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Abstract: While most studies of community forests in Senegal address issues in institutional and political arrangements for 
managing forests, this study was carried out to find out how these political and institutional changes embodied in the new 
approach to forest management impact on land use and land cover change in the country. Using the Missirah Forest in south-
eastern Senegal, as a case study, the objective was to quantify the land use and land cover changes that have happened over a 
twenty four- year period, from 1990 to 2014 using remote sensing. Six land use and land cover types were identified and 
mapped, namely, gallery forest, tree savanna, shrub savanna, degraded shrub savanna, croplands and settlements. The area of 
croplands and settlements expanded between 1990 and 2014. The conversion from natural vegetation to croplands (14.45%) 
was higher than the conversion from cropland to natural vegetation (3%). Between 1990 and 2003, the expansion in croplands 
was higher than between 1990 and 2003 but the reverse was the case for settlements. Regarding vegetation types, they 
decreased in cover between the two periods with the exception of shrub savanna that experienced an increase of 1.46% from 
1990 to 2003. Transition to less wooded vegetation (31.58%) was higher than transition to more wooded vegetation (13.91%). 
This study shows that deforestation and forest degradation are still in progress despite the implementation of a management 
plan for a full rotation. 
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1. Introduction 

In sub-Saharan Africa, land use and land cover change 
trends are extremely fast and the direction and rate of change 
are unstable [1]. Land use and land cover changes are often 
related to both natural and anthropogenic causes. But the 
most important driver of land cover and land use change is 
the intensive use of natural resources by local communities to 
satisfy their daily needs [2, 3] particularly in sub-Saharan 
countries where communities’ livelihoods depend mainly on 
natural resources. Changes in land use and land cover 
contribute significantly to alter the environment and 
ecosystem services that support human needs [4, 5]. To 
natural resources dependent-societies, land use and land 

cover change constitute a major challenge to sustainable 
livelihoods aspirations. To implement remedial strategies to 
cope with the issue, a good understanding of the direction of 
change and their extent is needed. 

Land use is defined as human’ intervention on land [6] and 
involves both the manner in which the land is manipulated 
and the intent that motivated that manipulation [7]. Land 
cover refers to the biophysical attributes of the earth’s surface 
[8]. The causes of land use land cover change can be 
summarized in two major categories namely the proximate or 
direct causes and the underlying causes [9, 10]. The 
underlying causes are factors that trigger the proximate 
causes and refer to economic, demographic, institutional 
political or technological factors that mostly occur at regional 
or global levels [11]. The proximate causes refer to 



2 Laurice Codou Faye et al.:  Land Use and Land Cover Change in a Community-Managed Forest in  
South-Eastern Senegal Under a Formal Forest Management Regime 

immediate actions that affect directly the land cover [12, 14]. 
The proximate causes of land use and land cover changes are 
manifold but the most cited in Africa are wood extraction, 
agricultural expansion, and infrastructure extension [9, 15-18]. 

After forest clearing for agriculture, wood extraction 
mostly for household energy consumption is the major 
driving force of vegetation dynamics in sub-Saharan 
countries [19, 20] where woodfuel either used directly as 
firewood or converted into charcoal is the primary source of 
domestic energy [21]. Indeed, despite the capacity of tropical 
forest species to regenerate after cutting for charcoal that 
allows forest recovery [22, 24], the pressure exerted by 
charcoal production sometimes results in devastating 
ecological and environmental effects [25] particularly 
deforestation and forest degradation [26, 27]. The 
environmental effects of deforestation often prompt countries 
with high dependence on fuel wood to develop strategies for 
coping with the problem. In Senegal a major charcoal 
producing country, the concern for unsustainable production 
of charcoal and the need to halt the process of deforestation 
and forest degradation induced by charcoal production led to 
the evolution of forest management in which formal forest 

regulation backed by management plans was introduced in 
local communities [28]. 

In different studies conducted in Senegal, the evolution of 
decentralization of the forest management process [29], the 
effect of the institutional pluralism on the decentralization 
and the management of forest resources [30], the function of 
the forest management plan in the new Senegalese Forest 
code [31], the evolution of forest management in Senegal 
[32] were analysed. With the exception of a study by [33] 
that examined the effects of charcoal production on 
woodland regeneration, all these studies focused on the 
political and institutional framework of forest management. 
However, the ultimate impact of these new forest 
management arrangements on deforestation is yet to be 
determined. Therefore, this study was carried out to find out 
how these political and institutional changes embodied in the 
new approach to forest management impact on land use and 
land cover change in the country. Using the Missirah Forest 
in south-eastern Senegal, as a case study, the research sought 
to quantify the land use and land cover changes that have 
happened over a twenty four- year period, from 1990 to 2014 
using remote sensing. 

