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Abstract

In Niger, land use and land cover changes have affected hydrological processes
and water regimes at various scales. However, the significant changes observed
in land use and land cover dynamics over the past few decades have negatively
impacted the living conditions of the population and the state of natural eco-
systems, particularly in the Dallol Bosso sub-basin, where agriculture and live-
stock are the primary sources of income for the population. This paper inves-
tigates the dynamics and trends of changes in land use types and their rela-
tionships with surface water regimes over the last fifty years (1972-2023) in
the Dallol Bosso sub-basin. To achieve this, the study employed data obtained
from Landsat and Sentinel 2 during the years 1972, 1990, and 2023 and ground
observation (water bodies’ location and regime). Method and various geospa-
tial analysis tools are used to estimate land use and land cover changes, mon-
itoring land degradation. The result showed that the development of cultiva-
tion and settlement led to runoff (water erosion) and the emergence of ephem-
eral water bodies. The analysis of land use and land cover change indicates
that settlement increased from 0.21% in 1972 to 0.5% in 2023 and that tiger
bush and shrub savanna have declined considerably, by 1,332 hectares per year
for tiger bush and 4,634 hectares per year for shrub savanna between 1990 and
2023. Also, the study showed that degraded areas, stable areas, and improved
land represent respectively 21%, 64%, and 15% in the study area from 2001 to
2022. Therefore, we conclude that climate change and demographic pressures
have led to the loss of certain natural land cover (tiger bush and savanna), and
increased water erosion and the presence of more ephemeral water bodies,
subject to excessive evaporation.
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1. Introduction

The changes in land use significantly affect hydrological processes and the water
regime in the Sahel. The land use changes can significantly impact the water cycle,
changing water availability and the water regime as a result of land degradation,
urbanization, and agricultural expansion [1] [2]. Understanding these effects is
crucial for sustainable land management. This study focuses on the impacts of
land use and land cover dynamics on the surface water regime in the Dallol Bosso
sub-basin, located in the Tillabéri and Dosso regions of Niger [3]-[6]. The study
area is in the Sahelian belt, where the climate is characterized by a short rainy
season (June to September) and a long dry season. The average annual rainfall is
561 mm at the Birni N’Gaouré station, in the center of the area, which has favor-
able land and water potential for the development of agropastoral activities. There-
fore, this condition creates competition for access to natural resources and in-
creases the risks of conflicts between users. Several studies have been carried out
to show that the effects of climate change and human actions contribute to the
continued degradation of soils, vegetation cover, and water bodies, and to the ex-
acerbation of recurring conflicts [7]-[10]. To enable sustainable socio-economic
development, taking into account the need for the restoration and protection of
ecosystems, it is necessary to understand the inter-relationship between the evo-
lution of land cover and land use in this context of climate change, following the
example of recent studies carried out in the Sahel [3] [4]. Hence the general ob-
jective of this study, which is to analyze the variations in land cover and land use
units and their impacts on the dynamics of water bodies in the study area. To this
end, satellite data for the area for the years 1972, 1990, and 2023 were collected
and processed, online platforms were used to estimate the state of land degra-
dation, field observation data were analyzed, and thematic maps were established
and interpreted. This is a contribution to decision-makers’ efforts to preserve the

ecosystem better.

2. Study Area
2.1. Geographical and Socio-Economic Situation of the Area

The study area corresponds to the active part of the Dallol Bosso sub-basin, strad-
dling the Dosso and Tillabéri regions in Niger. It lies between longitudes East 3°48'
and 2°23' and latitudes North 12°24' - 14°05' and covers 15,000 km? (see Figure
1). According to INS’s projection [11], the total population of the eight depart-
ments (Filingué, Balayara, Ouallam, Kollo, Boboye, Falmay, Loga, Dosso) in the
sub-basin is estimated in 2023 at 3,330,635 inhabitants, of whom 50.6% are

women.
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Figure 1. Geographic location of the study area.

