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ABSTRACT

Land use change is a key component of research in environmental studies. “Land use” and “land
cover” depict the information about the types of features existing on the Earth’s surface and the
physical individuality of Earth’s surface. Land use/land cover has been known to affect the
ecosystem of the environment. Therefore, there is a need to monitor the land use/land cover
within the study area. An important tool in the management of land cover/land use is remote
sensing. As such, remote sensing dataset was acquired for 17 years using the landsat imageries of
Landsat Thematic Mapper (TM)/Enhanced Thematic Mapper Plus (ETM+)/Operational Land
Imager (OLI) image data for 1986, 2003 and 2020 respectively. The downloaded imageries were
processed and reclassified using the ERDAS IMAGINE. The land use/land cover identified
within the study area was grouped into; water body, primary forest, secondary forest, swamp
forest, cultivated land and built up/bare land. The Spatio-temporal analysis of the land use
change the trend from 1986 to 2020 indicated that there is a continuous decrease in the water
body, swamp forest and primary forest while secondary forest, cultivated land is experiencing a
continuous increase. The data obtained in this research can serve as a guide to conservationists,
policy makers and concerned groups and individuals for soil resource planning, management,
conservation and distribution for sustainable soil resource utilization and sustainability. This
work proves that remote sensing can be useful in land use/land cover mapping and has shown the
variations across geologic formations of Akwa Ibom State of Nigeria.
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1. INTRODUCTION

Land use change is a key component of research in soil erosion, water resources, environmental
changes and management globally (Turner et al., 2007; Eyoh and Uboh, 2015; Karar et al.,
2020). The modification of the earth’s terrestrial surface by man is commonly known as land
use/land covers (Hassan et al., 2016, Karar et al., 2020). However, man has explored and
exploited his environment in search of resources for development and livelihood enhancement.
The study of land use and land cover changes is one of the leading areas to understand the degree
of interaction between man and his environment (Eyoh and Uboh, 2015). The terms “land use”
and “land cover” are often used simultaneously to depict maps that afford information about the
types of features existing on the Earth’s surface. Land cover refers to the physical individuality
of Earth’s surface, which captures by vegetation, soil, water bodies and other physical features of
the land (Karar ef al., 2020). Land use refers to how land has been used by humans and their
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habitat, usually for economic activities (Butenuth et al., 2017; Dibs et al., 2018). Land use and
land cover changes play a major role in global environmental changes, as they significantly
change the boundary relationship between the Earth and the atmosphere. Among the human
activities carried out, land use and land cover changes affects the hydrological systems of the
environment (Agrawal and Radhakrishna, 2007; Perumal and Bhaskara, 2010; Chimdessa et al.,
2018). The use of remote sensing as a tool in the mapping of change detection of land use and
land cover can be dated back to the 1970s (Coppock and Kirby, 1987). It has become an
important tool in managing natural resources and observing environmental fluctuations (Karar et
al., 2020). Remote sensing will help in change detection and analysis of land use and land cover
and alteration for proper understanding of the environment and its possible impact. A change in
the land cover tends to happen in an incremental manner, and as time goes on, these changes
might be fast and unexpected because of human activities (Dibs et al., 2018; Karar et al., 2020).
The availability of landsat data allows an improved monitoring and assessment of large scale
areas with land cover changes in areas of inaccessible land assessment (Kharazmi et al., 2018).
Remote sensing has been used to map deforested and urban expansion (Mansaray et al., 2016),
monitoring of the shrinkage and shifting of wetland (Ghobadi ef al., 2015) and climate change
impact (Dangles et al., 2017). The specific aim of this research was to carry out an image
generation/extraction of the spatial extent of the study area from three scenes of Landsat images;
determine the land use and land classification (LULC) and analyze the spatiotemporal change
trend of the LULC of Akwa Ibom state, Nigeria from 1986-2020 using remote sensing and GIS.

2. MATERIALS AND METHODS

2.1 Study Area

The study area was Akwa Ibom state, Nigeria and it is located within the trigonometric
boundaries of 4°32” and 5°33’ north latitude and 7°25’ and 8°25’east longitude and a landmass of
7081km? as shown on Figure 1. The climate is divided into two seasons, wet season which starts
from April to October and the dry season last from November to March. The annual total rainfall
ranges from 1875 to 2500 mm with a mean annual temperature that varies between 21°c and 29°c

and a relative humidity of 60% to 85% (Isaiah et al., 2020).
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Figure 1: Map of the Study Area
2.2 Data
A 30 meters resolution dataset of remotely sensed satellite imagery of Landsat Thematic Mapper
(TM)/Enhanced Thematic Mapper Plus (ETM+)/Operational Land Imager (OLI) image data
acquired for 1986, 2003 and 2020 respectively from the United States Geological Surveys
(USGS) was used for the land use/land cover classification and change trend analysis.

2.3 Image Processing and Data Preparation

The processing of the landsat images for change detection was carried out using ERDAS
IMAGINE Software Version 15. Radiometric calibration and corrections were done during
change detection to eliminate the image differences as a result of changing atmospheric
conditions. A similar method has been employed by (Eyoh and Uboh, 2015; Essien and Cyrus,
2019; Karar et al., 2020).

3. RESULTS AND DISCUSSION
3.1 Land Use and Land Classification of Akwa Ibom State
Table 1 show the areas and percentages of the different land use and land classification identified

within the study area from 1986, 2003 and 2020 in hectares.

