table 1.

Statuses
Land use classes 1986 2005 2024
Hectare % Hectare % Hectare %
Forest 10455.40 31.05 8300.69 24.66 5531.80 16.43
Agricultural land 9213.3 27.36 10689.60 31.75 7687.90 22.83
Water 6110.00 18.15 5579.59 16.57 5366.26 15.94
Built-up 7891.16 23.44 9099.98 27.02 15083.90 44.80
Total 33669.86 100 33669.86 100 33669.86 100

Note: Values represent land size in hectares.

Source: Digitized data from Satellite Imageries (1986, 2005 and 2024) of Uyo Capital City.

Figure 2
1986 Land use Classes
Source: Classified Satellite Image of Uyo Capital City (1986).

In 1986, forest occupied 10455.40 hectares at
(31.05%) agricultural land occupied 9213.3 hectares
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(27.36%), water occupied 6110 hectares (18.15%) and
built-up occupied 7891.16 hectares (23.44%). While
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in 2005 forest occupied 8300.69 hectare at (24.66%),
agricultural land occupied 10689.60 hectares (31.75%),
water occupied 5579.59 hectares (16.57%) and built-
up occupied 9099.98 hectares (27.02%). In 2024,
forest covered 5531.80 hectares representing (16.43%)
agricultural land occupied 7687.90 hectares (22.83%),
water occupied 5366.26 hectares (15.94%) and built-
up area occupied 15083.90 hectares (44.80%). This
implies that, in 1986 there was a relatively balanced

Figure 3

2005 Land use Classes
Source: Classified Satellite Image of Uyo Capital City (2005).

Figure 4
2024 Land use Classes
Source: Classified Satellite Image of Uyo Capital City (2024)
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landscape significant forest cover and moderate levels of
farmland, water and built up. In 2005 there was a clear
shift in forest loss which also showed a significant loss
of water, while agricultural land and built-up area have
increased overtime. In 2024, domination of built-up
areas was noticed and critical low forest and water while
agricultural land has also decreased significantly, this
showed a landscape heavily impacted by urban growth
in the study area.

Copyright © Canadian Academy of Oriental and Occidental Culture
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Table 2
Trend and rate of change of urban land use in the study area
% % % % % %
&vaggﬁ Change Annual é:eqaggei Change Annual t(J:ert]\i/r;gfl Change Annual
Classes 1986 & between Change 2005 & Between Change 1986 & between between
2005 1986 & 2005 1986 & 2005 55, 2005 & 2024 2005 & oop4 1986 &2024 1986 &
(Trend) (Rate) (Trend) 2024 (Rate) (Trend) 2024 (Rate)
Forest -2154.71 40.12 4.01 -2768.89 23.14 231 -4923.60 34.23 3.42
Agricultural Land  1476.30 27.49 2.75 -3001.70 25.08 251 -1525.40 10.60 1.06
Water -530.41 9.88 0.99 -213.33 1.78 0.17 -743.74 5.17 0.52
Built up 1208.82 22.51 2.25 5983.92 50 5.0 7192.74 50 5.0
Total 5370.23 100 11967.84 100 14385.48 100

Note: Values represent land size in hectares.

Source: Digitized data from Satellite Imageries (1986, 2005 and 2024) of Uyo Capital City.

With reference to Table 2, this showed the percentage
change and the annual rate of change that occurred between
1986 and 2005 (19 years). Forest area reduced by 40.12%,
at annual rate of change: which implies that forest area
decreased at a rate of 4.01% per year. An annual decrease
of 4.01% indicates a gradual and consistent decline in forest
cover, Agricultural land increased by 27.49%, at annual rate
of 2.75% per year, which implies that agricultural land has
experienced steady growth, but at a lower rate compared
to the loss in forest area over 19 years, the increase is
moderate at an annual rate of 2.75%. Water decreased
by 9.88%, at annual rate of 0.99% per year. This implies
that, water bodies experience a relatively slow and annual
decrease of 0.99% at gradual depletion over the period.
And built-up areas (Urbanization) increased by 22.51%
at annual rate of 2.25%. This implies that built-up areas
expanded at 2.25% per year. Urban areas grew steadily over
the 19 years, with the expansion rate being moderate (2.25%
annually). This suggests increasing development and urban
expansion.