Dallol Bosso borders the Niger W Park Biosphere Reserve, which covers 2,200
km?. It constitutes the eastern buffer zone of the W Park, which contains approx-
imately 80% of Niger’s biodiversity, classified since 1996 as a UNESCO World
Heritage Biosphere Reserve. The topography of the Dallol Bosso sub-basin is com-
posed of three morphological units: (i) the plateaus that overhang the departments
of Baleyara and Filingué in the far north, and the Gaya sector in the south; (ii) the
valley zones or paleo-channels of the tributaries of the Niger River between the
plateau lines; and finally (iii) the plains or alluvial terraces along the left bank of
the Niger River [10]. The three (3) soil types, along the Dallol Bosso Valley from
north to south, are:

1) Tropical soils, from the plateaus, form ferruginous and fertile layers when
water is available.

2) Valley soils, deposits of sand and clay and/or silty sand.

3) Heavy clay soils of the plains are in the southern part along the river.

The socioeconomic activities in the study area are agriculture, livestock farm-
ing, and fishing. Agriculture is rainfed production, with accelerating development
of irrigated crops from ephemeral water bodies and shallow alluvial aquifers. Live-
stock consists of cattle, sheep, goats, camels, and donkeys, herded mainly on bar-

ren plateaus and grazing areas on the plains in some valleys.

2.2. Geological and Hydrological Context

The geology of the study area is characterized by the presence of three (3) for-
mations, which are, from bottom to top [10] [12]:

1) Continental Intercalaire/Hamadien (CI/H) formations, consisting of: (i) the
Tegama series corresponding to the end of the CI, Albian to Lower Cenomanian

in age; (ii) the CH series, medium to coarse sandstones, micaceous and with var-
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iegated kaolinitic cement.

2) Continental Terminal Formations (CT), ranging in age from post-Eocene to
pre-Quaternary, are a succession of three levels. First, CT1 consists of ferruginous
sandstone, ferruginous clays, clays, and ferruginous material; then level CT?2 is
represented by sands, fine sandstones that are more or less clayey, gray clays, or
flaky black muds, characterized by the presence of plant debris [13]. Their thick-
ness increases from west to east to reach more than 80 m at the level of the Bosso
dallol [14]. Finally, the level of CT3 is formed at the base by gray clays and out-
crops in the form of sandstone plateaus with lateritic shell, covered with tiger bush
and cut by erosion. These formations of the CT lie on the crystalline base in the
west, where its depth is almost zero (beveling), and can reach more than 130 m
towards the east [12].

3) Quaternary deposits and alluvium, consisting of fluvial alluvium that fills the
fossil valley of the Dallol and its main tributary, the Azgaret, are present in the
northern part. The thickness of the filling is very variable. The thickness varies
from a few meters in the valleys of the river and its tributaries to more than 20 m
in the Bosso Dallol and a maximum of 15 m in the Azgaret [13].

The hydrogeological context of the study area is characterized by the presence
of three (3) main aquifer systems as follows, from bottom to top:

1) Continental Intercalaire/Hamadien aquifer system, containing pressurized wa-
ter tables, with high depths (300 to 500 m) and fairly high operating flow rates, more
than 100 m3/h locally [10] [14]. This is the case for the results of the deep drilling
of Dabaga and Birni N Gaouré. These aquifers are present throughout the central
part of Dallol Bosso and their exploitation requires deep structures, around 500 m.
The waters are quite loaded and, in some sites, they are unfit for consumption.

2) The multi-layered aquifer system of the Continental Terminal (CT1, CT2,
CT3), with the first two (2) levels from bottom to top, is under pressure with
loaded water. The depths of the water tables vary from 60 m for CT2 and 100 to
150 m for CT1. The third level (CT3) contains an unconfined water table with
low-loaded water of good quality for various uses. This is the water table regularly
renewed by rainwater infiltration and by exchanges with the alluvial aquifer of
Dallol Bosso. Operating flow rates are high, frequently reaching 40 m*/h.

3) Alluvial aquifers of the Dallol Bosso outcrop and are very thick in the Bonkou-
kou, Ballayara, and Birni N’Gaouré sectors, where the alluvial deposits are partic-
ularly sandy. Large-diameter wells allow specific flow rates that can exceed 10
m’/h/m. In these areas, these aquifers are continuous with the phreatic system of
the continental terminal CT?3.

