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Abstract

Forest ecosystems of the Alibori basin are subject to multiple anthropogenic pressures witch therefore modify their land
use and their land cover. This research aims at analyzing the spatio-temporal dynamics of land use and land cover in the
Alibori basin in Northern Benin. The methodological approach used is based on the diachronic analysis of land cover from
Landsat 2, 7, and 8 satellite images acquired respectively in 1980, 2000, and 2020, and the evaluation of land cover change
parameters (conversion rate, level of deforestation, intensity and speed of change of land cover units). The results obtained
reveal that the number of classes has increased from 8 to 9 with the appearance of plantations between 1980 and 2000.
Between 1980 and 2020 the basin recorded a degradation of forest formations and an anthrogenization of savannah
formations. The intensity and speed of loss of area are quite rapid in dense dry forests, open forests, and wooded savannahs
between 1980 and 2020. The average rate of deforestation decreased from 1.27% annually between 1980 and 2000 to 1.26%
annually between 2000 and 2020.
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1. Introduction

The dynamics of land use and land cover evolution in recent decades, have been characterized by a
considerable decline in the area of natural vegetation formations to benefit anthropogenic formations (Diouf et
al., 2019; I'olahan et al., 2018; Imorou et al., 2017). According to FAO (2018), the main causes of deforestation
globally in the world are agriculture (80%) and infrastructure construction (20%). Multiple studies have shown
that commercial and subsistence agriculture are the main proximate in Africa, subsistence agriculture and
production for local markets are more important (Curtis et al., 2018; De Sy et al., 2019; Gibbs et al., 2010;
Kissinger et al., 2012; Rudel, 2013). The growing world population's demand for food, feed, and fiber creates the
challenge of enhancing the global agricultural supply without compromising environmental sustainability
(Henders et al., 2015). Tropical deforestation causes loss of biodiversity and other ecosystem services, soil
degradation, and the disruption of hydrological cycles (Henders et al., 2015).

Because of'its location in the Dahomey Gap, Benin has a small dense forest cover (Akoégninou et al., 2006).
Like other developing countries, the anthrogenization of forest ecosystems has become a major environmental
concern that impacts biodiversity in Benin (Biaou et al., 2019) and this in a worrying way (Agbanou et al., 2018).
The results of studies and research on the evolution of vegetation types have revealed that the dynamics of
vegetation formations (forest ecosystems) in Benin have a regressive trend in time and space (Benin, 2006; Boko,
2012; Mama et al., 2013; Ousséni et al., 2011).
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The Alibori watershed is a semi-arid area where protected areas and the cotton basin are juxtaposed. It is
currently the site of a permanent « conflict » between environmental protection and the economic interests of
the population (Boko, 2012). The growing demand for agricultural land in the Alibori basin is highlighted by
increasing the cotton area in cultivation, which is one of the main factors not only for the degradation of forest
resources but also for hydroclimatic changes (Badou, 2016). For Issiaka et al. (2016), the evaluation of the
physiognomic changes recorded in these natural routes of 2000 to 2013 reveals a regression of forest formations
in favor of savannah and anthropogenic formations in Banikoara and Karimama. The quickest change rate has
been recorded at the level of open forests and wooded savannahs. The extent of the loss of forest cover could
have an impact on climate regulation, the surface flow and the socio-economic conditions of the rural population
that directly depends on it (Vissin, 2007). Despite extensive research (Ousséni Arouna et al., 2016; Bogaert et
al., 2011; Kouta & Imorou, 2019; Mama et al., 2013) carried out in this area to alert decision-makers and attract
the attention of various actors, nothing seems to slow down the environmental dynamics in progress. It is
therefore appropriate to map the spatiotemporal changes in land use in this environment from satellite imagery.
In view of the regressive trend that Benin in general and the Alibori sub-basins are experiencing, it is appropriate
that the overall spatio-temporal dynamics of the Alibori basin should be properly assessed. Therefore, the aim of
this paper is to evaluate the spatio-temporal dynamics of land use and land cover in the Alibori basin.

