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Abstract. The detailed evolution of coastal mesoscale eddies propagating along continental margins is difficult to observe
with conventional nadir altimetry due to the limited spatio-temporal sampling. Here we use observations from the one-day
repeat fast-sampling phase of the high-spatial-resolution Surface Water and Ocean Topography (SWOT) mission to examine
the propagation of a small anticyclonic coastal eddy along the Algerian Coast in the Western Mediterranean Sea in May—June
2023. SWOT sea level anomaly fields are compared with conventional altimetry, sea surface temperature, and chlorophyll-a
observations to assess the eddy position, structure, and evolution. SWOT resolves a more realistic nearshore eddy structure,
leading to an improved characterization of its eastward displacement compared to conventional gridded altimetry, particularly
during the eddy interaction with capes and steep bathymetric transitions. Ellipse-based centroid tracking indicates localized
apparent propagation-speed maxima of about 20 cm s~!, whereas conventional gridded altimetry produces smoother and
weaker velocities, generally below 10 cm s~!. These speed maxima coincide with a narrowing continental shelf and sharper
shelf-break slopes, suggesting kinematic variability organized by the local coastal topography. This case study demonstrates
the value of SWOT fast-sampling observations for resolving coastal eddy deformation and event-scale kinematic variability,

highlighting new opportunities for understanding the interaction between small mesoscale eddies and coastal topography.

1 Introduction

Coastal mesoscale eddies influence alongshore transports and cross-shelf exchanges, key mechanisms for the transport of
nutrients, heat, and mass between coastal and open-ocean environments (Akpinar et al., 2020, Manso-Narvarte et al. 2021,
Combes et al., 2013). They transport nutrient-rich waters, enhancing primary productivity and shaping plankton distribution
(Peliz et al., 2004; Brzezinski et al., 2011). They also contribute to kinetic energy transfers, influencing upper-ocean energy
balance and mixing processes (Torres et al., 2023). Coastal eddies are generated by different processes, including interactions
between coastal currents and topographic features, barotropic and baroclinic instabilities, and wind-driven dynamics (Pares-
Sierra et al., 1993; Millot, 1999; Djakouré et al., 2014; Poulain et al., 2021). Influenced by shelf advection, topographic
constraints and Rossby or coastal-trapped waves, they can then propagate along the coast. Examples have been reported in
several areas, including Bay of Bengal (Mandal et al., 2019), Gulf of Aden (Al Saafani et al., 2007), east Australian coast
(Everett et al., 2012; Archer et al., 2017), Gulf of Guinea (Djakouré et al., 2014), Mozambique Channel (Schouten et al.,
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2003), Southern California Bight (DiGiacomo and Holt, 2001), straits of Florida (Parks et al., 2009), Brazil continental margin
(Uchoa et al., 2023), Algerian basin (Escudier et al., 2016) or South China Sea (Chen et al., 2011).

In particular, the Algerian basin (Figure 1) is a recognized area for the formation, alongshore propagation and offshore
detachment of coastal eddies (Font et al., 1998; Millot 1999; Obaton et al., 2000; Puillat et al. 2002, Escudier et al., 2016;
Pessini et al., 2018). Surface circulation is dominated by the eastward-flowing Algerian Current, transporting relatively fresh
Atlantic Water entering through the Strait of Gibraltar (Pinardi and Masetti, 2000). Baroclinic instabilities associated with
this current generate cyclonic and anticyclonic mesoscale eddies, called Algerian Eddies (AEs). Figure 1 shows their typical
propagation pathways, shaped by interactions with the Western and Eastern Algerian Gyres (Testor et al., 2005; Mallil et al.,
2022). These features constrain eddy trajectories either along the continental slope or toward the basin interior (Escudier et al.,
2016). Analysis of 20 years of satellite altimeter measurements estimated an average propagation speed of 3 cm/s for coastal
eddies along the African coast (Escudier et al., 2016).

