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Abstract: The study examined the Landuse and Landcover (LULC) dynamics of the central cocoa cultivation area 
of southwestern Nigeria between 1972 and 2002 using remotely sensed multi-temporal datasets. The datasets are 
Landsat 1972, 1986, 1991 and 2002 imageries. The datasets were each subjected to supervised classification 
techniques employing the maximum likelihood classifier using ILWIS software. This implies that field observation 
for identification and completion of ambiguous features and other details supported by GPS locations was carried 
out. Seven dominant classes of feature: agro-forest/light forest, built-up area, exposed rock surfaces/bare land, forest 
reserve, shrub and arable land, ridge forest and water body were identified. A time series analysis of the LULC 
changes was carried out to provide the necessary understanding of the changes required for policy formulation and 
decision-making with respect to cocoa production, forest reserve management and landuse planning, control,  
coordination and budgeting while being mindful of environmental conservation. This indispensable geo-information 
is yet lacking in the cocoa growing belt of southwestern Nigeria. ArcView software was used to prepare the 
corresponding time series LULC maps of the study area. The study showed that the forest reserves within the study 
area reduced at an average rate of 2.78% per year while agro-forest/light forest reduced to 46.39% (i.e., at an 
average rate of 1.55% per year) and, shrub and arable land increased by 323.06% (i.e., at an average rate of 10.77% 
per year) for food production farming to feed the rapidly increasing population between 1972 and 2002. 
 
Keywords: Change detection, deforestation, environmental monitoring, forest reserve encroachment, 

geoinformation, remote sensing 
 

INTRODUCTION 
 

Landuse and landcover dataset is an important 
integral part of the fundamental geo-spatial datasets, 
which are the minimum primary set of data that cannot 
be derived from other datasets and that are required to 
spatially represent phenomena, objects or themes 
important for the realization of economic, social and 
environmental benefits consistently across Africa at 
local, national, sub-regional and regional level. For 
instance, landcover information is an essential 
requirement for the sustainable management of natural 
resources and for environmental protection. It provides 
the foundation or environment for food security and 
humanitarian programmes of many United Nations, 
international and national institutions. Current 
monitoring programmes, however, have no access to 
reliable or comparable baseline landcover data (GLCN, 
2005).  

Landuse and landcover have become common 
terms in the geoinformation community. An 
interdisciplinary committee of the National Research 
Council  (NRC)  identified Landuse/Landcover (LULC)  

 
dynamics as a research area that will pose challenges 
over the next 20 to 30 years (Tappan et al., 2002). The 
challenges call for the development of a comprehensive 
understanding of changes in landuse and landcover, 
which are critical to bio-geochemical cycling, 
ecosystem functioning and services as well as human 
welfare. Meanwhile, Sedano et al. (2005) pointed out 
that global landuse and landcover products in highly 
dynamic tropical ecosystems lack the details needed for 
natural resource management and monitoring at 
national and local levels. In the same vein, landuse and 
landcover information is also needed to monitor the 
impact and effectiveness of management actions 
associated with sustainable development polices since 
the natural resources have a link with food security and 
poverty alleviation strategies in the sub-sahara African 
countries. 

As noted by Groot and McLaughlin (2000), 
landuse/landcover is one of the ten elements or data sets 
of the framework data upon which other components 
are based. Also, landuse and landcover feature 
prominently in the definition of global map-a map 
covering the whole land area of the earth’s surface at 1 
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km ground resolution, which consists of eight layers of 
geographical data: landuse, landcover, vegetation, 
transportation, political boundaries, drainage, 
population centres and elevation (Groot and 
McLaughlin, 2000). 

The Landuse and Landcover (LULC) dynamics of 
over 153,000 ha of land within the central cocoa 
producing belt of South-Western Nigeria (SWN) have 
been studied and analysed over the period 1972-2002. 
The study was designed to examine the LULC 
dynamics within the cocoa belt with a view to 
characterizing the LULC types. The intention was to 
provide a better understanding  and improve our 
knowledge about the ever changing LULC patterns in 
the highly economic and very important ecological 
zone over the study period. The crucial geo-information 
so obtained would be useful for policy formulation on 
sustainable cocoa production, food crop production and 
balanced environmental management. 
 

