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ABSTRACT 
Landsat satellite imagery plays a crucial role in providing information on land use/cover modifications 
on local, regional, and global scales, especially where aerial photographs are missing. Monitoring land
-use changes from past to present tends to be time-consuming especially when dealing with ground-
truth information. Determining the past and current land-use change on Earth's surface using Landsat 
imagery tends to be effective and efficient when high-resolution imagery is unavailable. This study 
employed the use of Landsat satellite imagery to assess the past and present land use/cover using 
supervised classification and Normalized Difference Vegetation Index (NDVI). The result of the super-
vised classification land use/cover showed that forest cover and woodland undergo rapid loss, while 
farmland, wetland, built-up, and waterbodies tend to experience gradual loss. The NDVI demonstrated 
that farmland and forest cover was the most affected land use/cover. Hence, land use/cover of the 
study area is affected by human activities, such as intensive farming, population size, and deforesta-
tion.  
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INTRODUCTION 
Landsat satellite imagery has gained global 
acceptance in providing robust information 
on land use/cover change assessments due 
to its availability and accessibility. One of 
the abilities of Landsat satellite imagery is to 
detect and monitor land use/cover changes 
for short and long term change. These 
changes are usually caused by direct (or 
proximate causes)  or indirect changes 
(Matthiesa and Karimov, 2014). The grow-
ing population and subsequent pressure on 
soil and land resources to produce food 

calls for monitoring and evaluation of the 
direction of the resource use and associated 
changes.  
 
Sub-Saharan West Africa has witnessed 
widespread land-use changes due to defor-
estation (Ibrahim et al., 2015; Oyerinde et al., 
2015). Nigeria loses a large hectarage of land 
every year to desert encroachment especially 
in the fifteen (15) Northern States that ac-
count for about 68.38% of the Country’s 
total land area (Ebenezer, 2015). In the face 
of degrading land as a result of land use, Ni-
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geria also has the highest population growth 
rate (Oyerinde et al., 2015). Most studies 
made comparisons with land-use change 
without assessing the potentials and charac-
teristics of Landsat imagery such as Nor-
malized Difference Vegetation Index 
(NDVI) which can be used to assess defor-
estation of vegetation loss. One of the prin-
cipal goals of this study was to use the po-
tential and characteristics of Landsat image-
ry to assess the land use/cover of the study 
area using a supervised classification algo-
rithm and Normalized Vegetation Index in 
Envi 5.1 and ArcGIS 10.5 environment. It 
is therefore expedient to investigate the po-
tential and characteristics of Landsat satel-
lite imagery on land use/cover changes of 
the study area for sustainable development.  
 
MATERIALS AND METHODS 

Description of the study area 
This study focuses on Okitipupa Local 
Government Area (LGA). Okitipupa LGA 

is one of the eighteen (18) LGA in Ondo 
State, Nigeria. It lies between Latitude 6°25’ 
and 6°30’ N and Longitude 4°35’ and 4°48’ E 
within the Tropical rainforest zone of 
Nigeria. It has an area of 803 km² and a 
population of 233,565 at the 2006 
census. The area has two distinct geological 
formations; the northern part which 
comprises of Precambrian Basement 
Complex Granitic Rocks and the recent to 
tertiary sandy sediments in the central and 
southern parts of the local government area. 
The mean annual temperature is 27.0 °C and 
precipitation has a mean of 1900 mm with 
total annual rainfall often over 2000mm 
(Ajayi et al.,2010). The digital elevation model 
and the soil map were used in line with the 
easy assessment of the land use/cover of the 
study (Fig 1 and 2). 
 
 Fig 1: Digital Elevation Model of Okitipupa 
Local Government Area (LGA) in Ondo 
State,   Nigeria (The study area)  
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Fig 1: Digital Elevation Model of Okitipupa Local Government Area (LGA) in Ondo 
State,  Nigeria (The study area). 
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Fig 2: Soil map of Okitipupa Local Government Area (LGA) in Ondo State, Nigeria 
(the      
 study area) 
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STUDY METHODS 
Data Description and Image Processing 
Multi-spectral Landsat 8 enhanced thematic 
mapper (ETM) satellite data for the years 
1999 and 2019 were acquired from the 
United States Geological Survey (USGS) to 
assess the land use/cover change of the 
study area. The Landsat 8 ETM image was 
first projected to World Geographic System 
(WGS) 84 to bring it to the same projection 
with the shuttle radar topographic mapper 
and soil map of the study area. The image 
was initially enhanced to differentiate the 
various brightness values which could lead 
to contradictory appearance as a result of 
identical surfaces appearing on the image. 
The bands 4, 3 2 were used to process the 
image through ENVI 5.1 remote sensing 
software. The band combination 4, 3, 2 is 
the standard “false color” composite. Band 
3 was used to discriminate the healthy vege-
tation and also used to exhibit more con-
trast than bands 1 and 2 because of the re-
duced effect of atmospheric attenuation. 
Band 4 was used to define water bounda-
ries. The whole image was displayed as a 