2. Data and Methods
2.1. Study Area

The geographical framework of this study is the Alibori basin. It is located between 10°04'20" and
12°10'24" North latitude and between 1°52'17" and 38°21'27" East longitude (Figure 1). The area is 13,866.24
km?. The Alibori basin has a population estimated in 2022 at 504,262 inhabitants with an average growth rate
of 4.8%. The climate is Sudanian with a rainy and a dry season (Badou, 2016; Boko, 2012; Le Barbé et al., 1993).
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Figure 1. Location of Alibori Basin
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2.2. Data Collection

Two categories of data were used. The first category of data consists of Landsat satellite images covering
the Alibori basin (Table 1). These are Landsat images of 1980, 2000, and 2020 downloaded from the USGS
website (https://earthexplorer.usgs.gov/).

2.3. Reasons for Periods Choice

In the case of this study, a step of 20 years was preferred for deforestation measures between 1980 and
2020. The reasons underlying this choice are first: deforestation is not perceptible over a short period hence the
impacts of ecosystem degradation of ecosystems. Then the year 1980 was chosen because, before this year, the
Alibori basin did not have quality image scenes covering the entire sector in one year. Finally in Benin, the 2000s
marked the era of transition of decentralized governance with the birth of municipalities and agricultural
mechanization.

Table 1. Characteristics of Landsat Images Used

Satellites Sensors Reference dates Path/Rows Spatial resolution
Landsat 2 MSS February, 27 1980 206/052 et 053 60 m
Landsat 7 ETM February, 27 2000 192/ 052 et 053 30m
Landsat 8 OLI-TIRS February, 2" 2020 192/052 et 053 30m

The second category of data, known as "complementary" data, consists of GPS data (field control points) and
the topographic base of the National Geographical Institute (2018).

2.4. Data Processing Methods

The digital processing of the satellite images was carried out in two essential stages: pre-processing and
processing.

2.4.1. Pre-processing

The downloaded Landsat data have already been geo-referenced. However, verification and geometric
correction were done by superimposing the Landsat images with the topographic map of the Alibori basin. The
images were classified using the maximum likelihood classification technique with ENVI 5.0 software to identity
the land use and the land cover units. There is a correspondence between the planimetric elements (waterways,
road network, and protected area) of the topographic map and the images. The images covering only the Alibori
basin were extracted to facilitate the processing on the screen.

2.4.2. Digital and statistical processing

The digital processing was done in two steps: the choice of the training sites and the classification method,
while the statistical processing consisted of the calculation of the rates from the automatically generated
transition matrix.

a. Selection of Training Sites

The training sites represent the digital characteristics of the classes that allow the definition of the spectral
signatures of each vegetation type. According to Arouna (2012), training sites are delineated away from
transition zones to avoid including mixed pixels, i.e., pixels that could be classified into two distinct classes. In
the images, the training sites are plotted to the nearest pixel. They are scattered throughout the study area,
representative of the diversity of each vegetation class or other land use unit.

b. Classification Method

It is a pixel-by-pixel classification based on the assumption that the spectral signature of each pixel is
representative of the class of vegetation in which it is located. According to Arouna (2012), the adoption of this
classification method is indicated in the case of images of different resolution by considering their spatial
resolution which supposes that the different details present in the perimeter of a pixel combine to form a
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relatively unique and homogeneous for this class of vegetation. The method of processing images of different
resolutions adopted in the context of this research is the resampling operation which consisted in sampling the
pixels of 30 m resolution through the raster tools of the ArcGIS software. The supervised maximum likelihood
classification consisted of assigning to each group of pixels the most plausible class based on the spectral
similarity between the pixels and the class signature. The set of pixels in each satellite image was classified
according to the maximum likelihood algorithm extrapolating the spectral characteristics of the training areas
to the rest of the image.