 

Figure 1. Location of Missirah Forest. 
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2. Materials and Methods 

2.1. Study Area 

This study was conducted in Missirah Forest which is 
located in the Sudanian zone in south-eastern Senegal. The 
total area of the forest is 63123.54 ha and the vegetation is 
dominated by species such as Combretum glutinosum, 

Cordyla pinnata, Pterocarpus erinaceus, Bombax costatum, 

Lannea acida, and Acacia macrostachya. The study area is 
characterized by distinct dry and wet seasons. The mean 
annual rainall from 1960 to 2014 is estimated at 754 mm. 
Temperatures range from 42 to 16°C with a mean of 29°C. 
The management of Missirah Forest dates back to 2004 with 
the support of a World Bank project. The management is 
based on a plan that specifies when, where and the volume of 
wood to be cut, methods to be used and reforestation 
activities for replacing the losses [28]. The forest is divided 
into five (5) blocks split up each into eight (8) plots of 
exploitation. This corresponds to eight years rotation period. 
Gallery forest and croplands were classified as protected 
areas in the management plan and consequently proscribed to 
charcoal production activities. Resident communities were 
allowed to maintain their croplands but forbidden to extend 
or open new farms. 

2.2. Estimation of Land Use and Land Cover Change 

2.2.1. Remote Sensing and Field Data 

The dynamics of the land use and land cover were studied 
using time series of Landsat images obtained from Landsat 
TM (Thematic Mapper), of 11/29/1990, ETM+ (Enhanced 
Thematic Mapper) of 01/01/2003 and Landsat OLI 
(Operational Land Imager) of 02/24/2014 corresponding to 
scene 203/51. The images were acquired approximatively for 
the same period, at the beginning of the dry season to ensure 
that the phenological stages of plant cover were not too 
different between dates. Moreover the beginning of the dry 
season is a suitable period to distinguish the various Sudano-
Sahelian land-cover types because the contrast between the 
croplands and the natural environment is more marked [34]. 
Also, images captured in the dry season have the advantage 
of low cloud cover. Images used were downloaded from the 
United States Geological Survey (USGS) Landsat Earth 
Resources Observation Systems (EROS) Data Center. A 
ground survey was also carried out in the beginning of the 
dry season in conformity to the period of image acquisition. 
A set of 111 GPS points were collected in the different 
vegetation types and land use types. More GPS points were 
collected in classes that were more difficult to separate. The 
vegetation types were identified based on the classification of 
Yangambi [35]. Species in the vegetation types visited were 
also recorded. 

2.2.2. Image Processing 

As a first step we did a visual analysis that corresponds to 

the traditional method of photo-interpretation of the satellite 
images. This method consists of identifying the different 
homogenous units [36]. The interpretation was often made 
easy by our knowledge of the vegetation and field surveys. 

The images used were already all geo-rectified to UTM 
WGS 84 Zone 28 North coordinates with radiometric 
corrections. To avoid geographical deviation between images 
due to differences in sensor when superimposing them for 
change detection analysis, the images of 1990 and 2003 were 
georectified to the image of 2014 already corrected using 
ground survey. The images were georectified using an image 
to image adjustment with an error estimated to less than the 
value of one pixel. 

After adjusting the images, coloured compositions were 
created by combining channels 5 for the infrared [0.75-0.90 
µm], 4 for the red [0.63 to 0.69 µm] and 3 for the green [0.52 
to 0.60 µm] that display respectively the red, green, and blue 
colours for images 1990 and 2003. Regarding 2014 image, 
that was done associating the channels 6 for the infrared 
[1.55-1.66 µm], 5 for the red [0.84-0.88 µm] and 4 to the 
green [0.63-0.68 µm]. Then, the study area was extracted 
from the scene to determine the land cover land use types by 
classifying images.  

