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Abstract 

This study was conducted over a 34 km
2
 area in the Ferlo region (northern Senegal). It aims to analyze the spatio-temporal 

dynamics of tree vegetation and the distribution of temporary ponds. The ponds were identified using satellite images acquired in 

September 2015 (rainy season), while woody vegetation was mapped for two periods: April 1972 and May 2016 (dry season), 

enabling a diachronic analysis over 44 years. The data were extracted from very high spatial resolution satellite images (<3 m): 

SPOT 6-7 for 2015-2016 and CORONA for 1972. Image processing (ortho-rectification, enhancement, automatic detection, 

mapping) enabled the creation of accurate maps, which were then analyzed according to the principles of landscape ecology 

using the open-source software R, GRASS 7.6, and QGIS 3.4. A total of 244 ponds were automatically detected, representing 

1.29% of the study area (43.4 ha), organized in a NE-SW alignment. Diachronic analysis shows a significant collapse in tree 

cover between 1972 (12.3%) and 2016 (2%). However, this decline is not observed in ponds, where woody cover has remained 

stable. Between 1972 and 2016, the Ferlo ponds showed a significant improvement in vegetation cover: while half of the ponds 

had less than 55% cover in 1972, this value exceeded 60% in 2016. These results shed new light on the distribution of vegetation 

in Ferlo and highlight the central ecological role of ponds in plant resilience in the Sahel. 
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1. Introduction 

The Ferlo region, like other Sahelian areas, is particularly 

vulnerable to climate change. For several decades, recurring 

episodes of drought combined with increasing anthropogenic 

pressure have profoundly altered the living conditions of local 

populations and affected the regional economy [1]. 

The high interannual variability of rainfall makes pasto-

ralism, a dominant activity in Ferlo, particularly precarious 

[2-4]. This has resulted in the massive death of trees and 
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shrubs during the most severe rainfall deficits [5, 6]. 

In this context of ecological degradation, temporary ponds 

play an essential role [2]. They contribute to the well-being of 

local communities by providing water, fodder resources, fruit, 

and areas of shade and rest for livestock. These ponds also 

provide ideal habitats for abundant, diverse, and sometimes 

rare flora [7], and contribute to the socio-environmental re-

silience of the territories. 

However, these aquatic ecosystems are under double 

pressure: on the one hand, the reduction in the frequency and 

duration of flooding due to climate change; on the other hand, 

the intensification of human use around these water sources. 

Hence the need to better understand the spatio-temporal dy-

namics of ponds and their associated vegetation over the last 

few decades. 

This study is part of this project. It aims to map and analyze 

the dynamics of woody vegetation in and around the Ferlo 

ponds over a period of 44 years (1972 to 2016). The objective 

is to measure the degree of degradation of tree cover, identify 

explanatory factors, and assess the specific resilience of wet-

lands. By adopting a diachronic approach based on very 

high-resolution satellite data, this work contributes to im-

proving our understanding of the interactions between land-

scape structures, edaphic conditions, and woody vegetation 

dynamics. 

This methodological choice is justified by the limitations of 

global vegetation cover maps, which are often unsuitable for 

the fine scales of regional ecological analyses [8, 9]. For this 

reason, specific aerial and satellite images (CORONA and 

SPOT 6-7) were used to meet the spatial and temporal accu-

racy requirements of the study. 

2. Methodology 

(1) Presentation of the Study Area 

The study was conducted in the Ferlo region of northern 

Senegal, specifically in the village of Widou Thiengoly 

(15°58'30'„N, 15°17'90‟'W) (Figure 1). This location was 

chosen for its high concentration of temporary ponds, the 

diversity of their forms, intense pastoral pressure, and the 

presence of the Great Green Wall (GGW) route, accompanied 

by several environmental projects. 

 
Figure 1. Study area. 

The climate is arid Sahelian, with a dry season lasting nine 

months (October to June) and a short rainy season lasting 

three months (July to September). Average annual rainfall 

over the last fifty years is 371.67 mm, with an average tem-

perature of around 27.73°C [10, 11]. 

The terrain is relatively flat and consists of tropical sandy 

soils that are poor in clay, which limits the development of a 

structured hydrographic network. During the rainy season, 

these conditions favor the formation of numerous endorheic 

ponds, which are characteristic of the landscape. 