Between 2005 to 2024 (19 years), forest decreased by
23.14%, at annual rate 2.31%, This implies that, the rate
of loss is slower than in the previous period (from 4.01%
to 2.31%). This could suggest a reduction in the pace of
deforestation or some conservation efforts starting to take
effect. Agricultural land reduced by 25.08%, at annual
rate of 2.51%. This reduction in agricultural land is more
pronounced, with a higher annual rate of loss (2.51%)
compared to the forest reduction. This could indicate a
broader loss of natural vegetation beyond just forests.
Water bodies decreased by 1.78%, at annual rate of 0.17%
per year. This implies that water loss slowed down,
and this decrease is less significant annually, possibly
suggesting a stabilization in water loss or changes in water
management. Built-up areas equally increased by 50%, at
annual rate of 5% per year. The implications is that built-
up areas grew at a dramatic increase in urbanization, with
built-up areas growing much faster than in the first period.
The annual growth rate of 5% showed a much higher rate
of urban sprawl, likely reflecting intensified development
pressures and population growth.

Between 1986 to 2024 (38 years), forest reduced by
34.23%, at annual rate of 3.42% per year, reflecting that
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forest areas have been severely reduced, with a high
annual rate of 3.42%. This could be due to conversion
of wetland areas for agricultural or urban uses, as well
as potential changes in the hydrology of the study area,
agricultural land reduced by 10.60% at annual rate of
1.06% per year. Agricultural land decreased by 1.06% over
the long 38-year period, agricultural land has experienced
a slight decline, at a much slower rate (1.06% annually).
Water bodies reduced by 5.17%., at annual rate 0.52% per
year. This statistic indicates a steady, though slow, decline
in water bodies over 38 years, with an annual decrease
of 0.52%. This is slightly more pronounced than the loss
between 2005-2024, indicating ongoing environmental
pressures. Built-up areas (urbanization) increased by 50%,
at annual rate of 5% per year. This implies that built-up
areas have been significantly increased, with a faster rate
of growth compared to the 1986-2005 period. It suggests
accelerated development and expansion of Uyo over the
entire 38-year period.

With reference to Table 3, the change detection showed
that, between 1986 to 2005, there was a substantial loss of
forest cover at a decrease of -2154.71 hectares, showing
a significant deforestation trend over the 19years period.
Meanwhile agricultural land exhibit a net gain of 1476.3,
suggesting an expansion in farming activities. This
expansion could be attributed to various factors including
increase agricultural demand or land conservation.
Water reduction of -530.41 hectares in water body area
detected, indicating a reduction in surface water resources.
This factor may be attributed to factors such as climate
variability, water extraction or land reclamation. Built-up
areas experienced a net gain of 1208.82 hectares, signifying
urban expansion. The observable increase reflects the
development of infrastructure and settlement within the
study area between 2005 to 2024, there was a substantial
reduction of -2768.89 hectares in forest cover observed.
Reduction in agricultural land by 4027.4 hectares showed
a significant drop suggesting a shift away from agricultural
practices, possibly due to urbanization and land degradation
or change in economic activities. Water bodies experienced
a decrease of -213.33 hectares. This indicates a decline in a
surface water resource, which could attribute to factors like
drought, increase water consumption or land reclamation. A
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substantial increase in built-up areas expanding by 5983.92
hectares, indicates urbanization trend, reflecting the growth
of settlement and infrastructure.

The overall change detected between 1986 to 2024
indicate a substantial reduction of -4923.6 hectares
in forest cover recorded, this signifies the major
deforestation event over the 38-years period and it further
show a reduction in agricultural land decrease at -1525.4

Canadian Social Science, 21(4), 42-52

hectares. By implication, it shows a contraction of
agricultural land, suggesting a shift away from farming
practices or conversion to other land uses. Water showed
a reduction of -743.74 hectares, with a decline in surface
water within the study area. There was a significant
increase in built-up by 7192.74 hectares, representing a
high percentage of increase within the study area, this
demonstrates a clear and substantial urbanization trend.

