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Abstract. Deforestation processes driven by anthropogenic activities lead to the loss of biodiversity and 

the alteration of ecological systems. In this paper, we examined the land use / land cover change trends 

from 2000 to 2020 in the Sudano-Guinean region of Benin, and analysed the driving factors of those 

changes. The adopted method is based on the diachronic analysis of the land cover through the use of 

remote sensing data specifically, Landsat satellite images of 2000 and 2020. The results showed that natural 

forest vegetation and Savannah strongly decreased, whereas farmland and the built-up area increased. 

Indeed, forest land lost 3.22%, 2.01%, and 1.57%, in Bante, Glazoué, and Ouèssè, respectively. The 

intensification of human activities was identified as the proximate driver while population growth, a 

growing demand for agricultural and forest products coupled with improved infrastructure were identified 

as the underlying drivers of deforestation. To achieve sustainable management goal for forest resources in 

Benin, the introduction of alternative sources of energy, sustainable farming practices, diversification of 

income sources, the promotion of community participation, should be implemented. 

Keywords: Benin, Sudano-Guinean zone, land use/land cover change, forest change, remote sensing 

Introduction 

Land use / land cover change (LULC) is one of the main causes of terrestrial surface 

alteration, therefore discussions on sustainable development should take this into account. 

LULC change is regarded as all change observed in the natural landscape of Earth 

(Lambin and Meyfroidt, 2010), leading not only to loss of biodiversity, but also to climate 

change (Verburg et al., 2009; Hibbard et al., 2010; Lambin and Meyfroidt, 2011; 

Meyfroidt et al., 2013; Van Asselen and Verburg, 2013). According to Turner and Billie 

(2001), numerous human activities constitute the main causes that have recently been 

influencing the biosphere in several ways. Indeed, it was highlighted that LULC change 

is regarded as the major indicator of Earth’s terrestrial surface alteration inducted by 

human populations. Therefore, land use is considered to be a major driver (Foley et al., 

2005) due to anthropogenic activities such as agriculture, pasture, and urbanization for 

their negative impact on the environment. Schaldach et al. (2006) has stated that these 

change will in the future cause an increase demand of food and energy for the world 

population. Recently, numerous studies have widely integrated remote sensing (RS) and 

geographic information system (GIS) in the field of land use land cover change for the 

purpose of management of land and other natural resources. Thus, studies on monitoring 

and assessing LULC changes are crucial to agriculturalists, urban planners, policy maker, 

environmentalists and scientists (Babalola and Akinsanola, 2016). In addition, Remote 

sensing technologies provide the acquisition of LULC information over large areas at no 

cost from local to global scales (Mishra and Rai, 2016). Therefore, the integration of 

remote sensing and GIS approaches is regarded as the best method for extracting and 
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assessing the change trends of LULC changes (Kumar and Shaikh, 2013; Mishra and Rai, 

2016; Mishra et al., 2018). Thapa and Murayama (2010) have stated that transition from 

rural to urban landscape is possible due to the population migration from village to town 

and city. According to Moghadam and Helbich (2013) and Li et al. (2013), the projection 

by 2050 indicates that around 72% of the world’s population will reside in cities. This 

large concentration of human population in cities is not without consequences. Thapa and 

Murayama (2010) confirmed that the urban growth consequence on land use changes is 

a complex interaction between behaviour and structural factors with the demand, the 

technological capacity which at the end strains the environment. Socioeconomic 

pressures (forest patterns, agricultural, migration and urban sprawl) strongly contribute 

to urban growth (Thapa and Murayama, 2009). Thus, the land is used for goods and 

services production and as residential land for those migrating from the village to the city 

(Lu and Sasaki, 2008). The key for better understanding the interactions between 

anthropogenic activities and the environment is in performing studies on land use land 

cover change (Dewan et al., 2012). Lambin et al. (2001) have stated that human activities 

all round modification in land use/cover recently has become as the one extremely 

influencing our ecological systems. Thus, the change of land use and cover caused by the 

intensive socio-economic development lead to environmental degradation (Grimm et al., 

