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1. INTRODUCTION  

 
To understand and quantify the spatio-

temporal dynamics of urban land use and land cover 
changes and its driving factors it is essential to put 
forward the right policies and monitoring mechanisms 
on urban growth for decision making [1], [2]. These 
changes can lead to land use conflicts due to the need 
for resources and space and the capacity of the land to 
absorb and support these needs [3], [4]. Rapid 
expansion of Ibadan city, Nigeria, due to population 
increase have encroached on many outlying non-urban 

areas such as the Eleyele lake area creating problems 
such as reservoir siltation, bed loading and water 
quality degradation etc [5].  With is an increase demand 
for land for urban development, gradual deforestation 
of the watershed sets in for replacement many 
unauthorized buildings and other anthropogenic 
activities [6]. Urbanization is an increasing proportion 
of population living in settlements defined as urban 
centres [4], [7], [8]. According to the United Nations 
Population Fund (2013), rapid population growth has 
been concentrated in towns and cities of the world and 
on a global scale, population growth can be considered 
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Land use change involves changes in the area extent of a given type of land use or cover and such changes have significant impact on 
natural and human environment at all geographic scales. We performed a land use classification and analysis by using GIS and Remote 
sensing technique, and GIS aided ‘Markov Cellular Automata’ technique was used to model the land use change and determine the 
magnitude, rate and dynamics of change in the spatial extent of the Eleyele wetland area, Nigeria. We also identified the factor 
responsible for the observed changes with the objectives of predicting future change in the next 30 years. Four multi-temporal datasets 
comprising Landsat TM 1984, 2000 and Landsat OLI/TIRS 2014 imageries were classified using ArcGIS 10.0 version with support of 
ground truth data. Post-classification comparison with GIS overlay to map the spatial dynamics of land use/cover change was 
conducted. Land use Change Modeller (LCM) and Markovian processes were employed to analyze the pattern and trend of change. 
Based on the past trend of land use changes (from 1984 to 2014), the future land use map of Eleyele wetland area for the year of 2044 
was generated using the neural network built-in module in the Idrisi Selva. The study revealed that the lake area decreased from 1.28 
km2 in 1984 to 0.99 km2 in 2000 and further to 0.60 km2 in 2014. The study concluded that the increase in built area around the lake 
has resulted in the loss of vegetal cover, which has negative implication for biodiversity conservation in the study area. This type of 
research will help shaping the urban form of the city in a planned manner. 
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the main historical reason for land use change [9]. It 
could lead to the concentration of population in hazard- 
and risk-prone areas such as wetlands and flood plains 
[10], [11].  

Urbanization brings about the conversion of 
fertile agricultural area, vegetation and wetlands to 
urban areas, increase in impervious surfaces and even 
the extinction of few land use/cover features e.g. 
natural drainages [12], [13]. Wetland degradation and 
forest clearing have attracted attention because of the 
potential effects on biodiversity loss, erosion, increased 
run-off and flooding, increasing CO2 concentration and 
climate changes [14], [15]. It has become urgent to 
understand the change in spatial extent that has taken 
place in the study area because the wetland is rapidly 
diminishing and lake is gradually shrinking. Adeniyi 
and Omojola (1999) had earlier submitted that 
information based on urban land use changes could 
shed more light on the growth process, since physical 
changes in the distribution of urban land uses are direct 
indications of social and economic changes [16]. 
Mayaux et al (2008) posited that global change studies 
require accurate, relevant and consistent information 
on land cover dynamics to enhance our understanding 
of how the different elements of the global system 
currently operate, the ways in which they interact and 
how is best to reduce the uncertainty in the predictions 
of change [17].  

According to Mejebi (2008) change detection 
is the concept of identifying contrasts or discrepancies 
in the state of an object or phenomenon by observing it 
at different times [18]. One of the most common 
applications of change detection is determining urban 
land use change and assessing urban sprawl. This would 
assist urban planners and decision makers to 
implement sound solutions for environmental 
management [19]. In order to study the dynamics of 
land cover, it is necessary to have maps that reflect the 
status of land cover at different times [20], [21].  

This involves the ability to quantify temporal 
alteration and transformation using multi-temporal 
data sets. Spatio-temporal analysis of landscape 
dynamics is crucial in formulating an appropriate set of 
actions in landscape management [1], [22].  

