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Abstract: Understanding beach dynamics, both in time and in space, is paramount to better under-
stand how and when to intervene to improve coastal management strategies. Beach morphodynamics
is expressed in a variety of ways. As indicators of beach change, we can measure the shoreline, the
beach topography, and the bathymetry; e.g., in situ measurements rarely cover large extents, are often
collected on a local scale (beach), and rarely cover a sufficient time span with a sufficient surveying
frequency or a simultaneous measurement of the beach and bar system. Regular-revisit satellites,
such as the ESA’s Sentinel-2 mission, provide the opportunity to regularly monitor both shoreline
and sandbar dynamics, and the time span is increasing and likely to continue for the decades to come.
Using the satellite-derived shoreline and bar position, here, we show that the shoreline and bar are
intrinsically coupled. Using Sentinel-2 satellite imagery, we show that the actual erosion/accretion
status of the beach at Saint Louis (Senegal) is strongly influenced by the sandbar dynamics. There is a
coupled behavior in their seasonal evolution and trend. Our results show that a very large accretive
wave of about 50 m observed on the beach is driven by a local welding of the inner sandbar to the
beach. Finally, we conclude that this type of event could be anticipated by an analysis of the sandbar.

Keywords: satellites; nearshore sandbar; landward migration; coastal engineering

1. Introduction

Nearshore sandbars are morphological features that generally characterize sandy and
wave-dominated shores [1–3]. Located in the surf zone, they are the result of a combi-
nation of sediment transport induced in cross-shore and longshore directions [4]. Their
shape—which depends on environmental conditions and sediment characteristics—varies
widely from linear to three-dimensional features and was first classified in [5]. This classifi-
cation was based on observations of a large panel of single sandbars, micro-tidal coastal
areas, and allows for defining a beach as reflective, dissipative, or intermediate. It is even
possible to observe numerous bar morphologies on the same intermediate beach [6,7]. In
natural environments, sediment fluxes never reach equilibrium because the morphological
response of the sandbar(s) is generally longer than the time scales associated with changes
in the wave regime: this leads to a landward or seaward shift of existing sand structures.
This morphological evolution of a littoral system associated with sandbar dynamics is the
main source of profile variability on short (sub-seasonal scale), medium (seasonal scale),
and long (inter-annual scale) time scales [8].
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The sandbar system plays a key role in the sustainability of the aerial beach, and beach
conservation at urban coasts, as it reduces the energy of the incoming wave: as the waves
arrive at the shore, they break on these features and some of their energy is dissipated so
that when they reach the shore, they are less energetic and, therefore, less erosive. Their
longshore dynamics have been shown to be highly correlated with the upper beach [9–11],
and the wave conditions are the main driver of their short-term cross-shore dynamics.
During very energetic episodes (e.g., storms), the sandbars migrate rapidly seaward with
migration rates of up to 10 m/day [12,13] due to the feedback between the bottom and
the seaward sediment fluxes induced by the undertow. Conversely, sandbars migrate
slowly shoreward under low to medium energy wave conditions with velocities of about
1 m/day [1] due to the feedback between the bottom and the seaward sediment fluxes
induced by the orbital velocity non-linearities [14]. The position of a sandbar—given the
seasonal variability of the swell climate—is farther from the shore during energetic wave
conditions than during moderate conditions. Some sandy beaches also have a double bar
system, which shows cyclical behavior on inter-annual scales: net offshore migration of the
whole bar system (see [11,12,15,16]). When the outer bar reaches a limit depth, it begins a
degeneration phase that leads to the inner bar becoming the new outer bar. At the same
time, a new (inner) bar is formed near the coastline.

In a large number of coastal areas, bathymetric information is unavailable or, in most
cases, decades old. These bathymetries are extremely useful for constraining coastal sea
state models [17]. Space observations are an important complement to existing terrestrial
and airborne observing systems, with the advantage of systematic monitoring [18,19]. Satel-
lites provide unparalleled spatial coverage of every coastline in the world with high spatial
resolution [17,20]. Data are collected regularly with unrestricted access to any coastline in
the world (without natural or administrative access restrictions), allowing for temporal
monitoring, unlike highly demanding field observations, which are necessarily limited in
space and time. The Saint Louis coast, with its unique and challenging environmental con-
ditions [21,22], has not been extensively studied in terms of nearshore sandbar dynamics.
The present study aims at contributing at filling a critical gap in understanding the coastal
processes in this region.