Mesoscale eddies propagating along continental slopes are dynamically constrained by topography. Through potential vor-
ticity conservation, bathymetry variations can steer eddy motion and influence their pathways along continental margins. The-
oretical and numerical studies have investigated these processes (Smith and O’Brien, 1983; Jacob et al., 2002; An and Mc
Donald, 2005; van Heijst and Clercx, 2009; Rypina et al., 2020; Zhao et al., 2025). Using numerical simulations, Sutyrin et al.
(2003) analyzed the interaction between baroclinic eddies and continental slopes, showing that eddy propagation near coastal
boundaries depends on several factors including the S-effect, lower-layer circulation, shelf width and depth, and slope charac-
teristics. Their results highlighted the modification of the lower-layer flow by the vortex-slope interaction, with an important
role of the relative scale between eddy radius and shelf width in determining eddy propagation.

However, direct observational evidence of topographically controlled propagation in coastal areas remains limited and re-
solving spatial variability near continental margins has been challenging. High-Frequency radars provide valuable insights
but are restricted to localized regions (e.g. Parks et al. 2009; Kim, 2010; Kirincich, 2016; Archer et al., 2017; Lai et al., 2017;
Mandal et al., 2019). Satellite observations face various limitations. On the one hand, high-resolution satellite Sea Surface Tem-
perature (SST) and Ocean Color (OC) provide valuable measurements but are sensitive to cloud presence. On the other hand,
conventional altimetry products have limited spatio-temporal resolution. While the nominal along-track resolution depends on
the sampling frequency, typically 6-7 km at 1Hz, approximately 1 km at 5 Hz (Pujol et al., 2022), this sampling capability
is not reflected in mapped sea level anomaly fields derived from interpolation, whose spatial resolution is typically limited to
eddies with radius larger than 50 km at midlatitudes (Ballarota et al., 2019). Moreover, conventional altimeter measurements
face specific limitations approaching the coast due to land contamination of radar and radiometer signals, which, combined
with a complex coastal tidal dynamics, reduces the accuracy of the sea surface elevation estimates and associated atmospheric
and tidal geophysical corrections (Vignudelli et al., 2011).

The Surface Water and Ocean Topography (SWOT) mission, launched in December 2022, provides new monitoring capabil-
ities which overcome some of these limitations. Using Ka-band Radar Interferometry (KaRIn), it measures sea surface height
across a 120-km swath, providing the first-ever direct synoptic observations of ocean topography in two dimensions (Morrow

et al., 2019; Fu et al., 2024). The increased resolution (250m and 2km for gridded products over the ocean) provides details
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of the variability of the sea surface elevation down to wavelengths of 5 km (Fu et al., 2024), with observations much closer
to the coast compared to conventional along-track altimetry. Despite potential persistent small-scale uncertainties in geophys-
ical corrections (Hay et al., 2025), SWOT offers a new high-resolution all-weather monitoring of coastal regions. SWOT was
shown to improve the detection of ocean fronts and small and coastal mesoscale eddies (Archer et al., 2025, Verger-Miralles
et al., 2025; Coadou-Chaventon et al., 2025; Fortunato et al., 2025, Wang et al., 2025), as well as storm surges footprints in
coastal areas (Vega-Gimenez et al., 2025). During its initial fast-sampling phase (March—July 2023), SWOT operated in a 1
day-repeat orbit, enabling high-frequency observations over specific regions. This unprecedented combination of spatial and
temporal coverage offers a unique opportunity to resolve coastal eddies and investigate their dynamics. In this context, this
study uses SWOT observations during its fast-sampling phase to investigate how topographic interactions affect the evolution
of a coastal mesoscale eddy in the Algerian Basin, thereby providing observational insight into eddy—topography interactions
predicted by theory. The central question addressed here is not only whether SWOT is able to resolve a specific coastal eddy,
but whether wide-swath altimetry can reveal short-lived kinematic changes and deformations of such eddies which observation
is limited by conventional nadir altimetry. We use this coastal Algerian eddy as a test case for a broader observational problem:
how to characterize eddy motion near continental margins when topographic steering, deformation, and limited sampling occur
on comparable spatial and temporal scales.

