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Abstract: The present study investigates the general characteristics of mesoscale eddies in the Global Ocean,
as identified and tracked by the TOEddies algorithm [1] implemented on a global scale. Applied to satellite
observations (AVISO/DUACS) of Absolute Dynamic Topography (ADT), TOEddies provides daily information on
eddy dynamical characteristics (e.g., size and intensity) over a 30-year period (1993-2023) and identifies complex
eddy-eddy interactions that lead to eddy splitting and merging. By capturing the multiple merging and splitting
events that a single eddy can undergo, TOEddies generates a complex network of eddies that challenges the
conventional view of a single trajectory associated with a single eddy. Furthermore, it offers an original assessment
of interconnected eddy trajectories. A statistical description of the average characteristics of the eddies and their
spatial distributions (generation, disappearance and merging/dividing is first provided. A comparative analysis
of existing global eddy datasets is then presented. Among the years of observations, several coherent, long-lived
mesoscale eddies with lifetimes exceeding 1.5 years stand out. However, we find that only a small fraction of
these eddies is comparable between datasets, while their dynamic properties can differ substantially. Furthermore,
the detection of eddies from altimetry is combined with 23 years of Argo profile co-localised measurements

(2000-2023), allowing us to further investigate their contribution to the global subsurface ocean.

Keywords: mesoscale eddies; remote sensing; satellite altimetry; eddy tracking methods; subsurface oceanic

signal; eddy-eddy interactions; merging-splitting events; coherent eddies; eddy networks

1. Introduction

Mesoscale eddies play a pivotal role in the global transport of water masses and properties [2—4],
providing crucial connections and exchanges across varying horizontal and vertical spatial scales [1,5-
8]. Their unique ability to remain coherent for extended periods (up to several months or even years)
and their capacity to retain properties within their cores [9-11], contribute to the efficient transport and
redistribution of heat, salt, mass, and biogeochemical properties as they propagate into the oceanic
environment. It has been observed that vertical isopycnal displacements, which are influenced by the
polarity and internal structures of these systems, have a notable impact on the biological productivity
of the ocean [12-16].

Meanwhile, to date, multi-mission altimeters can only provide sparse coverage of the ocean
mesoscale. Obtaining real-time measurements of the large-scale ocean dynamic topography remains
an on-going challenge that limits the continuous monitoring of ocean mesoscale eddy dynamics.
Nonetheless, gridded data on sea surface height can be generated through a spatio-temporal mapping
technique [17] that incorporates satellite measurements within a 10-day time frame. The longer
time scale over which mesoscale dynamics evolve, permits such a reconstruction despite inevitable
inaccuracies inherent to the mapping process, particularly due to the absence of measurements between
satellite tracks. While grid-based ocean surface height reconstruction may not effectively capture
small-scale dynamics and rapid changes [18], it can adequately represent mesoscale features. Moreover,
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unlike other passive remote sensing techniques (such as optical or infrared sensors), altimetry remains
one of the few active observational methods, that is not affected by cloud cover, with the sole exception
of synthetic-aperture radar (SAR) imagery [19-21]. Furthermore, the combination of satellite altimetry
with in-situ measurements from dedicated oceanographic missions has been demonstrated to be an
effective method for the detection and monitoring of mesoscale eddies [22-24].

As demonstrated by Chelton et al. [10,25], altimetric maps are a valuable tool for detecting
mesoscale eddies (defined as those exceeding a diameter of ~40 km) and creating a comprehensive
global eddy census. By employing sea-level anomaly (SLA) maps, they initially delineated the
global characteristics of mesoscale eddies. Since that time, mesoscale eddies have been extensively
documented in a number of studies, typically at specific locations of dynamical interest, employing
a variety of tracking techniques [10,26-33]. Eddy detection algorithms employ a variety of criteria,
including physical, geometrical, and hybrid approaches [34] to identify the centers of eddies and extract
their horizontal characteristics. Furthermore, the most recent algorithms offer novel methodologies for
the identification of dynamical events between eddies, including splitting and merging events [1,29,
35,36]. The improvement of eddy identification and tracking techniques enables the comprehensive
characterization of the primary eddy dynamical parameters.