THE STUDY AREA 
 

The study area (Fig. 1) lies within the most 
prominent central cocoa cultivation and forest belt of 
southwestern Nigeria and extends over an area of about 
36.7 by 47.7 km. It is bounded by latitudes 07° 10' 
06.29" N and 07° 30' 03.28" N and longitudes 04° 42' 
03.12" E and 05° 05' 08.78" E. This area extends over 
Ondo and Osun States-the major cocoa producing 
States of Nigeria. 
 
Climate: The climate of southwestern Nigeria is 
monsoonal in character and like all monsoonal 
climates; it has a contrast between well-defined dry and 
wet seasons (Adebekun, 1978). The wet season lasts 
from April to October with an annual rainfall of about 
2500 mm at the coast and about 1220 mm at the 
northern limit of the forest belt (Gilbert, 1969). The 
monthly mean minimum temperature is about 22.48°C 
while the monthly mean maximum temperature is about 
31.24°C with an average yearly temperature of about 
26.6°C. Furthermore, the average yearly relative 
humidity is about 76.05% (Federal Office of Statistics, 
1988).  
 
Geology and soil: South-western Nigeria overlies 
metamorphic rocks of the basement complex, the great 
majority of which are ancient being of pre-Cambrian 
age. These rocks show great variation in grain size and 
in mineral composition, ranging from very coarse grain 
pegmatite to fine-grained schist and from acid quartzite 
to basic rocks consisting largely of amphibolites 

(Smyth and Montgomery, 1962). The soils are mainly 
Iwo, Ondo and Egbeda Associations (Smyth and 
Montgomery, 1962). They are sub-divided into 
sedentary, hill-creep and hill-wash soils each. The Iwo 
Association soils are derived from coarse-grained 
granitic rocks and coarse gneisses; the Ondo 
Association from medium-grained granitic rocks and 
medium-grained gneisses; and the Egbeda Association 
from fine-grained biotite gneisses and schists. Each of 
the Associations has a number of soil series among 
which are the Akure, Ondo, Odigbo, Ife, Egbeda, 
Olorunda, Makun, Owo, Ibadan and Apomu series. The 
soils support the development of the lowland rainforest 
and are also suitable for tree crops particularly cocoa, 
kola and oil-palm (Ekanade, 2007). 
 
Relief and drainage: In terms of relief and drainage, 
the southwestern Nigeria in which the study area lies is 
dominated by the plain which rises gently from the 
coast northwards to the area of crystalline rocks where 
inselbergs rise abruptly above the surrounding plains 
(Adebekun, 1978). The Idanre hill, the highest of these 
inselbergs, rises to about 981 m above mean sea level. 
The plains have resulted from alternating denudational 
and aggradational activities. Due to the folding of the 
rocks, they tend mainly in a north-south direction and 
typical landforms are the structural ridges and 
inselbergs protruding from an almost flat plain 
consisting of pediments and sloping generally from the 
water divide between the Niger River and the Gulf of 
Guinea from about 183 to 106.5 m (Adebekun, 1978). 
The plains extend into the western side of the Niger 
Delta-a swampy area of about 3,885 Km2 composed of 
the coastal plain sands and lignite series of Cainnozoic 
age in its northern part and of alluvial mud in its 
southern part (Adebekun, 1978).  

Most of the rivers are short, north-south coastal 
rivers which follow more or less regular courses 
(Adebekun, 1978). They drain into the sea. The western 
plains and ridges constitute the major divide between 
the rivers in a fairly simple line. On the basement 
complex of this unit, river directions are largely 
controlled by the trend of the foliated rocks and by 
jointing, particularly on the more resistant rocks. This 
structural control is well displayed by the rivers. The 
major rivers (e.g., Ogbese, Ogun, Ogunpa, Oluwa, 
Ominla, Oni, Osun, Owena, Shasha, etc.) are generally 
parallel but each river displays a dendritic pattern of 
drainage with its tributaries. In the area of the coastal 
plains where the gradient of the river valleys is very 
low, the rivers deposit their load, thereby giving rise to 
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Fig. 1: Map of Nigeria showing the study area 
 
the formation of braided channels. The study area is 
within the evergreen tropical rainforest, a transitional 
zone between the fresh-water swamps along the coast 
and Guinea Savanna belt in the north (Ekanade, 1990). 
 
