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ABSTRACT
The protection of ecosystem and preservation of biodiversity through the approach of geospatial
technology was the aim of this research. The channel was monitoring the spatial transformation of
the Federal University of Technology, Akure, Nigeria between year 2002 and year 2018 using
Satellite Remote Sensing and Geographical Information System techniques. Landsat 7 Enhanced
Thematic Mapper (ETM) plus of year 2002, Landsat 8 Operational Land Imager (OLI) and
Thermal Infrared Sensor (TIRS) of year 2014 and year 2018 all of 32m resolution were the satellite
images obtained for the study. These images were processed with supervised maximum likelihood
classification algorithm using ArcGIS 10.3 software. To validate the classification and ensure high
accuracy, an accuracy assessment was performed using training samples from 60 points on each of
the satellite imagery on a reference image from google earth combined with ground data collected
on actual visitation to the study area to verify the true land-cover type existing on the site. The
resultant images deemed fit for analyses were classified into built-up, thick vegetation, light
vegetation and bare land, land cover classes. Microsoft Excel spreadsheet was used to perform
land cover area calculations through which the land cover dynamics and the spatial expansion
were identified. The result showed built-up (13.58%, 14.59%, 20.75%); thick vegetation (33.78%,
26.26%, 12.18%); Light vegetation (24.57%, 32.29%, 30.51%); Bare land (28.08%, 26.26%,
36.56%) for the three years respectively. A special focus was put on the general depletion of the
(thick and light) vegetation of which trees are a major actor. This depletion was adduced to the
positive transformation of other land cover classes through the underlining landuse. The study
concluded that alteration, depletion and consequent disappearance of trees in the green ecosystem
is a threat to environment’s sustainability and the protection of ecosystem and preservation of
biodiversity. The study recommended the research as a tool to controlling the removal of trees and
thick forest, growing more trees and plants among other factors to protect ecosystem and preserve
biodiversity.
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1.0. Introduction
Jamie (2019), United Nations (2020) Szaro et al. (1998) affirmed the protection of the ecosystem and
preservation of biodiversity as inevitable in the sustainability of the ever dynamic environment, and as
an all-important concern of the global sustainable development agenda, thus requiring the attention of
the research world. The duos are two inseparable twin-concern of the United Nation (UN) in the quest
to transform the world by the year 2030 and beyond. According to Caballero (2016), the global
Sustainable Development Goals (SDGs) or "2030 Agenda" (2015-2030) is a clarion call to all
developing and developed countries to partner globally to achieve sustainable developments by the
year 2030. The quest began as millennium development goals (MDGs) in 2000 and supposed to attain
full achievement by 2015 (United Nations, 2015) but got further extended as sustainable development
goals (SDGs) to year 2030 (Caballero, 2016). In the environmental management part of these global
goals; sustainable landscape development constitutes an important transition pathway to the SDGs
(United Nations, 2017). Embedded in the sustainable landscape development are the inevitable
protection of the ecosystem and the preservation of biodiversity (United Nations, 2020). Ogunlade
(2018b; 2020a) attested that in the transition to and actualization of sustainable development goals the
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geospatial environment remains a major player. The environment is ever dynamic and the monitoring
of the dynamics remains a crucial pathway in the transition (Ogunlade, 2018a). Spatial dynamics
according to Ogunlade (2019), Igbokwe et al. (2016) is an important factor in the sustainability of of
the environment. The indicator of the dynamics of the environment is the land use land cover change
(Lackey, 1998). Hence, through the measurement of the LULC transformation, spatial expansion are
monitored thus the ecosystem and biodiversity are well managed. In the ecosystem, there is a
communal systemic interaction between living organisms (plants and animals) and their environment
non-living components. The interactions are mainly on the terrestrial or aquatic platforms. The
terrestrial interaction can be in the form of green (forest, grassland), tundra, and desert ecosystems;
while the aquatic platform is either in form of fresh water or marine ecosystems. Management of the
ecosystem is a salient in getting the best of the natural resources. Ecosystem resilience and
sustainability, and its constant evaluation are inevitable in its protection and in the preservation of
biodiversity (Meffe et al., 2013; Szaro et al., 1998; United Nations, 2020). The role and supremacy of
geospatial technology in measuring and monitoring the earth surface have become so germane in the
modern days primarily due to advent of computers, advancement in technology through availability of
sophisticated digital instrument and highly researched and innovated methodologies (Ogunlade,
2020b). In-depth multifaceted discovery, large volume of data acquisition and management, speedy
multipurpose transformation of data, diversified high level applications are some of the benefits of the
involvement of geospatial technology in the management of the environment and the ecosystem
(Oyinloye et al., 2018). Integration of Satellite Remote Sensing and GIS techniques has excelled in
the recent times above conventional techniques for speed, coverage and unlimited reach Ogunlade
(2018a, 2018b). Thus, this research premised on the rich profitability of geospatial technology to
monitor and evaluate the protection of the green ecosystem and preservation of biodiversity from the
view point of land use land cover dynamics of the study area.
2.0. Materials and Methods
Satellite images of Ondo state (Landsat ETM+ 2002, Landsat OLI/TIRS 2014, and Landsat OLI/TIRS
2018) downloaded from U.S. Geological Survey.; the boundary map of the study area from Surveying
Department Federal University of Technology Akure Nigeria; and coordinates of ground control
points through dual frequency Global Navigation Satellite System (GNSS) survey from the study
area, were the materials obtained for the research. The satellite imageries were all subjected to
algorithms of geometric and radiometric correction in ArcGIS 10.3 software environment. The
boundary map of the study area was in AUTOCAD format (.dwg file) and was converted to shape-file
(.shp) in the ArcGIS 10.3 environment and used to clip out the study area from the satellite imagery.
To enhance visualization of features in the imagery, creation of false colour composite images was
performed using ArcGIS 10.3 (Figure 1) by the combination of Near Infrared (NIR), Red (R) and
Green (G) bands of each imagery (Table 1).