Table 3
Land use Change Detection

Change between 1986 and 2005 Change between 2005 and 2024 Change between 1986 and 2024

Classes

1986 2005 change 2005 2024 change 1986 2024 Change
Forest 10455.40 8300.69 -2154.71 8300.69 5531.80 -2768.89  10455.40 5531.80 -4923.6
Agricultural land 9213.3 10689.60 1476.3 10689.60 7687.90 -3001.7 9213.3 7687.90 -1525.4
Water 6110.00 5579.59 -530.41 5579.59 5366.26 -213.33 6110.00 5366.26 -743.74
Built-up 7891.16 9099.98 1208.82 9099.98 15083.90 5983.92 7891.16 15083.90 7192.74
Total 33669.86  33669.86 5370.24 33669.86 33669.86  11967.84  33669.86  33669.86 14385.48

Note: Values represent land size in hectares.
Source: Digitized data from Satellite Imageries (1986, 2005 and 2024) of Uyo Capital City.

Figure 5
Urban land use change detection between 1986 and 2005
Source: Classified Satellite Image of Uyo Capital City (1986 and 2005)

Figure 6

Urban land use change detection Between 2005 and 2024
Source: Classified Satellite Image of Uyo Capital City (2005 and 2024).
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Figure 7
Normalized difference vegetative index for 1986
Source: Landsat Imagery of Uyo capital city 1986

Figure 8
Normalized difference vegetative index for 2005
Source: Landsat imagery of Uyo Capital City 2005

Figure 9
Normalized Difference Vegetative Index of 2024
Source: Landsat imagery of Uyo Capital City 2024
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Figure 10

Canadian Social Science, 21(4), 42-52

Predicted land use/ land cover of Uyo Capital City for the year 2050

Source: Classified Satellite Image of Uyo Capital City

DISCUSSION OF FINDINGS

The findings of this study on the inventory of land use
within the study area reveals over the observed periods. In
1986, forest cover spanned 10,455.40 hectares (31.05%),
but by 2005, it had decreased to 8300.69 hectares
(24.66%). By 2024, forest cover had further dwindled to
5531.80 hectares (16.43%). This steady decline indicates
a substantial loss of forested areas, primarily driven by
urban expansion, agricultural conversion, and industrial
activities. The reduction in forest cover is associated with
habitat loss, diminished biodiversity, and the disruption of
critical ecosystem services, such as carbon sequestration
and soil stabilization. These findings are consistent with
the work of Obot et al. (2019), which highlights urban
expansion in Uyo as a significant driver of deforestation,
a trend commonly observed in Nigerian urban centers
where forests are cleared to accommodate housing and
industrial development.

In 1986, agricultural land occupied 9213.3 hectares
(27.36%), while in 2005, agricultural land expand
to 10689.60 hectares (31.75%). Meanwhile in 2024,
agricultural land decreased gradually to 7687.9 hectares
(22.83%). Agricultural land in Uyo capital city showed
a growth spurt between 1986 and 2005, increasing. This
likely reflects a period of agricultural intensification or
the conversion of forested areas into agricultural land.
However, by 2024, agricultural land had experienced a
decline, which could be attributed to the rapid urbanization
seen in the city. As the city centre population grew and
industrial development accelerated, agricultural land was
increasingly converted into residential, commercial, and
industrial land. This resonates with findings by Adebayo
& Omojola (2010), who documented the widespread loss

of agricultural land to urban expansion in Nigerian cities.
Their study found that as cities like Uyo grow, agricultural
lands are increasingly converted into built-up areas, which
directly impacts food security and the livelihoods of
farmers.

In terms of water bodies, it covered 6110 hectares
(18.15%), reduced to 5579.59 hectares (16.57%) in 2005
and further declined to 5366.26 hectares (15.94%) in 2024.
The decrease in water bodies over the decades suggests
both direct and indirect impacts of urbanization. As the
city expanded, water bodies likely faced encroachment
from infrastructure projects, while pollution and climate
change might also have contributed to their reduction.
The steady reduction in water bodies in Uyo capital city
is also in line with broader studies on wetland loss and
degradation in urbanizing Nigerian cities. According to
Thompson and Olajoke, (2007). water bodies in urban
areas are often encroached upon as cities expand.

