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The Yaéré floodplain, located in the Logone watershed south of Lake Chad, is
highly vulnerable to recurrent flooding that threatens local populations and
the regional economy. This study quantifies the floodplain’s hydrological dy-
namics over a 40-year period (1984-2024) by analysing 683 cloud-free Landsat

face Water Dynamics under Climate Change.

Advances in Remote Sensing, 14, 170-187. images to map surface water changes. The results reveal substantial hydrolog-
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ical variability, with flooded areas ranging from complete absence (0 km?) to

a record maximum of 17,559 km? in October 2022, and an average flooded
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extent of approximately 1630 km?. Flooding exhibits a pronounced seasonal
pattern, peaking mainly in September and October, corresponding to key rain-

fall periods and river inflows critical for ecosystem functioning. Strong inter-
Copyright © 2025 by author(s) and

annual variability is evident, contrasting exceptionally wet years such as 1999,
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2022, and 2024 with notably dry periods including 1984, 1987, and 2007. Since
2019, a discernible increase in extreme flood events suggests intensifying pre-
cipitation trends consistent with regional climate change. Anthropogenic fac-
tors also shape the flood regime, notably the Maga dam and associated dykes
constructed in the 1970s, which have modified natural inundation patterns
and downstream hydrology. Diachronic mapping of flooded zones provides
an essential tool for identifying areas of significant hydrological change, sup-
porting targeted ecological restoration and risk management efforts. These
findings offer critical insights for adaptive management of this vulnerable wet-
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land in a changing climate. Integrating this remote sensing data into local and
regional policy frameworks can enhance flood forecasting and early warning
systems, improving community resilience to extreme hydrological events. Ul-
timately, this study contributes to the sustainable management of water re-
sources and flood risk reduction in the Lake Chad basin, fostering more effec-
tive responses to future climatic uncertainties.
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Remote Sensing, Surface Water Dynamics, Flooding, Climate Variability,
Yaéré

1. Introduction

Wetlands represent essential components of socio-ecological systems, due to their
role in hydrological regulation and flood attenuation [1] [2]. Although widely rec-
ognised, this buffering function demonstrates considerable spatial and functional
heterogeneity depending on the location, geomorphological structure, and hydro-
dynamic processes of each wetland type [3] [4]. Acting as transitional zones be-
tween aquatic and terrestrial environments, wetlands possess the ability to absorb,
temporarily retain, and gradually release surplus water generated by rainfall
events. Floodplains, in particular, stand out for their capacity to mitigate flood
peaks, a phenomenon extensively documented in the scientific literature across
diverse geographical settings [5]-[8]. By decelerating water flow and dispersing
discharge volumes, these environments contribute significantly to downstream
flood risk reduction.

Nevertheless, such regulatory capacity is neither uniform nor guaranteed: cer-
tain upstream wetlands, under specific hydrological conditions, may exacerbate
flood risks by rapidly releasing stored water [3] [9]. These findings underscore the
need to conceptualise wetlands not as uniform hydrological infrastructures, but
as complex ecological systems whose flood-regulating functions are shaped by ge-
omorphological, climatic, and anthropogenic factors [10]-[12]. Accordingly, reg-
ular hydrological monitoring and in-depth functional assessments of wetlands are
essential prerequisites for informing integrated and place-based flood risk man-
agement policies.

The Yaéré floodplain, located in the Logone River basin at the south of Lake
Chad, is a key wetland area supporting farming, fishing, and pastoral activities in
the Sahel region [13]-[15]. This area is regularly affected by floods from the Lo-
gone River, which pose both risks to local communities and challenges for the
regional economy [16]-[18]. In this environment, the connection between river
dynamics and climate is central, given the complex nature of the local hydrology
[14] [19]-[22].