The ground truthing consisted of veritying the pixel classes resulting from the classification. For this
purpose, a sample of 15 classes of training areas per unit of land use and land cover was randomly selected. The
accuracy assessment of the image classification was based on a confusion matrix. This matrix was automatically
generated in ENVI 5.0 software. It has allowed us to evaluate the errors of omission, commission, map validity
indices, class purity, and overall classification accuracy.

c. Statistical Analysis of Changes
e Transition Matrix
It is synthetic table that summarizes the different transformations in the state of land use and land
cover units in protected areas and village lands in the Alibori basin between 1980 and 2000 and
between 2000 and 2020.
e Deforestation Rate
It is calculated from the following formula:

Def (bn)

Tdef = x100 ... Eq. (1)

Where, Def (b,n) brut or net deforestation and S natural formation area of forest at years t.

The Pontius Matrix41 program was used to generate two graphs showing the intensities of land use
and land cover unit changes based on the transition matrices between 1980 and 2000 on the one hand,
and between 2000 and 2020 on the other.

The program "Intensity Analysis03.xlms", has been used to generate statistics for the transitions
between each land use and land cover category and the others, according to the time intervals, based
on the transition matrices. The same is true for the losses and gains that occurred during transitions
between land use and cover units in the Alibori basin.

3. Result and Discussion

The results of this research are presented under three headings: confusion matrix of land use and land
cover units, land use and land cover dynamics; analysis of the intensity of changes between 1980 and 2020.

3.1 Confusion Matrix of Land Use Units

The accuracy of the maps derived from the interpretation of satellite images was based on a confusion
matrix. Tables 2, 3, and 4 present the confusion matrices for 1980, 2000, and 2020 respectively. An examination
of Table 2 shows eight (08) land use and land cover, 90.05% global precision, and weak mutation between the
class units. Tables 3 and 4 present nine (09) land use and land cover with the appearance of the plantation. The
global precision is respectively 82.4% and 93.07%. In 2020, the high mutation can be noticed in farmlands and
tollows, woodland, and dense and dry forest. The year 2020 image has the highest global precision while the
year 1980 image has the lowest.
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Table 2. Confusion matrix for 1980

Classes FF FG WB SSS WWS DDF SR AG Total PGC (%)
FF 57 0 0 0 0 0 2 3 62

FG 0 37 0 0 1 0 0 40

‘WB 0 0 25 1 0 0 0 0 26

SSS 0 0 0 166 0 0 0 0 166 90,05
WWS 0 0 0 0 41 10 0 0 51

DDF 0 21 0 1 4 38 0 0 64

SR 0 0 0 0 0 0 16 2 18

AG 10 0 0 0 0 0 5 70 85

Total 67 58 25 168 46 50 23 75 512

*)LUC: Land Use and land cover Unit; FG: Forest Gallery; DDF: Dense Dry Forest; WWS: Woodland; SSS: Tree and
shrub savannas; PL: Plantation; FF: Farmlands and Fallow Land; SR: Rocky Surface; WB: Water Body; AG: Agglomeration.

Table 1. Confusion Matrix for 2000

c{;gs(és FF FG WB SSS WWS DDF PL SR AG Total PGC (%)
FF 403 0 0 0 0 0 0 0 0 408
FG 0 115 0 0 0 0 0 0 0 115
WB 0 0 66 0 0 0 0 0 0 66
SSS 0 0 0 2018 0 0 0 1 0 2020
WWS 0 0 0 0 112 0 0 0 0 112 82,4
DDF 0 0 0 9 0 174 0 0 0 183
PL 0 1 0 2 0 0 87 0 0 90
SR 0 0 0 2 0 0 0 72 0 T4
AG 0 0 0 0 0 0 0 0 317 317
Total 403 116 66 2031 112 174 87 73 317 3379

*)LUC: Land Use and land cover Unit; FG: Forest Gallery; DDF: Dense Dry Forest; WWS: Woodland; SSS: Tree and
shrub savannas; PL: Plantation; FF: Farmlands and Fallow Land; SR: Rocky Surface; WB: Water Body; AG: Agglomeration.