Figure 1: False colour composite for each year of study
Table 1: Landsat band combinations.
Image
Spectral Band Combination
Spectral Band Names

2002 (Landsat 7 ETM+)
4,3,2
NIR, Red, Green

2014 Landsat 8 (OLI/TIRS)
5,4,3
NIR, Red, Green

2018 Landsat 8 (OLI/TIRS)
5,4,3
NIR, Red, Green

To further enhance visualization of features in the composite images, ESRI pan-sharpening method in
ArcGIS 10.3 was performed on the composite images by fusing the higher-resolution panchromatic
8th band of each Landsat image with the low spatial resolution composite image.
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The image classification was performed using supervised classification with maximum likelihood.
The images were classified under the following four classes in Table 2.
Table 2: Showing the LULC classes and description
LULC classes

Description

Built up Areas

Residential (staff quarters and student hostels), academic and administrative
buildings, commercial centres, all other levels of housing

Thick vegetation

Heavy green areas, thick forest and trees.

Light vegetation
Bare land

Grassland, horticultural gardens, farmlands, vegetated open spaces
Sand plains, non-vegetated areas (pavements, rocks, roads, open spaces)

To validate the classification and ensure high accuracy, an accuracy assessment was performed to
compare the classified image to what actually obtained on the ground. Training samples from 60
points on the each of the satellite imagery were used on a reference image from Google earth
combined with ground troth data collected on actual visitation to the study area to verify the true landcover type existing on the site. The ground troth data was compared with the classified image and it
was discovered to have relatively matched with what was obtainable on the image. The high number
of training samples was chosen due to the fact that the areal extent being studied is small, hence the
need for more training sample to ensure a high accuracy of classification. The size of the study area
helped in actual visitation for on-the-site verification.
2.1. Land cover/use Area Calculation
After image classification, the area covered by each LULC class was calculated with Microsoft Excel
spreadsheet using the formula:
𝐴=

𝐶𝑡 . 𝐶𝑠2
10000

(1)

where:
A
Areal extent of each LULC class in Hectares
Ct
COUNT, the number of pixels in a LULC class. The COUNT value for each class
was obtained from the attribute table of the classified map.
CS
Cell size of the classified image for each year, which was 15m by 15m.
3.0. Results and Discussions
Four land cover classes were generated from the supervised image classification performed (Table 2).
The areal extent for each land cover class in each year was calculated using Microsoft Excel
spreadsheet and tabulated (Table 3). The corresponding landuse/landcover (LULC) maps were
generated for the year 2002 (Figure 3), 2014 (Figure 4) and 2018 (Figure 5). The transformation that
occurred within the LULC classes in the epochs of study was calculated (Table 4).
Table 3: Areal extent of LULC classes
Year