A supervised classification was performed using the 
maximum likelihood algorithm. The choice of the 
classification type was motivated by heterogeneity of the 
study area that may favour high probability of confusion 
between some classes. The classification was parameterized 
by digitizing training areas. Prior to the determination of 
training areas, the number of classes was defined. The 
determination of the number of classes was based on the 
unsupervised classification performed up stream and the 
information collected in the field. To homogenize the 
classification, the images were subjected to 3x3 pixels filter. 
To check the accuracy of the classifications, a confusion 
matrice was created for each year to determine the overall 
accuracy and the kappa coefficient. The accuracy assessment 
showed good classification with kappa coefficient of more 
than 80% for 2014 image taken as reference. The different 
classes derived from the images were also compared with 
existing documents (thematic and synthetic maps of the study 
area). All the processing was performed using Envi 4.7. 

The classified images were vectorized and processed using 
Arc Gis to produce land cover maps for the different periods. 
The post-classification comparison which is the most 
appropriate way to compare multi-source data [34] was used 
for change detection analysis. The analysis of the land use 
and land cover change was done taking into consideration the 
modifications and conversion processes observed between 
the different periods. Modifications refer to changes that 
affect the character without changing the category while 
conversions concern the replacement of one category by 
another [37]. A second temporal analysis of transition among 
vegetation types was carried out to determine the proportion 
of transition to less and more wooded vegetation. 
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3. Results 

3.1. State of Land Use Land Cover in 1990, 2003 and 2014 

The land use and land cover mapping identified six classes 
namely gallery forest, tree savanna, shrub savanna, degraded 
shrub savanna, croplands, and settlements. Land cover 
statistics (Table 2) showed the respective dominance of shrub 
savanna, tree savanna, croplands, gallery forests, and 
settlements in 1990 and 2003. In the 2014 image a new land 

cover type designated as degraded shrub savanna was 
identified as a distinctive land cover type. It thus became the 
fourth land cover type with 10.82% of the total area next to 
shrub savanna (42.35%), tree savanna (25.25%) and 
croplands (18.15%). Degraded shrub savanna is dominated 
by grasses with many dead tree trunks and few shrubs. In 
some spots it is even devoid of shrubs and thus differs from 
shrub savanna in terms of woody cover. 

Table 1. Land use/land covers statistics of Missirah Forest in 1990, 2003, and 2014. 

Land use land cover types 
1990 2003 2014 

Area (ha) Percentage Area (ha) Percentage Area (ha) Percentage 

Gallery forest 2799.02 4.43 2428.43 3.85 1655.87 2.62 
Tree savanna 26234.68 41.56 19948.09 31.60 15938.27 25.25 
Shrub savanna 29626.66 46.94 30547.82 48.40 26730.72 42.35 
Croplands 4231.00 6.70 9939.36 15.75 11459.45 18.15 
Settlements 230.18 0.36 257.83 0.41 508.89 0.81 
Degraded shrub savanna − − − − 6828.34 10.82 
Total area 63121.54 

 
63121.54 

 
63121.54 

 
 

For the three different assessment occasions the forest was 
dominated by shrub savanna and tree savanna that together 
represented 88.50% of the area in 1990, 80% in 2003, and 
67.60% in 2014. Tree savanna and gallery forest gradually 
cover decreased between 1990 and 2014. The area covered 
by tree savanna decreased progressively from 41.56% in 
1990 to 25.25% in 2014. Gallery forest accounted for 4.43% 
of the area in 1990 but only 2.62% in 2014. Croplands more 
than doubled between 1990 and 2003 from 6.70% to 15.75% 

but expanded more slowly from 2003 to 2014. The 
settlements presented an inverse scenario. They almost 
doubled between 2003 (0.41%) and 2014 (0.81%) whereas 
for the first period a slight increase of 0.05% was noticed. 
Shrub savanna the most dominant land cover type for the 
three periods increased by 1.46% between 1990 and 2003 
and showed a decrease of 6.05% from 2003 to 2014 due to 
degradation. The diachronic land cover maps obtained for the 
three periods are presented in Figure 2. 

 

Figure 2. Missirah Forest in 1990, 2003, and 2014. 
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3.2. Change Detection Analysis 

3.2.1. Land Use Land Cover Dynamics 

Annual rate of land cover change was unidirectional for all 
land cover types with the exception of shrub savanna (Figure 
3). The rate of change was positive in all periods for 
croplands and settlements contrary to tree savanna and 
gallery forest. The overall annual rate of change (1990-2014) 
was highest for croplands with an increase of 11.45% and 
lowest for settlements (0.44%). Tree savanna recorded the 
greatest loss between 1990 and 2014 (-16.31%). 