Similarly, shoreline detection involves identifying transitions in pixel intensity across
multiple spectral bands and is a common technique in coastal video monitoring [23,24].
Luijendijk et al. (2018) [25] utilized Landsat data in combination with the Digital Shore-
line Analysis System (DSAS) to assess global shoreline changes, emphasizing the value
of Landsat’s extensive temporal coverage. Similarly, using different techniques, several
studies [26–29] demonstrated the use of Sentinel-2 in capturing subtle changes in shoreline
positions at sandy beaches. Machine learning techniques are increasingly being integrated
with remote sensing data for predictive modeling of shoreline changes. These approaches
can handle large datasets and identify complex patterns that might be missed by tradi-
tional methods. For example, ref. [30] combined Landsat imagery with machine learning
algorithms to predict shoreline retreat in response to sea-level rise. In a different approach,
ref. [31] employed a Support Vector Machine (SVM) algorithm to classify and predict shore-
line changes using Sentinel-2 data, demonstrating the effectiveness of machine learning in
improving the accuracy of shoreline change predictions.

Regarding sandbar, the technique of optically remotely deriving the location of nat-
ural sandbars based on the dissipation of wind waves and swell over the bar crest was
first introduced by [6]. Using the satellite’s Red–Green–Blue color bands, the sandbar is
identified based on the foam generated by the breaking wave—provided the waves have
sufficient energy. This approach emphasizes the white color through pixel intensity derived
from the averaged RGB bands of satellite imagery. Consequently, the sandbar is clearly
highlighted and manually digitized—a method similar to the Argus camera monitoring
system [32]—ensuring an accurate representation of its morphology. The method for detect-
ing the maximum intensity signatures of waves breaking on sandbars is now widely used
in coastal video monitoring [1,11,13], among others. Similar to shoreline, while sandbars
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have historically been monitored using video shore-based techniques [1,33,34], there is a
growing interest in using satellite imagery from its global availability and its potential, in
particular in a context of increasing revisit and resolution [35] and in particular at poorly
documented stretches of coast such as West Africa [36]. Only a few studies have employed
satellite imagery to monitor sandbar morphodynamics on a regional scale, offering valu-
able insights into coastal processes. For example, SPOT (Satellite Pour l’Observation de la
Terre) images, combined with in situ wave measurements, were utilized to track sandbar
migration between 1986 and 2000, demonstrating the capability of satellites to monitor
these features over extensive temporal scales in regional contexts [37]. A notable innovation
in current research is the use of global and regular revisit Landsat and, more recently,
Sentinel-2 imagery to track nearshore sandbars [38–41], a relatively new approach, particu-
larly in the context of coastal morphodynamic studies in West Africa. These advancements
underscore the significant role of satellite optical imagery in enhancing our understanding
of sandbar dynamics and supporting effective coastal management. Here, the manual
digitization of sandbar and shoreline positions based on visual inspection of wave-induced
foam and spectral band transitions, while a known technique, is applied to insure a high
level of precision and in a challenging coastal environment.

In coastal management, decisions are often guided by an understanding of changes in
sediment volume over time and space [42]. In this study, we investigate the potential of high-
frequency satellite imagery, specifically Sentinel-2, to track nearshore submarine sandbars
both temporally and spatially. The primary objective is to understand the dynamics of
nearshore sandbars along the Saint Louis coast, focusing on their temporal and spatial
evolution, particularly in response to seasonal wave climate variations. Previous studies in
the literature have not identified the presence of submarine sandbars along the Saint Louis
coast. This research aims to investigate the morphodynamics of these sandbars, tracked
using Sentinel-2 satellites, and to explore their potential connection with the coastline
and sandspit dynamics. This study aims to determine how the position and movement
of sandbars influence the shoreline, with an emphasis on understanding the coupled
dynamics between these two features. Using both satellite imagery and observations on
the field allows for capturing phenomena that are not visible when one is looking at the
regional or local scale only. A key objective is to link observed sandbar behaviors to broader
coastal processes, including erosion and accretion patterns, and to assess the implications
for coastal management in the region. This application is particularly relevant to our
application case here, Saint Louis, Senegal, where information on submerged sandbars is
currently lacking and is therefore crucial [36].