2002

LULC Type
Built Up
Bare Land
Thick Veg.
Light Veg
Total

Ogunlade, 2021

(Ha)
78.48
162.25
195.19
141.98
577.89

(%)
13.58
28.08
33.78
24.57
100.00

2014
Areal extent
(Ha)
(%)
84.33
14.59
151.76
26.26
155.21
26.86
186.59
32.29
577.89
100

2018
(Ha)
119.90
211.25
70.40
170.33
577.89

(%)
20.75
36.56
12.18
30.51
100
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Table 4: LULC Transformations in two epochs
Year
LULC Type
Built Up
Bare Land
Thick Veg.
Light Veg

2002
(%)
13.58
28.08
33.78
24.57

2014
Areal Extent
∆% (%) ∆%
1.01 14.59 6.16
-1.82 26.26 10.3
-6.92 26.86 -14.68
7.72 32.29 -1.78

2018
(%)
20.75
36.56
12.18
30.51

Figure 3: Land use/Land cover map of FUTA in 2002

Figure 4: Land use/Land cover map of FUTA in 2014

Figure 5: Land use/Land cover map of FUTA in 2018
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The transformation in the land cover classes for the two epochs in Table 4 showed that Built-Up and
Bare Land classes had an appreciable gain of 7.17% and 8.48% respectively. These are all at the
expense of the thick forest with an overall loss of 21.8%. Light vegetation has commenced depletion
by 1.78% in the second epoch. The overall perception is shown in Figure 6 and the transformation of
individual land cover class is shown in Figure 7.
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Figure 6: Overall view of the land cover transformation in the two epochs
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Figure 7: Individual land cover transformation
Observation in Figure 7 showed that the green ecosystem (vegetation land cover) is suffering the
overall loss. There was a reduction of the light vegetation to -1.78 between 2014 and 2018, a space of
four years. Worse still the thick vegetation depleted by a lump sum of 14.68% within a space of four
years! All these are ripple effect of positive transformation of other land cover through the underlining
landuse (Ogunlade 2018a). The ripple effect majorly affects the thick forest (trees) which are being
lost at very alarming rate!
3.1. Effect of vegetation (green ecosystem) loss on the Ecosystem and Biodiversity
Szaro et al. (1998); Lackey (1998); Meffe et al. (2013) attested that humans are the life wire and the
colour of the ecosystem. NC State University (2021), Precision Land Scape and Trees (2021),
Keystone Ten Million Trees Partnership (2021) observed that plants are a carbon-sink in the
ecosystem as they absorb carbon dioxide released by man and release oxygen that is highly needed for
the survival of man. According to the findings of Treepeople (2020), UNFAO (2016) research has
shown that a single tree can absorb up to 150kg (330lb) of CO2 in a year. Thus plants reduce carbon
emission. A deficiency in the plant-man carbon-sink flow amounts to danger for the man such as illhealth, social vices, and even death. Russell (2014), Christopher (2019), Precision Land Scape and
Trees (2021) observed that man do experience more stress due to harsh weather as climate change
are escalated by atmospheric pollutants.
Absence of green ecosystem makes stress to sky rocket. Christopher (2019) revealed that from
research into magnetic resonance imaging (MRI) scan, cities and natural features receives different
perception in our brains. He explained that while cities are found in the part of the brain responsible
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for hostile environments, natural features are found in the part of the brain responsible for empathy
and compassion. Thus, according to INSH (2018) the presence of the green ecosystem regulates the
brain’s hostile perception of the city’s harsh environment in city inhabitants thereby cushioning the
inevitable anxiety, depression and aggression in an already violent, de-stabilized world.
The loss of the green ecosystem will make the city environment louder. Szaro et al. (1998); Lackey
(1998); Meffe et al. (2013) attested that trees are good absorber of sound waves. Thus trees and green
vegetation thus protect the ecosystem by attenuating the noise resulting from traffic and construction
(United Nations 2020).
Loss of the green ecosystem according to Treepeople (2020) and UNFAO (2016) exposes the whole
ecosystem to direct sun’s rays resulting to severe temperature change. Bau-Show and Yann-Jou
(2010) and Extension (2019) revealed that the ecosystem can be cooled by trees by as much as 45°F.
Temperature change is a major actor in the sustainability of the ecosystem.
Green ecosystem enhances the quality of fresh air (INSH 2018). Russell (2014); Christopher (2019);
Precision Land Scape and Trees (2021) affirmed that trees supply oxygen which is major in the
survival of not only man but many living organisms. Oregon Forest Research Institute (OFRI) (2020),
Precision Land Scape and Trees (2021) and Russell (2014) observed that from research, a supply of