The matrices of land cover change presented in Table 2 
reveal that from 1990 to 2003, 43.61% of the area remained 
stable, 16.20% got converted and 40.19% was modified 
while from 2003 to 2014 conversions reached 23.30% of the 
total area with only 38.60% remaining stable. The unchanged 
area of each class is presented in diagonal elements (bold 
figures) in Table 2. For the first period (1990-2003), shrub 

savanna with 53.20% of its surface had the highest 
proportion of unchanged area followed by croplands 
(48.60%). In the second period, settlements and shrub 
savanna were the most stable land cover types with 51.20% 
and 46.40% of their area respectively remaining unchanged. 

 
Figure 3. Annual rates of land cover change in Missirah Forest between 

1990 and 2014. 

Table 2. Matrices of land cover change in Missirah Forest between 1990 and 2014. 

 
From 1990 to 2003 

 
Gallery forest Tree savanna Shrub savanna Croplands Setllements 

Gallery forest 27.06 3.59 2.22 1.61 0.00 

Tree savanna 23.45 33.99 31.98 20.35 16.09 

Shrub savanna 37.01 48.03 53.2 25.77 25.24 

Croplands 12.48 14.19 12.53 48.6 44.28 

Setllements 0.00 0.2 0.07 3.66 13.9 

 
From 2003 to 2014 

 
Gallery forest Tree savanna Shrub savanna Croplands Setllements 

Gallery forest 9.73 2.53 2.2 2.42 0.44 

Tree savanna 25.56 32.01 22.95 19.25 0.18 

Shrub savanna 41 42.2 46.4 31.17 17.64 

Degraded shrubsavanna 5.47 10.14 11.99 10.05 3.57 

Croplands 17.38 12.59 15.78 35.66 23.74 

Setllements 0.85 0.54 0.67 1.43 51.2 

  
From 1990 to 2014 

  

 
Gallery forest Tree savanna Shrub savanna Croplands Setllements 

Gallery forest 10.15 2.28 2.33 1.88 2.21 

Tree savanna 23.40 28.14 25.33 8.82 9.71 

Shrub savanna 44.00 45.01 42.88 20.63 27.89 

Degraded shrubsavanna 5.16 7.87 13.67 12.94 9.79 

Croplands 16.63 16.25 14.83 52.94 42.16 

Setllements 0.65 0.46 9.73 2.78 29.96 

 
The dynamics concerned mostly changes from tree 

savanna and gallery forest to shrub savanna in both periods 
1990-2003 and 2003-2014. In the first period, 48.03% of tree 
savanna and 37.01% of gallery forest were changed into 
shrub savanna. In the second period, tree savanna was still 
most affected with 42.2% of its area but the proportion of 
gallery forest that changed into shrub savanna (41%) was 
higher than the previous change. From gallery forest to tree 
savanna, the change was also quite high affecting more than 
20% of its area. With regard to shrub savanna, the change 
was mostly toward tree savanna with 31.98% and 22.95% of 
its area respectively in the first and the second period. The 
transition of tree and shrub savanna into gallery forest was 

not important in both periods. The transition into degraded 
shrub savanna newly appeared in 2014 images, and was more 
important for shrub savanna followed by tree savanna and 
degraded gallery forest respectively with 11.99%, 10.14%, 
and 5.47% of their area. 

With regard to conversions from natural vegetation to 
cropland between 1990 and 2003, it occurred as follows: tree 
savannah (14.19%), shrub savannah (12.53%), and gallery 
forest (12.48%); and between 2003 and 2014, conversions 
appeared in the following order: gallery forest (17.38%) 
shrub savannah (15.78%) and tree savannah (12.59%). 
Conversions from cropland to natural vegetation in the first 
period took place in the following order shrub savannah 
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(25.77%), tree savannah (20.35%), and gallery forest 
(1.61%); in the second period, the same order was observed 
except that the conversion into degraded shrub savanna 
(10.05%) was higher than conversion into gallery forest 
(2.42%). 

