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Abstract 

The natural resources are under heavy anthropogenic pressures caused by an ever increasing demand for the 

satisfaction of the needs of the population. The aim of this study was to assess future environmental changes 

taking into account the current land-use dynamics in the Alibori Department. The establishment and the 

diachronic analysis of the dynamics of the occupation of the grounds, the characterization of the vegetation and 

the environment of the classified forests from phytoecological surveys, socio-economic surveys, impact 

assessment methods and predictive modeling carried out under SpaCelle were the main methods used. The 

assessment of land-use dynamics revealed that the surfaces of woodlands and woodland savannas increased 

from 35.43 % to 7.29 km2 from 1990 to 2015. On the other hand, the areas of mosaics of crops and fallows 

passed from 13.36% to 35.22% from 1990 to 2015. The population growth and the agricultural practices that are 

not very respectful of the environment were the main factors in this degradation of the vegetation cover. The 

predictive modeling carried out under SpaCelle from the development of the scenarios makes it possible to 

deduce that with the scenario of "environmental stability", the area occupied by mosaics of crops and fallows 

will be 56.56 % against 74.36 % for the scenario of "tendency towards catastrophe" in 2050. 
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1. Introduction 

The vegetation cover is constantly subject to increasing degradation despite its undeniable role in the balance of 

living beings. To this end, the threats that weigh more and more on natural vegetation formations in Benin are 

linked to the demographic growth and the introduction of industrial crops, which consumes a lot of space [1]. 

The growing population of cities is above all one of the main causes of this pressure on vegetation cover in 

Benin [2]. With population growth leading to increased demand for natural resources, there is unfortunately a 

mismatch between harvesting of wood resources and their rate of renewal [3]. Thus, the development of 

livestock and agriculture, especially the increase in livestock and the extension of the areas exploited have led to 

a degradation of natural resources, particularly plant formations [4]. Unlike industrialized countries and highly 

urbanized countries, apart from the problems of coastal erosion and garbage; the main cause of environmental 

degradation in Benin is still agriculture [5]. 

Moreover, many agricultural and forestry operations badly managed by farmers promote environmental 

degradation [6]. For this purpose, in the cotton zones of Benin (like Alibori which is the basin of the white gold 

of the country), Slash-and-burn cotton is the most important agricultural practice that forces farmers to clear 

several hectares each year [1]. Speaking of the most important environmental disturbance factors are 

agriculture, grazing and wildfires [7, 8, 9]. These factors associated with others cause a loss of about 70 000 ha 

in the period from 1990 to 2000, an annual loss of 2.3% of Benin's forest cover [10]. 

However, farmers are primarily responsible, but also the principal victims of environmental degradation [11]. 

On top of that, the problems of environmental degradation are taken more into account when promoting the 

technological progress needed to sustainably increase yields and reduce pressures on fragile ecosystems, as in 

the case of cotton cultivation [12].  

Considering all these factors, the Republic of Benin has ratified the Rio de Janeiro Convention on the 

Conservation of Biodiversity [13]. But the question is whether this has a positive impact on the protection of the 

environment is a guarantee of sustainable development. The department of Alibori, which constitutes the study 

area (Figure 1), is the cotton basin in Benin and in turn is subject to a drastic regression of its vegetation cover. 

The department of Alibori has a surface of 26 242 km² (23 % of the own territory). It is limited to the East by 

the Federal Republic of Nigeria, to North by Burkina-Faso and Niger, to the South by the department of Borgou 

and to the West by the department of Atacora.  It comprises six (06) communes: Banikoara, Gogounou, 

Ségbana, Kandi, Malanville and Karimama and have a total of 229 villages.  

The climate is Sudanese with an average temperature of 28°C.   The average annual rainfall is of the order of 

900 mm. The area has a unimodal rainfall pattern with a rainy season from May to October and a dry season 

from November to April. The main economic activities are agriculture, livestock and fishing. 
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Figure 1: Geographical situation and administrative division of the Alibori department 

2. Materials and Methods 

The future assessment of land use units is based on the simulation of spatial changes using the SpaCelle model. 

The predictive model uses two land occupation maps, a current map and an earlier map. In the case of this 

study, these are the 1990 and 2015 land cover maps. A comparative study of these two maps made it possible to 

determine the transitions, to quantify the surfaces concerned by each type of transition and to locate these 

changes. Each type of transition can be explained by known factors, quantifiable and mappable. By linking and 

combining the explanatory factors and the changes that have occurred between the two original land-use maps, 

the SpaCelle model will use a statistical method to map probability maps to changes. These probability maps 

correspond to the selected transitions. The number of probability maps is a function of the number of isolated 

transitions. These are the first cards provided by the model. Next, the model produces a prospective land-use 

map for a tn date based on the previously completed probability maps. This step performed by a cellular 

automaton simulates the previously identified changes and allocates them in space. 