oxygen from an acre of trees can sustain 18 people per day. Thus the quality of air drops where the
green ecosystem is absent or depletes (INSH 2018, Extension 2019).
Loss of green ecosystem affects the terrain. According to John (2010); NC State University (2021)
and Treepeople (2020), trees are natural water filters. Trees and grasses filter heavy down pour and
prevent free flow of storm water thus preventing topography hazards like erosion, landslides and
flooding. Voichita (2005) with Treepeople (2020) and UNFAO (2016) agreed that trees protect the
soil by absorbing the water that can cause increased run off resulting in higher mud and sediments
getting into our water reserves thus making water becoming unsafe for drinking and contaminated for
growing foods
Olivia (2018) attested that green ecosystem brings a welcoming environment and that research has
shown that there is more violence where there is less green economy. Recreation, relaxation and
sports that take the mind from crime and many vices thrives more in green ecosystem like under trees,
on green grassland etc. (INSH 2018). Thus, absence of green ecosystem is a breeding medium for
crimes of all sorts (Olivia 2018).
Green ecosystem boosts commerce and productivity. Oregon Forest Research Institute (OFRI) (2020),
Szaro et al. (1998). Russell (2014), Precision Land Scape and Trees (2021) attested that research has
shown that trees grow sales and that for instance, on tree-lined streets consumers shop longer and pay
10% more for goods. Treepeople (2020) and UNFAO (2016) observed that people tend to be
comfortable buying where there are trees, grassland than just open spaces. View of nature according
to Christopher (2019) and INSH (2018) has been found to enhance health as workers who do not have
a view of nature from their desks call in sick 23% more often.
4.0. Conclusions
Investigation of the depletion of the green ecosystem and its attendant consequences have been the
platform upon which the possibility of the protection of the ecosystem and preservation of
biodiversity was examined. The wellbeing of the ecosystem is a major factor in the achievement of
the Sustainable Development Goals (SDGs), and the protection of the green ecosystem is vital to the
survival of the rest ecosystem as it directly affect the man who is the main player in the survival.
From the approach of geospatial technology adopted for the study, it was discovered that there was
transformations in the land cover of the study area in the year 2002, 2014 and 2018 studied, and a
corresponding glaring depletion of duo component the green ecosystem: the thick vegetation (33.78%,
26.26%, 12.18%) and Light vegetation (24.57%, 32.29%, 30.51%). The transformation in the land
cover classes for the two epochs 2002-2014 and 2014-2018 were examined and showed an
appreciable gain of 7.17% and 8.48% for Built-Up and Bare Land classes respectively at the expense
of the thick vegetation (forest) with an overall loss of 21.8%. Light vegetation was observed to
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commence depletion by 1.78% in the second epoch. These depletion bears generally on the green
ecosystem, and the trees are the major actor in the transformation. The alteration and depletion of the
green ecosystem and the consequent disappearance of trees is observed to pose very gruesome threat
on living and life in general. The sustainability of the environment has become questionable and
doubtful, thus endangering the protection of the ecosystem and preservation of the biodiversity.
Unstable sustainability of the environment does not guarantee a protected ecosystem or a preserved
biodiversity (UNFAO 2020).
Consequent upon the findings in this research and the corresponding grave consequences observed the
study hereby recommend that the regulation and control of the removal of the green ecosystem
(vegetation) around us should be taken with all seriousness so as to ensure a proper protection of the
ecosystem and preservation of the biodiversity. The various consequence of the disappearance of trees
should be avoided by the replacement of felled trees and strong afforestation. The ecosystem and
biodiversity must be consciously protected and preserved. The soil and the terrain require great
preservation from climatic conditions: direct heat from the sun, erosion, flooding and many natural
and anthropogenic hazards of the environment. The negative consequences observed and envisaged
must be avoided while the positive consequences should embraced at all governmental and most
especially individual level. There is need for public education and awareness at all level on the
protection of the ecosystem and the preservation of the biodiversity as a matter of urgency, spelling
out in clear terms the implication and the benefits to mankind’s survival.
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