Conversions from natural vegetation to croplands were 
more important in terms of magnitude than those from 
cropland to natural vegetation. Area of natural vegetation 
converted into cropland in the first period and second 
period were estimated at 12.33% and 14.28% respectively. 
However, from croplands to natural vegetation conversions 

were estimated at 3.20% in the first period and 8.32% in the 
second period. Generally from 1990 to 2014, the 
conversions into croplands reached 14.45% of the total area 
whilst from croplands to natural vegetation, they 
represented only 3%. Figure 4 presented the spatial 
distribution of these transitions. The transition from natural 
vegetation to cropland is considered as “new croplands”, 
resulting from forest clearing, from cropland to natural 
vegetation “abandoned croplands”, that indicates also a 
recovery of the vegetation cover and the unchanged area of 
cropland as “permanent croplands”. 

 

Figure 4. Transition between natural vegetation and croplands in Missirah Forest for the three periods (1990-2003; 2003-2014; 1990-2014). 

3.2.2. Transition Among Vegetation Types 

In Table 3 are found the statistics of the transition among 
natural vegetation cover types. The transition to less wooded 
vegetation was of a higher magnitude than transition to more 
wooded vegetation in both periods. However, the difference 
was more marked in the second period when a management 
plan was implemented. While in the first period the transition 
to less wooded vegetation was 5.08% more than the 
transition to more wooded vegetation, in the second period, it 
almost doubled. The transition among vegetation types was 

mainly characterized by transition between tree savanna and 
shrub savanna. The transition from shrub savanna to tree 
savanna balanced each other in the two periods respectively 
with 11.11 % in the first period and 11.88 % during the 
second period. But regarding transition from tree savanna to 
shrub savanna the highest value was recorded in the first 
period with 19.96% of the forest whereas in the second it was 
estimated at 13.33%. The transition into degraded shrub 
savanna in the second period was also important affecting 10% 
of the total forest area. 
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Table 3. Temporal analysis of transition among vegetation types in Missirah Forest between 1990 and 2014. 

(a) 1990-2003 
 

Transition to less wooded vegetation (%) 
 

Transition tomore wooded vegetation (%) 
 

Gallery forest to tree savanna 1.04 Tree savanna to gallery forest 1.49 

Gallery forest to shrub savanna 1.64 Shrub savanna to gallery forest 1.04 

Tree savanna to shrub savanna 19.96 Shrub savanna to tree savanna 11.09 

Total 22.62 Total 17.54 

(b) 2003-2014 
 

Transition to less wooded vegetation (%) 
 

Transition to more wooded vegetation (%) 
 

Gallery forest to tree savanna 0.98 Tree savanna to gallery forest 0.79 

Gallery forest to shrub savanna 1.57 Shrub savanna to gallery forest 1.06 

Gallery forest to deg. shrub savanna 0.21 Shrub savanna to tree savanna 11.11 

Tree savanna to shrub savanna 13.33 
  

Tree savanna to deg. shrub savanna 3.2 
  

Shrub savanna to deg. shrub savanna 5.8 
  

Total 25.09 Total 12.96 

(c) 1990-2014 

Transition to less wooded vegetation (%) 
 

Transition to more wooded vegetation(%) 
 

Gallery forest to tree savanna 1.03 Tree savanna to gallery forest 0.94 

Gallery forest to shrub savanna 1.95 Shrub savanna to gallery forest 1.09 

Gallery forest to deg. shrub savanna 0.22 Shrub savanna to tree savanna 11.88 

Tree savanna to shrub savanna 18.7 
  

Tree savanna to deg. shrub savanna 3.27 
  

Shrub savanna to deg. shrub savanna 6.41 
  

Total 31.58 Total 13.91 

 

4. Discussion 

The dynamics of the vegetation was characterized by a 
process of degradation and deforestation that manifested 
respectively as transition from wooded to less wooded 
vegetation and the reduction of forest cover following forest 
clearing. Conversions affected tree savanna more than the 
other vegetation cover types (14.19%) in the first period 
and gallery forest in the second period (17.38%). In both 
periods shrub savanna came in second position but with a 
higher proportion in the second period (15.78%). The 
importance of the proportion of shrub savanna converted in 
the second period may be due to areas harvested for 
charcoal that were subsequently converted to croplands. 
Agricultural expansion taking advantage of logging or tree 
harvesting for charcoal is a common occurrence in 
developing countries [38]. One important finding of this 
study was the appearance of a new land cover type that we 
called degraded shrub savanna in 2014. This land cover 
type is mainly the result of tree and shrub density decline in 
tree savanna and the shrub savanna vegetation types. It is an 
open-vegetation consisting mainly of grass cover with a few 
shrubby species. A similar observation was made in eastern 
and southern Africa where charcoal production led to the 
transition of woodland to bush and bush to scrub [39]. It 
was observed that a reduction of about 20.9% of the forest 
cover and an expansion of cropland areas occurred within 
the period 1990 to 2014. This change is higher than the 
decrease in forest cover (4.1%) observed at national level 