Section 2 describes datasets and methodology used to identify and track the coastal eddy. Section 3 presents the results of

eddy detection and alongshore propagation analysis. Finally, Section 4 discusses and summarizes the main findings.

2 Data and methods

The first dataset used in this study consists of Sea Level Anomaly (SLA) observations from SWOT mission. We employed
the Level 3 product (version 2.0.1, AVISO+) from the initial fast-sampling phase, which provides SLA two-dimensional fields
with a nominal spatial resolution of 2 km. Additionally, conventional altimetry products from the Copernicus Marine Service
were used. These included both Level 3 along-track and Level 4 gridded SLA data. The L4 product provides daily SLA on a
1/16° regular grid and is derived from optimal merging of data from multiple satellite altimeters. The L3 product along-track
resolution is ~7 km. SST and OC data were used to qualitatively assess surface signatures associated with the observed eddy.
For SST, the analysis relied on the L3 SST product for the Mediterranean Sea (Buongiorno Nardelli et al., 2013). This dataset
provides daily maps at high spatial resolution ( 1 km), representative of the foundation temperature (free from diurnal cycle).
Chlorophyll-a concentration (CHL-a), derived from ocean-color observations, provides daily fields at 1 km resolution and was
used as a tracer of surface water-mass contrasts. Both SST and OC data were downloaded from Copernicus Marine Service.
The eddy tracking was performed using two different approaches, depending on the SLA dataset. For the conventional
altimetry gridded fields, eddies were detected using the PyEddyTracker algorithm (PET, Mason et al., 2014). PET identifies
eddy structures as closed contours of SLA satisfying a minimum amplitude and size threshold. For the SWOT data, a custom
procedure was required due to the higher resolution and noisier nature of the L3 SWOT fields. Recent studies have applied PET

directly to native SWOT swath data by reconstructing the nadir gap through inpainting techniques before contour extraction (de
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Figure 1. Panel A: Mediterranean Sea, the red rectangle indicates the Algerian Basin. Panel B: Algerian Basin with: Algerian Current (black
arrow) and Western/Eastern Algerian Gyres (blue dashed arrows), which drive the propagation of coastal mesoscale eddies (red dashed lines).

The green rectangle represents the study area.
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Marez et al. 2026). In the present work, we adopted a different strategy based on geometric reconstruction of the eddy shape.
First, SLA maps were low-pass filtered using a second-order Butterworth filter with a cutoff wavelength of approximately
33 km, in order to reduce small-scale noise while preserving mesoscale structures. Eddy contours were then extracted by
selecting points within a tolerance of +0.005 m around a chosen SLA level representative of the eddy boundary. Because the
resulting contours were often incomplete, the eddy boundary was first reconstructed and then fitted with an ellipse using a least-
squares approach, providing a simplified representation of eddy geometry. This approximation was particularly useful during
phases of eddy deformation or topographic interaction, where raw contours became noisy or discontinuous. The eddy apparent
alongshore speed was computed by tracking the displacement of the eddy centroid over time. For conventional altimetry,
centroid positions were provided directly by PET. For SWOT data, the center of the fitted ellipse was used as a proxy for the
eddy centroid. The fitted ellipse should therefore be interpreted as a compact geometric descriptor of the SLA anomaly, not
as a material eddy boundary. The resulting speed estimates describe the displacement of this fitted structure and may include

contributions from translation, deformation, and partial sampling.

