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Abstract
This research paper examined the spatial-temporal changes in land use land cover of Abeokuta, Nigeria between 1984 and 2015 using Remote Sensing and GIS techniques. The evaluation of the trend, rate and magnitude changes was the objectives of this study.  Five Landsat satellite images of different dates  i.e. Landsat Thematic Mapper(TM)) of 1984,2001,2006,2011 and 2015 were obtained from National Aeronautics Space Administration(NASA), United State Geological Survey Website and  GIS facility of Sioux Falls Website  and quantify the changes  over a period of thirty-one (31) years. Supervised classification methodology has been employed using maximum livelihood technique in EDARS Imagine 9.3. The images of the study area were classified into three (3) classes namely; vegetation, water body and built-up area and were overlay with maps generated in ArcGIS 10. The results shows that for the period of 31years (1984-2015), vegetation  which covered 76.20% of the total area has decreased to 39.29%, water body decreases from 6.63% to 1.89% while  the built –up area which initially was 17.14%  as at 1984 increased to 58.82%. However, it is recommended to Government that timely Land use and Land cover mapping of the entire Abeokuta and its environs should be embarked upon to forestall the ugly consequences of erratic and haphazard land utilization in the area. Government and relevant agencies should embark on the conversion of existing analogue maps of the state at different scales to digital maps and also update them to reflect the changes and development in the state. This will facilitate necessary Land use planning and forestall the rising sprawl in Abeokuta and its environs.
Key Words: Remote sensing, GIS, Landuse/cover, Change detection, Abeokuta.
Introduction
Activities of man on earth surface has greatly revolutionised the natural environment, studies have shown that only a few landscape are still in their natural state globally (Manish et al 2011). This has result into an observable pattern in the land use/land cover. Natural phenomena such as storms, wildfires, pest, earthquake, draught and the likes have also altered the form of the earth surface (Jwan et al 2013). A state capital is usually the centre of development, Abeokuta which is a state capital in Nigeria, developing at an obvious rate has been a dreamland for people living in the peril-urban areas where there are fewer basic amenities and opportunity. Therefore, in search of a better standard of living, it has resulted in the increased rural urban migration in the town. This result in pressure on social amenities, over-crowding, limited healthcare facility, increased crime rate due to limited job opportunities, atmospheric degradation, economical stability, increased waste generation, housing problem, traffic congestion and poverty. To improve these environmental degradation in and around most cities in Nigeria, the technological development in relevant fields have to solve these problems caused by rapid urbanisation, only then the fruit of development will reach most of the deprived ones (Jwan et al. 2013). Demographic and the need to provide and maintain needs for sustainability and well being of the people has made it important to study the changes in land use/land cover for strategic and quantitative monitoring of natural resources and developments in the environments. Eludoyin et al, 2011 noted that the problem of haphazard, uncontrolled development leads to deteriorating environmental quality. Land use /land cover pattern of an area in space is the outcome or as a result of natural and. socio-economic factors and how man make use of it in a particular time and space. Land use denotes the way human beings exploit the land and its resources including agriculture, urban development, grazing, logging and mining (Jwan et al 2013). While land cover describes the physical state of the land surface such has forest, crop lands, wetlands, arid land and water bodies, which has broadened in subsequent usage to contain human structures such as buildings, pavements, and other aspects of natural environment, including soil type, biodiversity, surface water and ground water (Jin et al, 2003).The use of aerial photography has been handy in  the study of land use/land cover changes, due to the need of improvement in the technology used in capturing this data( Asiyanbola et al,2014). Remote sensing and Geographic Information System (GIS) has been introduced as an advanced method in capturing, digitizing, analysing, processing and interpreting land use/land cover data. Remote Sensing and Geographic Information System (GIS) has enhanced the capacity, range, accuracy and durability of remotely sensed data which is responsible for the synoptic analysis of the earth system function, patterning, and change in local, regional and global scale over time. By understanding the driving forces of land use development in the past, managing the current situation with modern GIS tool, and modelling the future, one is able to develop plan for multiple use of natural resources and nature conservation (Prakasam 2010). Abeokuta being the capital of Ogun State has witnessed remarkable developmental activities which include road construction, deforestation, building and other anthropogenic activities since its creation in 1976 along with other States’ Capitals in Nigeria. The urban renewal for instance of the present Administration in the state i.e. Ogun State where Abeokuta is located has revolutionised the landscape of the study area. These activities have resulted into opening of some areas for major development, increased land consumption which has altered and modified the land use and land cover over time. So there is need for comprehensive capturing and analysis of changes in the land use/land cover to derive the consumption rate and absorption. Attempts have been made in previous studies to model the land use/land cover of Abeokuta in the past (Ufoegbune et al 2008), but the recent extensive infrastructure revolution of the landscape of the study area by the government during this period; requires an update and comprehensive land use land cover data using advanced GIS and Remote Sensing techniques. Therefore, this study aimed at generating a land use/land cover map of Abeokuta at different dates in order to detect changes that have taken place over a period of 31 years, precisely 1984 -2015. 