Landuse/landcover characteristics of the study area: 
The broad landuse/landcover types, excluding 
infrastructural features, are non-agricultural land, forest 
reserves, exotic plantations, agro-forests (i.e., tree crop 
land) and arable land. The non-agricultural land is made 
up of built-up areas (i.e., settlements), rocks/lateritic 
outcrops and bare lands. The agro-forests are essentially 
created through shifting cultivation and perennial 
plantations. Major crops such as cocoa (Theobroma 
cacao), kola (Cola nitida and Cola acuminata), oil 
palm (Elaeis guineesis), citrus (Citrus spp.), plantain 

and banana (Musa spp.) and cassava (Manihot 
esculenta) whose presence suggests long periods of 
holding by the farmers are found in southwestern 
Nigeria (Okali and Onyeachusim, 1991). In many 
places, they are a mixture of tree crops with cocoa 
dominating. While this main landuse system is 
practised by small-scale farmers, the exotic plantation 
(of which Tectona grandis and Gmelina arborea are 
dominant species) landuse system is essentially 
practised by government. 

Landuse conflict has therefore ensued among the 
landuse types as more land is being demanded for 
cultivation, expansion of built-up areas due to rapid 
urbanization and other purposes. This study has 
therefore embarked on temporal mapping and analysis 
of the landuse and landcover of a selected area within 
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Table 1: Some characteristics of the remote sensing data used for the study 
Landsat scene Date of acquisition  Location on WRS Dimensions (in pixels) Actual spatial resolution 
MSS 07/11/1972 P204R055 3796×4204 57.0×57.0 m  
TM 17/12/1986 P190R055 7327×7757 28.5×28.5 m 
TM 05/01/1991 P190R055 5965×6967 28.5×28.5 m 
ETM+ 03/01/2002 P190R055 7549×8707 28.5×28.5 m 
 
the central cocoa cultivation and forest belt of 
southwestern Nigeria between 1972 and 2002 with a 
view to providing the necessary geoinformation for 
effective policy formulation and action plan for 
sustainable landuse in this economic zone. The zone is 
a focus for economic activities and it is considered to be 
of prime importance to the national economy in this era 
of export diversification. 

 
MATERIALS AND METHODS 

 
Satellite data: The available satellite data covering the 
study area were acquired in 1972, 1986, 1991 and 2002 
and were obtained from the Regional Centre for 
Training in Aerospace Surveys (RECTAS), Obafemi 
Awolowo University campus, Ile-Ife. The details of the 
characteristics of these images are shown in Table 1. 
Some basic premises in the application of multi-date 
satellite remote sensing data for change detection are 
that changes in landcover characteristics necessarily 
result in changes in radiance values and that changes in 
radiance due to landcover characteristics should be 
larger than those due to other factors. These other 
factors include differences in satellite sensor conditions, 
atmospheric conditions, solar angle and soil moisture 
(Tokola et al., 1999; Sedano et al., 2005). This concept 
was adopted in the analysis of these data sets. 

Landsat data sets were used in this study for three 
main reasons:  
 
• They have proved highly suitable for vegetation 

studies: they are available in many channels 
including the near-and middle-infrared portions of 
the electromagnetic spectrum which are sensitive 
to vegetation. The data sets were available as high 
quality images with little or no cloud cover. 

• They give a time series coverage of the study area 
in the dry season between 1972 and 2002 

• The data sets guaranteed a reasonable level of data 
consistency being from the same satellite system. 
Any systematic error will be the same for the data 
sets.  