strong red hue with band 4 sensing peak 
chlorophyll reflectance in which human eyes 
can easily discriminate subtle tone variations 
in this color. Therefore, the wetter the soil, 
the darker it appears, because of the infrared 
absorption capabilities of water. 
 
Land use/cover Assessment 
The land use/cover map of the study area 
was prepared using Landsat satellite imagery. 
The potential and characteristics of the imag-
es used were shown in table 1. The images 
obtained from the Landsat image are 
classified into six (6) land use/cover classes 
based on the Maximum Likelihood 
Supervised Classification (MLSC) technique 
(Table 2). The MLCS operation is carried out 
due to its good performance and easy 
classification algorithm (Anderson, J. R. 
1976: Biro, et al., 2013).  The MLCS were 
based on Anderson modified level II classifi-
cation scheme. The Area of Interest (AOI) 
for land use/cover features were further 
identified and assigned value for easy classifi-
cation.  
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Table 1: Attribute of the Landsat imagery used in the study 
Acquisition Spatial  

Resolution 
No of 
bands 

Sun Elevation Sun Azimuth Radiometric 
Correction 

13/ 12/ 1999 30 meters 8 50.29 140.57 Yes 
11/02/2019. 30 meters 11 53.83 126.04 Yes 

Table 2: Description of Land categories   

No Class name Description 
1 Built-up Area Residential, commercial, and industrial services, 
2 Forest cover Mixed forest and grass 
3 Wetland Marsh, swamps, bog, and fen 
4 Farmland Rainfed cropping, planted cropping areas. 
5 Bushland/woodland Sparse flora and fauna 
6 Waterbodies River, wetlands, lakes, ponds, and reservoirs. 
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Change Detection Techniques  
Normalized Difference Vegetation In-
dex 
Vegetation indices derived from satellite 
remote sensing data are one of the primary 
sources of information for monitoring of 
the Earth’s vegetation cover (Gilabert, et al., 
2002). Vegetation indices are usually 
developed to extract vegetation information 
from two or more spectral bands. In this 

study, land use/cover changes were assessed 
with NDVI for the years 1999 and 2019. 
NDVI is a technique that separates green 
vegetation from other surfaces, since the 
chlorophyll of healthy green vegetation ab-
sorbs red light for photosynthesis and re-
flects in the near-infrared (NIR) wavelengths 
due to scattering caused by internal leaf 
structure (Wilson and Sader, 2002). The in-
dex is calculated using equation (1): 
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Where: NIR is the spectral reflectance measurements in the near-infrared regions of band 5 
              Red is the Spectral reflectance measurements in the visible red of band 4 

Land use/cover Classification Accuracy  
Classification accuracy was performed on 
land use/cover features from 1999 and 
2019 images (Congalton and Green, 1999). 
In the absence of aerial photographs, recon-
naissance and ground-truthing proved to be 
very helpful in assessing the accuracy of the 
classification of the image. Google Earth 
Imagery was also used to confirm the land 
use/cover classification. The overall classifi-

cation accuracy was computed by dividing 
the sum of all the correctly classified pixels 
(diagonal of the confusion matrix) by the 
total number of pixels in the confusion ma-
trix while the Kappa coefficient is the pro-
portion of agreements after the chance 
agreement has been excluded. The calcula-
tion of the Kappa coefficient is similar to the 
Chi-square and is computed using the for-
mula below: 

(2)  

RESULTS AND DISCUSSION 
Result of Land use/Cover mapping 
Land use/cover of the study area showed 
that forest cover in 1999 covered 93.2 km2 
(43.7%), forest cover in the year 2019 has 
72.9 (12.0%), farmland having 264.7 km2 
(43.7%) while Farmland in the year 2019, 
covered 374.2 km2 (62.1%). The changes 
(2019) observed in built-up and farmland 
tend to increased and this could be as a re-
sult of land development in the study area. 