The Logone River follows an annual flood cycle. It usually overflows in October,

at the end of the rainy season, then the water recedes between November and Jan-
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uary, leaving behind dry land with flooded depressions [4] [23] [24]. Each year,
large areas are flooded, while only marshy zones remain above water, used for
seasonal grazing. The extent and timing of flooding change from year to year, de-
pending on rainfall and river flow. Before 1982, seasonal floods reached wide areas
on the river’s left bank, including parts of Waza National Park [25]. Local fishers,
farmers, and herders used the land throughout the year based on a regular sea-
sonal rhythm [26] [27]. However, in the late 1970s, a 30 km dam was built to create
Lake Maga (400 km?) for rice farming. This dam and its dykes reduced the natural
floods in the Waza-Logone plain, causing environmental degradation and social
disruption over about 800,000 hectares downstream between 1981 and the mid-
1990s [28] [29]. Many studies have looked at flood and water recession cycles, as
well as irrigation and water management. But recent changes in flood patterns
have been observed. These changes are linked to both climate variations and hu-
man-built water infrastructure [13] [20] [24] [30]. Understanding how surface
water behaves over time and space is now essential. It helps support better water
management and prepares for the effects of changing climate and land use. This
is especially important to predict how often and how strongly floods happen, and
to assess how local communities can remain resilient.

Nowadays, tools exist that make it possible to overcome data and storage con-
straints. Google Earth Engine (GEE) provides access to the entire Landsat collec-
tion, covering more than 50 years of satellite observations, with images that are
updated regularly [31]. This makes it possible to analyse long-term changes in sur-
face water, spot seasonal or decadal patterns, and quickly detect unusual events such
as drying or flooding. GEE is therefore a powerful platform for monitoring water
resources, understanding environmental changes, and supporting sustainable land
and water management. Most importantly, it helps track long-term trends, which is
key to studying hydrological variability [32]. In this study, satellite data from Land-
sat missions covering four decades (1984 to 2024) were used. Analysis of the time
series enables permanent and seasonal water bodies to be identified, as well as as-
sessing changes in their extent over time. This approach provides an in-depth view

of hydrological trends and interannual variations in the floodplain.

2. Study Area

The study focuses on the Waza-Logone floodplain, located in the Far North region
of Cameroon. It is geographically bounded by latitude 12.4349747 in the north,
10.1511406 in the south, and by longitude 16.1315356 in the east and 14.0330922
in the west. This area matches the coverage of Landsat scene WRS 184/52. The
plain stretches from the Yagoua-Limani dunes in the south-west to the town of
Kousseri in the north-east (Figure 1). It takes its name from the overflows of the
River Logone, fed by both river flooding and seasonal rainfall, the latter generally
beginning in July. It is a major wetland ecosystem for several months each year,
with a water level varying between 0.7 and 1.2 m [23]. The plain is located on the

southern fringe of the Sahelian zone and is characterised by a rainfall pattern that
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decreases from south to north, with annual rainfall varying between 600 and 750
mm. The rainy season usually runs from May/June to September/October, alt-

hough its duration and intensity can fluctuate greatly from one year to the next

Outside this period, rainfall is rare or non-existent.

3. Data and Methods

3.1. Landsat Satellite Data

To analyse the extension of surface water in the Yaéré floodplain over the period
1982-2024, a series of optical satellite images from the Landsat program were pro-

cessed using the Google Earth Engine (GEE) cloud-based platform. The study re-
lied on data from five successive sensors: Landsat 4 TM, Landsat 5 TM, Landsat 7

ETM+, Landsat 8 OLI, and Landsat 9 OLI.
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Figure 1. Location of study area. The map was produced by authors, with a background
map from OSM (2025), administrative boundaries from GADM maps and data (2018-2022

GADM) and Landsat WRS 2 Descending Path Row.

In order to ensure data reliability and comparability over time, only Tier 1 images,
pre-processed to Level 2 surface reflectance, were selected. The spatial extent of the
study area was matched to the Landsat scene defined by path/row WRS 184/52 (Fig-
ure 1), ensuring full coverage of the floodplain. This methodological framework
made it possible to maintain both temporal continuity and spatial consistency

throughout the dataset, despite the technical evolution of the sensors across dec-
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ades. A summary of the Landsat collections used is provided in Table 1:

Table 1. Landsat collections used in this study.