 
Data processing: Landuse and Landcover (LULC) 
change detection mapping and analysis can be 
facilitated through separate supervised classification of 
multi-temporal satellite images of the same area and 

comparing the resulting areal coverage of each theme. 
This study hinges on change detection and requires that 
we compare two images of the same area but acquired 
at two different dates or seasons. Change detection 
relies on the ability to measure temporal effects on 
landuse and landcover types. Lillesand and Kiefer 
(1987) state that change detection involves the use of 
multi-temporal data sets to discriminate areas of 
landcover change between dates of imaging. A number 
of remote sensing techniques for change detection 
include:  
 
• Independently classifying each image, registering 

the results and locating pixels that have changed 
their landcover classification between two dates.  

• Another technique is through image differencing 
whereby two images are registered and the pixel 
values (Digital Numbers-DNs) at corresponding 
positions (row and column) are subtracted to 
obtain a temporal difference image. Where the 
differences are zero or tend towards zero (i.e., 
very low value) implies that the pixels’ landcover 
has not changed and where the differences have 
high positive values or high negative values 
indicate where the landcover types have changed.  

• Image ratioing (that is, dividing one image by 
another) is another technique for change 
detection, which involves dividing the DNs of 
corresponding channels of the multi-temporal 
images. The ratios for areas of no change 
approach 1 while the areas of change will have 
higher or lower ratio values. In either of the last 
two techniques, a meaningful “change-no change” 
threshold within the data is found by interactively 
viewing areas of known change on the display 
monitor or statistically by estimating the threshold 
(Lillesand and Kiefer, 1987). 
 

In this study, the technique employed is that of 
independently classifying each image through 
supervised classification and registering the results to 
locate those pixels that have changed their landcover 
classification between any two selected image dates. 
This was accomplished in ILWIS software through the 
Cross operation function. As implemented in the 
software, change detection requires that we compare 
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corresponding pixels at the same position in the two 
classified images of the same area and keeping track of 
all the combinations that occur between the classes in 
both classified images. The pixel-by-pixel comparison 
of the classified images was performed and the number 
of corresponding pixels that have changed and those 
that have not changed are listed. The number of pixels 
occurring as this combination is counted and the areas 
of the combinations are calculated. The results were 
stored in an output Cross table and output Cross image 
(ITC-ILWIS, 2001; Alo and Pontius, 2008). As a result 
of the imperfect demarcation of the study area coverage 
in all the four image full scenes, the classified 2002 
sub-scene was used as a reference image and the other 
ones were co-registered  and re-sampled to its spatial 
(i.e., pixel size) resolution.   

The satellite data were processed using the ILWIS 
version 3.3 software. The full scenes covering the study 
area were each loaded onto the computer hard disk 
memory and converted to ILWIS format. They were 
respectively displayed and enhanced using the linear 
contrast stretching technique of the global contrast 
enhancement method. The spectral channels were 
combined to obtain False Colour Composite (FCC) and 
Pseudo-Natural Colour (PNC) displays, among other 
multi-spectral combinations as described in Haack and 
Jampoler (1995). Except for the Landsat-TM data of 
1991, all the other Landsat data sets were already 
geometrically corrected from source. Using TM 1986 
full scene as reference, the Landsat-TM of 1991 full 
scene was therefore georeferenced and geocoded (i.e., 
geometrically corrected in the adopted UTM map 
projection system on the WGS84 reference ellipsoid as 
with the other images) using eleven tie points identified 
on both TM 1986 full scene and TM 1991 full scene. 
The tie points, which were in geographic coordinates, 
were first converted to UTM space rectangular 
coordinates as required by the ILWIS software. A 
standard root mean square error (sigma-σ) of 0.550 
pixel size was achieved. After the geometric correction, 
the TM 1991 full scene thus possessed high metrical 
qualities as with the other full scenes. After such 
correction, the images became super-imposable on 
themselves when printed out at the same scale. Thus all 
the images were of the same datum, the same map 
projection and in the same ground coordinate system. 
Thereafter, the extraction of the respective sub-scenes 
each covering the study area followed. 

