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ABSTRACT
The study looked at the application of Remote Sensing and Geographic Information Systems in
the landuse pattern in Akinyele Local Government Area of Oyo state; this is with the aim of classifying
the area into the four basic classes observed in the study area. Landsat8 imagery with 30m by 30m
resolution within path 191 and row 55 was downloaded, administrative boundary of the local
government was used to clip the image using ArcGIS software and bands’ combination was done. Bands
7, 5 and 4 were combined to produce the composite image that gives natural colours for easy
identification of features using supervised classification method. The study area was categorized into
built up, vegetation, bare ground and water body. During the course of the study, it was gathered that
the area has 56.84% vegetation, 39.61% built up, 3.32% bare ground and 0.23% water body. Confusion
matrix was adopted for accuracy assessment. At the end, it was shown that the study had an overall
classification accuracy of 83.67% and the Kappa Index is substantial at 0.77. Therefore, it was concluded
that supervised image classification method is suitable for landuse classification and the results obtained
are reliable.
Keywords: Remote Sensing, resolution, Kappa Index, Confusion matrix and classification, Geographic
Information Systems, GIS
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1. INTRODUCTION
Land is the source of all material wealth; from the available land we get everything that
we use of value, whether it is food, clothing, fuel, shelter, metal or precious stones and
availability of land is the key to human existence and its distribution and uses are of vital
importance [1]. This is the more reason why constant monitoring and modelling of land is
important and hence the need for this study. Landuse change models according to [2] are tools
for understanding and explaining the causes and consequences of landuse dynamics. They
believed that in recent times, new models, combining knowledge and tools from biophysical
and socio-economic sciences, have become available which has resulted in spatially explicit
models focussed on patterns of change as well as agent-based models focused on the underlying
decision processes.
These recent developments they opined has improved the use of landuse change models
in environmental impact studies. A new promising future development is the incorporation of
dynamic feedbacks between changing landuse and changing environmental conditions and vice
versa [2].
Landuse and landcover information is required for policy making, business and
administration purposes according to [3]. [3] Agreed and documented that the data gotten from
the process of Landuse / landcover classification are crucial for environmental protection and
spatial planning. Landuse classification is vital because it gives data which can be used as input
for modelling especially the one dealing with the environment. However, Remote sensing and
GIS methods remain the data gathering technique for these data sets and are not quite error free.
Landuse and landcover are often being mistaken in their actual meanings especially to
beginners in the field of Remote Sensing and Geographic Information Science. [4] Made a clear
distinction between landcover and landuse by explaining landcover as the natural surface of the
earth undisturbed by human activities. The landcover in the words of [4] represents vegetation,
natural or man-made features and every other visible evidence of landuse. On the other hand,
they described landuse as the use of land by humans. The study here is primarily concerned
about the landuse analysis.
Remote sensing is the main source of several kinds of thematic data critical to Geographic
Information Systems analysis including data on landuse and landcover characteristics according
to [5]. It was also believed by the duo that Aerial and Landsat satellite images are frequently
used to evaluate landcover distribution and to update existing geospatial features. This
according to them has brought about introduction of remote sensing systems and image
processing software in the landuse / landcover analyses in recent time. However, [6] opined
that accelerated usage of remotely sensed data sets and its associated techniques has made
geospatial processes faster and powerful, and that the increased complexity also creates
possibilities for error. In other to be able to check these errors presented by digital imagery, the
need to have accurate assessment of the whole process is a vital process [7].
The landuse management records whether analogue or digital cannot be traced to any
office or archive since the advent of Remote Sensing and Geographic Information studies in
Nigeria. Concerted efforts have been put in place to map parts of the country including Akinyele
Local Government area of Oyo State because landuse management of the area had not been
done.
This is a more reason for this study with a view to come out with the landuse pattern of
the area and such information sent to the appropriate quarters for management purposes.
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Figure 1. Map of the Study area.
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The aim of the study is to make use of Remote Sensing and GIS methods to study land
cover pattern of Akinyele Local Government area of Oyo State with a view to produce results
that will be useful in the management of the available resources in the area.
The objectives include designing a spatial database for identified landuse pattern in the
project area; identifying features of interest in the study area such as water bodies, forested area,
built up areas, farm land and bare ground; classifying the local government area into the various
land uses; creating database for the identified land uses using ArcGIS software; production of
information for a Decision Support System.
The study looked at the available pattern and stopped at that expecting further study on
the use and management of the available resources in the study area. The study area is Akinyele
local government area of Oyo state. It lies within latitudes 7º 25ʹ 00ʺN and 07º 42ʹ 39ʺN of the
Equator’ and; longitudes 03º 39ʹ40ʺE and 04º 07ʹ 00.23ʺ E of the Greenwich meridian
respectively (Figure 1). The main occupation of the inhabitants in this local government is
farming while women and the elderly men engage in petty trading. The Nigeria map consisting
of the 36 states making up the country is shown and Oyo State is also shown with the 33 Local
Government Areas making up the state. The study area map is shown as the third map showing
locations and the major road networks in the study area.
Since the study looked at the landuse of Akinyele Local Government Area of Oyo State,
it is true that there is a relationship between man and the environment because man ignites the
factors responsible for the changes in the environment. However, [8] in 2016 submitted that
man depends on the environment for survival, and the environment also depends on man for
sustenance. The relationship between man and his environment is the determinant of health.
They went further to state that as a result of man’s continuous actions and activities, the
environment has prospered and it has also been degraded. The degradation of the environment
has led to climate change, ozone depletion, global warming, and many other drastic changes.
All the effects of environmental degradation listed threaten the health of community members
by causing air pollution, extreme heat, infectious diseases, drought, flooding, and extreme
weather [8]. The landuse study of Akinyele Local Government Area is necessary so as to note
and document from time to time the changes in the classes of landuse discussed for remediation
if there is need for such.
[9] Reviewed the current knowledge and understanding of carbon processes in the
terrestrial ecosystem with a view to reducing soil carbon losses by optimizing land-use and land
management. It is necessary because the processes are important in determining soil fertility,
quality and health as well as consequences for future environmental change scenarios which is
one of the objectives of study under review. [10] Also listed the benefits from production of
landcover maps to serve variety of purposes of government, public, private and national security
applications besides being used for regional landscape planning and resource management.
This is important in a country like Nigeria where security remains the bane of the
government at all levels.