The main aim of this study is to assess and 
predict the land use changes in Eleyele wetland area, 
Ibadan, Nigeria using remote sensing and GIS aided 
Markov chain modelling.  

The objectives of the study are:  
- to analyze the dynamics of urban land use 

changes within the selected times;  
- to quantify gain and losses of land cover 

classes, examine land use transitions and assess spatial 
trends of changes in built up areas using Land Change 
Modeller; 

- to predict future changes in land use/land 
cover in 2044 in the study. 

2. THEORY AND METHODOLOGY 

 

2.1. Study area  

 
The general characteristics of the study area 

are described below:  
The Eleyele Lake area lies between 7°23'N and 

7°31'N latitude and 3°25’E and 3°35'E longitude (Fig. 1). 
  

 

 

Fig. 1. Map of the Eleyele Lake area and environs. 
 
It is situated north-east of Ibadan, Nigeria. 

Ibadan is one of the six towns in Nigeria that registered 
a population of more than 40,000 people by the mid 
19th century [22]. The city was created in 1829 as a war 
camp for warriors coming from Oyo, Ife and Ijebu. It is 
a major centre of bulk trade owing to its central location 
and accessibility from the capital city of Lagos at the 
Atlantic coast.  

The population and spatial extent of the city 
has increased several folds during the past four decades. 
The population of Ibadan city was estimated to vary 
from 2 to 5 million inhabitants [23]. Population 
increase has brought about social transformation and 
economic development resulting into rapid land 
transformation in the city including the study area. 
According to Fourchard (2003) the built-up area of 
Ibadan was of 38.85 km2 in 1935 [24]. In 1952, it was 
estimated that the total area of the city was of 
approximately 103.8 km2 of which only 36.2 km2 was 
built-up [25].  

However, the built-up area increased to 46.40 
km2 in 1955 [24]. During the 1960s, the “non-urban 

land uses” such as agricultural lands, forest reserves 
and wetland areas started disappearing at a faster rate 
and the urban landscape spread over about 100 km2, 
and later increased to 136 km2 in 1981 and subsequently 
to between 210-240 km2 in 1988-89 [25].  

However, Onibokun (1998) estimated that, by 
the year 2000, Ibadan city would be made up of about 
400 km2 of built-up area [26]. Rapid urbanization and 
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population increase due to rising importance of the city 
have propelled the expansion of the city in all directions 
especially along major highways including the Ibadan-
Lagos expressway (east and north of the city), followed 
by the Eleyele expressway (west of the city) [22].  
 The Eleyele lake area of Ibadan, which is the 
focus of this study, is one the many erstwhile non-urban 
areas that have been drastically affected by the urban 
sprawl in Ibadan dramatically altering the morphology 
of the wetland area. Eleyele wetland area is of about 
14.86 km2 and also consists of the Eleyele Forest 
reserve, which covers the water storage area itself plus a 
strip of dry land surrounding the reservoir and varying 
in width from 30.48 m to 365.76 m.  

The elevation is relatively low ranging between 
100-150 m above sea level and surrounded by quartz-
ridge hills toward the downstream section where the 
Eleyele dam barrage is located. A number of stream 
channels serve as feeding/recharge streams to the 
Eleyele wetland basin.  

In 1942, the quest to create a modern water 
supply system to meet the challenge of water scarcity 
for the emerging Ibadan metropolis led to the 
construction of Eleyele Dam on River Ona with a 
reservoir storage capacity of 29.5 million litres.  

The Lake and the associated dam at Eleyele 
also receive water from River Alapata, the headstream 
of River Ona. The strip of dry land surrounding the 
water storage area was planted with teak plantation in 
1941 and was constituted as a forest reserve in 1956 
[27]. The total area of the reserve then was of about 
526.09 hectares. The areas and their population 
surrounding the Eleyele Lake include the local 
government areas of Ibadan North-West (154,029 
pers.), Akinyele (211,811 pers.) and Ido (104,087 pers.) 
[28]. 
 

2.2. Data source 

  
Detailed characteristics of the sources of data 

used for the study are shown in Table 1. The images 
were downloaded from the official website of Global 
Land Cover Facility (GLCF) – (http://www:glcf.umiacs. 
umd.edu). 

 
Table 1. Characteristics of the Landsat images used 

in the study. 
 