The enhanced sub-scenes covering the study area 
were then subjected to “supervised” classification 
procedure. The supervised classification of the 

imageries was performed using the Maximum 
Likelihood algorithm that is based on the Gaussian 
normal distribution (Swain and Davis, 1978). In the 
classification process, homogeneous training 
parcels/training areas numbering thirty or more per 
cover type (depending on the size and distribution of 
the cover type over the image area) were demarcated 
and indexed. The actual name of each cover type was 
supplied as required by the software. This procedure 
was repeated for each of the landcover types in the 
image for the study area. Each of the sub-scenes was 
classified the same way. In deriving the nomenclature 
for the landuse and landcover types, reference was 
made to the CORINE landcover nomenclature (Büttner 
et al., 1998). Further use was made of a comprehensive 
and standardized à priori landcover classification 
system developed by FAO (2005) and UNEP to meet 
specific user requirements, which was created for 
mapping, independent of scale or means used to map 
(FAO, 2005). The classification accuracy assessment 
was carried out by relating thirty well distributed 
randomly sampled field points (whose coordinates were 
determined through GPS observation) for each class of 
features to the corresponding pixels on the 
classification result for each of the image dates. For 
each class, the Statistical Index of Validation (SIV), the 
Cartographic Index of Validation (CIV) and the Class 
Purity (CP) were computed. 

Thereafter, the respective landuse/landcover types 
were on-screen digitized. The software then computes 
the corresponding histogram in terms of the total 
number of pixels and the total surface area of the 
polygon to arrive at the surface area of each LULC 
type. The digitized boundaries of these landuse and 
landcover types were then converted to vector format 
through the Polygonization function of the digitizing 
environment of the software. Each LULC type was 
given a code name and colour code to distinguish the 
different LULC types. The cartographic presentation of 
the polygonized landuse and landcover types in map 
form was accomplished using the ArcView software 
version 3.3. 
 

RESULTS AND DISCUSSION 
 
Results of classification and accuracy assessment: 
The themes identified on the image are agro-forest/light 
forest (with cocoa as the dominant species), built-up 
area, forest reserve, shrub and arable land, ridge forest, 
exposed rock and bare land and water body.  The 
overall assessment of the classification accuracy is 
presented in Table 2. The pragmatic approach using 

 



 
 

Res. J. Environ. Earth Sci.,4(7): 720-730, 2012 
 

725 

Table 2: Overall assessment of classification accuracy  
 1st approach 

using ground truth data (SIV, CIV and CP) 
2nd approach 
using confusion matrix alone Classification 

MSS 1972 sub-scene 0.57 0.75 
TM 1986 sub-scene 0.83 0.66 
TM 1991 sub-scene 0.81 0.68 
ETM+ 2002 sub-scene 0.79 0.62 
SIV: Statistical Index of Validation (measure of reliability); CIV: Cartographic Index of Validation (measure of accuracy); CP: Class Purity 
measure of purity, non-corruption or goodness of class) 
 

 
 
Fig. 2: Vegetation map of the study area-1972 
 
ground truth data (i.e., the first approach) is the 
standard technique of classification accuracy 
assessment while the theoretical approach using the 
confusion matrix (i.e., the 2nd approach) is the common 
technique for the assessment.  The two approaches gave 
generally acceptable accuracy but the first approach is 
consistent with the reality observed on the ground. The 
results of the assessment show a similar trend, thereby 

confirming that the LULC maps at scale 1: 100 000 
compiled from the classifications are reliable 
(Oyinloye, 2008). The maps were reduced to scale 1: 
150 000 and considerably shrunk to enable inclusion in 
this study. 

