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Abstract. The application of land use land cover change analysis in
assessment and monitoring of ecosystem resources ensures informed decision
regarding environmental and biodiversity protection. This study investigates
the Iwo Local Government land use land cover to detect and ascertain the
extent of the change for environmental management and policy, and to discern
an understanding to relationship between population growth and the land use
change. Landsat data was collected from United States Geological Survey
(USGS) data repository website and processed using ArcGIS 10.7 software. For
further analysis, excel analytical tool was also used to reveal pattern of change
in the data. The results showed that there has been significant increase in the
built-up area at the expense of loss of vegetation and water body land cover.
The study highlights rapid urban growth and human activities, leading to
ecosystem changes and potential impacts on biodiversity, carbon emissions,
and local climate. It is concluded that the rapid changes in land use land cover
of Iwo Local Government needs to be urgently addressed. The study
recommends urban forest initiatives and enforcement of environmental laws
as urgent actions to address the disappearance of vegetation and water bodies.

Keyword:

Environmental Management, GIS, Iwo LG, Land Cover, Land Use, Remote
Sensing

1. Introduction

Land use land cover (LULC) change analysis is central to the recent and modern way of
managing and monitoring natural resources and environmental changes. LULC change is an
interconnected phenomenon that is highly associated with natural factor, i.e. biophysical,
and anthropogenic factor, i.e. socio-economic [1]. These factors bring about climatic
change, changes in vegetation cover, alteration in landscape structures, and an increase in
CO; emission [1,2]. Land cover refers to the natural cover of the earth’s surface, which
includes water, vegetation, rocks, soil, and the man-made structures [3]. Land use refers to
the man’s modification of natural land cover, which is greatly influenced by man’s basic
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needs [2]. The land use and land cover changes are dynamic and well pronounced on the
local, regional, and global scales [4]. A 2012 survey in lwo Local Government (lwo LG)
revealed that residential buildings account for the largest land use in Iwo LG [5]. The global
urban residents’ growth is the function of increased human activities, which, in turn,
changes ecosystem LULC patterns, with significant climatic consequences at all scales [6].
In recent years, increasing population and urban growth have been a major concern that
drive research about the natural aesthetic and the built environment [7]. Water bodies
have been affected by large-scale land reclamation for urban development [8]. Natural
vegetation is being cleared for housing, creating impervious surfaces [8]. Population
increase, either through natural growth, i.e. birth rate higher than the death rate or through
migration, i.e. immigration higher than the emigration, is well associated with the urban
expansion [9]. Urban expansion and other factors related to LULC are significant to
ecosystem change. Biodiversity change, animal migration, air quality change, urban heat,
and industrialization are strongly connected to urbanization [2,10-12]. Natural land cover
and previous land use are replaced with other land use due to urban growth. Urban growth
could call for the need to open forest for agriculture or for housing and administrative
buildings, or for land conservation for aesthetic reasons and recreational use. Deforestation
has been one of the major factors for land cover change and has been the most concerning
in Sub-Saharan Africa due to its serious climate change implications [13,14]. Natural
resource demand has stressed the natural environment, resulting in deforestation and
extended agricultural practices, which are the most significant factors in LULC Change for
decades [15]. In Sub-Saharan Africa, population increase as a result of an increase in natural
growth rate and rural-urban migration has been a notable phenomenon [9,16]. The United
Nations 2024 report shows that Africa's urban population will be doubled in two decades
to come [9]. This will lead to an increase in resource utilization and expansion of cities
towards their peripherals.