Table 2. Confusion Matrix for 2020

LUC classes FF FG WB SSS WWS DDF PL SR AG Total IZOC;))C

FF 3065,565 0,00 0,00 808,94 64,82 893 64,16 0,00 60,24  4067,64
FG 5,72 7,06 0,00 0,00 0,00 0,00 0,65 0,00 0,00 18,43
WB 0,00 0,00 1,26 0,00 0,00 0,00 0,00 0,00 0,00 1,26
SSS 2478,86 0,00 0,00 483236 72,37 426 13,75 0,00 589 740749

WWS 488,01 0,00 0,00 442,97 490,34 8,60 10,48 0,00 0,00 148540

DDF 847,47 0,00 0,00 252,01 18,75 218,52 0,65 0,00 0,00 832,40
PL 0,32 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,65 93.07%
SR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 66,79 0,00 66,79
AG 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 81,1 31,11

Total 6385,93 17,06 1,26  6336,28 641,28 230,31 90,02 66,79 97,24  13856,2

*)LUC: Land Use and land cover Unit; FG: Forest Gallery; DDF: Dense Dry Forest; WWS: Woodland; SSS: Tree and
shrub savannas; PL: Plantation; FF: Farmlands and Fallow Land; SR: Rocky Surface; WB: Water Body; AG: Agglomeration.
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3.1.1.Land Use and Land Cover Dynamics from 1980 to 2020

Figures 2 illustrate the states of the land use and land cover units in 1980, 2000, and 2020 respectively.
The physiognomy of the 1980 land use and cover map (Iigure 2a) shows the dominance of three land use and
covers: dense dry forest, woodland, and tree and shrub savannah. The dense dry forest is more represented in
the south of the basin, the woodland, and wooded savannah are more localized from the center to the north, while
the SSS are found throughout the basin. As for the 2000 survey (Figure 2b), the physiognomy in order of
dominance is as follows: farmlands and follows, woodland, and tree and shrub savannah. The farmlands and
tallows are mainly present in village territories and on the periphery of protected areas. The woodland and tree
and shrub savannah are found in the protected areas of the basin. Finally, the trends in order of dominance on
the 2020 map (Iigure 2c) are as follows: farmland and fallows and tree and shrub savannah. These two-land use
and land covers are more common in village lands and within protected areas, except for Park W.

EIEE TIWE e ToTeE TIE ToRE

Karara, A Kermars \

TN

z z
2 B
5 8

15020

P 7
JFounoigd

- Kokey

Bankoara{ (OMPHU
+ Bomperskon

B
2N

Basn o S
Mékou |

0N
10500

I oy ot

e

T Oy cenee forest
Weodang
Treo and shraboy savanrars

B I Frenion
Basin of I Rocky sufsce

o 2 an Oubmb viater bosy.

= —— Famisos sna ks

Sameoss o I Uroen eree

Design ALAMOUA. ..

201SE 2300 045

(a) Land use and land cover in 1980  (b) Land use and land cover in 2000

TOIE T3 ToISE

z).

]

TN

Basin of
Mékou

EETL
H
1ON

—mee Lt ot A0 BN

Earre

[~ p——
‘ —]

e 20w Juise

(c) Land use and land cover in 2020

Figure 2. Dynamics of Land Use and Land Cover from 1980 to 2020
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3.1.2. Transition Matrix of Land Use and Land Cover Units between 1980 and 2000

Table 5 presents the transition matrix of land use and land cover units between 1980 and 2000. An
examination of Table 5 shows that eight (8) land use and land cover classes were observed in 1980 and nine (9)
classes in 2000 with the appearance of plantations class: proof of land use and land cover modification in
degradation way. Naturals formations as tree and shrub savannah, woodlands, and wooded savannah have known
the important loosed area respectively: 2 910.71 km2. While the anthropogenic formations as agglomerations,
tarmlands, and fallows have gained area respectively: 8.19 km2 and 3 244.44 km2.