The hydrography concerns the presence of the Niger River, the Dallol Bosso, scat-

tered ponds, and intermittent runoff in the fossil valley flowing into the Niger River.

3. Materials and Methods
3.1. Materials

The data used in this study are:
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1) Landsat 1, 5, 7, and 8 satellites for the years 1972 (with path/row respectively
207/50, 207/51, 2026/50, and 207/51), 1990, and 2023 (path 206, rows 50 and 51)
with a 30 m spatial resolution were provided by USGS glovis.

2) Sentinel 2 satellites with 10 m spatial resolution for the year 2023.

3) Ground observations (water bodies location and regime) were collected from
the hydraulic direction in Dosso and Tillaberi.

4) Hydroclimatic data (temperatures, rainfall) from 1972 to 2023 for the sta-
tions of Birni N’Gaoure and Filingue were collected from the National Meteoro-
logical Service.

5) Water level measurements for the period 2000 to 2022, measured in situ and
derived from satellite images.

6) Population of the area of interest from 2012 to 2023.

7) Rainfall at Niamey and Birni N’Gaoure stations from 2012 to 2023.

The data were processed and analyzed using:

1) Google Earth Engine platform.

2) Digital Earth Africa platform.

3) Trends.Earth.

4) ArcGIS 10.8 software.

3.2. Methods

3.2.1. Land Cover and Land Use Classes

In order to compute the land use and land cover, the satellite images (Landsat and
Sentinel) were pre-processed [8] [9] [15] [16] with ArcGIS for geo-referencing,
mosaicking, and subsetting of the images within the study area. The land use and
land cover classes used are those from the Land Use and Land Cover Nomencla-
ture (NOS) of the Ministry in charge of the environment of Niger [17] and were
analyzed from optical data during 1972, 1990, and 2023 [15] [16] [18] [19]. Also,
high-resolution images were used to validate the series of maps obtained with the
Google Earth Engine and Digital Earth Africa platforms. Indeed, the luminance
that satellites measure from space is strongly correlated with radiometric data
from the ground [3] [4] [15]. Based on its reflectance, the study area was discre-
tized into several surface units [9] [16] [17] [20], corresponding to land use and
land cover classes.

The image processing, classification, and analysis followed different steps such
as:

1) Color composition with the display of spectral bands in the red, green, and
blue channels to highlight the different contrasts.

2) Visual interpretation of the image based on the color composition (Red,
Green, Blue) is used to digitize the different land use and land cover classes. This
consists of identifying each homogeneous group that represents a specific class.

3) Reduction of misclassifications was addressed by visual interpretation. The
visual analysis, referring to local knowledge, considerably improved the land use

land cover maps.
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3.2.2. Analysis of Land Cover and Land Use Dynamics
The study area is subdivided into 100-meter square grid cells. Within each grid
cell, the corresponding land use and land cover class was considered for the years
(1972, 1990, and 2023). The post-classification change detection method was con-
ducted using ARCGIS 10. A grid cell by grid cell basis was used to determine the
quantity of conversions from one class to another class and their corresponding
area [17] over the three periods (1972-1990, 1990-2021, and 1972-2021) [3] [7]
[15]. Grids affected by changes will be identified [21].

Periodic changes are calculated using the global change rate formula:

Overall rate of change = (S2 — S1)/S1, with:

S1: the area of the class in the initial year.

S2: the area of the class in the final year.

3.2.3. Analysis of the Land Degradation Evolution

The Trends. Earth tool was used to track Land Degradation Neutrality (LDN) ac-
cording to the United Nations Convention to Combat Desertification (UNCCD)’s
Sustainable Development Goal (SDG) indicator 15.3.1. The land productivity tra-
jectory from 2001 to 2022 was generated to allow a comparison with the local

states of the land in the study area.