In Nigeria, over the last five decades, notable urban growth and expansion have been
observed. Many Nigerian cities have experienced expansion in recent times. In Ebonyi
State, a well-pronounced LULC was detected between 1996 and 2018, occasioned by
physical expansion and robust transportation development [17]. In Lagos State, LULC was
detected between the years 2000 and 2020 as a result of increased urbanization and
population growth of Lagos City [18]. In Nguru Wetland, the LULC was detected between
2001 and 2021 with major changes in vegetation cover and loss of biodiversity [19]. There
was a notable change in Kwara and Benue State LULC between 1990 and 2020; the results
showed that water body, agricultural land, and vegetation land areas had been
transformed or converted to built-up and barren land cover [20]. In Niger State, unlike
Kwara and Benue, forest land cover is being converted to agricultural land use and built-up
areas [20]. In lla-Orangun, between the period of 1986 and 2018, about 26.36% of
forest/vegetation land cover was lost to built-up areas [21]. The built-up area land cover
increased by 103.85% at an annual rate of 3.25%, which, in turn, increased agricultural
activities by 365.7% [21]. Forest land cover continues to experience decline throughout the
study period. In Ado-Odo LG, LULC was observed between 2015 and 2023 with considerable
loss of water body and vegetation to the built-up area as a result of urbanization [22]. Iwo
LG land cover includes vegetation, built-up area, water bodies, and bare or barren land [23].
The vegetation land cover includes forest, woodland, and teak plantation [23]. The bare or
barren land cover includes agricultural land, open land, scanty grasses, exposed rocks,
sandy areas, and transitional areas [23]. The water body land cover comprises the surface
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water body, such as rivers (i.e., Osun River, Ori River, Oba River and Aiba River) and an
artificial lake (Aiba) [24]. A dam was constructed on the Aiba River in 1957 to provide water
for Iwo LG [24]. The built-up land cover includes commercial, industrial, institutional, public,
and residential building [5]. In Nigeria as a whole country, the settlement land use was 0.6%
in 1995 and rose to 8.9% in 2016 [25]. The estimation for bare surface land cover was 2.9%
in 1995, and it increased to 10.5% [25]. There is a notable depletion of Nigeria’s forest and
water body land cover between 1995 and 2016 [25].

The recent technological advancement has made it possible to monitor ecosystems’
changes in real time. Application of remote sensing, which involves data collection from
aerial sensors, has made it possible to carry out a spatiotemporal analysis of LULC change
[2, 23, 26]. Iwo LG is a rich agricultural area about 45 km from Ibadan and Oshogbo [24].
This makes it a major trading centre for cocoa, colanuts, foodstuff, yams, meat, and timber.
Iwo LG is the most populated local government in Osun State, with a total land area of 299
Km? [27] Iwo LG has recently witnessed increasing urbanization which is driven by rapid
population growth. Iwo LG had a population of 191,377 in the 2006 population census, with
an estimated annual growth rate of 2.4, which would put the population around 250,443
by the year 2016 and 283,237 by 2026 [27]. Pressure has been noticed on Iwo LG water
infrastructure due to unabated population growth and physical expansion [27]. This study
investigates land use and land cover change between 2013 and 2023 in Iwo LG, Nigeria.
Investigating the LULC change is relevant to environmental and resource management and
policy. This will offer an insight and understanding regarding the change extent and its
implication for the environment.

2. Methodology

The research was carried out using satellite imagery. The imagery was downloaded via
USGS Earth Explorer. The image type is Landsat collection 2 level 1, which is coded as
Landsat 8-9 OLI/TIRS C2 L1. The study area’s Landsat satellite imageries for the duration of
2013 to 2023 were queried using the address/place geocoding method with a cloud cover
of 10% and 30-meter resolution. The bundle images dated 18 December 2013, 01 January
2019, and 27 December 2023 were downloaded from the global visualization viewer of the
United States Geological Survey (USGS). The satellite imageries, known as raster data, were
processed using Geographic Information System’ (GIS) software, ArcGIS 10.7.1, to identify
land use change. The raster data was processed using supervised classification method.
Geoprocessing tools like data management tool, spatial analytic tool, and maximum
likelihood classification model were used. In Geoprocessing, the satellite imagery bands
were composited using raster data composite through a data management tool. This
method allows the combination of all bands into a single band known as a natural colour
composite band. Then, the symbology tool is applied to give a false colour composite. The
subsequent step is to extract the study area false colour composite band. There are several
options to do this.

In this study, a spatial analytical tool was used by placing the study area shapefile on
the false colour composite, which was later extracted using extract by mask within the
spatial analytic tool. Subsequently, the study area image classification was done using
supervised classification. In order to do this, a sample training manager was selected,
followed by drawing a polygon on the pixel value or spectral signature on the study area
extracted from the false colour image. This process allows the classification of the land
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cover into various classes. Each group of training samples represents land use land cover
classification. Each group of training samples was saved as a signature file. The signature
file was used in a maximum likelihood classification tool for change detection on the study
area raster image. The results from ArcGIS were further processed using Excel analytical for
the analysis of LULC change. In addition, relevant literature was reviewed for the study
background and for the discussion purposes. The study area map was produced from the
Nigeria administrative map shapefile using the selection tool on ArcMap which was saved
as a vector data feature class polygon. This research covers the entire administrative
boundary of Iwo LG located in the southwestern part of Nigeria on the coordinates 7°38’N
and 4°11’E (Figure 1).
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Figure 1. The study area