2008). Additionally, change in forest landscape due to human activities lead to 

greenhouse gas increasing in the atmosphere which resulting in climate change (Dewan 

et al., 2012). In the last two decades, Benin Republic faced rapid population growth and 

urban expansion. Whereof, acquiring accurate information in the past land cover are very 

important for the purpose of land use planning and sustainable management. From 2000 

to 2015, the population of Benin increased by around 54% from 6.7 million to 

10.6 million (United Nations, 2017). From 2000 to 2015, the population density increased 

from around 61 inhabitants/km2 to 94 inhabitants/km2 (INSAE_Benin, 2014). This has 

led to great loss of forest cover in the country, with an average annual deforestation rate 

of 1.95%. From 1990 to 2005, Benin has lost 29.2% (971000 ha) of its forest cover 

(Thomson, 2007). Most of populations, especially rural populations, mainly depend on 

forest products to survive (Schumann et al., 2012). Recently, numerous research has been 

performed in the field of land use land cover change by integrating remote sensing and 

GIS technologies (Srivastava et al., 2013; Houessou et al., 2013; Oladoye et al., 2014; 

Mishra and Rai, 2016; Babalola and Akinsanola, 2016; Issiaka et al., 2016; Mishra et al., 

2018). Nonetheless, studies on LULC change in Benin Republic was very limited in some 

regions. The present study aimed to assess the forest cover change in the Sudano-Guinean 

region of Benin, one of the region with high population density and pressure on forest 

resources, for the purpose of providing accurate information for sustainable development 

and management of forest land. 

Materials and Methods 

Study Area 

The study area is located in Benin, between 8° and 9° north latitude and between 2° 

10 and 2° 49 east longitude. It covers an area of approximately 7,445 square kilometers 

(Figure 1). Governed by a tropical transition climate (Afouda, 1990), this area is 

characterized by annual average rainfall and temperature of 1,300 mm and 27 °C, 

respectively. The relief is a crystalline peneplain marked by the presence of inselbergs 

with an altitude ranging from 200 to 400 m (Adam and Boko, 1993). The soils belong to 
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the sizeable ferruginous ensemble of the tropical environment (Igue, 2000). Agriculture 

is extensive, characterized by low crop yields. Logging and climate instability have 

increased in recent years (Oloukoi et al., 2006). 

 

Figure 1. Location of the study area 

 

 

Data collection 

According to the Landsat Worldwide Reference System (WRS), our study area is 

located at the Path and Row position of 174 and 59, respectively. Thus, Landsat images 

of the year 2000 and 2020, were freely downloaded from the website of the US Geological 

Survey National Center for Earth Resources Observation and Science 

(http://glovis.usgs.gov/), in order to extract crucial information on land use/ land cover 

change in the study area. Also, as it requires to better know the region before performing 

supervised classification, field observations were carried out during March 2020 to 

understand the characteristics of each land use/ land cover category. Thus, for each land 

use/ land cover class, 150 training reference points were collected using the GPS receiver. 

The three Landsat images were acquired in March and February because of cloud-free 

images or clear sky during that period (Table 1). Indeed, using satellite images acquired 

almost in the same period remains an essential advantage of land use/land cover change 

study. This removes the effects of change in season when investigating year-to-year 

change and also minimizes the discrepancies in reflectance caused by seasonal vegetation 

fluxes, climatic differences, and sun angle differences (Singh, 1989). 
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Table 1. Characteristics of remotely sensed data used for the study 

Sensors 
Acquisition 

date 

Spatial 

resolution 
Path/row 

Band 

combination 
Source 

LT05 March 2000 30 m 174/59 5, 4,3 http://glovis.usgs.gov/. 

LE07 February 2020 30 m 174/59 5, 4,3 http://glovis.usgs.gov/. 

LC08 March 2020 30 m 174/59 6, 5,4 http://glovis.usgs.gov/. 

 

 

Land use/land cover classification 

As shown in Figure 2, after performing the image preprocessing (radiometric 

calibration and atmospheric correction using the FLAASH method), we then carried out 

a supervised classification of the 2000 and 2020 satellite images. Firstly, field data were 

collected for each land category in order to identify the spectral signature of each one. 