Sensor Date of 
acquisition 

Spatial 
resolution 

(m) 

Path/ 
Row 

Producer 

Landsat 
TM 

18.04.1984 30 190/055 GLCF 

Landsat 
TM 

06.02.2000 30 190/055 GLCF 

Landsat 
ETM+ 

07.12.2006 30 190/055 GLCF 

Landsat 
ETM+ 

05.03.2014 30 190/055 GLCF 

 The imageries were then processed in the 
Geographic Information System (GIS) and were 
combined with ground truth information to assess the 
accuracy of image classification. All data were 
developed into Universal Transverse Mercator (UTM) 
coordinate system, zone 31N, with World Geocoded 
System (UTM WGS 84) projection parameters.  Figure 
2 shows the flowchart of the methodology of the study.  

  
Fig. 2. Flowchart of methodology. 

 

2.3. Image processing 

  
The Landsat were geo-referenced and geo-

corrected images for effective image processing, which 
is critical to successful urban land use land cover 
mapping and change detection. Image pre-processing 
allow for conformity between multi-temporal imagery 
necessary for quantification and spatial comparisons 
[29]. Satellite imageries were stacked into different 
bands to produce a false colour composite (FCC) which 
uses an RGB combination of 432 for Landsat TM and 
543 for Landsat OLI/TIRS. In this band, combination 
band 4 represents the NIR infrared, band 3 belongs to 
red and band 2 to green (Fig. 3).  

 
Fig. 3. False Colour Composite (FCC) of satellite 

imageries of 1984, 2000 and 2014. 
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2.4. Nomenclatures of land cover classes  
 

Land cover classes are important to make the 
classification easier [30]. Land cover classes adopted in 
the study were based on the categories proposed by the 
Coordination of Information on the Environment 
(CORINE). CORINE land cover is a map of the 

European environmental landscape based on 
interpretation of satellite images. It gives useful geo-
referenced information for disaggregation [31]. The 
Level 1 classification system was followed and the data 
was classified into four land use / land cover classes 
spread over the study area. The classes are shown in the 
Table 2 below: 

 
Table 2. Land cover classes. 

 

Land cover classes Description 

Built-up 
Consists of urban fabric, industrial, commercial and transport units, construction sites and 
artificial non-agricultural areas 

Agro-forestry 
Arable land, permanent crops, pastures, plantation (Gmelina) and heterogeneous 
agricultural areas 

Wetland Forest  Forest, water hyacinth, shrubs and/or herbaceous vegetation association 
Water body Water courses and lake 

 
2.5. Image classification  
  

Image classification refers to the extraction of 
differentiated land cover and land use categories classes 
from raw remotely sensed digital satellite data [32]. 
This involves the process of sorting pixels into finite 
number of individual classes, or categories of data, 
based on their data file values. Twenty (20) training 
samples were collected for each land cover classes. They 
were determined based on ground truthing, 
researcher's personal experience and physiographical 
knowledge of the study area.  Training is the process of 
defining the criteria by which these patterns are 
recognized [33]. A supervised classification using the 
Maximum Likelihood Classifier was performed using 
ArcGIS 10.0 software. The supervised method was 
utilized because it allows for the selection of pixels that 
represent pattern or land use features that is 
recognizable or identifiable with the use of other source 
such as ground truth data [32]. Ground control points 
were determined from the field global positioning 
system readings. The classified images of different time 
periods were superimposed in GIS environment with 
the objective of filling out a matrix showing transitions 
between the classified land use/cover categories. Other 
procedures involved in the image classification had 
being discussed in a previous study [34]. The evolving 
land use/land cover types were quantified using cross 
tabulation statistics to carry out land use/land cover 
change. Accuracy assessments of the classified images 
were elaborated using the original mosaic and the 
Google Earth images.  
 
2.6. Change detection analysis 
  

Change detection analysis was carried out on 
Landsat images of different years (namely 1984, 2000 
and 2014) to analyze the pattern and trend of change 
analysis in the study area using Land Change  Modeller 
(LCM) for ecological sustainability developed by Idrisi 

Selva and Markov chain model embedded in Idrisi [33]. 
Land Change Modeller is an innovative land planning 
and decision support software, which allows for the 
rapid analysis of land cover change and  simulate future 
land change scenarios [35], [36].  