Materials and Method

Study Area
The study area, Abeokuta is an ancient city and the state capital of Ogun State, Nigeria located on latitude 709’39” N and longitude 30020’54” E. The state was carved out of the defunct Western State on February 3rd, 1976. Abeokuta is bordered to the east by Ondo State and to the North by Oyo and Osun States respectively, it is bordered to the West by Republic of Benin and to the South by Lagos. It is characterized by a hot humid climate (28oC) with an average annual rainfall of 1.19m. Abeokuta is located on basement complex of igneous and metamorphic origin; the metropolis covers a geographical area of 78.57 square kilometres (Gbadebo et al., 2010). The ancient and mythical historical background of Abeokuta revolves around the Olumo Rock. Caves enclose the cluster of rocks, one of which is around 20 feet in length and 25 feet in breadth. The Olumo Rock is sacred to the Egba tribe of Abeokuta, as it is the place where they found a safe haven from the aggressors at the time of the mutually ruinous conflicts. The Olumo Rock is a monument of the belief in tribal unity for the native tribes, and also a symbol of potency and shelter.
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                                       Figure 1  Location map of the study area (Abeokuta).
Data Sources, Types and Processing
Landsat -4 MSS of 1984, Landsat-5 TM of 2001, Landsat-7 ETM+ of 2006, Panchromatic ETM+ of  2011 and Landsat-7 ETM+ of 2015 Satellite Images with spatial resolution ranging from 15, 30 and 60meters were sourced from National Aeronautics and Space Administration (NASA), United States Geological Survey Website and GIS Facility of Sioux Falls Website for interpretation and analyzed in order to obtain the  required data for this work. Other data used as base maps such as topographic and administractive maps of Abeokuta were obtained from Ogun State Ministry of  Work,Lands and Surveys, Nigeria, see table 1 below
Table 1 Summary of Data Source
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These data sets were imported in ERDAS Imagine version 9.3, a satellite image processing software to create a false colour composite. The layer stack option in the image interpreter tool box was used to generate the false colour composite for the study area. The sub-setting of satellite images were performed for extracting the study area from the images by taking geo-referenced out line boundary of  Abeokuta.Indices such as normalized difference vegetation index( NDVI), normalized difference water index (NDWI) and normalized difference builtup index (NDBI) were also created to classify the Landsat images. Supervised classification method with maximum likelihood algorithm was applied in the ERDAS Imagine 9.3 Software. Maximum likelihood algorithm is one of the most popular supervised classification methods used with remote sensing image data (Rawat and Manish,2015). This method is based on the probability that a pixel belongs to a particular class. The basic theory assume that these probabilities are equal for all classes and that the input bands have normal distribution. However  this method needs long time of computation, relies heavily on a normal distribution of the data, to each input band and tends to over-classify signatures with relatively  large values in the  covariance matrix. The spectral distance between the measurement vector for the  candidate pixel  and the  mean vector for each signature and the equation for classifying by spectral distance is based on the equation for Euclidean distance. It requires the least computational  time among other supervised methods, however,the pixels that should not be unclassified become classified and it does not consider class variability. Ground verification was carried out for doubtful areas. Three (3) land use/cover type are identifed in the study area i.e. vegetation, water body and built-up area. Calculation of  the area of the resulting landuse landcover types of each study year and sebsequent comparison was carried out  in square metre. Percentage change (trend) was determined by dividing observed change by sum of changes multiplied by 100 i.e   Percentage change = Observed changes / Sum of change x 100
Results and Discussion

LandUse/CoverClassification/Distribution( 1984-2015)