Satellite Period GEE Collection ID Sensor(s)

Landsat4 22 Aug. 1982-24 Jun. 1993 LANDSAT/LT04/C02/T1_L2 MSS/TM
Landsat5 16 Mar. 1984-5 May 2012 LANDSAT/LT05/C02/T1_L2 ™
Landsat 7 28 May 1999-19 Jan. 2024 LANDSAT/LE07/C02/T1_L2 ETM+
Landsat 8 18 Mar. 2013-21 Apr. 2025 LANDSAT/LC08/C02/T1_L2 OLI/TIRS
Landsat 9 31 Oct. 2021-27 Apr. 2025 LANDSAT/LC09/C02/T1_L2 OLI-2/TIRS-2

3.2. Methodology

3.2.1. Delineation of Flooded Areas

The satellite images were pre-processed through several key steps to ensure data
quality and consistency across the entire study period. Multitemporal Landsat
scenes were selected, prioritizing those with less than 40% cloud cover. The pre-
processing chain began with the spatial filtering of the WRS 184/52 path, followed
by the application of the CFMASK algorithm to detect and mask clouds, cirrus,
and cloud shadows using the blue band and a safety buffer. All optical and thermal
bands were radiometrically scaled using sensor-specific coefficients to enable in-
ter-sensor comparability. For Landsat 7 ETM+ images acquired after May 31,
2003 (when the Scan Line Corrector (SLC) failed), a temporal gap-filling method
was applied using adjacent acquisitions within a +32-day window.

To ensure spatial uniformity, all images were reprojected into the UTM Zone
33N (WGS84) coordinate system. The harmonization of spectral bands across the
Landsat missions further facilitated the integration of observations over time.
These preparatory steps ensured robust time series analyses from 1982 to 2024,
mitigating sensor-related inconsistencies and atmospheric contamination. All
data processing was implemented within the Google Earth Engine environment,
taking advantage of its cloud computing capabilities for efficient handling of the
high temporal and spatial resolution datasets.

Flood mapping was based on the spectral properties of surface water in the
short-wave infrared (SWIR) domain. The SWIR2 band was selected as the pri-
mary indicator of soil moisture and surface water presence, owing to water’s
strong absorption characteristics at these wavelengths. A reflectance threshold of
0.08 was adopted. This threshold-based method was used to create binary maps
for each image scene (1 = water, 0 = non-water). This binary classification ap-
proach, inspired by [17] [21] [33], enabled the generation of flood extent maps for
each scene. These outputs were then aggregated to compute annual flood dynam-

ics across the observation period.

3.2.2. Statistical Analysis of Flood Extents
Surface water dynamics across the Yaéré floodplain were assessed using a multi-

temporal series of binary water masks derived from Landsat imagery between
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1984 and 2024. For each year, the maximum and minimum extents of surface wa-
ter were extracted, along with the corresponding dates of occurrence. The average
annual surface water extent was also computed, providing a reference baseline for
typical hydrological conditions over the four-decade period. The amplitude be-
tween yearly minima and maxima allowed for the characterisation of intra-annual
variability, while years with exceptionally high or low averages were flagged as
indicators of extreme flood or drought conditions.

To evaluate long-term hydrological variability, the standard deviation of annual
extents was calculated, capturing interannual fluctuations in flood dynamics. The
analysis thus provides a robust basis for understanding floodplain behaviour and
for identifying hydrological anomalies, which is essential for flood risk manage-

ment and climate impact assessments in semi-arid river basins.

3.2.3. Analysis of Rainfall Influence on Surface Water Dynamics
To explore the influence of rainfall on surface water extent, CHIRPS (Climate
Hazards Group InfraRed Precipitation with Station data) daily rainfall data were
used [34]. These data offer high-resolution (0.05°) global coverage and were pro-
cessed using GEE. The dataset was filtered to match the study period and clipped
to the Logone basin boundary. Daily precipitation values were summed to calcu-
late annual totals. Precipitation values were aggregated at the monthly scale and
compared to monthly average surface water extents over selected hydrological
years, notably 1984 and 2022. Basin-wide statistics were computed using zonal
reduction functions to assess spatial coherence and interannual rainfall variability.
To quantify the strength and timing of rainfall’s influence on surface water dy-
namics, Pearson correlation coefficients were first calculated between precipita-
tion and water extent. Simple linear regression models were then fitted to estimate
the marginal effect of rainfall on flood extent. To account for potential lagged hy-
drological responses, a time-lagged correlation analysis was performed, examin-
ing associations between surface water and preceding rainfall totals up to 30 days.
This approach enabled the identification of delayed flood responses to rainfall
events and contributed to a better understanding of rainfall-runoff dynamics in