Despite the multitude of mesoscale eddy detection and tracking methodologies, only a select few
offer publicly accessible datasets that encompass a continuous and global assessment of mesoscale
eddies over an extended period of observations [10,27,31,37,38]. While the choice of the tracking
method is not expected to a priori affect the characterization of the mesoscale fields, inter-comparisons
of globally detected mesoscale eddies from different methods are rare and usually conducted in
targeted regional studies [39-44]. Additionally, only a limited number of these studies include the
identification of eddy interactions through merging and splitting events at the global scale [1,36]. It
is therefore unclear how the detection of mesoscale eddies differs according to the tracking methods
used. It would be beneficial to ascertain how geometric and physical criteria influence the detection
and tracking of eddies, and to determine the impact of this on the estimation of dynamic phenomena.

The objective of this paper is to conduct a comparative analysis of mesoscale eddy detection
and tracking using four distinct global eddy datasets. Our analysis begins with an examination of
the updated TOEddies dataset, which has been expanded from the South Atlantic [1] to encompass
the global ocean. The TOEddies Atlas furnishes data on the dynamical characteristics of eddies and
on the incidence of eddy merging and eddy splitting events. This enables the reconstruction of a
complex eddy network by linking the eddy trajectories associated with both the merging of eddies
with other eddies and the splitting of eddies into two or more eddies. Moreover, the TOEddies Atlas
incorporates available colocalized vertical information from Argo floats with its eddy detection [5,45].
The combination of satellite altimetry with autonomous measurements has been demonstrated to be
particularly effective for analyzing the vertical properties of eddies [5,45,46]. Subsequently, the key
characteristics of mesoscale eddies as identified and monitored by the TOEddies global database are
evaluated against three commonly used global eddy atlases [33,37,38].

The paper is organized as follows. In Section 2 we present the TOEddies algorithm and describe
the various datasets used in this study. In Section 3.1, the mean statistical properties and spatial
distributions of eddies are presented as derived from the various eddy Atlases. In Section 3.2, we
present the dynamical evolution of long-lived and long-propagating eddies, as well as a comparison of
the differences and similarities between the main eddy pathways. Subsequently, Section 3.3 presents
specific information on merging and splitting events in a new eddy-network view offered by TOEddies.
Furthermore, two distinct eddy instances that coincided with Argo float observations are illustrated.
Finally, the results are summarized, and the findings are presented in Section 4.

2. Materials and Methods

In this study, we analyze four publicly available eddy Atlases, with the aim of investigating
mesoscale eddy structures on a global scale. We initially utilize the TOEddies Atlas, as previously
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documented for the South Atlantic [1,5,45] and extend it globally. To date, approximately 20 peer-
reviewed publications have employed the TOEddies algorithm [7,15,22-24,47-55]. Furthermore, the
TOEddies algorithm has been implemented in numerous scientific missions, including the EUREC4A-
0A mission [24,54,56,57] and the Tara Mission (2020) in the Atlantic and Southern oceans [57,58])
demonstrating its robustness and widespread adoption within the scientific community.

TOEddies Atlas employs all-satellite (DT2018, [59]) sea surface height fields of Absolute Dynamic
Topography (ADT) generated by SSALTO/DUACS data, spanning the period from 1993 to 2023.
Additionally, we include the most recent iteration of the Mesoscale Eddy Trajectory Atlas META(3.2),
as described in [33] and distributed by AVISO+ (http:/ /www.aviso.altimetry.fr/) with support from
CNES. This META version covers 29 years (from Jan 1993- February 2022) of daily eddy detection and is
applied also on the ADT fields (Table 1). To enhance the breadth of our analysis, we have also included
the eddy detection and tracking outputs provided by Tian et al. [37]( http://coadc.ouc.edu.cn/tfl/),
based on the all-sat AVISO dataset of Sea Level Anomaly (SLA) for the years 1993-2016 (hereafter
referred to as TIAN). Lastly, we have incorporated the recent GOMEAD dataset [38], which offers an
eddy detection and tracking based on SLA fields spanning from January 1993 to December 2019.

2.1. Sea Surface Height Fields and Eddy Atlases

All atlases included in this work are based on daily all-satellite sea surface height fields produced
by SSALTO/DUACS and distributed by AVISO. This specific multi-satellite product integrates data
from four satellites at a given time and is projected onto a Mercator grid with a resolution of %o
covering the global ocean. In order to assess mesoscale eddies, each dataset uses time-delayed gridded
maps of either absolute dynamic topography (ADT) or sea level anomaly (SLA) fields (Table 1). The
ADT is defined as the sum of SLA and the Mean Dynamic Topography (MDT), averaged over a 20-year
reference period. Although the SLA product is more commonly used for eddy detection (as in TIAN, in
earlier versions of META and GOMEAD), the use of ADT (as, for example, in TOEddies and META3.2)
helps to avoid misidentifying permanent signatures in the MDT or large meandering features (such
as currents or jets) as eddies [1,60]. It is therefore advisable to exercise caution when interpreting
SLA fields for the purpose of eddy identification. Furthermore, satellite altimetry maps (SLA and
ADT) are typically spatially filtered to remove large-scale variability before any detection and tracking
methods are applied. Further details on the filtering processes can be found in [33,37,38]. In contrast,
the TOEddies atlas applies its detection method directly to the absolute dynamic topography (ADT)
fields without any filtering, ensuring that the entire observed altimetric signal is preserved.