In addition, built-up areas occupied 7891.16 hectares
(23.44%) in 1986, grew to 9099.98 hectares (27.02%) in
2005 and later surged to 15083.90 hectares (44.80%) in
2024. The most dramatic change is seen in the expansion
of built-up areas, which increased rapidly within the
periods. This expansion reflects rapid urbanization,
driven by population growth, rural-to-urban migration,
infrastructural development, and economic activities in
Uyo. The rise in built-up areas places enormous pressure
on remaining natural resources, such as forests, water and
agricultural land.

The forecasted land uses for the validation model
indicated a very good agreement between the stimulated
land use land cover of the study area in 1986 and the
actual land use land cover classes in 2024. Hence the
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predicted land use of 2050 simulated using MOLLUSC
plugin model in QGIS has showed a continues trend of
Uyo capital city’s built-up area increasing and other land
uses (water, agricultural land and forest) etc decreasing for
the next 25years in the study area. The prediction pattern
indicates that, in year 2050 Uyo capital city built-up area
will increase by 26609.85 hectares (79.0%), agricultural
land will decline to 5023.76 hectares (14.92%%), water
will decline to 1034.98 hectares (3.1%) and forest will
decline to 1001.27 hectares (3.0%). The result indicates
that, there will be a significant trend toward increasing
urbanization. These findings resonate with the findings of
Khanal et.al; (2019) opine that urbanization contributes
to decline in forest and agricultural lands. The anticipated
trends of rapidly expanding built-up areas transforming
other important land cover type in Uyo capital city align
with the recent study reported the similar scenario in the
urbanization of other major cities in developing countries
(Wang et. al., 2021).

Assessing the spatial dynamics of urban expansion
in Uyo Capital City, an analysis of satellite imagery
between 1986 and 2005 reveals that the urban expansion
predominantly extended toward the southeastern zone of
the city. Uyo Capital City is characterized by four major
arterial roads, Ikot Ekpene Road, Aka- Obot Idim Road,
Abak Road, and Oron Road which play a pivotal role
in shaping the spatial growth and directional pattern of
urban growth within the study area. These road networks
enhance accessibility and facilitate connectivity with
surrounding Local Government Areas, thereby influencing
the spatial organization of the city. Notably, the area
between Oron Road and Ikot Ekpene Road exhibited a
particularly high rate of expansion, suggesting a zone
of intensified urban development during this period.
The direction of distribution of residential structures
further indicates a concentric pattern of settlement, with
a high density of housing within the city center that
progressively decreases with increasing distance from
the urban core. This pattern is consistent with classical
urban models and reflects a typical trend of population
concentration and development intensity within central
urban areas, tapering off toward the periphery. Between
1986 and 2005 Urban expansion predominantly occurred
along major transportation corridors, notably Oron Road,
Nwaniba Road, Ikot Ekpene Road, Aka—Obot Idim Road,
and parts of the Uruan axis. The directional pattern of this
expansion suggests a pronounced growth trend toward
the southeastern, northeastern, and northwestern zones of
Uyo Capital City. This spatial expansion reflects a typical
peri-urbanization process, wherein urban development
increasingly encroaches upon rural and agricultural
landscapes. The consequence of this rapid and often
unregulated urban growth has been a marked reduction in
vegetative cover, particularly along the aforementioned
corridors. Villages such as Eniong, Afaha Etok, Ifa Ikot
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Ubo, and Mbierebe Obio, which fall within the expanding
urban fringe, have experienced substantial landscape
transformation. These areas serve as critical zones of
urban change, highlighting the spatial extent and socio-
environmental impact of expansion in the study area
during the observed period.