3.2.4. Analysis of the Evolution of Water Bodies

The surface water frequency, defined as the ratio of wet to clear observations, was
derived from the Water Observation from Space (WOfS) [22] algorithm com-
puted with the Digital Earth Africa platform. Water pixels were identified with a
minimum frequency threshold of 0.1 (10%) to avoid transient noise and isolated
false detections. This algorithm was used to detect the presence of surface water
[23]-[25], classify ponds according to the occurrence of water, generate pond curves
(surface area, corresponding period), and also the yearly cumulative area and their
evolution from 2000 to 2022.

4. Results and Discussion
4.1. Dynamics of Land Cover and Land Use from 1972 to 2023

Land use and land cover were derived from the Landsat 30 m x 30 m spatial res-
olution during the years 1972, 1990, and 2023. Twelve major land use land cover
classes (Degraded tiger bush, Riparian cords, Vegetable farming and lowland crops,
Agriculture and fallow land, Kori and ravine, Water body, Bare plateau—Rocky
land, Shrubby savanna on glacis, Bare soil—Eroded glacis, Settlement, Eroded
slope—Brushwood, and Bare soil—Eroded glacis) were identified. Therefore, the
three reference years are considered from the sequence of climatic periods identi-
fied after the analysis of the hydro-climatic parameters of the zone (wet period
before 1970, dry period from 1970 to 1990, and current period of trend towards a
return to normal) [14].

The change detection investigation [21] is applied over approximately fifty-one
(51) years (1972 to 2023). Specific units were identified and grouped [26] [27], to
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correspond to the natural classes for land cover, which are: degraded tiger bush,

riparian cords, scrub, bare soil, shrub savanna, flood valley, kori-ravine, ponds,

bare plateau, and rocky terrain.

For land use, agriculture and fallow land, settlement, market gardening—low-

land crops, were considered [16]. Natural formations [5] [6] [16] [20], and areas
related to anthropogenic activities [16] [28] are determined from a visual inter-

pretation of multispectral images in 3 bands for 1972, and in 6 bands for the years

1990 and 2023 [18]. This was done using the combination of the three RGB bands.

According to the quality of the Landsat image (cloud coverage), which was pri-

marily used for visual interpretation, Sentinel 2 was used to fill the gap.

4.1.1. Land Cover and Land Use in 1972, 1990, and 2023
The land cover and land use states between 1972 and 2023 are shown in Figure 2

below [3]-[6].
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Figure 2. Land use and land cover in 1972, 1990, and 2023.

It is noted that, historically, the land use class has been continuous rainfed ag-

riculture, which is found throughout the entire sub-basin. The second class is tiger
bush, which initially covered the entire area and was only found along the low-
lands in 2023.

Settlement and bare land or degraded soils are the two smallest classes, found
along the riverbed and on the plateaus. The areas and percentages of the different

classes as compared to the total area of the sub-basin are shown in Table 1 below.
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Table 1. Land use land cover classes in 1972, 1990, and 2023.

Vegetable farming and lowland crops

Class:

Degraded tiger bush

Riparian cords

Kori and ravine

Water body

Agriculture and fallow land

Bare plateau—Rocky land
Wet meadow and floodplain

Shrubby savanna on glacy

Bare soil—Eroded glacis

Settlement

Eroded slope—Brushwood

1972
405570  27.04%
5189 0.35%
5258 0.35%
765451  51.04%

700 0.05%
160 0.01%
18067 1.20%
11104 0.74%
254256  16.95%
2961 0.20%
27745 1.85%
3170 0.21%

1990
348792  23.27%
4967 0.33%
5152 0.34%
914642  61.01%
270 0.02%
457 0.03%
21719 1.45%
11079 0.74%
155910  10.40%
4149 0.28%
28283 1.89%
3741 0.25%

2023
318140 21.23%
5226 0.35%
5193 0.35%
1028614  68.65%
1201 0.08%
1187 0.08%
33176 2.21%
12470 0.83%
49326 3.29%
8500 0.57%
28462 1.90%
6820 0.46%