2. Study Site

Saint Louis—located in northern Senegal (West Africa)—presents the particularity of
being built on a very dynamic sandspit named the Langue de Barbarie (Figure 1). Erected
between the Senegal River and the Atlantic Ocean, this city faces both marine hazards
(coastal erosion [21,43], coastal flooding [44]) and hydrological issues (flooding, turbidity).
It is a place with very energetic conditions: swell mainly comes from the NNW direction
(the mean wave height HS = 1.52 m and the mean peak period TP = 9.25 s [22]) obliquely to
the shore, leading to one of the strongest longshore sediment transports in the world (about
800 × 103 m3/year [45]). Because of its low latitude, Senegal has a seasonal system with two
distinct periods: the dry season (from November to May) and the rainy season (from June
to October) [22]. It is also influenced by distant swells in the North Atlantic, with the calm
of the summer and the energetic storms of the winter [45]. This site is unfortunately known
for the rapid erosion it faces: rates of −4.2 m/year have been recorded after 2003 [43].
Indeed, 2003 is a key date for Saint Louis: due to a major flood that occurred in October,
the water level in the streets was so high that an urgent decision making was required. A
breach was initiated in the sandspit for the water to drain away as the river mouth was
nearly 30 km away from the city. The breach, which was 4 m wide, rapidly became the new
river mouth, and the downdrift part slowly collapsed.
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Figure 1. (a) Location of the study site (Saint Louis, Senegal, West Africa) on a Google Earth Engine
satellite image and (b) zoom on the Langue de Barbarie sandspit with a highlight (red dashed outline)
on the region of interest (ROI) and the protective riprap location (white line).

The sandspit length rapidly decreased from 30 km to about 10 km, and its southward
elongation has since been initiated [22,46,47]. The erosion pattern facing the city of Saint
Louis (black square; Figure 1) has been linked to the response of the sandspit to the 2003
breach [20,48]. Indeed, for wave-dominated sandspits, the negative feedback of the sandspit
lengthening process is the erosional trend it creates in the updrift part [49,50]. In late 2020,
the construction of a 20 km long protective riprap began in front of the most vulnerable
and the most densely populated district (Guet Ndar). Since 2021, where an erosive pattern
was expected, the beach width has suddenly and significantly increased: which of these
mechanisms is responsible for this massive and local beach widening?

3. Methods and Data
3.1. Satellite Imagery

Sentinel-2 imagery was extracted using the Google Earth Engine (GEE) platform,
which provides access to publicly available optical satellite imagery. As part of the Euro-
pean Copernicus program, Sentinel-2A and Sentinel-2B were launched in 2015 and 2017,
respectively. These satellites provide optical imagery revisit frequencies ranging from every
5 days at the equator to more frequent revisits at higher latitudes, facilitating detailed
coastal studies [51]. The ground sampling distance remains constant over time, with a
maximum resolution of 10 m for color bands, used in this study for visual inspection and
digitization (see Section 3.2), and 20 m for the short-wave infrared (SWIR) band. The regular
revisits of Sentinel-2 satellites provide a wealth of data, and the locations of sandbars can
be derived from satellite imagery by identifying the foam induced by waves breaking on
them. The satellite Level-2A imagery (preferred product for most applications that require
surface reflectance) used in this study has not undergone any further correction as it is
ortho-rectified by the data provider. Only clear-sky images were utilized by the human
operator, which is quite common along this stretch of the Sahel coast near the Sahara Desert,
where the dominant trade winds prevail.