The LCM relies on separate multi-temporal 
image classification and subsequent image comparison. 
It is suited for analysis and prediction of land use/land 
cover (LULC) types and evaluation of implications of 
the changes on the entire ecosystem [37]. LCM can be 
used to know detail spatial increase and loss, net 
change, net change drivers, tendencies of change and 
landscape prediction [35], [39]. Furthermore, Change 
Analysis and Map Transition Option in LCM is a 
mapping tool to visualize the change that occurred from 
one land class to the other land classes and predicting 
the course of change into the future [39].  

Since modelling using LCM requires mainly 
two time categorical maps, the classified maps of 1984 
(time-1) and 2014 (time-2) were used as inputs for the 
Change Analysis Tab of IDRISI, which enabled us to 
understand the gains and losses and the transition of 
areas among the land use/land cover classes; and to 
quantify the changes occurred from time-1 to time-2 
[40].  Pairs of LULC maps were overlaid to produce the 
LULC change map.  
 
2.6.1. Markov Chain Modelling 

  
Markov Chain determines the amount of using 

the earlier and later land cover maps along with the 
date specified. It helps to determine exactly how much 
land would be expected to transit from the later date to 
the predicted date based on a projection of the 
transition potentials into the future and creates a 
transition probabilities file [36], [42]. Markov Chain 
model is a randomised stochastic process that relies on 
probabilities rather than certainties [43], [44]. The 
Markov chain projection model was implemented on 
the three classified LULC maps of different times [45]. 
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The model according to Iacono et al. (2012) is based on 
the assumption that a future state (t2) can be 
determined by its current state (t1) [45]. In LULC 
modelling, the process determines the t1 to t2 LULC 
distribution using a transition matrix. This can be 
expressed as: 

                              
                        Vt2 = M × Vt1                            (1) 

 
where:  
Vt1 is the LULC proportion vector input;  
Vt2 is the LULC proportional vector output; 
M is the m×m transition matrix for the time 

difference ∆t=t2−t1.  
 

The transition probabilities file is a matrix that 
records the probability that each land cover category 
will change to every other category.  
 
2.7. Statistical analysis  
  

For the purpose of this study, different 
statistical analyses were conducted, as follows:  

a). The percentage change (trend) and annual 
rate of change (%) in land use between 1984, 2000, and 
2014 using the land use/land cover statistics obtained 
from the change detection. 
 
Percentage change (trend) = observed change / sum of 

change multiplied by 100                                                  (2) 

 

Annual rate of change = percentage change divided by  

100 and multiplied by the number of study year e.g. 

1984-2000, which equals 14 years                                  (3) 

 
b). To provide complementary information on 

the changes between 1984 and 2014, the land cover 
maps were employed to quantity land cover changes. 
The change statistics for the two years were computed 
in two different ways:  
 
As absolute percentage increments of the whole study 

area calculated by subtracting percentage areas 

between 2014 and 1984                                                     (4) 

 
As relative percentage increments from 1984              (5) 

 
The negative symbol in the statistics indicated 

a loss of surface [4]. 
 

3. RESULTS AND DISCUSSION 

 

Land Use/Land Cover Distribution around 

Eleyele lake area. The study area spread over 14.86 sq 
km was classified into four different land use categories 
namely water body (Eleyele lake), wetland forest, built-
up and agro-forestry land-use. The areas of each land 
use category were computed from the classified images 
of 1984, 2000 and 2014. Figure 4 shows changes within 
and around Eleyele Lake area, and also the pattern of 
change during the study periods. The rapid 
urbanization in the city has resulted into tremendous 
increase in built-up area and the resultant expansion 
within period of study.  

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 4. Changes in and around Eleyele Lake and its environs during the study period. 

 

Changes in land use/land cover. Awoniran et 
al (2012) observe that land use changes (land 

conversion) occur at the periphery of large urban 
concentration where urbanization and industrialization 
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pressures frequently result in loss of prime agricultural 
lands and tree cover [46]. Eleyele lake area, which is 
located in the north-eastern periphery of Ibadan, has 
witnessed lot of changes in the land use during the 
study period. Table 3 presents the trend and magnitude 
of changes in land use in the area between 1984 and 
2014. Between 1984 and 2000, agroforestry land use 
increased by 0.44 km2, while wetland forest and water 
body decreased by 1.76 km2 and 0.66 km2 respectively. 
In the same period, the extent of the built-up areas 
increased by 1.99 sq km constituting about 41.03% 
(Table 3). Built-up area comprises all the developed 
part of the land covered by structures i.e. residential, 
scattered settlement, commercial, industrial, and 
transport units, construction sites and artificial non-
agricultural areas land use categories. 