Also, using the maximum likelihood algorithm, satellite images were classified into four 

categories, namely forest, farmland, Savannah, and built-up area. The maximum 

likelihood algorithm is a parametric decision whose rule is based on the probability that 

has a specific pixel belonging to a specific category. It has been reported that this 

algorithm provides a higher classification accuracy in land use/land cover study 

(Vadrevu, 2013). For the calculation of the observed rates of change, the global rates of 

change (Tg) express the proportion of an occupancy unit that changes during a given 

period or between two dates. It was evaluated according to the formula used by Oloukoi 

(2006): 

 

 Tg = [(S2-S1/S1)]*100 (Eq.1) 

 

where S1 and S2 are the area at t1 and t +1, respectively. 

 

Figure 2. Schematic diagram of the research approach 

http://glovis.usgs.gov/
http://glovis.usgs.gov/
http://glovis.usgs.gov/
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Analysis of the rate of change values shows that positive values indicate progression, 

and negative values indicate regression. Values close to zero indicate that the class is 

relatively stable (Kpédénou et al., 2017). 

Socioeconomic survey 

Socio-economic surveys were carried out among the main actors whose activities 

affect in one way or another, the forest land. These are mainly farmers, ranchers, loggers 

and charcoal makers. Since statistical data on the number of these different actors is not 

available, the size of the sample to be surveyed at the level of each category of actor was 

determined using the formula of Dagnelie (1998). In total, 100 actors were interviewed. 

Its formula is as follows: 

 

 𝑛 =

𝒑(𝟏 − 𝒑)𝑼𝑼
𝟏
∝
𝟐

𝟐

𝒅𝟐
 

(Eq.2) 

 

where p being the proportion of each category of actors, obtained from an exploratory 

survey, d = 10% (margin of error varying from 0 to 20%). 

Results 

Evolution in a forest area during the last two decades 

During our survey, the landscape of our study area was classified into four categories, 

including forest, farmland, wooded land, and bare land, in Bante, Glazoué, and Ouèssè. 

The total area for each year in the area under study reveals that the greater part of the 

change has been occurred in forest conversion to other land categories. Based on analysis 

performed from 2000 to 2020 in Bante (Table 2), it was noted that one category 

experienced negative change while three others experienced positive change. Indeed, 

Builtup land had the highest positive change rate (12.54%), followed by Farm and 

Savannah with 12.36% and 6.64%, respectively. On the other hand, Forest land 

experienced the highest negative change rate (-3.22%). During the period from 2000 to 

2020, Forest land lost 6,563.65 ha each year, in favor of Farmland, Builtup land, and 

Savannah. In Glazoué, the landscape has been changed in different ways compared to 

Bante (Table 3). It was noted that two categories of the landscape experienced a negative 

change, and two others experienced a positive change. Farmland had the highest positive 

change rate (7.83%), followed by Builtup land with 5.79%, while Savannah and forest 

land lost 0.97% and 2.01 %, respectively. From 2000 to 2020, 1091.2 ha of forests and 

930.65 ha of Savannah disappeared in favor of farmland and Builtup area, each year. In 

Ouèssè, the landscape dynamics has been occurred in the same way as in Glazoué 

(Table 4). However, the statistics of change were different, it was noted that two 

categories of the landscape experienced a negative change, and two others experienced a 

positive change. Indeed, farmland had the highest positive change rate (6.69%) followed 

by the Builtup area with 5.49%. In comparison, forest and Savannah lost 1.57% and 

0.46%, respectively. On the other hand, forests experienced the highest negative change 

rate and lost each year 2,882.55 ha, while wooded land lost 344.65 ha. 
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Table 2. Evolution of land use/cover in Bantè, from 2000 to 2020 

Land use/cover 

classes 

Spatial area coverage 
The annual rate of 

change 

2000 2020 2000-2020 

Area(ha) % Area(ha) % ha/year %/year 

Forest 

Farmland 

Savannah 

Bare land 

203936 

44407 

15005 

637 

77.25 

16.82 

5.68 

0.24 

72663 

154150 

34937 

2235 

27.53 

58.39 

13.23 

0.85 

-6563,65 

5487,15 

996,60 

79,90 

-3.22 

12,36 

6.64 

12.54 

Total 263985 100 263985 100   

 