2.1. Presentation and justification of the choice of the SpaCelle model  

The methodology adopted in this study was inspired by the approaches of [14, 15, 16], for the prospective 

dynamics of land use in Benin. These approaches are revealed to be just and scientifically sustainable. Thus, the 

land use simulation approach using the SpaCelle model appears to be a major asset for a prospective dynamic of 
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land use. It is an approach that can be used locally, nationally and regionally. 

• Presentation of the SpaCelle model: Definition, Data Requirements and validation 

SpaCelle is defined as the Production System of Environmental Cellular Automata [17]. This software was used 

for the first time in 2001 by [18] for the simulation of surface runoff. 

The simulation of land use in the study area required the acquisition of the SpaCelle model Version 5.1.8, a 

multi-layer spatial (2D) cellular automaton, which operates on the basis of transition rules. It is software of 

numerical simulation of land occupation units. It makes it possible to make projections of the dynamics of land 

occupation at a definite horizon (2050 in this case). 

The SpaCelle modeling platform makes it possible to build cellular automata by defining: 

 a list of states;  

 different cellular layers, of type with a grid; 

 layers of networks and points vectorial;  

 rules of life and rules of transition.  

These four types of elements to be defined condition the accuracy, representativeness and complexity of the 

modeled territory and constitute the knowledge base of the modeled system. 

• Justification of the choice of the SpaCelle model, advantages and limits 

SpaCelle is a software package the purpose of which is to answer problems on the evolution of the land use 

[17]. The choice of this model for the simulation of the evolution trend of the units of environmental 

occupations of the department of Alibori was dictated by several criteria, the most important of which are: 

 the simplicity of the data required to run the model. This is the same data that was used to analyze the 

changes in units of occupancy. They include the same series of remote sensing images and the same in 

the field; 

 SpaCelle is a tool for simulating the dynamics of land-use units that has been adapted and validated in 

several regions around the world, and the results obtained are reliable and similar to complex models 

such as CA_MARKOV, DINAMICA, Land Change Modeler ... [15, 14, 19, 20]. 

 It also has limitations because it does not generate moving objects or remote action. It is then necessary to use 

multi-agent systems, which are a generalization of cellular automata. 

• Scenario of land-use dynamics in the Alibori department 

The scenarios developed in this study are based on assumptions of environmental stability and the tendency 

towards disaster [21,14].  
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• Assumptions of the scenario of "environmental stability" 

The assumptions of this scenario do not take into account any forest and wetland management constraints 

established in the Forest Sector Foresight Study Papers for Africa [22, 21, and 23]. This scenario is based on the 

following assumptions: 

- agriculture is mechanized with intensive low-area yields adopted by producers; 

- the economic situation of the population has improved and the rate of economic growth at the national 

level is 12.4% [22]; 

- the share of fuelwood in meeting people's domestic energy needs is reduced by 50% in favor of other 

energy sources such as domestic gas and the use of crop residues. 

• Assumptions of the scenario "tendency towards the catastrophe"  

The purpose of the "tendency towards the catastrophe" scenario is to provide an overview of land use change in 

the Alibori Department if nothing changes in terms of the pace of human activities. 

In this "tendency towards the catastrophe" scenario, the prospective dynamics of land use are based on socio-

economic considerations, ie population dynamics and human activities. This scenario is based on three basic 

assumptions developed by [14]: 

- the extensive nature of agricultural production involves the use of environmentally harmful methods 

(slash-and-burn farming, uncontrolled deforestation, reduction of fallow periods, predominant 

monoculture on crop rotation in general, etc.) and continuously degrades ecosystems in general and 

land in particular [24]; 

- the population is dependent on the natural resources that are the main source of energy; 

- the rate of land-use dynamics remained the same as in the period from 1990 to 2015. 

This scenario aims to get a better idea of what the future situation might be, so that it raises awareness among 

all those involved in sustainable development. 

In sum, during the simulation, the input data or model parameters in the case of the "environmental stability" 

scenario will contribute to the achievement of results aiming at an increase in the life of forest ecosystems 

because human pressures on them will be reduced. 

On the other hand, the input data or the model parameters in the case of the "tendency towards the catastrophe" 

scenario will lead to a reduction in the lifespan of the plant formations of the Alibori department by 2050. 