2. MATERIALS AND METHODS
[11] Recognized GIS as one of the advanced scientific means through which planning
can be carried out in a realistic, accurate and effective way and can also save costs and time.
[12] Used GIS models as tools for simulation models in landscape planning and management
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for Decision Support System. A digital change detection analysis is performed with the help of
Geographic Information System (GIS) on the Remote Sensing data spanning over last 20 years,
complemented by in-situ data and ground truth information [13, 24-28].

Figure 2. Image of Band Combination of Akinyele Local Government

[14] Opined that remotely sensed data play an important role in production of Landuse
and Landcover maps. [14] went further to submit that image classification is a way of allocating
landcover classes into pixels while image identification/recognition is a way of identifying an
object or a feature in a digital image. Various classification approaches have been developed
and adopted to produce landcover maps; they range in logic from supervised to unsupervised;
parametric to non parametric; to non-metric, or hard and soft (fuzzy) classification, or per-pixel,
sub-pixel and pre-field as documented by [15].
Generally, there are two major sources of data into a Geographic Information System;
they are primary and secondary data sources. For the study, secondary data were used; Landsat
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imagery of January, 2020 was acquired and the shapefile of Akinyele local government area
was used to clip the area from the Landsat imagery which has a 30m by 30m resolution and as
such served as the study area. Field survey was carried out to locate and validate the satellite
imagery gotten. The features considered for the study include water body, vegetation, bare
ground and built up area.
[16] Found out that digital image data is usually encoded as a tensor of the dimension
(height × width × color channels) from their work in 2019. They performed augmentations in
the color channels space as another strategy that is very practical to implement. Augmentations
are not the case in this study but bands combination. The downloaded imagery contains 11
bands out of which bands 7,5,4 were combined to give natural colours of the features considered
for the study. The entities identified included vegetation (which also included the farm land),
bare ground, built up area (with the amenities built within the study area) and water bodies in
the study area. The downloaded file was zipped and that required extraction using the WinRAR
application. The extracted file contained imagery with 11 bands from where bands 7,5,4 were
combined as earlier stated to give the natural colours of the features as shown in Figure 2.
The boundary shapefile that was used to delineate the study area was gotten from the
National Population Commission (NPC) Cartography Department. The shapefile was in WGS
1984 while the image downloaded was in UTM Zone 31. Cropping images according to [16]
can be used as a practical processing step for image data with mixed height and width
dimensions by cropping a central patch of each image; cropping will reduce the size of the input
such as (256,256) → (224,224), the shapefile of the image was used to crop the boundary of the
Landsat image downloaded.
Map projection technique was used to bring the two data from different coordinate
systems into a common coordinate system. This is also called image rectification in the
literature and it has several degrees of freedom. It is used in Geographic Information Systems
to merge images taken from multiple perspectives into a common map coordinate system. The
product is shown in Figure 3 showing the cropped study area from Landsat image downloaded
and then processed so that only the study area landuse was used in the classification and the
excess data outside the study area discarded immediately.