About 36% of the wetland forests were lost to 
other land uses between 1984 and 2000. This finding is 
in line with Oyinloye et al (2004) and corroborates the 
United Nations Millennium Development Goal (MDG) 
progress report [47], [48]. The agricultural land use 

comprises both cultivated and irrigated farmlands in 
some particular location around the lake. Increase in 
the built-up area can be attributed to increasing 
demand of land from growing population and the 
development made in secondary and tertiary sectors 
such as schools, hospitals, market emerging near the 
area. Further changes in land use and land cover were 
noted between 2000 and 2014 with continued 
reduction in the extent of the wetland forest, agro-
forestry and decline in the extent of the lake. There was 
a decrease in the surface area of lake by 0.19 km2, while 
the forest decreased by 1.67 km2 and the built-up area 
further increased by 3.80 km2 indicating urban 
encroachment on the other land uses (Table 3). From 
the results of the study it can be observed that there was 
29.62% decrease in the wetland forest between 1984 
and 2014, which translates into a loss of 8.89 km2 
annually (Table 3). Much of the loss was gained by 
built-up areas that had 50% increase translating into 15 
km2 rate of growth.  

 
Table 3. Land use/land cover change: Trend and Magnitude 1984 and 2014. 

 

Land Use/Land 
Cover 1984 (km2) 2000 (km2) Change (km2) % Change 

Annual rate of 
change (km2) 

Built-up area 3.46 5.45 1.99 41.03 5.74 

Agro-forestry 3.87 4.31 0.44 9.07 1.27 

Water body 1.45 0.79 -0.66 13.61 1.91 

Wetland Forest 6.07 4.31 -1.76 36.29 5.08 

Total     4.85     

 2000 2014    

Built-up area 5.45 9.25 3.80 49.93 6.99 

Agro-forestry 4.31 2.36 -1.95 25.62 3.59 

Water body 0.79 0.6 -0.19 2.50 0.35 

Wetland Forest 4.31 2.64 -1.67 21.94 3.07 

Total     7.61     

 1984 2014    

Built-up area 3.46 9.25 5.79 50.00 15.0 

Agro-forestry 3.87 2.36 -1.51 13.04 3.91 

Water body 1.45 0.6 -0.85 7.34 2.20 

Wetland Forest 6.07 2.64 -3.43 29.62 8.89 

Total     11.58     

 
 

The period between 1984 and 2014 has shown 
drastic conversion of forested areas, agricultural land 
and the wetland into built-up areas with further 
shrinking of the lake area (Fig. 4).  

Table 4 provides information on the overall 
land cover changes between 1984 and 2014 based on 
the land cover maps. Both the absolute percentage 
increments between the two years and relative 

percentage increments from 1984 were calculated. 
From table 4 we can note that the built-up area 
increased tremendously in both absolute and relative 
terms while other land use categories decreased.  

The relative increment of the built-up area was 
of 167.40%, which shows that the number of built-up by 
2014 increased three times the number available in 
1984.  
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Table 4. Land cover surface change from 1984 to 2014. 
 

1984 2014 1984-2014 changes 
Land cover 

classes (km2) (%) (km2) (%) 
Absolute increment 

(%) 
Relative increment 

since 1984 (%) 

Built-up 3.46 23.28 9.25 62.25 38.97 167.40 

Agro-forestry 3.87 26.04 2.36 15.88 -10.16 -39.02 

Forest 6.07 40.85 2.64 17.84 -23.01 -56.33 

Water body (lake) 1.45 9.76 0.6 4.04 -5.72 -58.61 
Total     14.98 100.00 Not applicable Not applicable 

 
 

3.1. Change detection analysis using LCM 

 

Gains and losses between 1984 and 2014. The 
land use changes were assessed through the evaluation 
of gains and losses by classes. Most of the land use 
classes have both gains and losses except the water 
body, which does not have gains. The increment in 
infrastructure development of Ibadan, especially 
around Eleyele and environs overtime played a major 
role in the expansion of built-up areas. During the 
period between 1984 and 2000, there was a steady 
decline in the extent of agricultural areas and forest 
cover. The built-up areas increased with a gain of 1.47 
km2 with a loss of 0.44 km2. Built-up further gained 
3.85 km2 with just 0.05 sq km loss by 2014 (Fig. 5).  