the floodplain context

4. Results

The availability of Landsat satellite imagery over the study area (WRS tile 184/52)
has evolved significantly between 1984 and 2024 (Figure 2). Initial observations
were limited, with 20 usable images from Landsat 5 (1984-1999) and only 2 from
Landsat 4 (1987-1988). A temporal gap followed, before the launch of Landsat 7
in 1999, which became the main source of data with 336 images acquired through
to 2024. Data availability increased notably from 2013 onwards with the introduc-
tion of Landsat 8 (256 images), and further improved with Landsat 9 (69 images
since 2021). These recent missions have contributed to a denser temporal cover-

age, particularly suited for monitoring seasonal and interannual hydrological dy-
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namics in the Yaéré floodplain. In total, 683 quality-filtered images were analysed,
providing a robust temporal archive for detecting surface water changes and un-

derstanding long-term flood patterns in the region.
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Figure 2. Temporal availability of Landsat satellite data (WRS 184/52) by sensor and by year (1984-2024). The

figure illustrates the number of usable images per year from each sensor (Landsat 4, 5, 7, 8, and 9), highlighting

a clear increase in acquisition frequency over time. Three phases can be observed: limited coverage during the

early missions (Landsat 4 and 5), improved regularity with Landsat 7 (1999-2012), and a marked rise in image

availability from 2013 onwards with the launch of Landsat 8 and later Landsat 9. This enhanced temporal

resolution significantly strengthens the capacity to monitor seasonal and interannual flood dynamics in the Yaéré
floodplain.
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Figure 3. Evolution of surface water extent in the Yaéré floodplain (1984-2024).

The remote sensing analysis of Landsat imagery from 1984 to 2024 has made it
possible to characterise, with precision, the long-term hydrological dynamics of
the Yaéré floodplain over four decades. The spatial extent of surface water displays
pronounced interannual variability, reflecting the complex interactions between

rainfall patterns, river discharge, and floodplain topography. This variability
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ranges from a complete absence of detectable surface water (0 km? recorded on 29
March 1987) to a historical maximum extent of 17,559.01 km? observed on 31
October 2022 (Figure 3). These fluctuations illustrate the irregular nature of
flooding in the region and highlight the importance of long-term monitoring for
understanding hydrological extremes and their implications for land use, ecosys-
tems, and local livelihoods.

The above chart illustrates the marked variability in surface water extent over
the 40-year study period. This considerable amplitude bears witness to the hydro-
logical dynamics of this floodplain, with an average water surface area over the
entire period of 1630.25 km?. The years 1999, 2012, 2019, 2020, 2022 and 2024
stand out for their particularly high annual averages (in excess of 2000 km?), while
the years 1984, 1987, 1988 and 2007 show much lower values (less than 500 km?).
This contrast reflects the influence of climatic fluctuations on the hydrological
regime of the Yaéré. The standard deviation associated with each year also high-
lights the extent of intra-annual variations, with particularly high values for 2022
(3487 km?) and 2024 (4208 km?), reflecting hydrological cycles marked by great
contrasts. The general trend over the study period suggests a gradual increase in
the average surface area under water, particularly since 2019, although this trend

is punctuated by significant fluctuations.
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Figure 4. Maximum surface water extent in an extremely dry year (1984) and an extremely
wet year (2022).

The results obtained show that flood-prone areas are subject to rainfall dynam-
ics (Figure 4(a) and Figure 4(b)). In fact, the heavy rainfall in 2012 generated
significant runoff, causing the flooding observed in the Yaéré. The Logone and
Chari rivers have completely burst their banks. On the other hand, in 1984, as a
result of the worsening climate, the Yaéré suffered severe stress, with little or no
water surface area.

The spatial comparison between an extremely dry year (1984) and an excep-
tionally wet year (2022) highlights the high sensitivity of the Yaéré floodplain to
hydrometeorological conditions (Figure 4(a) and Figure 4(b)). In 2022, following
above-average rainfall and strong river discharge, both the Logone and Chari riv-
ers overflowed their banks, resulting in widespread flooding across the entire
floodplain. Surface water coverage extended far beyond the river channels, inun-
dating low-lying areas and depressions over a vast spatial extent. In contrast, the
1984 image shows minimal surface water presence, reflecting the severe hydrolog-
ical stress linked to ongoing drought conditions during that period. The flood-
plain appears almost entirely desiccated, with only a few residual water bodies

detectable. These contrasting hydrological situations illustrate the strong depend-
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ence of flood dynamics on seasonal rainfall input and river inflows. They also un-
derscore the importance of long-term monitoring to capture extreme events at
both ends of the hydrological spectrum.