Figure 2 to 5 show the LULC maps of the study 
area in 1972, 1986, 1991 and 2002, respectively. Also, 
Table 3 gives the areal extent of the LULC types in the 
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Fig. 3: Vegetation map of the study area-1986 
 

 
 
Fig. 4: Vegetation map of the study area-1991 
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Fig. 5: Vegetation map of the study area-2002 
 
Table 3: Areal extent of landuse and landcover types in the study area 

 
Areal extent (ha) 
--------------------------------------------------------------------------------------------  

LULC type 1972 1986 1991 2002 Remarks 
Agro-forest and light 
forest 

112,985.3 64,276.1 76,546.9 60,569.8 Oil boom era in mid 1970s, 
poor cocoa pricing in the 
country 

Built-up area 4,852.1 2,746.5 3,198.2 4,180.3 Rural-urban migration in 1980s 
Exposed rock and bare 
land 

0.0 
(cloud cover is 
about 1,346.1) 

6,783.5 3,741.6 10,908.8 Full vegetation cover till early 
1970s, deforestation, erosion, 
cultivation, etc. 

Forest reserve 16,375.0 12,836.3 10,823.3 2,729.5 Deforestation, encroachment 
Shrub and arable land 14,084.6 49,739.4 40,973.0 59,585.8 Food crop farming to feed 

increasing population 
Ridge forest 7,702.1 18,184.7 19,213.6 13,901.9 Increase due to difficult 

topography, difficult access 
Water body 0.0 1,677.1 1,965.3 1,908.8    More water surface exposed du

to reduced vegetation   cover, dam
construction 

Total* 157,345.2 156,243.6 156,461.9 153,784.9  
 
area in 1972, 1986, 1991 and 2002, respectively. The 
remarks column in the Table provides a summary of the 
salient causes of the increase/decrease in areal extent of 
the various LULC types. These remarks were obtained 
through Focused Group Discussion (FGD) carried out 

in purposively selected settlements (Alarere, Ifetedo, 
Oke-Igbo, Ile-Oluji, Ipetu and Owena). Table 4 shows 
the changes in the spatial distribution of the different 
LULC types between 1972 and 2002. For example, 
agro-forest and light forest theme had reduced by 
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Table 4: Changes in landuse and landcover types in the study area: 1972-2002 
      Annual rate of 
 1972-986 1986-991 1991-002 1972-002 Percentage change: change (%) 
LULC type (ha) (ha) (ha) (ha) 1972-2002 1972-2002 
Agro-forest and light forest - 48,709.2   12,270.8 - 15,977.1 - 52,415.5 -46.39 -1.55 
Built-up area - 2,105.6   451.7   982.1 - 671.8 -13.85 -0.46 
Exposed rock and bare land   6,783.5 - 3,041.9   7,167.2   10,908.8   indeterminate - 
Forest reserve - 3,538.7 - 2,013.0 - 8,093.8 - 13,645.5 -83.33 -2.78 
Shrub and arable land   35,654.8 - 8,766.4   18,612.8   45,501.2   323.06   10.77 
Ridge forest   10,482.6   1,028.9 - 5,311.7   6,199.8   80.50   2.68 
Water body   1,677.1   288.2 - 56.5   1,908.9   indeterminate - 
 
Table 5: Change detection of LULC types between 1986 and 1991 

AF/LF: Agro-forest and light forest; BUA: Built-up area; ER/BL: Exposed rock and bare land; FR: Forest reserve; SAL: Shrub and arable land; 
RF: Ridge forest; WB: Water body 
 
Table 6: Change detection of LULC types between 1991 and 2002 

AF/LF: Agro-forest and light forest; BUA: Built-up area; ER/BL: Exposed rock and bare land; FR: Forest reserve; SAL: Shrub and arable land; 
RF: Ridge forest; WB: Water body 
 
46.39% giving an annual decreasing rate of 1.55%. This 
was essentially as a result of abandonment of cocoa 
farmlands during the crude oil boom era in the mid 
1970s, poor pricing of cocoa in Nigeria in the 1980s 
and rural-urban migration in 1979/1980 during the 
second civilian regime. Consequently, built-up areas 
reduced by 13.85% at an annual rate of 0.46% during 
the period of study. In 1972, nowhere could be detected 
as either exposed rock surface or bare land (Fig. 2) 
owing to total vegetation cover of the landscape outside 
the settlements and the narrow linking routes. Similarly, 
the rivers (e.g., Rivers Oni, Owena, etc.) in the study 
area could not be detected. Also, no dam existed in the 
area in 1972, although the rivers later became slightly 
exposed due to some deforestation along them and 
construction of the dam on River Owena in the 1980s. 
Forest reserve suffered deforestation at the rate of 
2.78% per year, shrub and arable land LULC type 

increased at the rate of 10.77% per year while ridge 
forest gained more land area at the rate of 2.68% per 
year.  