Agro-forestry areas experienced significant 
gains and losses during the study period especially 
between 1984 and 2000 with 4.12 km2 gain and 1.52 
km2 loss. The lost area of water-body was about 0.38 
km2 between 1984 and 2000 and 0.27 km2 for 2000 
and 2014 (Fig. 5).  

 
 

Fig. 5. Gains and losses of land use/cover categories 
between 1984 and 2014. 

 

3.2. Net change  

  
Figure 6 shows the net changes in area covered 

by different land use and land cover in the study area. 
Between 1984 and 2000 the net change in built-up area 
was of 1.03 km2 as compared to the net change of 3.81 
km2 between 1984 and 2014. This shows significant 
conversion of other land uses to built-up in the study 

area mostly due to rapid influx of people and increasing 
demand for lands.  

 
 
Fig. 6. Net change in area covered of different land 

use/ land cover between 1984 and 2014. 

  
Forest in the area was also dramatically 

converted to other uses especially built-up. The forest 
cover had a net change of 1.67 km2 between 1984 and 
2014 compared to 3.35 km2 net changes between 1984 
and 2000. The trend observed was the continuous 
increase in the extent of the built-up with 
corresponding decline in the extent of other land uses.  
 
3.3. Contribution of different land cover to net 

change   

 
The major contributors to changes in the 

different land uses in the study period were determined 
using the Land Change Modeller in the IDRISI GIS 
software. The use of models such as LCM gives a better 
understanding of the functions of the land use systems 
and the support needed for planning and policymaking 
[35]. It can also predict the possible future change and 
use of the land cover under different scenario [49]. In 
this study, the major contributors to the increase in the 
extent of the built-up area was the loss of forest and 
agro-forestry, while some part of the lake were taken 
over by vegetation. In addition, some parts of the 
original forest were cleared for agricultural purposes. 
Figure 7 shows the major contributors to different land 
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use change between 1984 and 2000. About 0.22 km2 of 
wetland forest contributed to the change in spatial 
extent of the water body with the growth of water 
hyacinth on the silted part of the lake, especially in the 
north east. 

  
 

Fig. 7. Contributors to net change in area covered of 
different land use/land cover between 1984 and 2000. 

 
It is clear that vegetal cover clearance 

contributed more to the increase in the spatial extent of 
the built-up area as the demand for more land increase 
forest areas are opened up likewise more agricultural 
land were lost. Moreover, vegetal covers were also lost 
to agricultural land use to provide land for the 
cultivation of crops. In the period between 2000 and 
2014, a lot of agricultural land and forested land were 
lost to built-up areas (Fig. 8). 

  

Fig. 8. Contributors to net change in area covered of 
different land use / land cover between 2000 and 2014. 

 
3.4. Transition of land cover classes between 
2000 and 2014 

  
Transitions of the various land use/cover 

classes during the period 2000-2014 from one class to 
another were examined using the LCM.  LCM allows us 
to produce and evaluate transitions from one land cover 
state to another, both in map and graphical form. The 
study revealed that there are significant changes and 
transitions among various classes. A transition map was 
generated from all land cover classes to water body 
(Eleyele Lake) in order to visualize and interpret the 
changes that happened to the extent of the lake between 
2000 and 2014. The main changes and transitions are 
among agro-forestry, wetland forest and built-up area 
(Fig. 9).  

 
 
 
 
 
 
 
 
 
 
Fig. 9. Change detection in Eleyele Lake area and its environ from 2000 to 2014. 

 
Agro-forestry to built-up showed considerable 

transitions between 2000 and 2014. The transitions 
could be viewed as possible development and caused by 
socio-ecological feedbacks that arise from socio-

economic changes. Land use changes in many countries 
are progressively degrading wetlands with the 
expansion of agriculture and the development of water 
resource infrastructure being amongst the major drivers 
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of adverse change globally [50]. In Europe for instance, 
the amount of space consumed per person in cities has 
more than doubled over the last fifty years while the 
share of agriculture areas has notably declined [51].  