Changes in hydrological dynamics can also be observed on a decadal scale. The
1984-1988 period, characterised by limited satellite coverage, shows relatively low
average water surface areas (151.99 km? in 1984, 40.38 km? in 1988), with the no-
table exception of 1986 (average of 1749.58 km?). The years 1999-2012 show al-
ternating wet and dry periods, with peaks of 11,793.34 km* (1999) and 7920.22
km? (2001). The recent period (2013-2024), which benefits from a much higher
density of observations thanks to the Landsat 8 and 9 satellites, reveals flooding
events of exceptional magnitude, particularly in 2022 (maximum of 17,559.01
km?) and 2024 (maximum of 15,372.07 km?). This observation raises the question
of the impact of climate change on the intensification of extreme hydrological
phenomena in the region, although the improved temporal resolution of the ob-
servations must be taken into account when interpreting this trend.

The monthly distribution of peak surface water extent confirms the strong sea-
sonality of flooding in the Yaéré floodplain (Figure 5). The majority of hydrolog-
ical maxima are concentrated in the months of October (40%) and September
(23.3%), which together account for nearly two-thirds of all observed flood peaks.
These months correspond to the culmination of the rainy season and the period
of maximum overflow from the Logone River. Secondary peaks occur in August
(13.3%) and November (13.3%), reflecting the transitional phase of the flood cy-
cle. Notably, March, July, and December each register 3.3% of flood peaks, sug-
gesting the existence of exceptional hydrological events, potentially linked to ab-

normal rainfall or man-made changes to the regional hydrological system.
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Figure 5. Frequency of monthly peak surface water extent (1984-2024).

To better understand the long-term trends in flooding within the Yaéré flood-

plain, Figure 6 presents the annual mean surface water extent over the 1984-2024
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period, highlighting both variability and overarching patterns in flood dynamics.
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Figure 6. Annual mean surface water extent (1984-2024).

The above figure illustrates the annual fluctuations in surface water extent
within the Yaéré floodplain over four decades. The data reveal significant inter-
annual variability, with periods of both drought and exceptional flooding clearly
identifiable. Notably, the years around 1999-2000 and those following 2019 stand
out for elevated average surface water extents, while prolonged dry spells are re-
flected in consistently low minimum values. Extreme flood events are apparent in
the peaks of maximum extents, emphasizing the floodplain’s sensitivity to epi-
sodic hydrological surges. Over the entire period, there is a discernible upward
trend in average flooded area, suggesting a gradual shift in the hydrological re-
gime. However, this trend is accompanied by considerable year-to-year fluctua-
tions, indicative of the complex interplay between climatic variability, potential
land-use changes, and hydrological processes. The confidence interval surround-
ing the trend underscores greater uncertainty in the earliest and latest years, likely
due to variable data availability and heightened hydrological extremes.

This observed long-term variability and recent increase in surface water extent
in the Yaéré floodplain call for a deeper investigation into the underlying climatic
drivers. Understanding how rainfall patterns, temperature fluctuations, and
broader climate trends influence flood dynamics is essential to contextualise these
hydrological changes. The following figure (Figure 7) explores the role of regional
precipitation variability and its temporal distribution, aiming to link climatic fac-
tors with the observed flood regime shifts.

Inter-seasonal variations in surface areas follow a relatively regular cycle, with
a gradual expansion of flooded areas during the rainy season (June-September),
generally peaking between September and November, followed by a phase of re-
ceding water that begins in December and lasts until the end of the dry season or

hydrological year. The intra-annual variation in water surfaces for the 2022-2023
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hydrological year, for example (Figure 7), illustrates the expansion of floodable
surfaces linked to rainfall between April and September. On closer examination,
the low contribution of rainfall to surface area expansion conceals a more complex
hydrological dynamic. As the rainfall increases, the surface area covered by water
increases until September, causing material damage and loss of life in surplus
years. From October onwards, the Logone and Chari rivers overflow into the
Yaéré plain. The excess water then spills over into this gently sloping area, result-
ing in a considerable extension of the surface area occupied by water. As a result,