Table 1: Table LULC Spatial Extent in 1986, 2003 and 2020

SN Land Use Land 1986 Area 1986 2003 Area 2003 2020 Area 2020

Cover (Ha) Area % (Ha) Area % (Ha) Area %
1 Water Body 21951.38 3.1 25845.72 3.7 20269.35 2.9
2 Swamp Forest 143048.61 20.3 103812.59 14.7 77847.44 11.0
3 Primary Forest 168413.05 23.9 195272.75  27.7 95046.10 13.5

4 Secondary forest 180529.71 25.6 180059.25  25.5 212025.80  30.1

5 Cultivated land 141142.90 20 13642530 194 159515.17  22.6
6 Builtup/Bare land 50149.71 7.1 63819.76 9.0 140531.51 19.9
TOTAL 705235.37 100 705235.37 100 705235.37 100

Six categories of land use/land cover that were processed and applied to the region of study
which include; water body, swamp forest, primary forest, secondary forest, cultivated land and
bare land/built up. . The area covered by the water body in 2003 was 25845.72 ha and was higher
than the areas in 1986 and 2020. The percentage of area covered by the swamp forest was 20.3%
in 1986, while in 2003 and 2020 the percentage area coverage by swamp forest were 14.7% and
11%, respectively. The area covered by the primary forest was given as195272.75 ha and was
higher than the areas in 1986 and 2020. Secondary forest occupied 30.1% of the total of the total land
use and land cover which is greater than the areas occupied in 1986 (25.6%) and 2005 (25.5%).
Cultivated land occupied 159515.17ha in 2020 which is higher than 1986 and 2003. In 2020, built up
occupied 19.9% of the total land use and land cover which is greater than the area covered by built up for
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1986 and 2003 covering 7.1%, occupied 9.0% respectively. The final classified land use and land

cover map of the study area

for 198

6, 2003 and 2020 are shown in Figures 2, 3 and 4.
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Figure 3: LULC Map of 2003 for Akwa Ibom
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Figure 4: LULC Map of 2020 for Akwa Ibom

3.2 Trend of Land Use/Land Cover Change in the Study Area

The trend of land use and land cover changes within the study area in 1986 and 2020 is given as
presented in Table 2. Considering 1986 and 2003, water body had an increase of 3894.34 ha,
swamp forest had a decrease of 39236.02ha in 2003, primary forest had an increase of 26859.7ha,
secondary forest had an increase of 470.46 ha, cultivated land had a decrease of 4717.6ha and
built up/bare land had an increase of 13670.05ha. From 2003 and 2020, water body had a
decrease of 5576.37 ha, swamp forest had a decrease of 19068.43ha, primary forest had an
increase of 7793.95ha, secondary forest had an increase of 23089.87 ha, cultivated land had an
increase of 76711.75 ha and built up/bare land had an increase of 5951.3ha.

Table 2: Trend of Land Use/Land Cover Change in the Study Area

SN Land Use Area Area Area Area Area
Land Cover Change Change Change Change Change
1986 2003 2020 1986-2003  2003-2020
(Ha) (Ha)

Water Body 21951.38 25845.72  20269.35 3894.34 -5576.37
Swamp Forest 143048.61  103812.59  77847.44 -39236.02 -25965.15
Primary Forest 168413.05  195272.75  95046.10 26859.7 -100226.65

Secondary 180529.71 180059.25 212025.80 -470.46 31966.55
Forest
Cultivated Land 14114290 136425.30 159515.17 -4717.6 23089.87

Builtup/Bare 50149.71 63819.76 140531.51 13670.05 76711.75
land

From the results obtained, there was a land use and land cover changes within the study area.
The total area covered by the study area is given as 705235.37ha. The increase in the water body
in (1986 and 2003) was a result of the preservation of the primary forest which had helped in the
reduction of soil erosion, siltation of the water body and increased the hydrological cycle
(Chimdessa et al, 2018). Development of the study area has led to an increase in population and
increase in land value (Essien and Cyrus, 2019). The influx of people to the study area is a result
of the strategic location of the town and state capital serene environment and peaceful
coexistence of the people and economic boom of the state (Essien and Cyrus, 2019; Eyoh and
Ubom, 2015). This has led to an increase in built up/bare land within the study area. Population
growth has led to an increase in the cultivated Land and secondary forest, while there is a
reduction of the secondary forest, primary forest and swamp forest (Essien and Cyrus, 2019).
The LULC shows the pattern of land usages and land classes within the study area which will
help in understanding the pattern for conservation purposes. The land use and land classification
(LULC) shows that most of the land within the study area will be subjected to soil erosion due to
the pattern of land use and high rainfall experienced within the study area. Swamp forests are

Nigerian Institution of Agricultural Engineers © www.niae.net
56



Journal of Agricultural Engineering and Technology (JAET) Volume 25 No 2 (2020)

being destroyed and have led to their reduction. There was an increase in secondary forest which
was affected by the previous land use pattern. Cultivated lands and built up/bare land were
exposed to soil erosion. Therefore, the land use changes signify that these changes within the
study area have significant effects on the study area through the land use and land cover which
affects the cover factor of the soil loss empirical model (USLE and RUSLE). Fertility decimation
and the need to increase the cultivation to meet up with the food demand have influenced the
increase in cultivated lands. Swamp forest and primary forest has been explored for the
cultivation of crops while population growth has influenced the builtup/barelands changes within
the study area. This study is relevant in land management erosion study. Designing and
implementation of policies can be carried out based on this research for the preservation of the
ecology.

4. CONCLUSION

Remote sensing was used to observe variations, modify, analyze and display the data from the
satellite imageries. Change detection shows that there is a progressive increase in built up/bare
land over the years, swamp forest and primary forest are being destroyed and converted into the
secondary forest and cultivated lands which have affected the watershed and have led to a drastic
reduction in the water bodies across the study area. Therefore, the land use/land cover
information provided an insight into the land use pattern, which could aid in land use planning,
distribution and management for sustainable soil resource management.
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