A comparative analysis of land use patterns between
2005 and 2024 reveals that urban expansion became
increasingly dispersed, occurring in virtually all directions
across the study area. This diffuse pattern of expansion
underscores a shift from linear or corridor-based growth
to a more radial and fragmented urban spread. Despite the
widespread nature of urbanization, significant vegetation
cover persists in the northern part of Uyo Capital City,
largely due to the presence of ravine landscapes, present
challenging topographic and geotechnical conditions
that constrain infrastructural development. Additionally,
remnant vegetation zones are observed along the
peripheries of neighboring Local Government Areas,
including Nsit Ibom, Ibesikpo Asutan, Uruan, Itu, Ibiono
Ibom, and lkono, all within the metropolitan influence of
Uyo Capital City. These fringe areas, though still semi-
rural, are increasingly under pressure from expanding
urban development. The ongoing conversion of vegetated
and agricultural land to built-up uses signals a trend of
unsustainable land use practices, with adverse implications
for agricultural productivity and food security.

NDVI time series (Figure 6, 4.6, 4.9) showed that from
1986, 2005 and 2024, the change in the vegetation in Uyo
Capital City occurred at a slower rate from 1986 to 2005
and beyond, as the vegetation (forest) decreasing rapidly
without increasing at any time of the year, in 2005 to
2024 vegetation went up and down because of its seasonal
variation, and the vegetation keep decreasing because of
built-up increased between 1986 and 2024. This decline
in vegetation could be attributed to rapid urbanization,
infrastructure development and population growth in Uyo
Capital City.

CONCLUSION AND RECOMMENDATIONS

This study provides a comprehensive assessment of
urban expansion in Uyo Capital City from 1986 to 2024,
utilizing remote sensing, GIS, and socio-economic
analysis. The findings reveal substantial land use/land
cover transformations, particularly the decline in forest
cover and agricultural land, and a significant increase
in built-up areas. NDVI analysis confirmed a notable
reduction in vegetation due to infrastructural development.
Population and economic growth emerged as the
dominant drivers of urban expansion, corroborated by
weighted average analysis, while secondary factors such
as infrastructure and policy also contributed. Farmland
loss was and land use transformations was identified as
the most critical impact, underscoring threats to food
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security and ecosystem services. The spatial pattern of
urbanization followed a concentric model driven by
road infrastructure and socio-economic dynamics, with
pronounced growth in southeastern Uyo and surrounding
LGAs. Future projections using the MOLLUSC model
suggest that by 2050, built-up areas will increase
by 79%, with corresponding declines in agricultural
land, forests, and water bodies. These findings call for
proactive, sustainable land-use strategies and integrated
urban planning to address the challenges posed by rapid
urbanization, ensuring ecological sustainability, socio-
economic equity, and spatial resilience in Uyo Capital
City and similar urbanizing regions.

REFERENCES

Abebe, G., Getachew, D., & Ewunetu, A. (2021). Analysing
land use/land cover changes and its dynamics using
remote sensing and GIS in Gubalafto district, Debre
Berhan, Ethiopia. Department of Geography and
Environmental Studies, Debre Berhan University, Debre
Berhan, Ethiopia. https://doi.org/10.1007/s42452-021-
04915-8, available online at https://www.researchgate.net/
publication/357188102. Retrieved on 19th May 2024.

Abu, S., & Taysir, H. (2009). Urban Sprawl on Agricultural
Land. Journal of Environment and Earth Science, 4(20).
Available online at https://core.ac.uk/reader/234663699.
Retrieved on 20" January, 2025.

Adedeji, A. (2018). Land Use Change and Urbanization in Sub-
Saharan Africa: A Review of Nigerian Case Studies. African
Urban Studies, 6(2). Available online at https://www.
researchgate.org/african urban studies/html, 45-58. Accessed
on 12/12/2024.

Adzandeh, E. A., Akintunde J. A., & Akintunde E. A. (2015).
Analysis of Urban Growth Agents in Jos Metropolis,
Nigeria. International Journal of Remote Sensing and GIS,
4(2), 41-50. Published online at https://www.academia.
edu/40180747. Accessed on 18th December 2023.

Agrawal, K., Chattaranjan, P., & Bhuyan, M. (2021). Impact of
urbanization on water quality. https://www.researchgate.
net/publication/350158313_Impact_of _Urbanization_on_
Water_Quality DOI: 10.1007/978-981-33-4795-3_360.
Retrieved on 15th Febuary, 2025.