The vegetation takes the form of shrubby to wooded steppe, 

dominated by species such as Balanites aegyptiaca, Acacia 

tortilis subsp. raddiana, and Acacia senegal for the tree layer, 

Calotropis procera and Boscia senegalensis for the shrub 

layer, and a diversity of grasses and annual herbaceous plants 

in the rainy season [12-14]. 

The study area covers 3,360 ha and is distinguished by the 

diversity of its ecological environments: dunes, interdune 
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areas, wetlands, and plots reforested under the GGW (since 

2008). 

(2) Geospatial Data Used 

The approach is based on the combined use of aerial pho-

tographs and high spatial resolution satellite images: 

1) CORONA images from 1972, panchromatic (resolution 

of 1.8 m), used to reconstruct historical woody vegeta-

tion. These images, originally intended for military ob-

servation between July 1960 and May 1972, were de-

classified in 1995 and are now available through the 

USGS [15-18]. 

2) SPOT 6-7 images, acquired in September 2015 (rainy 

season) and May 2016 (dry season), at resolutions of 6 m 

in multispectral and 1.5 m in panchromatic. These data 

were provided by Equipex GEOSUD (Remote Sensing 

Center, Montpellier), as part of the UMI3189 Sahelian 

program. Stereoscopic coverage of 3,600 km
2
 centered 

on Widou Thiengoly was obtained. 

The spectral bands used for SPOT include blue, green, red, 

and near-infrared (NIR), enabling the detection of vegetation 

and soil moisture (Table 1). 

Table 1. Images and their resolutions. 

Images Bands or channels Wavelength (μm) Name Dates Resolution (m) 

SPOT 6-7 

Band 3 0.455-0.525 Blue (B) 2015 – 2016 6 

Band 2 0.530-0.590 Green (G) 2015 – 2016 6 

Band 1 0.625-0.695 Red (R) 2015 – 2016 6 

Band 4 0.760-0.890 Near Infrared (NIR) 2015 – 2016 6 

Mono-spectral 0.455-0.745 Panchromatic (P) 2015 – 2016 1.5 

CORONA 
- - Panchromatic (P) 1966 1.8 

- - Panchromatic (P) 1972 1.8 

 

(3) Image Preprocessing and Processing 

The images underwent several processing steps to extract 

relevant information: 

1) Ortho-rectification: geometric correction of images for 

rigorous spatial alignment. 

2) Image enhancement: contrast adjustment, noise filtering, 

and panchromatic/multispectral fusion. 

3) Automatic object detection: extraction of ponds and 

woody plants using classification algorithms. 

4) Mapping: creation of fine-scale GIS layers, integrated 

into a spatial database. 

The open-source software GRASS GIS 7.6 and QGIS 3.4 

were used for all spatial processing and analysis. 

(4) Landscape Analysis 

The analysis used landscape ecology concepts and tools to 

characterize the distribution of ponds and woody plants 

(Figure 2). An unsupervised classification (K-means) was 

performed using the 2015 Blue, Green, and Near-Infrared 

(NIRGB) image to differentiate four types of environments 

according to their hydromorphic potential: 

1) Dry areas, 

2) Intermediate areas (good herbaceous cover), 

3) Wet areas (high soil moisture), 

4) Ponds (presence of open water or very high moisture). 

This classification enabled the spatialization of habitat 

types and the analysis of the tree cover associated with each. 

 
Figure 2. Process for detecting woody vegetation and ponds. 
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3. Results 

(1) Spatial Organization of Ponds 

Analysis of satellite images from September 2015 enabled 

detailed mapping of ponds in the study area. The results reveal 

a non-random pattern: the 244 ponds identified are aligned in 

a northeast/southwest (NE-SW) direction, arranged in parallel 

bands spaced 300 to 500 m apart. These bands are separated 

by sandy interfluves of dune origin. 

The ponds cover a total area of 43.4 ha, or 1.29% of the 

total area of the study zone (3,360 ha). This spatial distribu-

tion reflects the influence of paleotopography, particularly 

ancient dune systems, on the location of hydromorphic de-

pressions (Figure 3). 

 
Figure 3. Spatial organization of ponds (A) across the entire study window; (B) zoom on a group of ponds. 