Indeed, the latter will undergo anthropogenic pressures causing their degradation. 

3. Results 

These are the results on the vegetation cover evolution between 1990 and 2015 and the projection in 2050. 
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3.1. State of the occupation of land in 1990 and 2015  

The texts governing good environmental management began to appear in Benin from 1990. However, until 

today the application of these texts is still not fully effective. Nevertheless, although development and 

application have not automatically contributed to forest restoration, they have still helped to stem the ever-

increasing advance of vegetation cover degradation (table 1). 

Table 1: Surface of land use units in 1990 

Units of land use Surface 1990 (ha) Percentage (%)  

Waterbody  2500.85 0.09  

Swamp  7100.98 0.26  

Dense forest  8573.24 0.32  

Woodland and savannah woodland  951392.05 35.43  

Gallery Forest 99473.89 3.70  

Tree and shrub savannahs  11890706.13 46.51  

Field mosaic and Fallow  358736.69 13.36  

Agglomeration  9054.02 0.33  

Total  2685037.87 100  

 

All of these units experienced changes in 2015 (table 2). 

Table 2: Surface of land use units in 2015 

Units  of land use Surface 2015 (ha) Percentage (%)  

Waterbody  2444.987 0.09  

Swamp  5848 0.22  

Dense forest  5845.249 0.22  

Woodland and savannah woodland  147789.364 5.50  

Gallery Forest 78003.1975 2.90  

Tree and shrub savannahs  1478713.925 55.07  

Field mosaic and Fallow  945751.984 35.22  

Agglomeration  20641.1644 0.77  

Total 2685037.871 100  

 

At 92.45% the area of the department of Alibori is in 1990, occupied by tree and shrub savannahs at 44.04% 

followed by woodland and savannah woodland at 35.43%. But the intensity of the degradation of the vegetation 

cover is more observed at the level of the latter (Figure 2). 
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 Figure 2: Land use between 1990 and 2015 in the department of Alibori 

The physiognomic characteristics of the vegetation in 1990 were dominated by tree and shrub savannahs and 

dotted by open woodland and savannah woodland. The latter are strongly in the municipalites of Banikoara and 

Gogounou and continually give way to mosaics fields and fallows (Figure 3). 

 

Figure 3:  Assessment of evolution of vegetations formations and other land-use units between 1990 to 2015 

Ag : Agglomeration, FMF : Field mosaic and Fallow, GF : Gallery Forest, TSA : Tree and shrub savannahs,  

WSW : Woodland and savannah woodland,  DF : Dense forest, Sw : Swamp, WB : Waterbody   
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3.2. Evolutionary trend of land occupation in the department of Alibori by 2050 

The concerns are based on the future of Alibori vegetations formations by 2050 if current pressures are 

maintained. The realization of the predictive map made it possible to understand the future stakes, to better 

appreciate them in order to rethink the modes of existence if necessary. On the basis of the assumptions made in 

relation to the scenario "tendency towards the catastrophe" with especially the maintenance of the bad farming 

practices and the strong demographic growth, it has been noted intensive degradation of the landscape units 

(figure 4). 

 

Figure 4: States occupation of land for the "catastrophe scenario" by 2050 

The analysis of the figure showed that in 2050, the trend of evolution of field mosaics and fallows will 

consolidate further. During this same year, the regression of natural formations will gradually continue. In 2050, 

the phenomenon of anthropisation of the environment will increase at the expense of natural vegetations 

formations if the assumptions made are maintained. 

The table 3 shows that in the Alibori department tree and shrub savannas will be reduced from 52.82% in 2015 

to around 15.93% in 2050. Simultaneously agglomerations will extend from 0.76% in 2015 to 1% in 2050. 

Similarly mosaics crops and fallow could range from 35.22% to 74.36% in 2050. 
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 Table 3:  Projection of the area (in ha and in %) of the land cover units by 2050 according to the scenario of 

"tendency towards the catastrophe"  

Units of land-use  Surfaces (ha) Percentages (%)  

Waterbody  730.91 0.03  

Swamp  1532.72 0.06  

Dense forest  1946.11 0.07  

Woodland and savannah woodland  214200.33 7.98  

Gallery Forest 15312.11 5.90  

Tree and shrub savannahs  427731.01 15.93  

Field mosaic and Fallow  1996530.63 74.36  

Agglomeration  27054.05 1  

Total  268 503 7.87 100  

 

The various states of land occupation for scenarios of "environmental stability" and "trend towards disaster" in 

2015 and by 2050, in the department of Alibori, are summarized by the figure 5. 