 
Table 3. Evolution of land use/cover in Glazoué from 2000 to 2020 

Land use/cover 

classes 

Spatial area coverage 
The annual rate of 

change 

2000 2020 2000-2020 

Area(ha) % Area(ha) % ha/year %/year 

Forest 

Farmland 

Savannah 

Bare land 

54282 

25500 

95476 

453 

30.89 

14.51 

54.34 

0.26 

32458 

65412 

76863 

978 

18.47 

37.23 

43.74 

0.56 

-1091,20 

1995,60 

-930,65 

26,25 

-2.01 

7.83 

-0.97 

5.79 

Total 175711 100 175711 100   

 

 
Table 4. Evolution of land use/cover in Ouèssè from 2000 to 2020 

Land use/cover 

classes 

Spatial area coverage 
The annual rate of 

change 

2000 2020 2000-2020 

Area(ha) % Area(ha) % ha/year %/year 

Forest 

Farmland 

Savannah 

Bare land 

183025 

47523 

75652 

896 

59.60 

15.47 

24.63 

0.29 

125374 

111084 

68759 

1879 

40.83 

36.17 

22.39 

0.61 

-2882,55 

3178,05 

-344,65 

49,15 

-1.57 

6.69 

-0.46 

5.49 

Total 307096 100 307096 100   

 

 

Proximate drivers of deforestation 

Analysis of Table 5 reveals that agriculture, fuelwood collection, pasture and Forest 

fire are the main drivers of deforestation in the study area. For pastoralists and charcoal 

makers, the most important drivers of deforestation are agriculture and fuelwood 

collection. For farmers and loggers, it is above all agriculture and fuelwood collection 

that lead to significant deforestation too. On the other hand, hunters point out agriculture 

and fuel wood collection as the main drivers of deforestation. 
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Table 5. Variation in the score of the direct factors of deforestation according to the categories 

of actors 

Drivers 

Actors 

Farmers 

(n=35) 

Breeders 

(n=15) 

Loggers 

(n=20) 

Charcoal 

makers (n=15) 

Hunters 

(n=15) 

Agriculture 85 80 83 89 90 

Fuel Wood collection 10 15 8 8 5 

Pasture 12 3 5 2 3 

Forest fire 3 2 4 1 2 

 

 

Figure 3. Duration of exploitation of forest lands in the city of a) Banté, b) Glazoué and c) 

Ouèssè 

 

 

Discussion 

During the last two decades, the rapid population increase has been led to major change 

in the landscape of the Sudano-Guinean region of Benin. Thus, we conducted the present 

research for the purpose to analyse the land use / land cover change and its drivers. The 

results reveal a regression of forest lands in favor of farm lands and Builtup area, from 

2000 to 2020. This suggests an increasing demand for cultivation lands by the local 

population and also lands for implementing new agglomerations. Indeed, from 2000 to 

2020, forest lands have lost 3.22%, 2.01% and 1.57% in Banté, Glazoué and Ouèssè, 

respectively. However, Farmland and Builtup area experienced positive change during 

the same period. Our results are consistent with those found by Mama et al. (2013) in the 

northern part of Benin, Avakoudjo et al. (2014) and Ousséni et al. (2016), during the 

period from 1986 to 2016. These studies have shown a continuous regression of forests 

in favor of farm lands and Builtup area. Indeed, deforestation results from the interaction 

of a set of socio-economic, political and institutional factors. According to the literature, 

these factors are categorized into proximate and underlying causes, and they have been 
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extensively described by several authors, notably Lambin et al. (1999), Ojima, Galvin 

and Turner (1994), and Meyer and Turner (1992). Geist and Lambin (2002) define 

proximate causes as human actions that directly affect the environment, and can be 

illustrated by agricultural expansion, infrastructure expansion and timber extraction 

(Lambin, 1994; Kaimowitz and Angelsen, 1998; Arima et al., 2005; Caldas et al., 2007; 

Pacheco and Poccard-Chapuis, 2012). However, the underlying causes are the indirect 

causes that can be considered as the socio-economic, political, technological and 

demographic forces that underlie the immediate causes (Kaimowitz and Angelsen, 1998; 

Geist and Lambin, 2002). Therefore, according to Geist and Lambin (2002), deforestation 

can be explained as a result of the interaction of several factors rather than a single cause. 