Table 5 and 6 show the results of the Cross 
operation that provide transition information on the 
change detection between 1986, 1991 and 1991, 2002, 
respectively. The similar Cross Table between 1972 
and 1986 was rejected because of the spurious errors 
introduced by the patches of cloud cover on the 1972 
image as well as the imperfect registration of the 
resampled classified image with that of 2002 image due 
to the wide difference between the spatial resolutions of 
the two images. As mentioned earlier, the classified 
image of 2002 was used as the reference image on 
which the other classified images were perfectly 
registered to enable the Cross Operation. It should be 
noted that any of the three classified images could serve 
as reference. 

 AF/LF BUA ER/EB FR SAL RF WB Totals1986 Gross loss 
AF/LF 44,648.4 77.7 143.9 7,437.9  4,260.1 6,151.7 508.8 63,228.5 18,580.1 
BUA 87.4 1,671.1 261.6 4.9 588.5 22.8 55.5 2,691.8 1,020.7 
ER/BL 952.1 665.5 1,220.7 104.1 3,137.7 312.7 232.1 6,624.9 5,404.2 
FR 10,834.4 6.4 169.6 14,672.3 1,495.9 2,915.6. 294.5 30,388.7 15,716.4 
SAL 12,073.7 426.5 522.5 404.3 11,001.0 6,279.7 283.2 30,990.9 19,989.9 
RF 5,407.5 206.7 1,310.9 1,257.3 5,999.0 3,156.8 341.0 17,679.2 14,522.4 
WB 831.7 41.3 34.0 319.3 175.0 89.1 163.2 1,653.6 1,490.4 
Totals 
1991 

74,835.2 3,095.2 3,663.2 24,200.1 26,657.2 18,928.4 1,878.3 153,257.6  

Gross 
gain 

30,186.8 1,424.1 2,442.5 9,527.8 15,656.2 15,771.6 1,715.1 76,724.1  

 AF/LF BUA ER/BL FR SAL RF WB Totals 1991 Gross loss 
AF/LF 43,520.5 412.3 811.2 15,001.7 10,781.8 3,975.7 622.3 75,125.5 31,605.0 
BUA 28.8 1,942.3 793.8 8.9 296.4 31.0 15.1 3,116.3 1,174.0 
ER/BL 39.0 225.6 2,017.6 87.2 443.4 830.2 29.1 3,672.1 1,654.5 
FR 7,241.1 180.3 818.2 9,611.9 3,884.8 1,833.1 712.9 24,282.3 22,264.7 
SAL 3,625.2 1,205.1 5,412.1 1,426.4 11,436.2 3,429.1 175.7 26,709.8 15,273.6 
RF 5,747.6 75.9 778.1 2,552.0 6,107.9 3,538.1 192.2 18,991.8 15,453.7 
WB 367.5 138.3 277.7 398.3 277.8 259.0 160.7 1,879.3 1,718.6 
Totals 2002 60,569.7 4,179.8 10,908.7 29,086.4 33,228.3 13,896.2 1,908.0 153,777.1  
Gross gain 17,049.2 2,237.5 8,891.1 19,474.5 21,792.1 10,358.1 1,747.3 81,549.8  
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For the change detection, the transition matrices of 
the classified images were used. The transition matrix 
shown  in   Table 5   was  obtained by performing Cross  
Operation between the classified images of 1986 and 
1991 while Table 6 shows the transition matrix between 
the 1991 and 2002 classified images obtained through 
the same Cross Operation procedure. The rows of 
Table 5 indicate the LULC types of 1986 and the 
columns indicate the LULC types of 1991. The same 
goes for 1991 and 2002 in Table 6. The diagonal 
figures (in bold) indicate the extents (surface areas in 
ha) of LULC types that remained unchanged between 
1986 and 1991 and between 1991 and 2002 (Table 5 
and 6). The figures off the diagonal in a given row 
denote the extent of the LULC type that experienced 
transition from an LULC type in a row to LULC types 
in the columns (Alo and Pontius, 2008). The column 
totals are obtained by summing up all the figures in 
each row i: 
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and the row totals are obtained by summing up all the 
figures in each column j: 
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The Gross Loss column is obtained by deducting 
the diagonal figure in a row i from the total in that row: 
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In the same way, the Gross Gain row is obtained by 