(2) Current Distribution of Vegetation Cover 

The woody vegetation map (image 2016 (Figure 4)) shows 

uneven distribution across the study area. Tree densities are 

low in the northwest and southeast corners and higher in the 

central strip where ponds are concentrated. Statistical analysis 

indicates that 67.8 ha are covered by woody plants, including 

20.5 ha located in ponds. 

This means that 30.3% of the detected vegetation cover is 

found in ponds, which occupy only 1.29% of the area, high-

lighting their crucial role in the conservation of woody plants. 

 
Figure 4. Mapping of woody plants in the study area and in ponds. 
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(3) Hydromorphic Typology and Woody Cover 

Based on the 2015 NIRVB image, four classes of envi-

ronments were distinguished according to their hydromorphic 

potential: 

1) Dry areas: not very conducive to herbaceous and tree 

growth. 

2) Intermediate areas: moderate herbaceous development. 

3) Wet areas: good conditions for plant growth. 

4) Ponds: high humidity or presence of open water. 

The map produced from this classification (Figure 5) con-

firms that ponds are the most wooded environments, followed 

by wet areas (Table 2). Dry areas have very low woody cover 

(0.9%). 

 
Figure 5. Map of the four zones according to their hydromorphic potential (ponds and wetlands in brown, intermediate zones in green, and dry 

zones in yellow). 

Table 2. Tree cover by type of environment (2016). 

Type of environment Area (ha) Wooded area (ha) Recovery rate (%) 

Study area 3360.0 67.8 2.0% 

Ponds 43.4 20.5 47.3% 

Wetlands 331.5 21.8 6.6% 

Intermediary areas 1736.8 34.6 2.0% 

Dry areas 1286.4 11.3 0.9% 

 

(4) Diachronic Evolution of Woody Vegetation (1972–

2016) 

A comparison of CORONA images from 1972 and SPOT 

images from 2016 shows a sharp decline in tree cover across 

the entire study area: from 12.3% in 1972 to 2% in 2016. This 

sharp decline coincides with the major droughts that have 

affected the Sahel since the 1970s (Figure 6A). 

However, the situation is different in the ponds: unlike the 

rest of the territory, tree cover there has remained broadly 

stable (Figure 6B and Figure 7). 
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Figure 6. Woody cover. 

 
Figure 7. Map of woody plant density. 

(5) Specific Analysis of Evolution in Ponds 

The distribution of ponds according to their woody vege-

tation cover shows an increase between 1972 and 2016 (Fig-

ure 8A and B). In 1972 (Figure 8C and D), half of the ponds 

had a canopy cover of less than 55%, while in 2016, half 

exceeded 60%. This confirms that ponds are hubs of ecolog-

ical resilience, maintaining conditions favorable to the de-

velopment of tree cover (Figure 8). 

The pond distribution map illustrates three major trends: 

1) Southern part of the area: small ponds with significant 

tree covers growth. 

2) Center: medium or large ponds with stable coverage. 

3) Northwest: large ponds with significant degradation of 

vegetation cover. 

These changes appear to be related to the size of the ponds, 

their location, and their degree of isolation or proximity to 

settlements. 
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Figure 8. Histogram of vegetation coverage rates for ponds (N=244) and Distribution of ponds. 

(6) Influence of Human Pressures 

Observations of the spatial structure of the degrada-

tion/preservation of tree cover around ponds reveal the ex-

istence of pond clusters (Figure 8E). A “kriging” technique 

applied to the values and positions of variations in tree cover 

density around ponds makes it possible to specify the shape 

and location of these clusters (Figure 9). 

A final analysis incorporated traffic routes (main, second-

ary, and tertiary roads) and the location of settlements into the 

mapping. Ponds with degraded vegetation are generally close 

to these infrastructures. Conversely, the best-preserved ponds 

appear more isolated, far from inhabited or frequented areas 
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(Figure 8). 

This observation supports the hypothesis that anthropo-

genic pressure (overgrazing, trampling, wood collection) is a 

major factor in the degradation of woody cover around ponds. 

 
Figure 9. Spatial analysis using kriging of the rates of change in tree cover over ponds (2016) and overlay with settlements and transport 

routes. 

4. Discussion 

Spatio-temporal analysis of the dynamics of ponds and 

woody vegetation in the Ferlo study area has provided a better 

understanding of the ecological structure of this Sahelian 

environment. The results confirm the vulnerability of woody 

vegetation to climatic and anthropogenic stresses, while 

highlighting the protective and resilient function of ponds. 