The land use/cover changes also showed 
that farmland has tremendously gained or 
increased which tends to affect forest cover, 
bushland/woodland, and waterbody in the 
study. The result was correlated with that of 
Oyinloye (2010) who noted that Akure has 
experienced a rapid conversion of agricultur-
al areas to urban (non-agricultural) land uses 
using the satellite imageries of 1972, 1986 
and 2002. Table 3 shows the change analysis 
of the land use/cover of the study area. 

J. Agric. Sci.  & Env. 2019, 19(1 &2): 150-158 



wood-land have undergone rapid loss with 
an area covered by 60%, while farmland and 
wetland also have a gradual change with an 
area covered by 40% (Fig 3). 
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Change Detection Assessment 
The change detection map shows that the 
study area underwent a change in land use/
cover over the twenty (20) Years period. 
The changes showed that forest cover and 

Table 3: Change analysis of land use/cover between the years 1999 and 2019 

Land use/
Cover 

Class-id                1999 2019 Change   
trend 

  

Change 
trend 

  
Area 
(km2) 

% Area 
(km2) 

% Loss 
(-) 

Gain 
(+) 

Built-up 1 23.9 3.9 36.4 6.0 0 2.1 
Forest cover 2 93.2 15.4 72.9 12.0 3.4 0 
Wetland 3 23.2 3.8 26.1 4.3 0 0.5 
Farmland 4 264.7 43.7 376.2 62.1 0 18.4 
Bushland/
woodland 

5 171.5 28.3 
80.1 13.2 15.1 0 

Waterbody 6 29.7 4.9 14.5 2.4 2.5 0 
                                               
Total 

  
606 

  
100 606 100 21 21 

Table 4. Confusion matrix of the land-cover classification map derived from the 2019 

Classified Data 

Land cover Type 

Reference Data 

      1           2            3           4         5 

Classified 

Total 

Producer’s 

Accuracy 

User’s 

Accuracy 
1 Built-up 2004 0 0 0 0 2004 99.01 100.00 

2 Forest-Cover 0 3800 113 0 0 3913 96.67 97.11 

3 Wetland 0 0 68 2803 0 2871 81.77 96.56 

4 Farmland 15 63 498 3676 22 4274 91.63 85.99 

5 Bushland/woodland 5 0 0 224 1253 1482 98.20 84.55 

6 Waterbody 0 0 14 80 1 95 98.08 34.93 

Reference Total 2024 3931 3428 4012 1276 14639     

Overall Classification Accuracy = 92.2842% 
Overall Kappa Statistics = 0.9006 
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Vegetation Assessment  
Vegetation indices based on simple 
combinations of visible and near-infrared 
reflectance, such as the NDVI have been 
widely used to monitor vegetation from 
space, both on regional and global scales. 
Classification of NDVI values were found 
to range between - 1 and 1.  However, val-
ues above 0.6 indicate dense vegetation and 
values below 0 indicating no vegetation. 

NDVI of the study shows that water surface 
ranges from 0 to -1, wetland/Bareground 0 
to 0.1 grassland 0.2 to 0.3, bushland/
woodland 0.4 – 0.5 while vegetation ranges 
from > 0.56. Knowledge of the spatial and 
temporal dynamics of vegetation is essential 
to understand the impacts of degraded land. 
Fig 4 shows the NDVI changes between 
1999 and 2019. 
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Fig 3: The change detection analysis assessment employed in ENVI 5.1  
           Environment shows changes in loss over time NDVI Assessment 
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CONCLUSION  
This study shows that Landsat imagery can 
be used to monitor land use/cover change 
effectively and efficiently. NDVI assess-
ment provides evidence for land-cover 
change that may well indicate increased/
decreased in the studied area. Specifically, 
degradation of land use/cover of the study 
area is caused by poor land management 
practices such as slash and burn agriculture, 
uncontrolled livestock grazing on fragile 
lands, and unplanned or poorly planned 
settlements. Also, the sensitivity of the nor-
malized difference vegetation index (NDVI) 
to land use/cover has generated an increas-
ing interest in the assessment of intensive 
and degraded land use/cover of the study 
area. The wide variety of land use/cover 
changes encountered on the Earth's surface 

is subjected to continuous environmental 
and temporal variations changes. The study 
reveals that Landsat imagery serves as an in-
dispensable technique in assessing land use/
cover change in the study area.  
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