3 Results
3.1 Altimeter data evaluation against independent satellite tracer fields

Figure 2 presents a qualitative comparison between SLA derived from SWOT and from conventional altimetry, overlaid on in-
dependent tracer fields. These tracers (SST and CHL-a) serve as qualitative references, offering a validation for the positioning
and shape of eddy features. On both dates, SWOT’s SLA shows a very good correspondence with the observed tracers. On 15
May (Fig. 2a), SWOT SLA contours closely follow the thermal gradients, clearly delineating a coastal eddy centered around
37°N 2.5°E. Conventional altimetry, however, shows a slightly displaced feature with limited detail near the coast. A similar
improvement is seen in the chlorophyll-a fields from 4 June (Fig. 2b), after the eddy has propagated and elongated along the
coast. SWOT more clearly identifies small-scale features, particularly near the continental slope, providing SLA contours con-
sistent with CHL-a gradients. Overall, this comparison highlights SWOT’s improved capability in detecting both mesoscale

and smaller-scale coastal structures.
3.2 Evolution of the coastal eddy

We now examine the evolution of the coastal eddy captured by both conventional altimetry and SWOT. This anticyclonic
structure was first identified in early May and remained visible for nearly six weeks in multiple fields (SLA, SST, CHL-a), all
showing an eastward propagation along the continental slope. Figure 3 shows the eddy SLA evolution in both conventional
altimetry and SWOT. In all panels, the black contours correspond to the maximum SLA in the center of the eddy minus a
constant value of 3.5 cm. This criterion allows us to highlight SLA gradients: the smaller the eddy contour, the more intense
the SLA gradients and associated geostrophic velocities. The eddy structure is identifiable in conventional gridded altimetry

fields over the whole period. The eddy slightly loses intensity on 26 May, shown by a reduction in SLA amplitude (Fig.
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Figure 2. Comparison of SLA fields derived from conventional gridded altimetry (left) and SWOT (right), overlaid on independent satellite
tracer observations: (A) SST (15 May); (B) CHL-a (4 June). Black lines represent the SLA at 1.5 cm intervals (solid positive, dashed
negative). White dashed lines represent CHL-a levels (every 0.06), while color maps represent the tracer fields. SWOT data ©NASA / CNES.

3c), before elongating in early June (Fig. 3e). Five days later, the eddy SLA magnitude increases again, and the eddy regains a
circular shape (Fig. 3f). SWOT SLA maps depict the eddy with greater spatial definition and structural detail. Notably, the eddy
contour appears smaller in SWOT than in conventional altimetry, indicating larger SLA gradients and associated geostrophic
velocities. Initially (Fig. 3g, 3h), the eddy exhibits a well-defined close-to-circular anticyclonic pattern with a strong positive
SLA core. The eddy then translates eastwards. Similarly to conventional altimetry, it slightly loses intensity on 26 May. The
eddy then approaches the coast (Fig 3j), while it progressively deforms. The eddy regains intensity around 31 May-5 June (Fig.
3j, 3k), with a shape becoming elongated and asymmetric as it continues propagating eastwards (Fig. 31). This comparison
highlights a clear difference in the representation of eddy propagation and deformation with respect to conventional gridded
altimetry. While both datasets capture the general eastward trajectory, SWOT provides a more detailed representation of the
evolution of the position and shape of the eddy.

These differences highlight the spatio-temporal resolution limitations in conventional altimetry, which are overcome with
SWOT observations. Figure 4 shows the distribution of available altimeter along-track observations during a 20-day window

centered on 26 May. It shows that there are no measurements crossing the eddy on that day nor on the days just before or
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after. This temporal and spatial sparsity compromises interpolation, leading to an approximate representation of the eddy in the

gridded L4 maps.
3.3 Alongshore propagation and interaction with topography

The high spatio-temporal resolution provided by SWOT observations allows us to characterize the details of the alongshore
propagation of the eddy. Figure SA shows the evolution of the position and ellipse-fitted shape of the eddy from 8 May to
12 June. From 8 to 25 May, the eddy propagates eastward approximately parallel to the coastline. Around 29 May, near the
longitude of Cape Caxine ( 3°E), the eddy approaches the coast, likely in response to an interaction with the continental slope.
During this period the eddy becomes strongly elongated, indicating a substantial deformation of its structure. Between 31 May
and 4 June the eddy lies very close to the coastline. Following this phase, the eddy weakens and progressively moves away
from the coast while continuing its eastward propagation with reduced intensity. This behavior suggests that the eddy evolution
is strongly influenced by coastal topography.