Figure 3. Clipping of the image with the Local Government Area boundary
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[17] Submitted that supervised classification identifies the information classes examples
that are the land cover type of interest in the image which are known as training sites. This is
followed by signature analysis stage and it involves the development of characterization as the
range of reflectance on each band or can be taken as far as computing the mean, variances and
covariance above all bands. Once the statistical characterization had been achieved, the image
will be classified as by examining the reflectance for each pixel and making a decision about
which of the signatures it resembles most. Unsupervised classification on the other hand, is a
method that examines a large number of unknown pixels and divides them into a number of
classes based on the natural groupings present in the image value [18].
Supervised classification is normally defined as the process of samples of known identity
to classify pixels of unknown identity and that samples of known identity are those pixels
located within training areas [4]. Once this was achieved, a database was created to allow for
the update of secondary information about these features in the study area. Unsupervised
classification on the other hand from the work of [19] is easy to apply, does not required analyst
specified training data and is widely available in image processing and statistical software
packages and it automatically converts raw image into useful information in as much as there
is higher classification accuracy. The only shortcoming according to [14] is that classification
process has to be repeated if new data samples are added. Hence, ArcGIS software was used to
embellish the information into maps and results shown in Tables and Charts for a Decision
Support System (DSS) for the implementation of the suggestions from the study.

3. ANALYSES AND RESULTS
From the local government shapefile used for the study, it was deduced that the total area
covered was put at 51,496.993 Hectares. The composite map of the study area is shown in
Figure 4. It shows the landuse pattern and the road networks in the study area. It also shows
some landmarks like the International Institute of Tropical Agriculture (IITA), the Local
Government Secretariat at Moniya and the water bodies scattered around the study area.
[14] Classified the landcover into Soil, Water and Vegetation in their work in 2017. By
using the appropriate tools in ArcGIS software for image classification, the study area was
classified into four main classes; Built up area where buildings and other amenities were built
and covered a total of 20,396.170 Hectares; water body covered an area of 122.413 Hectares,
bare ground was 1,709.750 Hectares and vegetation cover took 29,268.660 Hectares. The
percentages of built up, water body, bare ground and vegetation are given as 39.61%, 0.23%,
3.32% and 56.84% respectively. The summary is shown in Figures 5a, 5b, 5c and 5d and in
Table 1.
Table 1. Table of Area covered by the categories of Landuse.
S/N

Features

Area (Ha)

Percentage of Total

Grid Code

1

Built Up

20,396.170

39.61

19

2

Water Body

122.413

0.23

1
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3

Bare Ground

1,709.750

3.32

12

4

Vegetation

29,268.660

56.84

35

5

Total

51,496.993

100.00

Results in Table 1 are shown as a Chart in Figure 6. Cartographic colours were used to
separate the groups for easy identification. Built up is shown as black, water body as blue, bare
ground as brown and vegetation as green colour. The categories were also assigned grid codes
for the system. Built up was assigned 19, water body with 1, bare ground with 12 while
vegetation was assigned with 35. The classification that gave the results displayed in Table 1
was subjected to accuracy test by using Confusion Matrix. Confusion matrix is used in Remote
Sensing to ascertain the level of accuracy in the classification of landuse into its various
categories. In this case, the four categories are Built Up, Water Body, Bare Ground and
Vegetation.