 

 Figure 5: Land cover states for the "environmental stability by 2050" scenario 

The "environmental stability" scenario aims to reduce pressures on plant resources. With this scenario, most of 

the land-use units of the Alibori Department, including natural formations and anthropogenic formations, have 

been in a state of very little regression or progression, as shown in the table. The observation of the table 4 
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shows that the forest and savannah woody saves 6.84% from 5.5% in 2015 to 12.34 % in 2050. The 

agglomerations, although in slight stability, increased from 0.76% in 2015 to 0.29% in 2050. Mosaics crops and 

fallow, meanwhile, will increase between 2015 and 2050 passers from 35.22 to 56.56%. 

Table 4:  Projected area units of land occupation in 2050 according to the scenario of "environmental stability" 

Units of land use  Surfaces (ha) Percentages (%)  

Waterbody  1339.52 0.05  

Swamp  3516.84 0.13  

Dense forest  3628.16 0.13  

Woodland and savannah woodland  331500.57 12.34  

Gallery Forest 50273.07 1.87  

Tree and shrub savannahs  759331.35 28.28  

Field mosaic and Fallow  1518576.24 56.56  

Agglomeration  16872.12 0.29  

Total 2685037.87 100  

 

3.3. Environmental dynamics in the department of Alibori 

On the basis of the assumptions made with respect to the "catastrophe trend" scenario, and also considering the 

lifetimes of the land-use units, the analysis of this scenario makes it possible to make findings at the level of the 

units of occupation of the grounds. The projection based on this scenario reveals that plant formations will 

virtually disappear in favor of fields and fallows and agglomerations (Figure 6). 

 

Figure 6: Landscape units of environmental and catastrophe scenarios in 2015 and 2050 

Ag : Agglomeration, FMF : Field mosaic and Fallow, GF : Gallery Forest, TSA : Tree and shrub savannahs,  

WSW : Woodland and savannah woodland,  DF : Dense forest, Sw : Swamp, WB : Waterbody   

From the analysis of the figure, it appears that with the environmental stability scenario, only field mosaics and 
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fallow land will progress in the department of Alibori. As for the other units, there will be a dynamic but it 

concerns more the woodland and savannah woodland because their degree of degradation remains always 

considerable. On the other hand, the results developed by the scenario tending towards the catastrophe show 

that the phenomenon of anthropisation of the environment will increase at the expense of the natural plant 

formations of the department of Alibori in 2050. It should be noted an increase in agglomerations and mosaics 

of fields and fallow land. But, the woodlands and savannahs woodland and the tree and shrub savannahs are 

experiencing a meteoric decline. This challenges the consciousness of everyone, especially researchers and 

decision-makers, through a vast reforestation or reforestation campaign of the Alibori department. 

4. Discussion 

4.1. Dynamics of Land Use 

The assessment of land area unit dynamics in the Alibori department was carried out over the period 1990-2015. 

It is characterized by an extension of human formations to the detriment of natural vegetations formations. In 

fact, the area of woodland and savannah woodland increased from 35.43% in 1990 to 5.5% in 2015. It is also 

the same for the gallery forests, which experienced a significant decrease from 3.70% in 1990 to 2.90% in 2015 

despite being fully protected by Beninese forest legislation [25]. The same phenomenon was observed in tree 

and shrub savannahs whose area increased from 46.51 % in 1990 to 55.22 % in 2015, an increase of about 8.71 

%. Overall, there is a significant reduction in forest area as well as an increase in the area of field and fallow 

mosaics and tree and shrub savannahs. The decrease in forest area is explained by the fact that most of them 

have been converted into savannahs and field mosaics and fallows. 

This confirms the results of [1, 14, 26, 27, 16], concerning the regression of dense vegetation formations in 

favor of agricultural areas. Indeed, the work of [28] revealed a rate of deforestation of 6% between 1991 and 

2000 in Upper Ouémé. In addition, [1], by studying the factors of the floristic diversity of the slopes of the 

Atacora massif also concluded that the natural plant formations are in regression of 3.5%. The results of this 

research complement those of existing work on land-use dynamics in Benin. Indeed, the work of [27] in the 

communes of Banikoara and Karimama (Alibori Department) show that all land tenure units have undergone 

changes in the form of losses and gains. Thus, outside of gallery forests, changes in the different land-use units 

of the study area are all active or rapid. The highest rate of change was recorded in woodland and savannahs 

woodland with 55% loss and only 5% gain. They are followed by tree and shrub savannahs with 13% loss and 

19% gain and mosaics of fields and fallows with 11% loss and 18% gain. Finally, in gallery forests, only losses 

(3%) are observed and the rate of change was slow. On the other hand, only gains (18%) are observed for the 

agglomerations. 