deducting the diagonal figure in a column j from the 
total in that column: 
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See (Alo and Pontius, 2008) for further 

explanation. The Gross Loss column indicates the 
LULC type that suffered a gross loss between 1986 and 
1991 (Table 5) and between 1991 and 2002 (Table 6). 
In the same vein, the Gross Gain row indicates the 
LULC type that experienced a gross gain between 1986 
and 1991 (Table 5) and between 1991 and 2002 (Table 
6). 

From Table 5, it can be seen that the significant 
transition inside the AF/LF is that from AF/LF to FR, 
RF and SAL cover types in that order between 1986 
and 1991. The transition between 1991 and 2002 
follows the same trend except that the order between 
RF and SAL reversed. Another important LULC type is 
FR, which shows significant transition from FR to 
AF/LF, RF and SAL. Between 1991 and 2002, the 
transition from FR to AF/LF, SAL and RF is significant 
in that order. The third LULC type showing serious 
transition is SAL transforming to AF/LF and RF 
between 1986 and 1991. Also, SAL generally shows 
transition to ER/BL, AF/LF, RF and BUA between 
1991 and 2002. Another important LULC type is RF 
showing transition from RF to SAL, AF/LF, ER/BL 
and FR between 1986 and 1991. The transition is from 
RF to SAL, AF/LF and FR between 1991 and 2002. 

As observed in Table 5 and 6, four LULC types, 
AF/LF, FR, SAL and RF show appreciable extents and 
are the major interacting cover types showing 
significant transitional interplays during the study 
periods resulting from a number of factors, a few of 
which  are  enumerated on the Remarks column in 
Table 3. Further analysis supporting the above analysis 
can be found in (Alo and Pontius, 2008). 
 

CONCLUSION 
 

This study discusses the processes of interaction 
among the Landuse and Landcover (LULC) types in the 
central cocoa cultivation and forest belt of southwestern 
Nigeria between 1972 and 2002. Thematic maps were 
prepared to show the dynamics of the LULC types in 
1972, 1986, 1991 and 2002 for which Landsat datasets 
were available. ILWIS software version 3.3 and 
ArcView software version 3.2 software were used for 
the data processing and map preparation respectively. 
The study has shown the main LULC types of the study 
area and the changes in their spatial distribution as a 
result of human activities within the period of study. 
The analysis of the results obtained showed that the 
forest reserves within the study area have suffered 
serious deforestation at the rate 2.78% per year during 
the study period. The analysis has provided a detailed 
study of the LULC transition, through change detection 
techniques applied on the classified images, of the 
dynamic landscape modification in the cocoa 
cultivation belt of southwestern Nigeria. The major 
LULC types that significantly modify the landscape of 
the area are agro-forest/light forest, ridge forest (also 
referred to as vegetated ridge), forest reserve (i.e., 
protected forest) and shrub and arable land. Between 
1986 and 1991, shrub and arable land contributed the 
highest interaction followed by agro-forest/light forest, 
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forest reserve and ridge forest, the lowest. This random 
manner of interaction changed order between 1991 and 
2002 with agro-forest/light forest contributing the 
highest transition followed by forest reserve, ridge 
forest and shrub and arable land in that order. The 
factors that contributed to the dynamics of the LULC 
types included the oil boom in the 1970s, poor cocoa 
pricing in the country, deforestation, forest 
encroachment as well as increased crop farming to feed 
the rapidly growing population, rural-urban migration, 
among others. 
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