In addition, a Pleiades image acquired in March 2019 is employed for comparison
purposes. The Pleiades constellation consists of two satellites orbiting out of phase at
an altitude of 694 km. These satellites offer on-demand very-high-resolution imagery,
providing panchromatic and multispectral outputs with resolutions of 0.25 m per pixel and
2 m per pixel, respectively.
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3.2. Sandbar and Shoreline Position Extraction

At Saint Louis, under suitable wave conditions, waves break on the inner bar, leading
to visible foam in images. Additionally, during highly energetic wave climates, waves may
also break on the outer bar. To insure the continuity of the collected data, the sandbar crest
position is captured as follows: if a new sandbar is generated at the coast and appears in
the images, its position is tracked until this inner sandbar eventually becomes the outer bar
and a new inner bar is generated. Following the approach in [1], here, a matrix X(t, y) is
created for both bars, comprising the bar crest locations in the cross-shore direction X at
time t and alongshore location y.The remotely sensed bar crest position also varies over
time due to fluctuations in offshore waves and tidal levels [52], even if the bar crest itself
remains stationary. To account for this artificial migration, we applied the methodology
proposed in [53].

While it is generally applied to video-derived time-averaged images, here, satellites
provide an instant of the wave breaking and cannot smooth out individual waves. This
results in an inherent uncertainty of the order of a wavelength and swash excursion for the
sandbar location and shoreline, respectively. To smooth out the inherent noise of individual
images, the shoreline and sandbar positions are 3 months averaged to highlight their
seasonal and interannual behavior. For a better visualization, the 0 value on the cross-shore
position corresponds to the most inland position of the shoreline.

3.3. Ground Truth Validation Dataset and Wave Reanalysis

The sparse in situ data available for validating the satellite-derived sandbar positions
at Saint Louis should be acknowledged. This scarcity is part of the motivation of this
research, which fills a critical gap in understanding the coastal processes in this region. A
validation dataset is derived from a complete topo-bathymetry of the Langue de Barbarie
sandspit, acquired in early 2019 (January to February), and a Pleiades satellite acquisition
(March 2019). The topo-bathymetry has a decimetric error and was collected by Shore
Monitoring and Research and made available for our research, thanks to the Senegalese
Agence de Développement Municipal (ADM). Due to the sparseness of in situ data, the in
situ sandbar position is derived from both the field measurement and a 03/2019 Pleiades
satellite image—2 m resolution—assuming that the sandbar morphology has not evolved
between the field measurement and the satellite acquisition (Figure 2).

Figure 2. The topo-bathymetry survey conducted in January 2019 (made available from Shore
Monitoring and Research) is overlaid on a Pleiades image from March 2019 to evaluate the uncertainty
on the satellite-derived sandbar location. The Sentinel-2 sandbar-derived location is shown as a red
line; the black line represents the in situ sandbar location.
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Although this study uses a validation dataset from 2019 topo-bathymetry, the method-
ology would benefit from more frequent and widespread validation efforts, particularly to
account for the uncertainties in satellite-derived data.

Offshore wave data were obtained from the ERA5 global reanalysis database, which
uses a coupled wave-atmosphere model that has been widely used and validated [54].
The data are produced by the European Centre for Medium-Range Weather Forecasts
(https://www.ecmwf.int, accessed on 1 October 2022).

4. Results
4.1. The Sandbar–Shoreline Coupled System at Saint Louis: Seasonal Cycle and Trend

Senegal shows a seasonal pattern characterized by two distinct periods—the dry
season (from November to May) and the wet season (from June to October). This biannual
seasonal cycle exerts a significant influence on the marine climate and, consequently, on
the coastline, whose morphology is particularly affected by these seasonal variations. The
Senegalese coasts experience a notably energetic wave climate (Figure 3), with an average
significant wave height (HS) of 1.68 m and a period (TP) of 8.32 s. In particular, there are
distinct differences between the two seasons when analyzing the wave spectra: during the
dry season, waves tend to be more energetic and predominantly originate from the NNW
direction, while during the wet season, the wave directions are more varied.

Figure 3. (a) Wave parameter time series over the period of interest and their (b) associated wave
spectra [55]. The data come from the ERA5 reanalysis [54].