The degradation of vegetation cover is evident throughout 

the study area: tree cover has declined from 12.3% in 1972 to 

2% in 2016, corroborating the findings of numerous studies 

on the cumulative effects of prolonged droughts in the Sahel 

[19-21]. This reduction in tree cover is particularly marked in 

dry and intermediate areas, which have low hydromorphic 

potential and are not conducive to natural regeneration. 

In contrast, the dynamics observed in temporary ponds 

show a completely different trajectory: vegetation cover re-

mained stable or even increased slightly between 1972 and 

2016, reaching 47.3% in 2016. This specificity can be ex-

plained by the particular edaphic conditions of ponds, which 

are favorable to the establishment and growth of woody plants: 

water availability, accumulation of organic matter, and better 

protection from wind and livestock. 

Our results are consistent with those of Lacaux and the 

others [22], who identified a high concentration of endorheic 

ponds in the Ferlo region. Our own inventory (244 ponds 

covering 43.4 ha) corresponds to a coverage of 1.29%, 

slightly more than the 0.9% reported in a larger area by the 

same authors. This abundance of ponds is linked to the re-

gion's paleo-topography of dunes, whose NE-SW oriented 

depressions favor their formation and alignment. 

Furthermore, a correlation has been observed between the 

size of ponds and changes in their vegetation: small ponds 

(<0.5 ha) located in the south often have high coverage rates, 

while larger ponds located in the northwest show degradation 

of woody cover. These differences can be interpreted as re-

flecting a natural process of pond evolution, leading gradually 

to filling and colonization by tree species [23]. However, this 

pattern is not universal: in some regions of the Sahel, such as 

the Gourma region of Mali, Gardelle and the others [24] ob-

served an expansion of certain large ponds over the decades in 

response to specific local dynamics. 
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Another determining factor identified is anthropogenic 

pressure [25, 26]. Pools located near camps or tracks gener-

ally have lower or stagnant tree cover rates, probably due to 

their intensive use for watering, overgrazing, or wood har-

vesting. Conversely, isolated pools appear to be better pre-

served, which is consistent with the conclusions of [27], who 

emphasize that ecological resilience is often stronger in areas 

with low human density. 

Finally, field observations reveal that some ponds are sub-

ject to regulated use, particularly by populations who reserve 

their use for humans at the beginning of the rainy season, thus 

temporarily protecting the vegetation. This behavior reflects a 

local awareness of the ecological value of ponds, which 

should be reinforced through awareness-raising and concerted 

management actions. 

5. Conclusion 

This study assessed the spatio-temporal dynamics of 

woody vegetation and temporary ponds in a Sahelian portion 

of Ferlo, northern Senegal, between 1972 and 2016. Using old 

and recent satellite images (CORONA, SPOT 6-7), combined 

with remote sensing and landscape ecology tools, it was pos-

sible to map plant and hydromorphic structures in detail and 

analyze their evolution. 

The main findings show: 

1) A sharp decline in tree covers across the entire area, with 

coverage falling from 12.3% to 2% in 44 years; 

2) Stable or even slightly increased vegetation in ponds, 

which account for more than 30% of total tree cover 

despite occupying only 1.29% of the area; 

3) A structured spatial organization of ponds in NE-SW 

bands, linked to the paleo-topography of the dunes; 

4) A marked influence of the size of the ponds, their loca-

tion, and the proximity of camps and infrastructure on 

their vegetation dynamics. 

These results highlight the central role of ponds in the 

conservation of woody vegetation in the Sahel. As reservoirs 

of moisture, they are essential ecological refuges, contributing 

to the resilience of landscapes in the face of climatic and 

human stresses. 

In the context of the progressive degradation of Sahelian 

ecosystems, it is becoming essential to: 

1) Strengthen the protection of ponds and their immediate 

surroundings against excessive anthropogenic pressures; 

2) Integrate ponds into sustainable land management 

strategies, particularly within the Great Green Wall 

projects; 

3) Conduct further research into their ecological function-

ing, biodiversity, and role in woody recolonization dy-

namics. 

In short, ponds are not simply temporary water sources: they 

must be recognized as structuring elements of the Sahelian 

landscape, with high ecological, social, and strategic value. 
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