Table 5. Land Use Land Cover Transition Matrix between 1980 and 2000

2000
Areas 1980

1980 FG DDF WWS SSS PL SR FF WB AG (Km?)

FG 13,48 0,00 0,00 0,00 0,00 0,00 2,29 0,00 0,00 15,72
DDF 0,00 162,05 278,27 282,85 0,00 0,00 98,30 0,00 0,00 816,47
WWS 0,00 4,58 636,42 664,24 0,00 0,00 469,45 0,00 0,33 1775,02

SSS 0,00 69,08 1625,73  5726,61 0,65 0,00 2904,82 0,00 5,24 10332,03

SR 0,00 0,00 0,00 0,00 0,00 66,79 0,00 0,00 0,00 66,79

FF 0,00 5,24 75,95 144,37 0,00 0,00 597,78 0,00 2,62 825,96
WB 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,26 0,00 1,26

AG 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,92 22,92

Areas of
13,43 240,95 2616,37 6817,97 0,65 66,79 4067,64 1,26 31,11 13866,24 km?
2000 (KmZ) ) e s B ,

*)LUC: Land Use and land cover Unit; FG: Forest Gallery; DDF: Dense Dry Forest; WWS: Woodland; SSS: Tree and
shrub savannas; PL: Plantation; FF: Farmlands and Fallow Land; SR: Rocky Surface; WB: Water Body; AG: Agglomeration.

3.1.3. Transition Matrix of Land Use and Land Cover Units between 2000 and 2020

Table 6 presents the transition matrix of land use and land units between 2000 and 2020.

Table 6. Land Use Land Cover Transition Matrix between 2000 and 2020

2020
2000 FG DDF WWS SSS PL SR FF WB AG Areas of 2000
FG 7,06 0,00 0,00 0,00 0,65 0,00 5,72 0,00 0,00 18,48
DDF 0,00 66,79 18,75 112,29 0,65 0,00 47,47 0,00 0,00 240,95
WWS 0,00 8,60 295,30 1164,46 10,48 0,00 1142,58 0,00 0,00 2616,37
SSS 0,00 426 272,87 4042,84 13,75 0,00 2478,86 0,00 5,89 6817,97
PL 0,00 0,00 0,00 0,00 0,33 0,00 0,32 0,00 0,00 0,65
SR 0,00 0,00 0,00 0,00 0,00 66,79 0,00 0,00 0,00 66,79
FF 0,00 8,98 64,82 808,94 64,16 0,00 3065,55 0,00 60,24 4067,64
WB 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,26 0,00 1,26
AG 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 31,11 31,11
Areas 2020 7,06 78,58 646,24  6128,58 90,02 66,79 674045 1,26 97,24 18856,17

*)LUC: Land Use and land cover Unit; FG: Forest Gallery; DDF: Dense Dry Forest; WWS: Woodland; SSS: Tree and
shrub savannas; PL: Plantation; FF: Farmlands and Fallow Land; SR: Rocky Surface; WB: Water Body; AG: Agglomeration.

An examination of Table 6 shows that nine (9) land use and land cover classes were observed. All of the
classes continued to record the mutations. Naturals formations as tree and shrub savannah, woodlands and
wooded savannah have known the important loosed area respectively: 2 498.5 km2 and 4 067.64 km2. While
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the anthropogenic formations as agglomerations, farmlands and fallows have gained area respectively: 66.13
km2 and 2 672.81 km2. In general, the natural formations of the Alibori basin have regressed by undergoing two
modes of conversion: savannization and anthrogenization.

3.1.4. Evolution of Deforestation in the Alibori Watershed between 1980 and 2020

Table 7 shows the deforestation rate in the whole forest units between 1980 and 2000 and between 2000
and 2020 on the other.