The situation in 1972 was representative of the wet period of the 1960 s [14],
and the year 1990 marked a break in the climate dynamics, after the period of
droughts between 1972 and 1990 [29]. Natural formations decreased in favor
of anthropogenic formations under the combination of human and climate
change actions [16] [24]. Thus, with the 2023 land use and land cover maps, the
settlement’s class increased (doubled) to 0.5% in 2023, 0.25% in 1990, and
0.21% in 1972. However, the situation in 2023 could be the consequence of past

droughts and demographic pressures on natural resources, [30], as shown in

Figure 3.
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Figure 3. Evolution of the population of the study area and rainfall at Niamey and Birni

N’Gaouré.
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4.1.2 Evolution of Land Cover and Land Use Classes, 1972-2023
The variation rate of change was computed [4] [6] [20] for each type of class be-
tween the different periods and is presented in the following Table 2.

Table 2. Land cover land use change in each class from 1972-1990, 1990-2023, and 1972-2023.

Changes in land use land cover classes

Land use land cover classes 1972-1990 1990-2023 1972-2023
Ha % ha % ha %
Degraded tiger bush -56,778 —-14% -30,652 -9% —87,430 —-22%
Riparian cords —222 —4% 259 5% 37 1%
Vegetable farming and lowland crops -106 -2% 41 1% —65 -1%
Agriculture and fallow land 149 191 19% 113,972 12% 263,163 34%
Kori and ravine -430 -61% 931 345% 501 72%
Water body 297 186% 730 160% 1,027 642%
Bare plateau—Rocky land 3,652 20% 1,1457 53% 15,109 84%
Wet meadow and floodplain =25 0% 1391 13% 1,366 12%
Shrubby savanna on glacy —98 346 -39% -106,584 —-68% —204,930 -81%
Bare soil—Eroded glacis 1188 40% 4,351 105% 5,539 187%
Eroded slope—Brushwood 538 2% 179 1% 717 3%
Settlement 571 18% 3079 82% 3650 115%

Between 1972 and 1990, there was a decrease in the following classes: degraded
tiger bush, shrub savannas on glacis, and koris. These class-level decreases, despite
the onset of the wet season, could be explained by the persistence of the negative
impacts of the drought during the years 1972-1973 and 1983-1984, [31]. The clas-
ses that increased during this period were bare soils (40.1%), bare plateaus (20.2%),
agriculture and fallow land (19.5%), and settlement (18%). Thus, over the past 34
years (between 1990 and 2023), it can be noted that the tiger bush and shrub sa-
vanna have declined considerably, by 1,332 hectares per year for the tiger bush
and 4,634 hectares per year for the shrub savanna.

Settlement increased by 80% and agricultural and fallow areas by 12%. This pe-
riod is characterized by an expansion of the areas of classes linked to water avail-
ability (ponds, koris, agriculture). Degraded lands and glacis increased due to de-
mographic pressure. The land use and land cover change dynamics for the years
1972, 1990, and 2023 are represented in Figure 4(a)-(c).

Figure 4(a) highlights a uniformity observed for the classes’ riparian cords, veg-
etable farming and lowland crops, and eroded slope—Brushwood from 1972 to
2023, whereas an increase was observed for the bare plateau and rocky land class.

Figure 4(b) shows that from 1972 to 2023, the classes of water body, settlement,
and bare soil-eroded glacis increased considerably. The maximum is observed in
2023.
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Figure 4(c) illustrates a decrease in the shrubby savanna on glacy and degraded
tiger bush observed from 1972 to 2023. The minimum values were reached in 2023
and the maximum in 1972. Over the same period, agriculture increased from its
lowest value in 1972 to the highest in 2023.
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Over the period from 1972 to 2023 (51 years), the same trends were confirmed
due to the increase in demographic pressure and the persistence of the impacts of
climate change. Indeed, in 2023, crops and fallow land occupied 68.7% of the area,
with degraded tiger bush occupying 21.7% and shrub savanna on glacis at 3.3%,
compared to 10.4% in 1990. Floodplain valleys, koris, and ponds increased in area
at the expense of vegetation.