Akinyemi, O. (2017, Oct.). Land change in the central Albertine
rift: Insights from analysis and mapping of land use-land
cover change in north-western Rwanda. Journal of Applied
Geography, 87, 127-138. Available online at https://www.
sciencedirect.com/. Retrieved on 22th September 2024.

Akinyemi, S. O., Hadiza, A. M., & Salau, L. T. (2020). Assessing
the Causes of Urbanization and its Impact on Housing
Quality in City of Lagos. Department of Estate Management
and Valuation, Abubakar Tafawa Balewa University, Bauchi,
Bauchi State, Nigeria. Journal of African Sustainable
Development HP www.hummingpubng.com JASD 2020 ©
June, 20(2). Publish online at https://www.researchgate.net/
publication/363729863. Accessed 14 March 2024.

51

Canadian Social Science, 21(4), 42-52

Akodewou, A., Oszwald, J., Saidi, S, Gazull, L., Akpavi, S.,
Akpagana, K., & Gond, V. (2020). Land Use and Land
Cover Dynamics Analysis of the Togodo Protected Area
and Its Surroundings in South-eastern Togo. West Africa
Laboratory of Geography and Remote Sensing COSTEL,
Université de Rennes 2, 35043 Rennes, France. Available
online at https://www.mdpi.com/2071-1050/12/13/5439.
Accessed on 20th January 2024.

Alwedyan, S. (2022). Monitoring Urban Growth and Land
Use Change Detection with GIS Techniques in Irbid City,
Jordan. School of Environmental Design, Kanazawa
University, September 2023, International review for spatial
planning and sustainable development, 11(1), 253-275.
DOI: 10.14246/irspsd.11.1.253 Available at https://www.
researchgate.net/publication/363729863. Accessed on 12th
November 2024.

Augustus, O., Daniel, O., & Ashima, B. (2018). Analysis of
land use and land cover change characteristics in Warri
metropolis, Nigeria. Department of Geography and
Regional Planning, Delta State University, Abraka, Nigeria.
International Journal of Development and Sustainability,
7(3), 1143-1168. ISDS. Available at https://isdsnet.com/ijds-
v7n3-22.pdf. Retrieved on 12th may 2024.

Bandyyopadhyay, S., & Kar, N. (2019). An inventory for land
use land cover and landform identification from satellite
standard FCC: A study in the Active Ganga Delta. Published
January 2019 DOI:10.1007/978-3-319-90427-6_11 In
book: Quaternary Geomorphology in India (pp.205-
219). Available online at https://www.researchgate.net/
publication/325260166, Accessed on 11th February 2024.

Banki, T., Sani, Y., Ishaya K., & Shittu, W. (2019). Analysis of
Urban Land Use and Land Cover Change for Sustainable
Developmentt. Department of Geography, Nasarawa State
University. Journal of Geographic information system
Vol.11 No.3, June 2019. DOI: 10.4236/jgis.2019.113021.
Published online at https://www.scirp.org/journal. Accessed
on 14th Febuary 2024.

Baoying, H., Zhijian, L., & Hui, Z. (2020). The effects of
urbanization on vegetation conditions in coastal zone of
China. First published online December 17, 2020. Sage
Journal, 45(4). https://doi.org/10.1177/0309133320979501.
Accessed on 21th November 2023.

Bhaswati, R., & Nuruzzaman, K. (2021, Aug.). Monitoring
urban growth dynamics using remote sensing and GIS
techniques of Raiganj Urban Agglomeration, India. The
Egyptian Journal of Remote Sensing and Space Science,
24(2), 221-230. Access online at https://www.sciencedirect.
com/science/article/pii/S1110982321000168. Retrieved 18th
June 2024.

Bhatta, B. (2009). Degree of Urban Sprawl and Degree of
Goodness of Urban Growth from Remote Sensing data.
India. International Research Journal of Earth Sciences,
2(3), 26-38. Available online at https://www.sciencedirect.
com/science/article/abs/pii/S0143622809000484. Retrieved
on 1st May 2024.