Notably, there is a lack of literature describing the nearshore sandbar system at Saint
Louis. With its medium sediment size (0.21 mm) and the energetic wave forcing [56], the
Saint Louis coastline features have a double bar system that can be identified in satellite
imagery (see Figure 4) by the foam generated during wave breaking. This study aims to char-
acterize this system and investigate the relationship between the bars and shoreline dynamics.

The double bar system consists of a highly dynamic inner bar, which is the closest to
the shore, and an outer bar whose dynamics decrease with depth. The whole system is
characterized by a strong seasonal cycle. The dry and wet seasons significantly influence
the dynamics of both the coastline and the inner bar. During the dry season, the shoreline
experiences erosion, whereas during the wet season, it expands (see Figure 5; black line).
The situation is more complex for the inner bar: during the dry season, the bar shows strong
three-dimensional characteristics, whereas it appears more linear when the wave climate is
less energetic (see Figure 4). In addition, the mobility of the inner bar is considerably larger
than that of the shoreline (see Figure 5; red line), indicating its rapid dynamics and cyclicity.

https://www.ecmwf.int
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Figure 4. (A–I) Selected Sentinel-2 images of the study area near Saint Louis City depict the shoreline
and sandbar features at different times (timeline below). To enhance clarity, the shoreline is repre-
sented by a white line, while the inner sandbar is highlighted in yellow. The time lapse of these
images is shown in the timeline below with the wet season and dry season represented as gray circles
and white circles, respectively.

Figure 5. (a) Localization of the cross-shore transect (white dashed line) and its alongshore average
buffer onto a Google Earth Engine satellite image. (b) Three-month longshore averaged time series
of the shoreline (black) and sandbar (red) with three points of interest that respectively describe
(1) the erosion trend, (2) the shoreward inner bar migration, and (3) eventually the beach accretion.
(c) Correlation between the inner bar and shoreline position. This transect location is extracted from
the ROI defined in Figure 1b.
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The time series of the shoreline and the inner bar show interdependent dynamics (see
Figure 5), with a remarkably high correlation between the two (anticorrelated, with an
explained variance R2 = 0.74). Here, the cross-shore positions of both the sandbar and the
shoreline are alongshore averaged (over 100 m) values. The correlation reflects the overall
relationship between the two evolutions, although this can certainly vary alongshore. As
the shoreline position is a response of the sandbar position, it is noted that using a lag
of 4 months on the shoreline position slightly improves the correlation between the two
studied features’ positions (R2 = 0.78).

Since the 2003 breach, an erosion trend has been observed and described in several
studies [20,43,47]. The beach facing the anthropized area had eroded rapidly, and a protec-
tive riprap—the construction of which began in late 2020—was considered to protect the
population. It is noteworthy how different the trends are before the accretion anomaly of
2020 between the natural areas (upstream and downstream; Figure 5) and the urban one
(probably due to the buildings preventing a massive shoreline retreat).

4.2. Shoreward Accretion Wave Event: Welding of the Sandbar to the Beach

A massive beach accretion trend of about +40 m was recorded between 2020 and
2021 (Figure 5). To further investigate this sudden accretion phenomenon, and as the
wave climate did not show any anomaly during this period (Figure 3), three satellite
images were selected Figure 4: one before the accretion (1), one during the accretion (2),
and one after the accretion (3). The inner bar migrates landward during the wet season
(less energetic conditions) and welds to the shore, contributing to its widening. Seaward
migrating sandbars are the most common in the literature; however, four different modes
for a sandbar to migrate landward have been identified for a swell-dominated beach:
sandbar welding (SW; mode I), which occurs during low-energetic conditions following a
moderately energetic winter; a large sandbar becoming a terrace bar (STT; mode II) during
a subsequent very low-energetic period; a terrace bar becoming a sandbar (TST; mode III)
during moderately energetic conditions; and finally, sandbar splitting (SS; mode IV) [57].
This last mode occurs during low-energetic conditions; the outer bar flattens and follows
a net offshore migration (NOM) cycle as the remaining inner section migrates landward.
Mode IV corresponds to what happened in Saint Louis: during the wet season in 2019,
the sandbar split. The inner bar migrated progressively landward to weld to the shore in
2020 during the wet season. The inner bar migrated landward throughout the year 2020,
and we now want to understand whether this accretion is local and only related to the
welding to the coast of the inner bar, or whether a phenomenon with a larger spatial extent
is at the origin. For this purpose, the shoreline averaged over a distance of 3 km on the
longshore axis is studied at three different locations in non-urbanized areas: 2 km north
of the city, which we will call the upstream, and 2 km south of the city, which we will call
the downstream. From the observed evolution of the trends per area (Figure 6), it is clear
that the +50 m accretion anomaly is only found around the urban beach of Saint Louis.
While the urban area clearly shows an accretive pattern in 2020, the two others seem to be
dominated by an erosive trend over the 2016–2020 period, and a stabilized configuration is
observed from 2020 to 2022.