the area flooded expands and river flooding occurs.
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In addition to the hydrological dynamics previously described, the statistical
analysis of the relationship between rainfall and flood extent reveals interannual
variability in correlation strength. In 1984, a strong and statistically significant
negative correlation was observed (r = —0.99, p < 0.01) between monthly rainfall
and flooded surface area, with an optimal time lag of 7 days. This suggests a direct
and immediate response of surface water to rainfall inputs, likely reflecting limited
fluvial influence that year and a dominant role of local precipitation in driving
flood expansion. In contrast, the year 2022 exhibited a much weaker and statisti-

cally insignificant correlation (r = —0.20, p = 0.53), with an optimal lag of 5 days
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(Figure 8). This weak association aligns with hydrological observations indicating
that most flooding resulted from fluvial overflows beginning in October, while

peak rainfall occurred earlier, in August and September.

5. Discussion

5.1. Methodological Considerations and Limitations of the Study

The mapping of water surfaces in the Yaéré over the period 1984-2024 presents a
number of methodological challenges that need to be discussed if the results are
to be interpreted rigorously. The main limitation concerns the temporal hetero-
geneity of the Landsat image corpus analysed. Indeed, the continuity of observa-
tions is not ensured in a homogeneous manner over the entire study period, par-
ticularly during the 1990s when a significant gap was observed in the satellite ar-
chives. This discontinuity is mainly due to the limited availability of images with
less than 40% cloud cover, the critical threshold used in our methodological pro-
tocol to guarantee the reliability of water surface detections. The region’s climate,
characterised by a marked rainy season, generates heavy cloud cover, which fre-
quently makes it difficult to acquire usable images during periods of maximum
flooding. In addition, the technological evolution of Landsat sensors and the grad-
ual increase in acquisition frequency over the decades have created an imbalance
in the temporal density of observations. While recent periods (2013-2024) benefit
from near-weekly coverage thanks to the complementary nature of the Landsat 7,
8 and 9 satellites, earlier decades have a much lower temporal resolution. This
disparity potentially introduces a methodological bias in the comparison of hy-
drological statistics between different periods. Indeed, a higher acquisition fre-
quency increases the probability of capturing short-lived flood peaks, which may
artificially amplify the maximum values recorded during recent periods. To miti-
gate this bias, we have focused on analysing general trends and monthly compo-
sites rather than isolated instantaneous values, thus enabling a more robust com-

parison between the different periods despite their disparate temporal resolutions.

5.2. Hydrological Dynamics of the Yaéré and Control Factors

A diachronic analysis of the water surface in the Yaéré reveals a complex hydro-
logical dynamic, characterised by high seasonal and inter-annual variability. The
marked seasonal nature of the floods, with a peak in rainfall in September-Octo-
ber, corresponds to the rainfall regime and hydrological functioning of the Logone
catchment.

This pattern is further clarified by the results shown in Figure 7, where it ap-
pears that heavy rainfall in August and September does not immediately translate
into increased surface water extent. Instead, substantial expansion of flooded ar-
eas occurs from October onwards, indicating a delayed hydrological response
largely governed by fluvial inputs. This surge in surface water is driven by the
overflow of the Logone and Chari rivers, which discharge significant volumes into

the Yaéré floodplain. These riverine contributions account for approximately 80%
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of the total annual flooded area, compared to only 20% attributed to direct rainfall
as shown by [20] [23]. Much of the early-season precipitation is either absorbed
into dry soils or lost through evapotranspiration, as the initial rains primarily
serve to recharge aquifers depleted by prolonged dry and hot conditions. Only
once the soil moisture deficit is overcome does overland flow begin to manifest,
enabling the accumulation of surface water and the onset of widespread inunda-
tion [23].