3. Results and Discussion

The results in Figure 2 below show that there is a significant change in the LULC in Iwo
LG between the period of 2013 and 2023. The results show that there has been a rapid
disappearance of vegetation, including forestland and woodland. The population increase
in lwo LG supports the significant disappearance of vegetation land cover, which is being
overtaken by increased built-Up areas between the period of 2013 and 2023 [27]. Iwo LG
has the largest population in the last population census as a result of increased population
growth rate and increased migration from surroundings suburbs; consequently, this has
reduced the vegetation cover as shown in Figure 2. [27].
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Figure 2. The lwo LG LULC from 2013 to 2023

This population growth and the resulting economic opportunities reshape
urbanization in Iwo LG leading to the disappearance of forestland and woodland [27]. This
is similar to Ado-Odo LULC that had a drastic reduction in forest land cover, which is being
overtaken by built-up areas between 2015 and 2023 as a result of notable urban expansion
and industrialization in the area [22]. Urban expansion in Ado-Odo has been associated
with a recent 70% population increase, mostly from nearby towns, as migration due to
economic opportunities influences [20]. In Ebonyi State, Lagos State, Nguru Wetland,
Kwara State, and Benue State, forest or vegetation land cover has been compensating for
the increase in built-up area land cover [17-20]. In the North central the loss of a
considerable percentage of thick forest has led to forced migration of farmers with a
notable threat to food security [20]. In contrast, increased agricultural land cover was
detected in Niger State between 1990 and 2020 [20] and in lla-Orangun by 365.6% between
1986 and 2018 [21]. In Katsina-Ala, lla-Orangun, and Niger state, forest land cover
compensated for crop land or farming land cover, which differs from Iwo LG, where
forest/vegetation compensated for built-up area [17, 19, 28]. The disappearance of
forestland has resulted in loss of biodiversity and increased ecological imbalance [10, 12].
The above submissions suggest that the loss of forest ecosystem is largely shaped by the
population growth, which could be influenced by both natural growth and migration.
Population growth brings about increased economic activities, i.e. forest resources for
livelihood, increased demand for shelter, increased energy demand, and increased social
cohesion, which exert more pressure on the environmental resources such as forestry. It is
noted that both in Niger State and lla-Orangun, vegetation/forest land cover has been
increasingly lost to agricultural land cover. In contrast, the loss of vegetation land cover has
been to built-up area land cover in Iwo LG. The scenario in the north central and Iwo LG
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pose threat to food security and biodiversity, while the scenario in both Niger State and Ila-
Orangun ensure food security but a threat to biodiversity.

The results in Figure 2 also show the disappearance of water bodies such as the Oba
River, Aiba River, and Aiba dam between the period of 2013 and 2023. Ogunbode et al. [27]
opined that unabated population growth is putting undue pressure on water infrastructure
in lwo LG. Therefore, population growth is the function of built-up area and the
disappearance of water bodies. There is a strong relationship, on one hand, between
population growth and the emergence of built-up areas. On the other hand, between
population growth and the disappearance of water bodies land cover. The increase in lwo
LG population has increased built-up areas and subsequently overstressed water body land
cover such as the Oba River, Aiba River, and Aiba Dam. The built-up area is not limited to
residential buildings but also includes religious buildings and the commercial centres due
to the increase in commercial activities in the study area. lwo LG is known for religious
commitment and receives considerable amount of donation from foreign countries for the
development of religious houses and centres [29]. In addition, there are notable
government development projects in lwo LG that also change the land use ecosystem in
the city. In a similar study, the migration-oriented population expansion in Ado-Odo LG
overstressed the water bodies land cover; by 2023 the water bodies land cover had lost
84.3% of its total land cover in 2015 [22]. In lla-Orangun LG, between 1986 and 2018, water
body land cover lost about 50% its size within the study period [21]. In Ebonyi State, the
water body land cover remained unchanged between 1996 and 2018 [17]. In Katsina-Ala,
water body land cover gained insignificant land cover area, unlike other areas that lost their
water body land cover [28]. This suggests an increase in artificial lakes for farming purposes.
Increased farming land cover in Katina-Ala brings an understanding to increased water body
land cover in the same area. This is due to the fact that farming requires water. Most of
these artificial lakes were constructed to harvest water for irrigation farming in a drought-
vulnerable area like Katsina Ala. In Lagos city, the water body land cover lost 17.13% of its
total size between 2000 and 2020 [18]. It is noted that in both Ebonyi State and Lagos City
forest land cover compensated much more for the emergence of built-up areas [17, 18]. In
Ebonyi State, water body land cover remained unchanged within the study period.
Meanwhile, change is detected in Lagos City water body land cover, with approximately
17.13% lost within the study period. This suggests that development of built-up area in
Ebonyi State doesn’t stress water land cover, unlike Lagos City, where land reclamation is
a well-known practice. Lagos City water body land cover lost a significant amount of its size
within the study period. In Iwo LG, the results above show that the change in barren land
cover (open land and partly covered scrubland) was so enormous between 2013 and 2019.
It suggests that vegetation/forest land cover compensated for this. But, between 2019 and
2023, barren land cover lost about 6% of its land cover while built-up land cover gained
more than 6% to its total area cover. This implies that built-up land cover was the cause of
the baren land cover loss. In a similar study in Katsina-Ala LG, for a period of 40 years,
between 1990 and 2020, bare or barren land cover neither gains nor loses significant cover
area [28]. Departing from the various scenarios above regarding bare or barren land cover,
if no mitigation measures are taken, the bare land cover will be used for residential,
commercial, and religious buildings over time in Lagos City and for farming in Niger State,
Katsina Ala, and lla-Orangun. The bare or barren land cover is not constant in gaining or
losing its size. Whichever case depends on several factors such as migration, population
increase, agriculture practice, urban growth and development, and economic engagement