Unlike the work of other researchers, this research like [16] went further, insisting that in addition to the 

growing fields and fallows, agglomerations have also intensely contributed to the regression of the plant cover 

in Alibori department. Overall, the areas of anthropogenic formations and agglomerations department of Alibori 

have experienced a very rapid increase from 1990 to 2015 at the expense of natural forest formations. 
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4.2. Use and limits of the predictive modeling of the vegetation 

The predictive modeling of the evolution of wood energy resources in the southern watershed was done with the 

SpaCelle model. This model is much more dependent on local interactions between cells than factors that 

influence these cells or automata. The use and adaptation of the SpaCelle model in a tropical environment raises 

some questions of environmental similarity because it was originally conceived in the French context. However, 

SpaCelle was easily tropicalized and adapted in this study thanks to its calibration on the neighborhood relations 

between the basic cells. Only, to make the prospective maps under SpaCelle, a problem related to the 

functioning of the model has been highlighted. This comes from a limit of the model to simulate the processes 

of change from one type of unit of occupation to another, presenting intermediate states, whereas this was the 

approach taken from a conceptual point of view [17, 29, 14, 15, 16]. 

The analysis on the use of the SpaCelle model was inspired by that made by [16] on the dynamics of wood-

energy resources and impacts on forest ecosystems in the southern supply basin of the Republic of Benin. Thus, 

the validation of a model is essential and consists in ensuring that the spatial and temporal representation of the 

simulated processes respects the trends, the change processes or even the landscape patterns as previously 

defined in the prospective scenarios. It aims to enhance the plausibility of the scenarios and is based on criteria, 

the number of which may vary according to the authors [30, 31]. Indeed, the multitude of indicators based on 

the comparison of a simulation with an observed situation, developed by Pontius, such as Kappa [32], the ROC 

curve [33], the indicators derived from Land Use and Change Change (LUCC) budgets [34] appear 

inappropriate when used individually. They evaluate the predictive power of a model and not its ability to 

correctly simulate the desired land-use processes or landscape patterns [35]. Since the SpaCelle model does not 

have its own evaluation tools, the validation of the simulation results requires the use of two types of methods. 

This is the visual validation with Google EarthPro © and the validation by calculation of the compliance rate. 

The combined use of these methods was therefore necessary to increase the confidence that one can have in the 

model to simulate prospective scenarios. 

5. Conclusions and recommendations 

The crop production and livestock are the main livelihood activities of the Alibori Department. They are 

influenced by climatic conditions of the Sahel which force producers to adopt new agricultural practices (the 

misuse of plant protection products and especially the increase in plantings through the adoption of new tools 

and production techniques) in order to hope for a good return. Since these activities are the main sources of 

income for agricultural households, the consequences of climatic hazards on them inevitably affect the living 

conditions of these households. The strategies of adaptation not rational developed by the populations to face 

the climatic instabilities of the department of Alibori engender an unprecedented environmental upheaval. The 

analysis of vegetation cover conditions from 1990 to 2015 revealed that the department of Alibori is 

characterized by an extension of human formations to the detriment of natural vegetation formations. The area 

of woodland and savannahs woodland increased from 35.43% in 1990 to 5.5% in 2015. 

The results obtained from the projection made using the SpaCelle software shows that with the environmental 
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stability scenario, the woodland and savannah woodland is gaining 6.84%, going from 5.5% in 2015 to 12.34% 

in 2050. The agglomerations, although in slight stability, increased from 0.76% in 2015 to 0.29% in 2050.  The 

field mosaics and fallow, meanwhile, will increase between 2015 and 2050 passers from 35.22 to 56.56%. On 

the other hand, the results developed by the scenario tending towards the catastrophe show that the tree and 

shrubs savannahs will be reduced from 52.82% in 2015 to around 15.93 % in 2050. Simultaneously 

agglomerations will extend from 0.76% in 2015 to 1% in 2050. In the same way field mosaics and fallows 

could extend from 35.22 to 74.36% in 2050. 

It is therefore imperative: 

- Implement national, departmental and local policies aimed at reversing the perilous trend of 

deforestation, to the benefit of both populations and the overall environmental balance. 

- Initiate afforestation and reforestation campaigns 

- Create local monitoring committees 

- Create a young volunteer for participatory development and environmental monitoring 

- Decision support tools will then be essential to make informed choices in the management of territories 

in order to simulate future changes in land use to anticipate the degradation of natural vegetation cover 
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