This dynamic could be linked to the rainfall regime in the area [23] [24], which
is characterized by:

1) An initial wet period before 1972, with normal rainfall favoring the develop-
ment of vegetation and runoff and gully erosion. Population density was low and
agricultural land was undeveloped.

2) A dry period from 1972 to 1990, with low rainfall, led to deforestation and
the particular development of runoff and gully erosion. Water concentrated in the
lowlands disappeared a few days after the rainfall, due to evaporative pressure.

3) A period of return to normal rainfall after 1990, with surplus years and nat-
ural regeneration, resulted in reduced runoff.

This trend has exacerbated the risks of conflict for access to land, particularly

in areas where farmers and herders are concentrated (Boboye Department) [32].

4.1.3. Conversions of Classes between 1972, 1990, and 2023

Between 1972 and 2023, the dynamics of land use and land cover show the in-
crease in cultivated area. Indeed, 90,000 ha of tiger bush and 193,000 ha of savanna
were converted into agricultural land. Also, between 1972 and 1990, 67,000 ha of
tiger bush and 97,000 ha of shrub savanna were converted into agricultural land,
and between 1990 and 2023, 33,763 ha of tiger bush and 100,934 ha of shrub sa-
vanna on glacis were converted into agricultural land. This confirms the impacts

of demographic pressure and climate change [16].

4.2. Dynamics of Degraded Lands
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Figure 5. Land productivity trajectory from 2001 to 2022 in the study area (SDG 15.3.1).
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The investigation of the land’s degradation was computed using Trends. Earth to
determine the land productivity trajectory in the study area [5] [6] [20]. Three situ-
ations are represented with land in continuous degradation, stabilized land, and re-
stored or improved land (SDG Indicator 15.3.1) [33], as illustrated in Figure 5.

It is noted that degraded areas represent 21%, stable areas represent 64%, and
restored or improved land represents 15% in the study area from 2001 to 2022.
Degraded land is mainly in the northern part of the study area, where the tiger
bush and vegetation classes have been converted to agricultural land or crusted

bare land.

4.3. Dynamics of Water Bodies in the Study Area
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Figure 6. Water body’s curve type distribution.
DOI: 10.4236/jwarp.2025.1711039 738 Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2025.1711039

B. Mamane et al.

The values of the Modified Normalized Difference Water Indices (MNWI) were
derived [19] [22] in order to analyze the spatial distribution of the water bodies in
the study area. Thus, for the month of August 2023, the indices show the presence
of one hundred and eighty-two (182) surface water bodies in the study area, among
which 65.38% (119) were concentrated in the northern part, 16.48% (30) in the
center, and 18.13% (37) in the south, as illustrated in Figure 6, locating the ponds.
The spatial distribution of water bodies is correlated with the dynamics of land
degradation and with changes in land cover and land use, [3] [5] [23] [24].

Indeed, runoff and ponds (ephemeral and semi-permanent) are concentrated
in areas ofland crusting and agricultural development. Shrubby savannas are con-
verted into agricultural land or bare slopes, promoting runoff and the formation
of water bodies in lowlands [6] [20].
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Figure 7. Waterbody Curves from 2000 to 2022: (a) ascending, (b) concave, (c) stable, and (d) descending.

Based on the values of the occurrence and sections of the water bodies captured
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by the satellite on the same dates for successive years from 1972 to 2023, the ponds
are classified into four (4) types (Figure 7) [19] [23]:

1) Ascending curves represent water bodies with increased cross-sections or
volumes each year throughout the entire analysis period (1972-2023). These are
ponds that did not experience a decrease in surface area during this period.

2) Concave curves represent water bodies that lost surface area or even disap-
peared during the drought period and began to recover their capacity with the
return of rainfall.

3) Descending curves represent ponds that have maintained a constant rate of
decrease in surface area since the beginning of the observation period.

4) Stable curves characterize monotonous water bodies, where capacity remains

the same.
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Figure 8. Permanent ponds graph (a) yearly water surface area (b) mean of water surface
area from 2000 to 2022.
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Figure 8(a) showed the positive value of water surfaces, which indicated the
presence of water bodies during all the years, and Figure 8(b) confirmed the same
result with minimum values from April to June and maximum values from Au-

gust to November each year.
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Figure 9. Semi-permanent ponds graph (a) yearly water surface area (b) mean of water
surface area from 2000 to 2022.