Table 7. Deforestation Rate of the Alibori Basin between 1980 and 2020

Areas Areas Areas o o T;i ef
Forests Units 1980 2000 2020 Tdef (%) Tdef (%) (%)
(kmz) (ka) (ka) 1980-2000 2000-2020 1980-
2020
FG 15,72 18,43 7,06
DDF 816,47 240,95 78,568 1.27 1.26 1.265
WWS 1775,02 2616,37 646,24
SSS 10332.03 6817.97 6128.53

*)FG: Forest Gallery; DDF: Dense Dry Forest and SSS: Tree and shrub savannas

The analysis of Table 7 shows that between 1980 and 2000, the Alibori basin has a deforestation rate
estimated at 1.27% per year. During the period, the global change rate has estimated to 25.46% of basin area
then 16 549.35 hectares lost per year between 1980 and 2000. IFor the period 2000 to 2020, there was a
continuous loss of forest formations with a rate estimated at 1.26% per year (a slight decline). During 2000 to
2020, the global change rate has estimated to 25.27% of basin area, then 12 241.30 hectares lost per year. Globaly
Alibori basin has 1.265% as deforest rate between 1980 to 2020. With this average of deforestation rate, the total
area of forest lost annually is estimated to 14 395 hectares between 1980 and 2020.

3.1.5. Intensity Analysis of changes between 1980 and 2020

Figure 3 illustrates the intensities of change of the LUCs between 1980-2000 and 2000-2020.
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Figure 3. Intensity of Change in Land Use and Land Cover Units between 1980 and 2000

Examination of Figures 3a show that the tree and Shrub Savannah (SSS) have experienced more change
with 88% of loss, 41% of stability, and 8% of profit over 82% of the study area between 1980-2000 while during
2000-2020 the same unit have experienced more changes with 20% of loss, 29% of stability, and 15% of profit
over 64% of the study area. During 1980-2000, changes were also intense with WWS and FF with respectively
8% and 0.5% of loss, 5% and 4% of stability for 14% and 25% of profit while in period 2000-2020 FF and WWS,
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with respectively 7% and 17% of loss, 22% and 2% of stability and 27% and 3% of profit. Finally in 1980-2000,
the dense dry forests (DDF) with 5% of loss, 1% of stability and no profit while in 2000-2020 DDF were found
to have 0.5% of loss, no stability and no profit.

3.1.6. Intensity and speed of land use change between 1980 and 2020

Figure 4 illustrates the speed of change of LUCs between 1980-2000 and 2000-2020.
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Figure 4. Intensity and speed of changes in land use and land cover units between 1980 and 2000

The observation in Figure 4 shows globally that between 1980-2000 the changes were rapid in four units
(DDF, WWS, PL, and FF) while during the period of 2000-2020, the changes have been rapid in six units (forest
gallery, dense dry forest, woodlands and wooded savannah, plantations, farmlands and fallows, and
agglomerations) out of the nine-land use and land covers in the study area, because their rates of changes are
greater than 45.32%. It is therefore perceptible that the natural vegetation types (FG, DDF, WWS, SSS)
experienced more rapid or active losses between 1980-2000 with rates of 15%, 33%, 76% and 45% respectively,
whereas the anthropogenic units (PL, FI" and AG) experienced rapid or active profit with rates ot 85%, 85% and
26% respectively. For 2000-2020, is therefore noticeable that the natural vegetation types (forest gallery, dense
dry forest, woodlands and wooded savannah and tree and shrub savannah) experienced more rapid or active
losses between 2000 and 2020 with respective rates of 47%, 72%, 89%, and 41%, whereas the anthropogenic units
(plantations, farmlands and fallows, and agglomerations) experienced rapid or active profit (gain) with rates of
100%, 55%, and 68% respectively. These intensities and rates of change inevitably lead to areas of deforestation
in the Alibori basin.