Figure 4. Composite map of the Study Area
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Figure 5a

Figure 5b

Figure 5c

Figure 5d

Table 2. Accuracy Assessment using Confusion Matrix
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Figure 6. Bar Chart of Area covered by the categories of Landuse

Table 3. Summary of Accuracy Assessment

S/N

Class

Class value

P_Accuracy
(%)

U_Accuracy
(%)

Kappa Index

1

Water body

C_1

100

100

0

2

Bare ground

C_12

100

20

0

3

Built up

C_19

75

100

0

4

Vegetation

C_35

81

100

0

5

Kappa Index

0

0

0

0.77

Table 2 shows the results obtained after subjecting the classification by the software to
Confusion matrix. From the table, it was shown that user accuracy ranges from 20% to 100%,
the broad range of accuracy indicated confusion of bare ground with the other categories of
classes while the producer accuracy ranges from 75% to 100%. This implied that despite the
fact that supervised classification method was adopted; the implication of the result is that extra
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care was adopted while choosing the sample points on the processed imagery. The built up and
vegetation returned 75% and 81% accuracies respectively. On the whole, the study had an
overall accuracy of 83.67% and Kappa coefficient (k) of 0.77 which is significant for further
studies and decision making. In the words of [20], a Kappa coefficient equal to 1 means perfect
agreement where as a value close to zero means that the agreement is no better than would be
expected by chance. The kappa coefficient is not an index of accuracy, indeed it is not an index
of overall agreement but one of agreement beyond chance and also that chance agreement is,
however, irrelevant in an accuracy assessment [21]. The summary of the classes and the
accuracy values is shown in Table 3.

4. CONCLUSION AND RECOMMENDATIONS
4. 1. Conclusion
Results in this work have shown the categories of landuse of Akinyele Local Government
Area of Oyo State, Nigeria using supervised classification method with the use of ArcGIS
software. This simply demonstrated the application of Remote Sensing and GIS in Landuse
detection analysis. The study has also revealed that remotely sensed data (imageries) are
important and extremely useful in mapping and monitoring the dynamics of landuse because
they are the basic datasets for such study. It is hereby concluded that the methodologies adopted
and the results at the end of the study demonstrated the capabilities of GIS and similar tools in
solving spatial problems and also can serve as dynamic apparatus in providing information that
aid decision making in our constantly changing world in this era of climate change.
4. 2. Recommendations
Settlement expansion and vegetation have been highlighted as major factors behind
landuse changes in the area. It is therefore recommended that continuous data collection,
analysis interpretation and updating of data concerning developments in the area is required to
monitor the developments for quick response in decision making by appropriate authorities.
There is a need to also develop a sustainable strategy that would encourage long term economic
development and conservation of our natural forest and fertile agricultural land in the area.
Further study is also recommended to monitor the changes in the study area so that epochs can
be compared to be able to know which of the categories are diminishing or on the increase in
terms of size.
[22] Suggested in his work that drones can be used in maintenance inspections of
infrastructure, broad scale environmental impact assessment, and numerous other examples like
emergencies operation as found in the work of [23]; which can also be used in the study area to
monitor developments and even the level of compliance because of the high resolution, real
time access to information advantages drones have over the convection information gathering.
The future may reveal new applications for drones as can be used in environmental monitoring.

References
[1]

Didigwu, A.U. Challenges of the Land Use Act and Its Consequence. International
Journal of Architecture and Built Environment 9 (1), 2009

-26-

World Scientific News 162 (2021) 16-28

[2]

Veldcamp, A. & Verburg, P.H. Modelling Land Use Change and Environmental
Impact. Journal of Environmental Management 72 (1-2) (2004) 1-3

[3]

Disperati, A., Gonario, S. & Virdis, P. Assessment of Land Use and Land-Cover
Changes from 1965 TO 2014 in Tam Giang-Cau Hai Lagoon, Central Vietnam. Applied
Geography 58 (2015) 48-64

[4]

Olaniyi, S.S. & Qaadri, J.A. Comparative Study of Theories of Change Detection
Methods in Landuse and Landcover Using Remote Sensing Techniques. International
Journal of Scientific Research in Science and Technology 4 (10) (2018) 257-267

[5]

Merchant, J.W. & Narumalani, S. Integrating Remote Sensing and Geographic
Information Systems. Natural Resources 216 (2009)

[6]

Murty, P.S. & Tiwari, H. Accuracy assessment of Land Use Classification - A Case
Study of Ken Basin. Journal of Civil Engineering and Architecture Research 2 (2015)
1199-1206

[7]

Congalton, R.G. A Review of Assessing of Classifications of Remotely Sensed Data.
Remote Sensing of Environment 37 (1991) 35-46

[8]

Ajike, S. & Anjolajesu, A. Examining the Lagos Green Initiative: A Case Study of
Kosofe Local Government. International Journal of Sustainable Land use and Urban
Planning 3(3) (2016) 1-7