Increase in built-up close to the Eleyele lake 
are the major drivers of transformation of the wetland 
with potential environmental consequences including 
gradual reduction of biodiversity and landscape 
complexity and a higher vulnerability to natural hazards 
[52]. The area of water-body (Eleyele Lake) that 

remained unchanged for fourteen years (2000-2014) 
was of 0.52 km2 and the wetland forest that remained 
unchanged was of 1.65 km2 (Table 4). 

Agro-forestry that remained unchanged was of 
0.95 km2 and built-up was of 5.39 km2. In the course of 
fourteen years, there were some other transformations 
from one land use to another (Fig. 10).  The 2000 and 
2014 maps are compared to produce a cross-tabulation 
matrix that shows the surface of the landscapes for each 
transition (Table 4).  

 
Table 5. Transition matrix (km2). 
 

2014 

Land uses Built-up 
(km2) 

Agriculture 
(km2) 

Vegetation 
(km2) 

Water 
body (km2) 

Total  2014 
(km2) 

Losses 
(km2) 

Built-up 2.69 0.15 0.09 0.00 2.93 0.24 

Agriculture 1.54 0.77 0.65 0.16 3.12 2.35 

Vegetation 2.50 1.89 3.36 0.07 7.82 4.46 

Water body 0.002 0.13 0.33 0.66 1.12 0.46 

Total 1984 6.73 2.94 4.43 0.89 14.99 7.51 

Gain 4.04 2.17 1.07 0.23   

Net Change 3.78 -0.18 -3.39 -0.23   

1984 

Total change 4.28 4.52 5.53 0.66   

 
3.5. Spatial trend of change    

 
The spatial trend analysis tool in LCM was used 

to compute maps of transition trends from different land 
cover categories to one another between 2000 and 2014. 

This was done using a default 3rd order of polynomial, 
which is best fit to the pattern of change, in LCM [42]. The 
most intense transition is the conversion of the wetland 
vegetation to built-up (Fig. 10). 

 

 
Fig. 10. Spatial trend of change. 

 
3.5.1. Markov Chain Modelling 
  

The analysis of past changes or LULC 
distributions with regard to spatial explanatory 
variables enables to assess the degree to which locations 

might likely change in the future [53]. The integration 
of Markov approach with cellular automata within GIS 
and remote sensing makes it more powerful in the 
utilization of land use dynamics in a spatial perspective 
[54], [55] because it can assess such parameters as 
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probability related to Transitional Probability Matrix, 
Transitional Area Matrix, and Markov factors. A 
Markov Chain is a random process where the following 
step depends on the current state.  

 
Table 6. Markovian prediction to 2044 based on 

LULC cover maps of 1984 and 2014. 
 

LULC 
classes 

Agro-
forestry 

Water 
body 

Wetland 
forest 

Built-
up 

Agro-
forestry 0.09 0.01 0.10 0.79 

Water Body 0.17 0.40 0.29 0.14 
Wetland 
Forest 

0.16 0.01 0.17 0.66 

Built-Up 0.01 0.00 0.00 0.99 
 

Markov produces transition matrix (Table 5) 
and a set of conditional probability image by analyzing 
two land use and land cover images from two different 
dates [56]. The rows represent the newer land use/ 
cover classes and the columns represent the older land 
use/cover categories. Markov analysis was performed 
for the multi-temporal land cover images of 1984-2014 
including a prediction for 2044 as shown in Table 5. 
The probability of the water-body i.e. the Eleyele Lake 
having the same spatial extent in year 2044 is of 0.40,  
while the probability of water-body changing  to built-
up, wetland forest and agro-forestry were  of 0.14, 0.29 
and 0.17 respectively. The probability of the wetland 
forest remaining unchanged is of 0.17, while that of the 
built-up is of 0.99. Projected land use and land cover of 
the study area for year 2044 is given in Figure 11. 

 

 
 
Fig. 11. Projected land use and land cover of the 

study area for the year 2044. 

 
Table 7 below shows the predicted extent of 

the different land use /land cover classes for 2044. 
Built-up was predicted to have the largest spatial extent 
with continuous decrease in the extent of the wetland 
forest, and agro-forestry and also steady decline in the 
extent of the water body. 