3.2 Discussion

The comparisons of the 1980, 2000, and 2020 land use maps have allowed the assessment of land use and
land cover dynamics and deforestation in the Alibori Basin with the global accuracy of image interpretation
between 80% and 92%, which reflects the validity of the classification. The result is in accordance with the
research of Issiako et al. (2021) who obtained a global accuracy index above 90% for the classification of the
images of the forest of upper Alibori (I'CAS). The high rates of speeds and intensities of land cover changes
between 1980 to 2020 in Alibori basin reflected by rapid gains within anthropogenic formations (plantations,
farmlands and fallows and agglomerations) and active losses within natural formations indicate an ongoing
deforestation process. These regressive dynamics are explained by the increase in cultivated space and population
growth then protected areas are new lands of conquest for farmers because of their fertility. These results are in
harmony with those of Boko (2012) who concludes that there is a marked decline in natural vegetation types in
favour of an increase in the area of farmlands and fallows in the Alibori basin, and with the results of Issiako et
al. (2021) who concludes that there is a 60.21% decrease in natural vegetation types in the IFCAS in favour of
anthropogenic formations between 2009 and 2020.
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The deforestation rate observed in Alibori basin between 1980 and 2020 is 1.265% per year then global
change estimated to 25.37% of forests areas. With this average of deforestation rate, the area of forest lost
annually is estimated to 14 895 hectares between 1980 and 2020. These results are lower than those of FAO
(2010) which estimated that from 1978 to 2010, Benin lost nearly 85% of its dry dense forests and more than
30% of its vegetation cover, and around 50,000 ha of forest are destroyed each year. Other recent studies report
a decline in national forest cover, which fell from 31.6% in 1990 to 30.6% in 2015 (Biaou et al., 2019; I'AO, 2018).
For Djaouga et al. (2021) between 2005 and 2015, the deforestation rate for the entire Alibori department was
1.83% per year, including 0.70% in protected areas. Thus, 14.96% of the total area of the department is affected
by deforestation.

The conclusion of this study corroborates the results of the present research. The forests rates
approximately equal. But the appreciation of forests areas destroyed in Alibori basin per period showed that the
lost area between 1980 - 2000 (16 549 hectares annually) is 1.85% important than 2000-2020 (12 241 hectares
annually). This rate is less than the rate of Kouta & Imorou (2019)whose found that the proportion of the area
of the forest landscape in the cotton basin of northern Benin experienced a regression of 2.52 times between the
periods 2000-2016 and 1986-2000. According to the results of Imorou et al. (2019)the deforestation rate for the
whole cotton basin between 2000 and 2015 is estimated at 2.94%. To Ahononga et al. (2020) the deforestation
rate is estimated at 2.94% in the Sudanian zone between 2005 and 2015.

Other similar studies in part of the basin, or in the region have shown that the regression of vegetation
types is in favour of anthropogenic formations such as farms and fallows, bare soil, and settlements. Based on
diachronic studies (Avakoudjo et al., 2014; Djaouga et al., 2021; Issiaka et al., 2016; Issiako & Arouna, 2018;
Kouta & Imorou, 2019) respectively in Benin's Park W, Karimama District, Sudano-Guinean Zone, Alibori Upper
Basin and Cotton, there is a correlation between the economic activities of the study area and vegetation
regression.

4, Conclusion

The mapping of the dynamics of land use and land cover revealed that the basin is increasingly undergoing
spatio-temporal changes both at the level of village lands and protected areas. The vegetation types in the Alibori
basin are undergoing a regressive dynamic in favour of anthropogenic formations which therefore has led to
deforestation. This research has shown that the Alibori Basin is experiencing strong deforestation at the profit
of anthropogenic formations. The anthropization of the protected areas is brought about by progressive
colonization from village lands and peripheries (between 1980 and 2000) to the interior (between 2000 and 2020).
Today, these protected areas are heavily anthropized. The results of this analysis call on the communal and
central authorities to develop or implement an inclusive land-use planning policy for all the Alibori basin
municipalities.
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