Figure 9(a) showed the absence of a water body during a short period of the
year, particularly in April and May, and in March according to some years. Figure

9(b) confirmed the same result with an absence of water from March to May, an-
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nouncing the beginning of the rainy season.
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Figure 10. Ephemeral ponds graph (a) yearly water surface area (b) mean water surface
area from 2000 to 2022.

Figure 10(a) shows the absence of a water body during the period from January
to March. Figure 10(b) confirms the same result, with the absence of water from
January to May.

Among the 182 water bodies or ponds:

1) Sixty-two ponds are ascending, indicating that the regime of these ponds is

increasing in terms of capacity and surface area. Forty-three (43) of these ponds
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are concentrated in the north and nineteen (19) in the south.

2) Sixteen ponds are stable in shape, corresponding to identical surface areas,
not varying over time, over the period. Thirteen (13) ponds in this group are in
the northern part of the sub-basin and three (3) in the south in the low-flow chan-
nel.

3) Ninety-three ponds are concave, indicating shrinking regimes of these ponds
during the first part of the period and a return with a recovery of capacity there-
after depending on climatic conditions and.

4) 11 ponds are linear and descending, indicating, over the entire monitoring
period, a decline in surface area and water retention capacity.

Following this analysis, permanent ponds with water present throughout the
year, semi-permanent ponds with water present from the end of the rainy season
to March or April, and ephemeral ponds with water present until December were

identified. This situation is illustrated in Figures 8-10.
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Figure 11. Water bodies’ yearly regime in the study area.
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A total of eight (8) permanent ponds, forty-one (41) semi-permanent ponds,
and one hundred and thirty-three (133) ephemeral ponds are identified, Figure
11. All the permanent ponds are located in the northern part of the study area
beyond the latitude of Balleyara. This presence enables the possibility of exchange
between the pond and the aquifer. Among the forty-one (41) semi-permanent
ponds, six (6) are located in the south and thirty-five (35) in the north. The ephem-
eral ponds are scattered throughout the study area.

The annual patterns of water bodies depend on the location of the pond (land
degradation context), the start date of the rainy season, and the quantity of rainfall
(surplus, normal, or deficit years). Indeed, we note that:

1) The response time for the resumption of pond filling depends on the geo-
graphical position and morphology of the area. Depressions at the foot of the plat-
eaus receive the first runoff. Ponds located in the plains have longer response
times.

2) The appearance of the graphs indicates the pond regimes (ephemeral to per-
manent). The presence of a permanent pond with direct water infiltration could
help to locate preferential areas for the recharge of alluvial aquifers.

3) The presence of degraded lands to the north of the study area favors the ap-
pearance of water bodies (strings of ponds) [23] [24] [34].

5. Conclusion

Land use and land cover are the consequence of a complex set of parameters that
range from natural processes to anthropogenic intervention. This study focuses
on the change in land cover and land use units and their impacts on the dynamics
of water bodies in the study area from 1972 to 2023. Also, the relationship between
land cover and land use dynamics and the evolution of water bodies was investi-
gated. In the study area, climate change and demographic pressures have led to
the loss of certain natural land cover (tiger bush and savanna), and improved the
surface runoff and the presence of ephemeral water bodies, subject to excessive
evaporation. Also, it is noted that agricultural production has affected soil quality
(soil crusting and gullying). This has a direct impact on the local population and
the ecosystem. This study contributed to both ecologists and managers working
at the national and local scales. It benefits ecologists through an understanding of
patterns and dynamics which affect landscape processes and enables decision-
makers to put in place mechanisms for effective water resource management in
the study area. For a better understanding of the dynamics of land use and land
cover and their impact on the regime of water bodies, it is necessary to maintain
and enhance the continuous quantitative and qualitative monitoring of ground-
water and surface water resources in the area with the aim of developing a hydro-

logical model.
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