To estimate our method uncertainty, the location of sandbar derived from Sentinel-2
satellite imagery was compared with surveyed data carried out by Shore Monitoring and
Survey, in January 2019, combined with Pleiades-derived imagery. It shows that, in fact,
the satellite-derived sandbar location has an error that varies from 40 to 50 m compared
with the in situ measurement/high-resolution satellite observation. This error is estimated
by comparing the in situ sandbar position with the S2 sandbar position of the nearest date
(January 2019 for the in situ acquisition and March 2019 for the S2 data). As the ground
pixel resolution of the S2 satellite is 10 m/pixel, the overall uncertainties are estimated to
be ±50 m for the sandbar position and ±15 m for the shoreline position.
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Figure 6. The shoreline was averaged alongshore over a 3 km stretch (smoothed over 3 months) across
the entire acquisition period of Sentinel-2 imagery. This analysis was conducted for the upstream
region of Saint Louis, the urban area, and the downstream region. Gray areas indicate periods of
the wet season, while white areas represent the dry season. The shoreline of the urban beach served
as the reference, and the difference between the mean time series of the upstream and downstream
areas was calculated to compare trends across all regions.

5. Limitations

Despite this potential, satellite-based methods are still relatively new in this field, in
particular for sandbar detection, making the manual extraction process critical to achieving
reliable results. The focus of this study is not to develop an automated detection, in part
because there is little ground validation at this site, but rather to exploit the potential of
existing Sentinel-2 imagery to understand coastal change.

In terms of method uncertainty, foam generated by wave breaking never occurs at the
exact location of the wave breaking and varies with waves and tides [1]. Another peculiarity
of satellite sandbar location estimation is the instantaneous nature of the acquired imagery
compared with conventional time-averaged (typically tens of minutes) imagery from drones
or shore-based video cameras. The difference is the dependence on the position of each
wave breaker, similar to the unresolved phase of swash.

Overall, the discrepancy between the tracked and actual bar crest positions depends
on several factors: (1) the accuracy of the sandbar tracking, (2) the pixel footprint, (3) pho-
togrammetric errors mainly due to differences in actual elevation and tidal levels, and
(4) tide- and wave-induced artificial shifts [13].

6. Discussion

Various factors have been investigated to understand the sudden accretion wave on
the beach. These include changes in wave patterns (discounted due to stable observations
in 2021), alterations in the sandspit (rare and occurring every 35 years), effects of rip-
rap (which was completed after 2020), and sand waves originating from the Saharan
desert coast. While regional features such as shoreline instabilities or anomaly-causing
mechanisms may contribute, analysis of shoreline anomalies near the city reveals no
antecedent features, suggesting a unique phenomenon in Saint Louis. Finally, an oil
terminal with a 1 km breakwater was built 10 km offshore in 2021, which could also affect
the shoreline. Is it responsible for attenuating the wave energy [58], making the conditions
sufficient to control the bar and its splitting? The seasonality of the wave climate helps
to understand the sandbar and, in turn, the position of the shoreline. Despite the erosion
trend registered until 2020, the coast is strongly influenced by the wave climate, which
varies enormously from the wet to the dry season. Thanks to the regular revisits of the
Sentinel-2 satellites, a seasonal cycle of advance and retreat of the coastline can be detected.
This behavior seems to be linked to a natural seasonal cycle of the coastline: it moves
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seaward during the dry season—from November to April—and retreats during the wet
season—from June to October (Figure 5).