The statistical landuse land cover distribution for the different study periods(1984, 2001,2006,2011 and 2015 as derived from the Landsat Imageries acquired are shown in figure 2,3 and table 2 below. Results revealed that in 1984, Water body covers about 5756.98ha (6.63%) of the total land area. Built-up area is about 14876ha (17.14%) while Vegetation covers 66160.69ha (76.2%). By 2001, Water body had reduced to about 4.08% (3544.17ha).Built-up area sprang up towards the North-West direction of the study area by 20.59% (17876.81ha) while as a result of the increase in built-up areas, there is a reduction in vegetation cover to  75.33% ( 65373.29ha of  total land area compared to that of 1984. Water body reduced to about 2.89% (2515.95ha) in 2006, Built-up area is on the high side by 34.23% (29717.37ha) and this eventually lead to the reduction of vegetation cover to about 62.88% compared to that of 2001. Analysis further revealed that in 2011, there is a steady reduction of water body to about 2.61% (2267.64ha). Built-up (32.59%) kept increasing covering 32.59% just like in 2006 as a result of developments that kept increasing in the North-East direction of the study area. By this time, vegetation had reduced to 56255.04ha (64.8%).
In 2015, analysis shows that water body decreased to about 0.72% (1628.08hectares) but vegetation seem to have increased in some part of the study area to 39.29% while the built up areas stood at 58.82% i.e. 50728 hectares of the total land area. This is as a result of mass demolition carried out during this period as part of urban renewal projects in the state. 
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          2006  Landuse/cover classification
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           2011 Landuse/cover classification
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                    2015 Landuse/cover classification

                                 Figure 2  Land use/Land cover  classification maps (1984-2015)
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Figure 3  Land use/Land cover distributions of the study area(1984-2015)
	Period
	1984
	2001
	2006
	2011
	2015

	Landuse/cover

type
	Ha
	% Area
	
	Ha
	% Area
	
	Ha
	% Area
	
	Ha
	% Area
	
	Ha
	% Area
	

	Water Body
	5756.98
	6.63
	
	3544.17
	4.08
	
	2515.95
	2.89
	
	2267.64
	2.61
	
	1628.08
	1.89
	

	Built-up
	4876.60
	17.14
	
	17876.81
	20.59
	
	29717.37
	34.23
	
	28298.34
	32.59
	
	50728.54
	58.82
	

	Vegetation
	66160.69
	76.20
	
	65373.29
	75.33
	
	54587.7
	62.88
	
	56255.04
	64.8
	
	33886.55
	39.29
	

	Total
	86794.27
	100
	
	86794.27
	100
	
	86821.02
	100
	
	86821.02
	100
	
	86243.17
	100
	


Table 2  Summary of Landuse/cover classification statistics of the study area. 

Source: Derived from Landsat Image of 1984,2001,2006,2011 and 2015
Further more in this research work, the imageries of 1984,2001,2006,2011 and 2015 were evaluated  and  changes are summarized  under  four(4) periods as follow;
Changes in Landuse/Landcover from 1984-2001
For the period of seventeen years(17), 94.8% of land area  covering about 82348.5 hectares experienced no significant change throughout this period except 2.51%(2179.84ha) of vegetation cover that change to built-up area due to gradual development towards the north-east direction of the study area.  Likewise ,  there was a slight change  of 0.06% of built up area to vegetation due to abandoned buildings.  there  were also gradual changes  of 1.54% of water body to vegetation cover as shown in table 3 and figure 4  below.
Table 3 Changes in Landuse/Landcover between 1984 and 2001

	Change Detected
	Area (m2)
	Hectares
	% covered

	From V to W
	8734936.5
	873.49
	1.01

	From V to B
	21798353.25
	2179.84
	2.51

	No Change
	823485042
	82348.5
	94.88

	From B to V 
	531211.5
	53.12
	0.06

	From W to V
	13393190.25
	1339.31
	1.54

	
	Total
	86794.26
	100


Source: Derived from Landsat image of 1984 and 2001

Note: V= Vegetation, W= Water body, B= Built-up Area
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Figure 4 change in Landuse/Landcover from 1984 to 2001

Source: Derived from Landsat imageries of 1984 and 2001
Changes in Landuse/Landcover from 2001-2006
Within the space of five (5) years, there was a significant change of 17.11% (13394.81ha) of vegetation cover to built-up area with vegetation suffering more losses as people tends to build houses towards north-east direction again. 74.6% of the total land cover was left untouched. See table 4 and figure 5 below.
Table 4: Changes in Landuse/Landcover between 2001 and 2006
	Change Detected
	Area (m2)
	Hectares
	% covered

	From V to W
	1453115.25
	145.31
	0.19

	From V to B
	133948147.5
	13394.81
	17.11

	No Change
	584239241.25
	58423.92
	74.61

	From W to B
	10543005
	1054.3
	1.35

	From W to V
	3255498
	325.55
	0.42

	From B to V
	49673961
	4967.39
	6.32

	
	Total
	78311.28
	100


Source: Derived from Landsat image of 2001and 2006
Note: V= Vegetation, W= Water body, B= Built-up Area
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Figure 5 change in Landuse/Landcover from 2001 to 2006

