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Abstract 
  
This study is conducted on the Gambia watershed, particularly the estuarine part. It aims to evaluate the types of 
land use in this region following the various practices observed in the exploitation of the resources of this 
wetland. Thus, the analysis of the dynamics of the different land use units of the Gambia River estuary basin 
between 2000 and 2019 was carried out. It focuses on the determination and interpretation of land use types in 
2000, 2010 and 2019 and is based on the exploitation of Landsat TM images of March 13, 2000 and ETM+ of 
March 17, 2019. Different methods were applied to obtain statistics that could be used to analyze and interpret 
the land cover types in the Gambia Basin estuary. 
 The analysis of the results shows that during the last decades, the estuarine basins have experienced important 
mutations of their surface units in the context of a particularly changing climatic and hydrodynamic 
environment.  
These results show six land use units unevenly distributed in the basin that would explain environmental and 
social mutations. These important changes as observed in the dynamics of water bodies, mangrove ecosystems to 
the benefit of salt lands are only the manifestation of the vulnerability of the natural capital of the estuary basin 
to anthropogenic and natural factors such as climate variability. 
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Résumé 

Cette étude est menée sur le bassin versant de la Gambie notamment la partie estuarienne. Elle vise à évaluer les 
types d’occupation du sol dans cette région suite aux pratiques diverses observées en matière d'exploitation des 
ressources de cette zone humide. Ainsi, l’analyse de la dynamique des différentes unités d’occupations du sol du 
bassin estuarien du fleuve Gambie, entre 2000 et 2019 a été faite. Elle se focalise sur la détermination et 
l’interprétation des types d’occupations du sol  en 2000, 2010 et 2019 et est basée sur l’exploitation des images 
Landsat TM  du 13 mars 2000 et ETM+ du 17 mars 2019. Différentes méthodes ont été appliquées pour obtenir 
les statistiques pouvant permettre d’analyser et d’interpréter les types d’occupation du sol dans l’estuaire du 
bassin de la Gambie. 
 Il résulte de l’analyse des résultats qu’au cours de ces dernières décennies,  les bassins estuariens ont connu 
d’importantes mutations de leurs unités de surface dans le contexte climatique et hydrodynamique 
particulièrement changeant.  
Ces résultats montrent six unités d’occupations du sol inégalement réparties dans le bassin qui expliqueraient des 
mutations environnementales et sociales. Ces importants changements tels qu’observés dans la dynamique des 
plans d’eau, des écosystèmes de mangroves au profit des terres salées ne sont que la manifestation de la 
vulnérabilité du capital naturel du bassin à estuaire face aux facteurs anthropiques et naturels tels que la 
variabilité climatique. 
 
Mots clés : Dynamique d’occupation –Estuaire – Hydrosystème – Bassin de la Gambie – Variabilité climatique. 
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I. Introduction  

1. Context 
Land use is a fondamental variable for regional planning and for the study and understanding of the 
environnement (Foody, 2002). This theme has become essential in most cartographic inventories and monitoring 
of environmental phenomena (Ouattara et al., 2006). The monitoring of vegetation areas in the wet and dry zones 
of the estuarine zone of the Gambia watershed has been a priority for policy makers (OMVG) and scientists a 
like since the advent of the 1970s drought, which followed a wetter period (1950-1969). 
However, the interactions between man and the physical environnement are decisive in the dynamics of land 
occupation and use. To this must be added the consequent climatic variability which, in West Africa, has 
manifested itself since the 1960s in a significant decrease in rainfall and runoff. Thus, spatio-temporal changes in 
land use are significant and reflect the vulnerability of the natural environment to these factors (Thiam, 1997; 
Lambin et al, 2001). In estuarine basins such as the Gambia, these spatiotemporal fluctuations of the different 
surface units are particularly remarkable due to the interactions between climatic and hydrodynamic factors. 
Consequently, knowledge of the evolution of continental surface units has become a major concern for 
management and monitoring of territories (Pelletier, 2017). This knowledge of the dynamics of the different 
classes of occupation in the downstream basin of the Gambia River is lacking, especially for the water bodies of 
the flood basins (OMVG, 2018). This study thus highlights the spatio-temporal changes in the evolution of the 
different land use classes identified between 2000 and 2019 in the Gambia estuarine basin.  Remote sensing and 
GIS used for this purpose are nowadays essential tools to understand the spatio-temporal analysis of surface 
units.  
This study aims to analyze, over a 19-year period, the spatial dynamics of the different types of land use grouped 
into six (06) categories, classified according to the LCCS (Land Cover Classification System) model of land use 
classification used by the FAO (Di Gregorio and Jansen, 2000); mangroves and wetlands; water bodies; 
grasslands; bare soil; vegetation and urban areas.   
 