The eddy’s centroid displacement speed is analyzed in Figure 5B, comparing daily speeds from conventional altimetry
and SWOT. SWOT velocities show greater amplitude and day-to-day variability. Peaks with propagation velocities above or
around 20 cm/s around 24 May and 1 June are captured by SWOT, while the estimates from conventional altimetry remain
below 10 cm/s. The two main velocity peaks (around 2.95°E and 3.25°E) correspond to areas close to specific coastal capes
(Capes Caxine and Matifou), with increased bathymetric gradients. Conventional altimetry shows an overall smoother and
lower velocity profile, failing to capture these two periods of localized accelerations. These results suggest that SWOT more
effectively captures the structural evolution and kinematic variability of the eddy during its interaction with topography.

To investigate the role of bathymetry, propagation velocities are color-coded by the distance of the coast to the 200 m iso-
bath, used as a proxy for continental shelf width. In this area, it is also in good correspondence with the shelf break steepness,
where the bottom depth increases to more than 2000m over a few kilometers (represented by circle size in Figure 5B). The two
main centroid-based propagation speed peaks correspond to both a narrowing of the continental shelf and an increase of the
bathymetric slope, associated with the two capes mentioned above. Around 24 May (2.9-3.0°E), eddy propagation reaches its
maximum speed (21.7cm/s) where the 200m isobath is very close to the coast with a sharp slope of the continental shelf break.
In the following days (24-27 May), its propagation velocity decreases as this distance increases again, until approaching the
next Cape on 30 May. The spatial correspondence between centroid-speed maxima and steep bathymetric transitions suggests
that the kinematic variability resolved by SWOT is organized relative to the local shelf geometry. However, this correspon-
dence should not be interpreted as a complete dynamical diagnosis. During this phase, the eddy is strongly deformed and only
partially described by the fitted ellipse, so the estimated velocities include contributions from both translation and changes
in eddy shape. The localized speed maxima observed near Capes Caxine and Matifou are therefore interpreted as kinematic
signatures consistent with topographic modulation, rather than as direct evidence of a closed dynamical balance. This interpre-
tation is compatible with theoretical and numerical studies of eddy—slope interaction, which show that continental slopes and

coastal boundaries can influence eddy trajectories and structure through mechanisms involving the S-effect, lower-layer flow
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Figure 3. Evolution of the coastal eddy along the Algerian coast from 15 May to 10 June, 2023, according to: 1) conventional gridded
altimetry (panels A to F), and 2) SWOT (panels G to L). The sequence illustrates the eastward propagation and deformation of the eddy
structure during the study period. The black contours represent an isoline with a value defined as the maximum SLA in the eddy center minus
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Figure 4. Spatial distribution of conventional altimeter along-track data within a 20-day window centered on 26 May. The colorbar indicates

the absolute difference in days from 26 May, the black contour outlines the eddy identified on that date.

adjustments, and changes in shelf geometry (Sutyrin et al., 2003). The results presented here thus highlight fine-scale kinematic

variability associated with coastal topography that is largely smoothed in conventional gridded altimetry products.

4 Discussion and conclusions

This study documents the detailed alongshore propagation of a coastal mesoscale eddy in the Algerian Basin during the SWOT
fast-sampling phase. The high-resolution, two-dimensional observations provided by SWOT allow a refined description of
eddy trajectory, deformation, and propagation speed, which variability appears to be modulated by coastal topography.