This flooding regime is fundamental to the Yaéré ecosystem, conditioning the
biological productivity and ecosystem services associated with this vast floodplain.
The inter-annual variability observed can be put into perspective with the regional
climatic fluctuations documented by other studies. The years of low flooding
(1984, 1987, 1988, 2007) coincide with periods of rainfall deficit reported in the
literature for the Lake Chad basin [4] [14] [15] [28]. This flooding regime is fun-
damental to the Yaéré ecosystem, conditioning the biological productivity and
ecosystem services associated with this vast floodplain. The inter-annual variabil-
ity observed can be put into perspective with the regional climatic fluctuations
documented by other studies. The years of low flooding (1984, 1987, 1988, 2007)
coincide with periods of rainfall deficit reported in the literature for the Lake Chad
basin. Conversely, years of exceptional flooding (1999, 2022, 2024) generally cor-
respond to years of excess rainfall. These results confirm the hypothesis of the
hydro system’s high sensitivity to climatic forcing set out by [4]. Similarly, the
results corroborate the observations of [35] on the Wuhan lake in China. The au-
thors suggest that the dynamics of the surface states of Wuhan Lake are dependent
on high precipitation and water conditions during the year.

The upward trend in maximum flooded areas since 2019, with all-time highs in
2022 (17,559 km?) and 2024 (15,372 km?), merits particular attention in the con-
text of regional climate change characterised by an intensification of extreme pre-
cipitation. In a context characterised by a decrease in rainfall, [36] shows, on the
basis of an examination of maps of water surfaces drawn up from Landsat images
over a period of 30 years in the Haouz plain, a decline in water surfaces. The au-
thor identifies climate change, combined with strong population growth, as one
of the factors contributing to the decline in water surface area, which is exerting
strong pressure on surface water resources. This shows that anthropogenic
changes to the hydrological system are also a determining factor in understanding
the dynamics observed. The construction of the Maga dam and dykes along the
Logone in the 1970s profoundly altered the natural flooding regime of the Yaéré.
Faced with this worrying situation, a pilot reinundation trial was undertaken in
May 1994, with the aim of restoring flooding in certain areas of the plain [25].
However, due to the absence of satellite data for this specific period, our results
unfortunately do not allow us to directly assess the immediate impact of this in-
tervention. Nevertheless, a comparison of the periods before 1990 and after 2000
suggests a potential improvement in hydrological conditions following this initi-
ative, with a partial resumption of flooding in certain previously dry areas. Addi-

tional ecological studies have documented a gradual recolonisation of plant spe-
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cies characteristic of flooded areas, confirming the relative effectiveness of this
ecological restoration

6. Conclusions

This study analysed the hydrological dynamics of surface water in the Yaéré flood-
plain, situated in the Far North region of Cameroon, a vital wetland ecosystem
within the Lake Chad basin characterised by its distinctive annual flood-recession
cycle. The diachronic analysis spanning four decades reveals pronounced hydro-
logical variability, with surface water extent ranging from complete absence (0
km?) to a historical peak of 17,559 km? recorded in October 2022, and an average
flooded area of around 1630 km?>.

The results highlight a marked seasonality in flooding, with flood maxima pri-
marily occurring in September and October, consistent with the regional rainfall
pattern and the hydrological regime of the Logone River. This seasonality is ac-
companied by strong interannual variability, with recent years (2019-2024) exhib-
iting an increase in exceptional flood events, potentially driven by intensified ex-
treme rainfall episodes linked to broader climatic trends. These dynamics are fur-
ther modulated by anthropogenic factors, notably the construction and operation
of hydraulic infrastructures such as the Maga dam and Logone dikes, which have
significantly altered the natural flood regime and spatial distribution of inunda-
tion.

Diachronic mapping of flooded areas has proven to be a valuable tool for de-
tecting shifts in hydrological regimes and identifying zones of significant change.
Such spatially explicit information is crucial for guiding ecological restoration ef-
forts and for anticipating flood risks. While recent extreme floods may temporar-
ily restore key ecological functions, they also pose considerable challenges for local
communities in terms of flood risk management and socio-economic resilience.

Looking ahead, integrating additional satellite datasets, such as Sentinel-1 and
Sentinel-2, will enhance the spatial and temporal resolution of surface water mon-
itoring, particularly during the rainy season when optical imagery is hindered by
cloud cover. Moreover, the application of advanced water detection techniques
leveraging machine learning promises to improve the accuracy of flood mapping,
especially in shallow and transient flood zones. Developing predictive hydrologi-
cal models that couple observed water surface dynamics with regional climate pro-
jections will be essential to forecast future changes in this complex socio-ecologi-
cal system, thereby supporting the design of effective, adaptive management and

climate resilience strategies.
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