2. Study area  
The Gambia River basin is subdivided into two main sub-basins: the upstream basin, (in the purely continental 
domain) and the downstream basin where the river is subject to tidal rise. Thus, our area of intervention is the 
downstream basin. It covers an area of 32,500 km2, i.e. 42% of the total area of the Gambia basin, divided 
between the Republics of Senegal and The Gambia. The river forms a 520 km long estuary, which is almost half 
the total length of the river, which is 1150 km. The study area is thus limited : 
- to the north by the Saloum and Ferlo basins (Senegal); 
- to the south by the Casamance (Senegal); 
- to the east by the upstream basin of the Gambia River;  
- and to the west by the Atlantic Ocean, which is the outlet for the intrusion of the salt tongue. 
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The population of the study area is distributed between Senegal and The Gambia at approximately 15,549,456 
inhabitants (World Bank, 2020). It is essentially agricultural and rural. Due to the influence of oceanographic 
factors, this transboundary basin abounds in a variety of surface units: mangroves, swamps, salt lands, tree and 
woodland vegetation of the alluvial plains, agricultural and grassland areas, etc. 

  
Figure 1: Location of the Gambia River estuary basin, study area. 

II. Materials and methods 
In this work, the authors used the following data:  
- satellite data. These data come from landsat TM images of March 13, 2000 and ETM+ of March 17, 2019 with 
a spatial resolution of 30m. 
- Field survey data. 
- Excel spreadsheet for statistical data processing. 
- GPS (Global Positioning System) for field control. 
Envi 5.1 software was used for image processing and Arc gis 10.1 for Geographic Information Systems. 
2. Method  

2.1. Colored composites of panchromatic bands (stack layer)  
This operation consists in combining the panchromatic bands to better interpret the image.  
2.2 Image classification 
We used supervised classification by maximum likelihood using ENVI 5.1 software. The study area was divided 
into several classes; thus, the classification, the interpretation of the images as well as the calculation of the 
different areas of the classes were carried out using ENVI 5.1 and the mapping itself was carried out on ArcGIS 
10.1.  
In the case of this study, it was defined on each image 100 classes (at a rate of 6 iterations), which were 
reclassified (post-classification) into 5 classes based on the classification of Duveiller (2008) and renamed to 
- Continental vegetation 
- Cultivated areas and grasslands 
- Mangroves and swamps 
- Water bodies 
- Bare soil 
- Inhabited area 
2.3. Confusion matrix 
The estimation of the classification quality was done through a confusion matrix (V. Godard, 2005). From this 
matrix, the user quality or the rate of well classified pixels in class i (Pu(i)) was determined with Equation 1 
:Pm(i) = 𝑀𝑀𝑀𝑀(𝑐𝑐)

𝑚𝑚1
∗ 100    𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 1 

where Mc(i) is the number of pixels of class i that have actually been assigned to it after classification and m1 is 
the sum of pixels of class i in the image.   
The accuracy of the producer Pp(i) was obtained according to equation 2 : 
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Pp(i) =
𝑀𝑀𝑀𝑀(𝑖𝑖)
𝑚𝑚2

∗ 100    𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 2 
 

Where m2 is the number of pixels actually belonging to class i.  
A high value of Pp(i) indicates that the class was little affected by samples from other classes. Conversely, a low 
value indicates that this class was often selected instead of other classes.   
The overall accuracy of the classification was given by the average of the percentages of correctly classified 
pixels (MPCC)MPCC = 1

𝑛𝑛
𝛴𝛴𝛴𝛴𝛴𝛴(𝑖𝑖)  équation 3 

n being the total number of pixels included in the matrix.  The Kappa coefficient (K, equation 4) gives a more 
accurate estimate (which takes into account well classified pixels) of the classification quality (Congalton et al, 
1999): 

 

 

 

 

 

 

2.4. Transition matrix of land use classes 
The transition matrix is used to highlight changes in land use during a given period (Bamba, 2010), (Schlaepfer, 
2002). The cells of the matrix contain the value of a variable that has moved from an initial class i to a final class 
j during the period under consideration. The column values represent the proportions of areas occupied by each 
land use class at time j and the row values represent the proportions at the initial time.   

II. Results and discussion 

3.1. Distribution of land use classes in the study basin 
At the crossroads of climatic and oceanographic factors, the downstream Gambia basin presents a variety of 
surface units. Indeed, six land use classes have been concretely highlighted. Among them, two classes are clearly 
distinguished by their predominance. These are the crop-grassland areas, which occupy 47.5% of the total area of 
the basin, and the continental vegetation, which occupies 46.5%. With the exception of the central and maritime 
estuary and its adjacent boundaries, these two surface units are widely distributed in this estuary basin. The 
continental vegetation occupies in particular the region of Tambacounda, Kolda and Sédhiou in Senegal and the 
'upper river', the 'Maccarthy island' and the 'lower' and 'western river' in The Gambia. The crop-grassland areas 
are mainly in the Senegalese part of the groundnut basin and to a lesser extent in the Kolda region. In The 
Gambia, it concerns mainly the North bank division. 