Indeed, it results from a combination of factors working together. For example, economic 

factors can influence land use decision making by changing input prices. These price 

changes can lead to land conversion. For example, deforestation can result in a decrease 

in input prices. Similarly, policies and demographic factors influence deforestation. In 

fact, policies that favor farmers' access to credit or the market can accelerate the 

conversion of forests to cropland. In addition, the increase or decrease in population 

impacts land use. Carr (2009) has reported that migration is one of the most important 

demographic factors that affect land cover change. Thus, taking into account the 

availability of data in the study area, four causes of deforestation were analysed. Three of 

which are underlying causes and one is immediate cause. The underlying causes analysed 

are demographic changes, infrastructure development and market factors. The immediate 

cause is related to the expansion of agriculture. Generally, numerous studies in Benin 

have reported that agriculture is the main driver of deforestation (Mama et al., 2013; 

Avakoudjo et al., 2014; Ousséni et al., 2016; Ngo Makak et al., 2018). Indeed, in our 

study area, rapid expansion of perennial and annual crop in the 2000s seems to have 

happened simultaneously with the region’s landscape change. The Landsat data 

classification reveals that forest lands decreased from 2000 to 2020 at the same time that 

introduced intensification of crop started as a result of market factors. Indeed, the results 

revealed that market-related factors (e.g., demand for maize, manioc, yamn, rice, cotton) 

should be one of the driving forces influencing forest land decrease. Generally, all 

perennial and annual crops increased in cultivated areas from 2000 to 2020 (Table 6). In 

conclusion, the most important annual crops are increasing in surface area at an increasing 

rate, resulting in decreasing in forest areas. 

 
Table 6. Annual and perennial cultivated area by region 

 Annual crop Perennial crop 

Year 2000 2020 2000 2020 

Banté 31867 89305 32540 98845 

Ouèssè 38125 89657 45658 87124 

Glazoué 23758 58235 21428 45712 

Total 93750 237197 99626 231681 

 

 

Although agriculture and cotton cultivation are reputedly main proximate causes of 

landscape change, it is crucial to point out here that several research on landscape change 

have also revealed strong correlation between population and road network in leading to 

these changes (Allen and Barnes, 1985; Kaimowitz and Angelsen, 1998; Mather and 

Needle, 2000; Carr, 2004; Pfaff et al., 2007). Although, correlation analysis between 
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population, roads, and deforestation in the study area has not been done in this study, it is 

essential to make some comments. From 2002 to 2018, the population in the study area 

increased from 269454 to 431340 people – an increase of 60.1% (Table 7). For 

Hountondji (2008), the increasing rate of population growth in the study area still 

contributing to the forest land losses due to the increase in the demand of natural 

resources. Thus, population growth reputedly should also be one of the driving forces of 

deforestation in the region. Also, the renovation of the main roads linking Banté, Ouéssé 

and Gazoué to the capital city Cotonou, and the appearance of secondary routes seem to 

be contributing to the deforestation in the region. However, the most challenging aspect 

for landholders in the Chaco region is the lack of infrastructure, such as paved roads. 

 
Table 7. Total population in the study area 

Years 

Year 2002 2013 2018 
% change 

(2002-2018) 

Banté 82129 107181 123739 50.7 

Ouèssè 96850 142017 163956 69.3 

Glazoué 90475 124431 143645 58.8 

Total 269454 373629 431340 60.1 

 

 

Conclusion 

This study highlights the relevance of the cartographic approach from satellite images. 

It thus contributes to the interpretation of landscape dynamics in the Sudano-Guinean 

zone of Benin. It reveals that the current human pressures on the forest resources are in 

rupture with the capacities of regeneration of the natural plant formations, which are thus 

seriously threatened. Also, a rapid extension of areas with agricultural influence is 

observed to the detriment of densely wooded formations. This global movement, starting 

from urban centers and rural hamlets, associated with an intensification of human 

activities, questions the sustainability of ecological, economic, and social processes in an 

area strongly dependent on climatic conditions. It, therefore, seems urgent to develop an 

integrated and participative management strategy both at the local and regional levels in 

order to conserve natural resources sustainably. The principles of this management must 

be based on the concerted development, between local decision-makers and populations, 

of development plans taking into account the clear definition of agricultural areas, the 

protection of natural areas as well as the control of ecological flows and processes whose 

areas are the subject. Therefore, it would be better for further studies, to examine the 

effects of climate change on land use/land cover change, and the effects of land use/land 

cover change on biodiversity composition. 
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