48 Journal of Sustainability Perspectives: Volume 5 Issue 1, 2025



[7, 17-21]. Population growth is central to other stated factors. Population growth is the
function of economic engagement, urban growth, physical expansion, increased
agricultural practices, loss of biodiversity, loss of forestry, and urban heat.

Table 1. showing area and percentage of lwo LG LULC from 2013 to 2023
Land Use Type 2013 2019 2023

Area Percentage Area Percentage Area Percentage (%)

Barren Land 32.52 10.85 68.76  22.95 51.13 17.06
Built-Up Area  6.26 2.09 7424 2478 109.99 36.21
Vegetation 256.23 85.51 156.1 52.1 138.23 46.13
Water Body 4.63 1.55 0.53 0.18 0.28 0.09
Total 299.65 100 299.63 100 299.64 100

In the table 1 above, results show that a total of 118 km? of vegetation cover has been
lost between 2013 and 2023, with a large portion of vegetation cover disappearing
between 2013 and 2019. On the other hand, the built-up area has sharply increased by
103.73 km?, occupying a total of 36.21% in 2023 as compared to 2.09% in 2013. However,
barren land increased between 2013 and 2019 and later decreased between 2019 and
2023. The above results show that 100.13 Km? vegetation was lost to the built-up area and
the barren land. In the similar studies, loss of vegetation/forest land cover is prevalent
without exception [17-20,28]. What differs is the land cover that gains from the loss of
vegetation/forest land cover. In some cases, built-up area land cover gains form the loss of
vegetation/forest land cover [17-19]. In some other cases, farmland cover gains from the
loss of vegetation/forest land cover [20, 21, 28].

The loss of vegetation in Iwo LG suggests that there is rapid development in Iwo LG at
the expense of biodiversity loss. The potential vegetation cover that could have absorbed
CO; has been lost to built-up ecosystems which, in turn, increases the CO; emission and
prevalence of urban heat within the local climate and beyond. It is essential to state that
vegetation cover plays an essential role in maintaining environmental ecological balance.
Continuing degradation of vegetation land cover suggests unsustainable use of land
resources. In Iwo LG, between 2019 and 2023, a total of 17.64 Km? of barren land was lost
to built-up area and not to vegetation. This suggests that there has been more rapid
economic development than ecosystem restoration programs in Iwo LG. Similarly, in Ado-
Odo, 23.73km? of bare land was lost or converted to built-up areas between 2015 and 2023,
with a huge loss of vegetation land cover within the same period [22]. [22] opines that this
could be because of urban expansion and economic growth influenced by migration-
induced population growth. In Nguru, it is opined that forest is being cleared for agricultural
land, and it is a common thing among rural dwellers [19]. Waterland cover has also been
reduced significantly in the last decade in Iwo LG, Nigeria. Between 2013 and 2019, water
land cover lost 4.1 Km?, which, in turn, has great environmental and economic implications.
This is surface water body that is very important for ecological systems, plants and animal
species habitat, irrigation, pastoralism, recreation, and among others [30]. The significant
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water body disappearance in Iwo LG is well associated with the physical expansion of the
city. Water body land cover disappearance is being understood to be due to urban growth
(commercial and residential), agriculture activities, landfilling and encroachment [31]
Similarly, significant water body disappeared in Rajshahi City between 1996 and 2016 due
to urban growth. [30]. About -10.70% per year of water body was lost between 2015 and
2023 in Ado-Odo [22]. In Nguru, about 811.20 hectares of water body per year were lost
between 2001 and 2021 [19]. There was a significant loss of water body in Lagos City
between 2010 and 2020 [18]. In contrary, water body land cover of Katsina-Ala slightly
increased between 1990 and 2000 [28].
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Figure 3. Iwo LG LULC in 2013, 2019 and 2023