The riprap, the construction of which began at the end of 2020, was the strategy chosen
to protect the population rapidly from the dangers of the sea. The erosion recorded at
Saint Louis, caused by the breach in the spit in 2003, was rapid (about −4.2 m/year [43])
and endangered the population living on the Langue de Barbarie, causing, for example,
the collapse of buildings and the implementation of a resettlement plan [21,22,43]. Faced
with this catastrophic situation, rockfill became an obvious choice: a protective measure
had to be put in place as a matter of urgency. The accretion anomaly occurred during the
construction of the protective structure, and the objective of the study was to understand
the reason(s) for such a widening of the beach. However, despite the presence of the riprap,
the accretion is due to the welding of the inner bar to the shoreline. In fact, the sandbar
split during low-energy conditions (probably around the 2019 wet season, looking at both
satellite images in Figure 4 and 2019 wet season wave conditions in Figure 3). According to
the landward migration mechanisms of the bar described in [57], the remaining internal
bar had slowly migrated to the shoreline and eventually gradually and completely welded
to the beach during the 2020 wet season, resulting in the accretion of approximately 50 m
of beach. In [13], the welding of a sandbar horn to the beach resulted in an accretion of
approximately 100,000 m3 for a cross-shore accretion feature of over 100 m along the same
length of shoreline. Several other bar burst points were detected in the time series along
the Langue de Barbarie coastline, far from the riprap influence zone, proving that beach
nourishment by the sandbar is the phenomenon responsible for beach accretion.

Looking at the satellite images, both the sandbar and the shoreline appear to be linear
rather than three-dimensional. However, since the satellite resolution is 10 m/pixel, the
longshore variability of the sandbar is not investigated in this work. The accretion recorded
around 2020 is not uniform across the region. On snapshot 2, Figure 4, the sandbar is
welded to the shore. The waves, whose direction is NNW, cause the rest of the sandbar to
migrate shoreward south of this point: the region where beach accretion is observed.

This study highlights the advantages of using satellite tools to monitor sandbars and
coastal morphology. The splitting of sandbars is difficult to detect at the local scale (a few
tens of meters) or almost impossible to detect if the splitting phenomenon does not occur
in the field of view of the camera, as is the case with shoreward propagating accretive
waves ([13,59–61]) or with in situ measurements, which are less frequent and miss some
of the high-frequency coastal events and variability ([62]). This makes a clear case for the
inclusion of satellite monitoring in coastal monitoring strategies [17,18], as a complement to
high-frequency video monitoring and in situ measurements. This is the only way forward
if we are to understand the relationship between (1) the foreshore and the aerial beach [63]
and (2) between local and regional scales, both of which are critical for science-based
decision making and effective management strategies [64]. As ground-based observations
are generally lacking in Africa, these open-access satellite data are a game changer [36] but
also elsewhere [65].

7. Conclusions

In conclusion, this study highlights the critical role of sandbar dynamics in shaping
beach morphology, particularly in the context of coastal management strategies. Using
Sentinel-2 satellite imagery, we have demonstrated the strong coupled behavior between
the beach of Saint Louis, Senegal, and its adjacent sandbars, highlighting the significant
influence of sandbar migration on coastal change. In particular, the observed 50 m beach
accretion in 2020 was directly related to local welding of the inner sandbar to the shore-
line, a phenomenon that could be anticipated in the future with prior sandbar analysis
and monitoring.

While manual digitization of sandbar positions using wave-induced foam is an estab-
lished technique, its application in this study with a high degree of accuracy in a challenging
coastal environment is a notable achievement. Furthermore, the integration of Google Earth
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Engine (GEE) for processing large volumes of satellite imagery represents a significant
methodological advancement. This approach allows for efficient analysis of spatial data
over extended time scales, surpassing the capabilities of traditional field-based methods.

However, despite the validation using the 2019 topo-bathymetry dataset, this study
also highlights the need for more frequent and extensive validation efforts to mitigate
the uncertainties associated with satellite-derived data. Future research should focus on
strengthening these validation processes to further improve the accuracy and reliability
of satellite-based coastal monitoring, ultimately supporting more informed and effective
coastal management practices.
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