[9]

Dawson, J.J.C. & Smith, P. Carbon losses from soil and its consequences for land-use
management. Science of the Total Environment 382 (2-3) (2007) 165-190

[10] Aplin, P. & Atkinson, P.M. Predicting missing field boundaries to increase per-field
classification accuracy. Photogrammetric, Engineering & Remote Sensing 70 (1) (2004)
141-149
[11] Al Kassawneh, O. The use of GIS in Urban Planning in Irbid City. Journal of
Geographic Information System. 7 (4) (2015)
[12] Lauro, G. Simulation Models and GIS Technology in Environmental Planning and
Landscape Management. Journal of Geographic Information System. 5 (3) (2013)
[13] Samanta, S & Pal, D.K. Change Detection of Land Use and Land Cover over a period
of 20 years in Papua, New Guinea. Natural Science 8 (3) (2016)
[14] Adewuyi, G.K., Babatunde, A.A. & Aderinkomi, S.A. Remote Sensing and GIS
Application in Image Classification and Identification Analysis. Journal of Research in
Environmental and Earth Sciences. 3 (5) (2017) 55-66
[15] Kenchel, J., Naumann, S., Heiler, M. and Siegmund, A. Automatic land cover analysis
for Tenerife by supervised classification using remotely sensed data. Remote Sensing of
Environment 86 (4) (2003) 530-541
[16] Shorten, C., & Khoshgoftaar, T.M. A survey on Image Data Augmentation for Deep
Learning. Journal of Big Data 6 (60) (2019)
[17] Eastman, J.R. Raster Procedures for Multi-Criteria/Multi-Objective Decisions.
Photogrammetric, Engineering & Remote Sensing 61 (5) (1995) 539-547

-27-

World Scientific News 162 (2021) 16-28

[18] Balasubramanian S. & Seldev, C. C. Image Classification through integrated K-means
algorithm. International Journal of Computer Science Issues Vol. 9, Issue 2, No 2
(2012) 518-524
[19] Langley, S.K., Cheshire, H.M. & Humes, K.S. A Comparison of Single Date and Multitemporal Satellite Image Classification in Semi-Arid Grassland. Journal of Arid
Environments 49 (2) (2001) 401-411
[20] Rwanga, S.S. & Ndambuki, J.M. Accuracy assessment of Land Use / Land Cover
Classification Using Remote Sensing and GIS. International Journal of Geosciences 8
(04) (2017)
[21] Foody, G.M. Explaining the unsuitability of the kappa coefficient in the assessment and
comparison of the accuracy of thematic maps obtained by image classification. Remote
Sensing of Environment 239 (2020)
[22] Gallacher, D. Drone Applications for Environmental Management in Urban Spaces: A
Review. International Journal of Sustainable Land Use and Urban Planning 3 (4)
(2016) 1-14
[23] Gunes, A.E. & Kovel, J.P. Using GIS in Emergency Management Operations. Journal
of Urban Planning and Development 126 (3) (2000)
[24] S. O. Ibrahim, K. G. Ugbena, Y. Baba, Application of Remote Sensing and GIS
Techniques in Characterizing Groundwater Zones in Nabor Hwoll, Jos North, North
Central Nigeria. World Scientific News 161 (2021) 28-44
[25] H. O. Nwankwoala, T. Igbokwe, Assessment and Mapping of Gully Erosion Geohazards in Agulu – Nanka, Southeastern Nigeria: An Integrated Geotechnical and GIS
Approach. World Scientific News 146 (2020) 236-254
[26] S. Mathanraj, R. M. K. Ratnayake, K. Rajendram, A GIS-Based Analysis of Temporal
Changes of Land Use Pattern in Batticaloa MC, Sri Lanka from 1980 to 2018. World
Scientific News 137 (2019) 210-228
[27] Asirat Teshome, Afera Halefom, Mapping of Soil Erosion Hotspot Areas Using GIS
Based-MCDA Techniques in South Gondar Zone, Amhara Region, Ethiopia. World
News of Natural Sciences 24 (2019) 215-238
[28] V. Pathmanandakumar, A Study of Land Cover Change Detection in Oddusuddan DS
Division of Mullaitivu District in Sri Lanka Based on GIS and RS Technology. World
News of Natural Sciences 29(3) (2020) 198-211

-28-