Between 2013 and 2023, there was a notable change and dynamic in Iwo LG land use
land cover, as shown in Figure 3 above. Within this period, barren or bare land cover gained
an average of 1.86 km? and 0.62% per year. Built-up area increased by an average of 10.37
km? and 3.41% per year. Vegetation, which includes green forest, lost an average of 11.80
km? and 3.94% per year. Lastly, the water body land cover lost an average of 0.41 km? and
0.15% of its size per year within the study period. There has been significant loss of
vegetation cover in Iwo LG, as shown in Figure 3. This suggests that vegetation cover has
been excessively cleared to pave the way for the development of the city hence
endangering the livelihoods of the Iwo LG residents while exposing the city to the likelihood
of drought, flooding, and other environmental challenges. This is similar to a submission by
[13, 14] on the consequences of deforestation practices, where they found out that
infrastructure development, agricultural practices, and resources extraction, among
others, leads to deforestation which in turn causes ecosystem disruption, biodiversity loss,
soil erosion, climate change, and other environmental consequences. The percentage of
barren land dropped from 22.95% to 17.06%, indicating 5.89% drop between year 2019
and 2023. It is important to mention that this gain has nothing to do with any intervention
to restore the lost vegetation. Rather, both vegetation land cover and barren land cover
have compensated for an increased built-up area land cover within Iwo LG. This suggests
that during the period, physical expansion is notable and significant due to population
growth and unsustainable urban growth.
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Figure 4. The dynamics of LULC of Iwo LG in a decade in area and percentage.

Figure 4 above shows the area and percentage of land use and land cover change for
a period of 10 years in Iwo LG, Nigeria. It shows that more than 100 km? of vegetation cover
was lost to built-up land use between 2013 and 2019. In the literature stated above, the
vegetation/forest land cover shows a significant negative change in Nigeria [17-22, 28]. But
the factors responsible for the change differ over time and space. In the urban areas it is
mostly caused by population growth and the need for physical expansion, as in the case of
Iwo LG [17, 18]. In the rural areas, the change to vegetation land cover is being associated
with the need for land for agriculture [20, 21]. In any case, there is a significant implication
for flooding, erosion, livelihood loss, biodiversity, climate change, and urban heat [6, 13,
14]. In Figure 4 above, it is clearly shown that water body land cover has been lost to a
greater extent, with implication for spreading diseases, food insecurity, livelihood loss, and
increased poverty [24, 27]. It is essential to state that, from the economic perspective, the
urban expansion could mean more income for the state and a source of livelihood for
individuals. But, urban expansion, from the context of the environment, degrade the
environment to a large extent.

4. Conclusion

LULC change is a crucial aspect of managing natural resources and environmental
changes. It is linked to biophysical and socio-economic factors, causing climate change,
vegetation changes, and increased CO; emissions. This study investigated land use and land
cover change in Ilwo LG, Nigeria, between 2013 and 2023, providing insights for
environmental and resource management and policy. The study found that urban growth
and human activities have led to changes in ecosystems, including the growth of built-up
areas and the loss of vegetation and water areas in lwo LG. It should be noted that the
change has been rapid and significant over a period of just ten years. The changes could
then lead to urban heat, water scarcity, livelihood lost, food scarcity, and, among others.
Iwo LG LULC change needs a holistic approach to slow down or reduce its effect on the
natural ecosystem. This suggests that, if unchecked, the results would be devastating in
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decades to come, especially for biodiversity, carbon emission, and local climatic behavior.
The rapid disappearance of vegetation and water bodies in Iwo LG needs to be urgently
addressed because of their importance to the ecological system and biodiversity. The study
recommends that urban forest initiatives should be activated. The residents and various
stakeholders should be encouraged to plant trees in the city, and effort should be focused
on the conversion of open barren land to vegetation land. It is noted from the literature
that Nigeria is losing her forest resource to urban development on one hand and to
increased agricultural practices on the other hand. Therefore, the study further
recommends that the Government of Nigeria needs to live up to her responsibilities by
enacting laws that will protect the environment. The enforcement of the law must be
ensured.
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