The spatial structure of the eddy captured from SWOT showed a close agreement with independent tracers (SST and CHL-a),
especially near the coast, and revealed fine-scale features absent in gridded altimetry products. The analysis of the propaga-
tion speed of the eddy using SWOT observations resulted in significantly higher and more variable velocities compared to

conventional altimetry, highlighting in particular acceleration phases when approaching specific capes where the continental
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shelf gets thinner and the shelf break slope sharper. The observed behavior suggests a dynamical influence of bathymetry on
eddy propagation along the continental margin, consistent with theoretical studies of eddy—slope interaction. The present re-
sults provide an observational perspective on these processes in a real coastal environment, highlighting localized kinematic
adjustments that are largely smoothed in conventional gridded altimetry products. SWOT measurements offer a new potential
to better understand eddy-topography interactions. Appropriate vorticity balances and advection analysis could then be carried
out to unravel the mechanisms driving these interactions.

Note that the fast-sampling was limited to the initial three months of the mission and was limited to selected tracks. This high-
frequency sampling enabled the detailed analysis of coastal eddy propagation presented here. Moreover, uncertainties related
to coastal geophysical corrections were probably weak due to the low tidal signal and relatively dry weather of our study case.
During the nominal repeat orbit, SWOT alone cannot provide the daily temporal sampling required to reconstruct comparable
event-scale deformation and centroid-speed variability. Similar studies during the nominal phase will generally require synergy
with conventional altimetry, SST, ocean color, in situ observations, coastal radar where available, or model/data-assimilation
products. Nevertheless, analyses like this one can help build confidence in SWOT measurements and improve our understand-
ing of the spatial and temporal scales that can be resolved, particularly for ocean state estimation and data assimilation systems,
for which representing mesoscale variability and coastal dynamics remains challenging.

The partial coverage of the eddy by SWOT data did not allow us to successfully apply conventional eddy-tracking algorithms.
This led us to use an approach based on ellipse fitting to characterize the propagation speed of the eddy. While recent studies
(de Marez et al., 2026) based on SWOT have relied on gap-filling strategies, such as biharmonic inpainting, to reconstruct
continuous SLA fields prior to applying standard eddy detection and tracking algorithms, our approach instead preserves the
native structure of the observed anomaly and represents it through a simplified geometric approximation. This approach might
have limitations in case of strong distortions of the structure and more advanced analysis methods could be developed to better
reflect the real irregular deformation of the eddy, especially during its interaction with topography. This could result in an
improvement of the accuracy of propagation speed estimates, also allowing to distinguish between deformation and translation
effects.

Despite these limitations, the case illustrates how SWOT fast-sampling observations can complement conventional gridded
altimetry in coastal regions by resolving eddy deformation, nearshore structure, and short-lived kinematic variability that
are otherwise strongly smoothed. The broader contribution of this study is therefore not a complete dynamical diagnosis of
one Algerian eddy, but an observational demonstration of what wide-swath altimetry can and cannot resolve during coastal
eddy—-topography interactions. This provides a useful benchmark for future studies combining SWOT with complementary

observations and models to investigate topographically influenced mesoscale dynamics along continental margins.

Code and data availability. All the datasets used in this study are publicly accessible and listed here.

— The SWOT Level-3 KaRIn Low Rate SSH Expert data (v2.0.1): https://doi.org/10.24400/527896/A01-2023.018.
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— European Seas Gridded L4 Sea Surface Heights And Derived Variables Reprocessed 1993 Ongoing: https://doi.org/10.48670/moi-
00141.

— European Seas Along Track L 3 Sea Surface Heights Reprocessed 1993 Ongoing Tailored For Data Assimilation: https://doi.org/10.48670/moi-

00139.

— Mediterranean Sea - High Resolution and Ultra High Resolution L3S Sea Surface Temperature Reprocessed: https://doi.org/10.48670/moi-

00314.
— Mediterranean Sea, Bio-Geo-Chemical, L3, daily Satellite Observations: https://doi.org/10.48670/moi-00297.

The main codes used in this study are available on Zenodo (Auditore, 2026).
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