by [40] between 1965 and 2000, a period of 35 years. The 
difference may be explained by two factors. First, they took 
into account the whole vegetation cover at national level 
including protected areas where there is no human footprint 
because they are protected (protected forests reserves and 
sanctuaries) and are consequently devoid of human 
pressure. Second, pressure from exponential growth of 
human population and livestock was probably not so high at 
that time. Our estimation also exceeded their findings on 
deforestation for the region where the study was conducted. 
Here the reduction of the woody cover following cutting for 
charcoal production was estimated between 15 and 20% in 
1965 against 5 to 20% in 2004. The same trend was 
observed in other parts of the country specifically in the 
peanut basin located in west-central Senegal [41]. and in the 
Ferlo, northern part of Senegal where from 1976 to 1995 
the woody cover decreased from 10-15% to 1-5% [42]. 

The croplands were characterized by a continuous 
expansion between the two periods to the detriment of 
natural vegetation cover. This result matches with the 
findings of many authors [2, 34, 43-44] who using remote 
sensing, documented an increase of croplands following 
vegetation cover clearance. Similar results have also been 
reported elsewhere in the central part of Senegal in Patako 
Forest [45] and in the peanut basin [46]. However, our 
findings contradict those of [47] in the river valley (northern 
Senegal) and [48] in south-western part of Senegal who 
documented a reduction in croplands. This difference could 
be explained by the fact that both studies concern agriculture 
in flooded areas where a combination of rainfall decrease and 
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increase in temperature has exacerbated soil salinity leading 
to the abandonment of many ricefields by farmers. The 
increase in cropland observed in the study was more 
important between 1990 and 2003 (150%) than from 2003 to 
2014 (30%). This finding is consistent with the scenario 
observed at the national level where the annual expansion 
rate of cropland was estimated at 27.72% between 1965 and 
1985 and 20.53% from 1985 to 2000 [40]. The high increase 
of cropland between 1990 and 2003 may be explained by 
migration of farmers from the west towards the south-eastern 
part of Senegal under the project “terres neuves” that 
relocated people and created new villages to increase the 
production of groundnut [49-50]. Indeed, migration is an 
important factor driving land use change as argued by [37, 
51]. Furthermore, this period coincided with a growing 
interest in cotton production with the establishment of the 
“Société de Développement et des Fibres Textiles” 
(SODEFITEX). It boosted the production of cotton by 
providing technical support, seeds, fertilizer, and credit for 
equipment purchase. Then, in this favourable context of 
technology and marketing, the area cultivated for cotton 
experienced a significant increase. The experience in Burkina 
Faso is the same [11, 52]. In the second period (2003-2014), 
in spite of the population growth and settlement expansion 
recorded in the area, the expansion rate of croplands was 
lower. However, contrary to the findings of [53] in the Volta 
Basin of Ghana who concluded that the slowing in cropland 
expansion was due to agricultural intensification, in Missirah 
Forest the crisis in cash crop production (cotton and ground 
nut), and the introduction of charcoal production in the area 
by a World Bank project which is more economically 
rewarding than agriculture, could be the two main 
explanatory factors.  

5. Conclusion 

Forest management was introduced to improve forest 
quality and ensure security of local livelihoods. Our results 
show that the extent of changes in land use and land cover 
types does not point to sustainable use of resources. Missirah 
Forest has been significantly cleared for cropland expansion 
whilst tree harvesting for charcoal production has led to more 
open vegetation. The change has been more important in the 
second period signifying a trend towards more degradation. 
This means the implementation of the forest management 
plan ought to be strengthened.  

Results from the present investigation provides 
information on historical and current land use land cover 
changes that may be useful in improving existing forest 
management especially spatial processes. Suggestions 
derived from this study can be summarized into three points. 
First, there is a necessity to discourage croplands expansion 
by making effective the intensification of agriculture to cope 
with the increase in demand for food and/or sale and land 
degradation. Second, the promotion of other livelihoods other 
than farming and charcoal production will reduce the 
pressure exerted on forest which is the main source of 

incomes. Third, law-enforcement should be strengthened to 
avoid clearing of protected areas. 
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