Table 7. Predicted extent of different land use by 
2044. 
 

Land uses 
2044 Land Use/Land 

Cover Area (km2) 
Agro-forestry 0.83 

Water body 0.30 

Wetland forest 0.89 

Built-up 12.82 

 
 In this study, between 1984 and 2000, wetland 
forest declined from 6.07 km2 to 4.31 km2 and further to 
2.64 km2 by 2014 largely through conversion to agro-
forestry and built-up. Deforestation was more 
pronounced between 2000 and 2014. It must be noted 
that reduction of forest size and quality are important 
threats to environmental sustainability and the welfare 
of the communities living in or near forests [57]. In a 
similar study on the Eleyele lake area, Tijani et al. 
(2011) observed that the dense forest within the Eleyele 
catchment area reduced in extent from 3.38km2 in 1984 
to 3.01 km2 by 2004 [5]. From these results, he 
projected a further decrease to 2.64 km2 by 2014, while 
we projected that the wetland forest cover will be of 
0.89 km2 by 2044 (Table 6) mostly because further 
siltation may encourage the growth of herbaceous 
plants in the area. In 1984, the lake area was of 1.45 
km2, which was reduced to 0.79 km2 by 2000 and 
further reduced to 0.60 km2 in 2014. Illegal occupations 
on the lands surrounding the lake have resulted in the 
shrinking of the lake area. This poses problem to the 
capability of the wetland ecosystem to function well. 
Worldwide, the impacts of land-use/cover change on 
ecosystem goods and services have been identified [58]. 
The wetland area is the primary the land use/land cover 
class that is the major casualty of urban expansion in 
the study area. Inappropriate planning and 
management coupled with accelerated urban growth 
have resulted in tremendous loss in land, especially 
cropland thus posing great challenge for sustainable 
urban development [59]. 
 Significant portion of lands surrounding 
Eleyele Lake were converted into residential areas due 
to the growing population. On the global level, it had 
been reported that a large percentage of wetlands have 
been lost in the last century, due to drainage and land 
clearance as consequence of agricultural, urban and 
industrial development activities [60]. Based on the 
past trend (from 1984-2014) of land use changes, the 
future land use map of the Eleyele Lake area for the 
year 2044 was generated, and the result showed that 
urban built-up areas will increase significantly with 
major contributions for this transformation coming  
from water bodies, agro-forestry and wetland forest. It 
is well-established that changes in land cover and land 
use (LCLU) are relevant to current local and global 
changes that are directly linked with food security, 
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human health, urbanization, biodiversity, trans-border 
migration, environmental refuges, water and soil 
quality, runoff and sedimentation rates, and other 
processes [21]. 
 
4. CONCLUSION 

  

The land cover dynamics in the case of Eleyele 
wetland area in Ibadan, Nigeria is closely related to the 
demographic and economic changes resulted from the 
urban sprawl of Ibadan metropolis. As a result of urban 
expansion and other anthropogenic activities around 
Eleyele Lake, there was a change in land use /land cover 
types in and around the area which led to the loss of 
vegetal cover of the wetland of Eleyele and profound 
effect on the size of the lake. With gradual increase in 
built-up area, there is loss in vegetal cover and loss of 
the wetlands around the lake, which is a threat to 
biodiversity conservation in the study area. This present 
study shows a probability of a particular land use 
changing to another land use around the Eleyele Lake 
area over a period of 30 years and a land use change 
prediction for 30 years (2014-2044) was performed. 
Furthermore, we generated a transition matrix that 
shows the transition from one category to another 
during all time intervals. The results revealed that 
wetland forest in 1984 was more extensive than in 2000 
and 2014. A large amount of wetland forest and agro-
forestry were converted to built-up which poses threats 
to the wetland area. Urban sprawl or urban 
encroachments have remained a by-product of our 
development practices and policies and planners 
require solutions that foster the ability to effectively 
predict and respond to chronic urban problems and 
future market fluctuation.  
 The study demonstrates that GIS and Remote 
Sensing coupled with statistical analysis can help 
immensely in assessing the extent of change of a 
particular region so that the necessary measures to 
prevent the adverse effect can be introduced. GIS 
modelling would assist planners in identifying and 
monitoring land use trends and also provides decision 
support to promote proper socio-economic planning 
and environmental land management. 
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