Copyright © Canadian Academy of Oriental and Occidental Culture



Spatial-temporal Dynamics of Urban Expansion and Land
Cover Transformation in Uyo Capital City, Akwa Ibom
State, Nigeria

Bhavika, B., Ajay, N., Patel, K., & Manik, K. (2017, Apr.).
Urban Growth Monitoring using Remote Sensing and
Geo-Informatics: Case Study of Gandhinagar, Gujarat
State (India)lInstitute of Technology, Nirma University,
Ahmedabad, India. India. DOI: 10.4236/ijg.2017.84030.
International Journal of Geosciences, 8(4). Access online at
https://www.scirp.org/journal. Accessed on 15the May 2024.

Birhan, G., & Tikuye, R. (2023). Land Use and Land Cover
Change Detection Using the Random Forest Approach:
The Case of The Upper Blue Nile River Basin, Global
Challenges, Ethiopia. Department of Geography and
Environmental Studies, Debre Tabor University, Debre
Tabor, P.O. Box 272 Ethiopia. Available online at https://
onlinelibrary.wiley.com/doi/full/10.1002/gch2.202300155.
Accessed on 4th July 2024.

Ekpo, I. E., Umoh, G. S., & Akpan, O. D. (2003). Urbanization
and environmental changes in Uyo, Akwa Ibom State,
Nigeria. Journal of Urban Planning, 3(12). Published online
at https://www.researchgate.net/publication/367379929.
Accessed on 6th April 2024.

Enisan, G., & Aluko, E. (2015). Process of Urban Land Use in
Nigeria. International Journal of Educational Research, 3,
87-100. Published online at https://www.researchgate.net/
publication/367379929. Accessed on 22nd April 2024.

Erasu, D. (2017). Remote Sensing-Based Urban Land Use/Land
Cover Change Detection and Monitoring. Journal of Remote
Sensing and GIS, 6, 196. Published online at https://www.
researchgate.net/publication/329184570. Retrieved on 14
March 2024.

Etido, E. and Samimi, C. (2019). Detection of Urban
Development in Uyo (Nigeria) Using Remote Sensing.
Climatology Research Group. Centre of Ecology and
Environmental Research (BAYCEER), University Bayreuth,
8(6), 102. https://doi.org/10.3390/1and8060102. Published:

Copyright © Canadian Academy of Oriental and Occidental Culture

52

25 June 2019 at https://www.mdpi.com/2073-445X/8/6/102.
Retrieved on 12th December 2023.

Ezeomedo, 1. C., & Ighokwe, J. I. (2012). Mapping and analysis
of land use and land cover for sustainable development
using medium resolution satellite images and GIS.
International Journal of Science and Nature, 3(4), 824-
830. Published online at https://www.researchgate.net/
publication/259390792. Accessed on 29th June 2024.

Fahad, A., & Mohamed, B. (2019, May). Change Detection in
Urban Growth of Kuwait City. International Journal of
Environmental Science and Development, 10(5). Published
online at https://www.ijesd.org/vol10/1165-D761.pdf.
Accessed on 14th January 2024.

Food and Agriculture Organization (2020). Global Forest
Resources Assessment 2020: key findings. Rome. Retrieved
from http://doi.org/10.4060/ca875en. Published online
at. https://www.fao.org/interactive/forest-resources-
assessment/2020/en/. Retrieved on 23th May 2024.

Idowu, O., Sulaiman, L., & Umar, T. (2023, Feb.) Predictors of
Urban Growth in A Peri-Urban Neighbourhood of Minna,
Niger State. Department of Urban and Regional Planning,
Federal University of Technology, Minna, International
Journal of Innovative Research and Advanced Studies
(IJIRAS), 10(2). Retrieved 25" January 2024.

Ituen, U. J. (2007). Land use Inventory and Change Detection in
a Rural Environment of Northern Akwa Ibom State, Nigeria.
Unpublished Ph. D Thesis, University of Uyo, Uyo, Nigeria.
Published at https://www.academia.edu/43359143. Accessed
14 December 2023.

Tom, A. A. (2016). Residents Socio-economic Status and their
Perception of Urban Environmental Quality in Uyo. A M.Sc.
Dissertation Submitted to the Department of Geography
and Natural Resources Management, University of Uyo.
Accessed on 15 August 2023.