Source: Derived from Landsat imageries of 2001 and 2006
Changes in Landuse/Landcover from 2006-2011
Analysis shows that between 2006 and 2011 there seems to be a slight change of both vegetation(9.04%) and water body (7.07%) to built-up area compared to the changes experienced between 2001 and 2006. See table 5 and figure 6 below
Table 5 Changes in Landuse/Landcover between 2006 and 2011

	Change Detected
	Area (m2)
	Hectares
	% covered

	From V to W
	4281300
	428.13
	0.49

	From V to B
	78463800
	7846.38
	9.04

	No Change
	722701800
	72270.18
	83.24

	From W to B 
	61405200
	6140.52
	7.07

	From W to V
	1358100
	135.81
	0.16

	
	Total
	86821.02
	100


Source: Derived from Landsat image of 2006 and 2011

Note: V= Vegetation, W= Water body, B= Built-up Area
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Figure  6 change in Landuse/Landcover from  2006 to 2011

Source: Derived from Landsat imageries of  2006 and 2011

Change in Landuse/Landcover from 2011-2015
Significant changes was experienced within this period with 26.46%( 22974.21ha) of the vegetation area along with water body(2.84%) coverted to  built-up areas. Vegetation cover (0.02%) changed to water body while vegetation cover gained back 1.03% from the same water body. See table 6 and figure 7 below.
Table 6 Changes in Landuse/Landcover between 2011 and 2015

	Change Detected
	Area (m2)
	Hectares
	% covered

	From V to W
	156600
	15.66
	0.02

	From V to B
	229742100
	22974.21
	26.46

	No Changes
	604705500
	60470.55
	69.65

	From W to B
	24679800
	2467.98
	2.84

	From W to V
	8926200
	892.62
	1.03

	
	Total
	86821.02
	100


Source: Derived from Landsat image of 2011 and 2015

Note: V= Vegetation, W= Water body, B= Built-up Area
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Figure 7 change in Landuse/Landcover from  2011 to 2015

Source: Derived from Landsat imageries of  2011 and 2015
Change in Landuse/Landcover over Thirty-One(31) years i.e 1984-2015
Between 1984 and 2015 as shown in table 7 and figure 8 below, about 40.2% of the vegetation cover along with 2.49% of water body changed to built-up areas while 0.05% of the total  vegetation cover in the study area was converted to water body due to urban renewal projects embarked upon by the present administration in the state.
Table 7 Changes in Landuse/Landcover between 1984 and 2015

	Change Detected
	Area (m2)
	Hectares
	% covered

	From V to W
	439200
	43.92
	0.05

	From V to B
	348487200
	34848.72
	40.16

	No Changes
	490696200
	49069.62
	56.55

	From W to B 
	21679200
	2167.92
	2.49

	From B to V
	6413400
	641.34
	0.75

	
	Total
	86771.52
	100


Source: Derived from Landsat images of 1984 and 2015.
Note: V=Vegetation, W=Water body and B=Built-up Area
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Figure 8 change in Landuse/Landcover from 1984 to 2015

Source: Derived from Landsat imageries of  1984 ,2001. 2006, 2011 and 2015
Conclusion
This work has demonstraated the ability of Remote Sensing and GIS techniques in the capturing of spatial-temporal data. An attempt has been made to classify different landuse/landcover types and to classify them into three(3) broad  classes using supervised classification. The research work has also attempted to explain the rate and magnitude of urban landuse/landcover changes between 1984 and 2015 also creating spatial data to explain all these changes. The result reveals that there were significant changes  in landuse/landcover of Abeokuta(study area) over thirty-one(31) years i.e 1984 to 2015. There is need for constant monitoring of these changes and proper enforcement of land use law to avert the adverse effects of the changes.
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		SATELLITE

		PATH/ROW

		SPATIAL RESOLUTION

		YEAR

		SOURCE



		LandSat-4 MSS

		190/55

		60 meters

		1984

		NASA



		Landsat-5 TM

		190/55

		30meters

		2001

		USGS



		Landsat-7 ETM+

		190/55

		30 meters

		2006

		USGS



		Panchromatic ETM+

		190/55

		15 meters

		2011

		Sioux Falls



		Landsat-7 ETM+

		190/55
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		2015

		USGS