 Equation 4 
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 Figure 2 : Land use in 2000 and 2010 

 

  
 Figure 3 : Land use in 2010 and 2020 
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Mangrove ecosystems make up 3.8% and water bodies 2.9% of the surface. These two land use classes are 
largely found in The Gambia: the first runs along the estuary from the mouth to the fluctuating salinity front and 
the second concerns the river and the depressions it floods. Bare soil, which makes up 0.1% of the basin's surface 
area, is also mainly found in The Gambia and secondarily in the Senegalese Bao Bolong. The inhabited area 
represents 0.2% of the area and includes all the human constructions of the 'Senegambia'. 
3.2. Dynamics of land use classes between 2000 and 2010 
The state of land use in 2000 shows a predominance of areas occupied by crop-grassland which is 16,728 km2 
(47.4% of the basin) and continental vegetation which is 16,052 km2 (45.5% of the basin). During the period 
2000-2010, four surface units have increased in area. These are respectively the crop-grassland area which 
increased by 310 km2, water bodies by 7 km2, inhabited area by 3 km2 and bare soil by 1 km2. However, 
continental vegetation and wetlands constituted by mangroves and swamps regressed in area by 318 km2 and 3 
km2 respectively. The rate of increase during this period is very high for the urban area (33%) while it is low for 
the water bodies (1%) and the crop-grassland area. The rate of regression of the continental vegetation is -2%. 
 
Table 1: Distribution of land use classes from 2000 to 2019 

Land use 
categories 

Areas in 2000 Areas in 2010 Area in 2019 Differences 

(%) (km2) (%) (km2) (%) (km2)  2000-
2010 

2010-
2019 

Mangrove and 
wetland 3,95 1394 4 1469 3 1082 0,213 -1,097 

Body of water 3,03 1068 3 1051 3 961 -0,048 -0,255 

Prairie 48,32 17038 48 16902 46 16330 -0,386 -1,622 

Bare ground 0,05 16 0 15 0 30 -0,003 0,043 

Vegetation 44,62 15734 45 15800 47 16669 0,187 2,464 

Urban area 0,03 12 0 25 1 190 -0,037 -0,468 

Summer 100 35 262 100 35 262 100 35 262 
   

Dynamics of land use classes between 2010 and 2019 
Between 2010 and 2019, notable changes were recorded in the dynamics of land use classes in the study basin. 
They mainly concern the areas of mangrove swamps, which have regenerated by 75 km2 at the expense of crop-
grassland and water bodies, which have successively decreased by 136 km2 and 17 km2.  
 

 
Figure 3: Evolution of land use types 
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This drastic and persistent decline in surface water resources is thus linked to the unfavorable climatic context in 
the study basin, but above all to the decline in fluvial inputs from the upstream basin, on which the estuary and 
flood depressions in the study area depend in particular.  
 
IV. DISCUSSIONS 
Analysis of land use dynamics in the estuarine zone of the Gambia River watershed from 2000 to 2019 showed 
an expansion of areas devoted to mangrove propagation and sown or bare land (very low proportion). 2010 to 
2019, with the exception of continental vegetation and bare soil (+2.4% and +0.043%), all other surface units are 
in regression (tabl.1).   These important changes as observed in the dynamics of water bodies, mangrove 
ecosystems to the benefit of salt lands are only the manifestation of the vulnerability of the natural capital of the 
Senegal River estuary basin. These modifications can be explained by anthropic and physical actions (change in 
hydrological regime linked to the strong anthropization of ecosystems, bush fires, decrease in rainfall......) on 
natural resources in general and on plant formations in particular. 
On the other hand, the use of Landsat images has allowed us to give a general vision of the evolution of land use. 
In order to obtain more precise and detailed information on certain key areas, it is necessary to use images of 
higher spatial resolution such as the SPOT series or radar. 
In recent years, several studies have focused on these global changes: drought, desertification, and the reduction 
of water resources and wetlands (Wilhite and Glantz, 1985; Kogan and Sullivan, 1993; Kogan, 1997).  
 

Conclusion  
Studies on land cover and land use change are of great importance because they allow us to know the current 
trends in the processes of deforestation, degradation, desertification and loss of biodiversity in a given region 
(Lambin et al. 2001). This study provided an overview of the dynamics of land use in the estuarine zone of the 
Gambia River using data from Landsat TM and ETM+ sensors at different dates. The results showed a regressive 
trend of forest environments to the detriment of anthropized spaces. 
High resolution images would help to obtain detailed information (buildings, wetlands, dwellings, bare soil, etc.) 
and especially to study in more detail the most critical areas (erosion of lowland areas). 
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