Table 1. Overview of Eddy Detection Datasets.

Dataset SSH (all-sat) Threshold Period
TOEddies ADT 0.1 cm Jan 1993 - May 2023
META3.2 ADT 0.4 cm Jan 1993 - Sep 2022

TIAN SLA 0.25 cm Jan 1993 - Dec 2016
GOMEAD SLA - Jan 1993 - Dec 2019

2.2. Eddy Amplitude Criterion

Each Atlas employs different physical and geometric criteria to detect and track eddies. As a
result, we have identified a number of key differences between the datasets. For a comprehensive
understanding of the TOEddies detection and tracking method, please refer to Appendix A.1.

One notable distinction among the datasets is the tuning of the eddy amplitude threshold,
commonly known as the persistence parameter. This directly affects the number of detected eddies
and their derived characteristics. Eddies are identified as points of maximum or minimum in the Sea
Surface Height (SSH) fields. Cyclonic eddies correspond to local minima of SSH, while anticyclonic
eddies correspond to local maxima. In the META3.2 and TIAN datasets, the eddy amplitude criterion
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is set to 0.4 cm and 0.25 cm, respectively. Conversely, the TOEddies method employs the lowest
amplitude threshold of 1 mm (see Table 1).

Typically, the eddy detection process begins with the identification of maxima and minima
across the field, which is then followed by the application of the specified amplitude thresholds. In a
different approach, TOEddies incorporates the persistence parameter directly into the detection process.
This integrated approach is topologically distinct and has been shown to enhance eddy detection,
functioning as a low-pass filter [1]. The latter has been validated against a totally independent dataset
of upper-ocean eddies identified by surface drifters and provided by Lumpkin [61]. For each local
extreme, TOEddies identifies the outermost contours of ADT that satisfy the specified constraints
detailed in Appendix A.1. Once the outermost contour has been established, defining the eddy
boundary, a maximum-speed contour is also identified. This contour, defined as the characteristic
contour, represents the closed isoline of ADT with the maximum mean azimuthal speed (computed
from the gridded field of surface geostrophic velocity derived from the ADT) and encloses the eddy’s
dynamical core. The outermost and characteristic contours are used to determine the average size
of the eddy. This size is defined as the radius of a circle that would cover the area outlined by these
contours. Consequently, two distinct average eddy radii are specified, (Ryuay) for the maximum radius
and (R,y) for the outer characteristic eddy radius.

An alternative approach is employed by the GOMEAD Atlas, which utilises a vector geometry-
based algorithm for the detection of eddies. This methodology identifies eddy centers as local minima
of the surface geostrophic velocity magnitude derived from the SLA, and delineates eddy boundaries
through the utilization of isolines of the geostrophic stream function.

2.3. Eddy Tracking Parameters

To monitor eddies over time, both META3.2 and TOEddies employ an overlapping criterion be-
tween successive time steps, as previously introduced in Pegliasco et al. [62]. This criterion guarantees
that a defined area of the eddy will remain consistent between consecutive time steps. This approach
allows us to identify distinct segments of eddies, rather than isolated occurrences, which is essential
for reconstructing eddy trajectories. In TOEddies, a graph method has been implemented to identify
eddy segments and build eddy trajectories, enabling the detection of merging and splitting events.
This is achieved by integrating a cost function that assigns weights to the graph of segments, taking
into account three key similarity parameters: the distance between eddies, their Rossby numbers, and
their speed radius. Please refer to Appendix A.2 for further details regarding the TOEddies tracking
methodology. Please note that META3.2 does not include the identification of merging and splitting
events.

In contrast, the TIAN dataset links trajectories over time by identifying each eddy at the current
time step and searching for an eddy in the subsequent time step within a fixed area of radius 0.5°. In
the event that an eddy remains unassociated in the subsequent step, a synthetic or "fake" eddy with
similar attributes to the last observed eddy is created. The synthetic eddy is then introduced into the
fields and propagated in the same direction. This technique, originally proposed by Faghmous et al.
[27], helps to prevent the premature termination of tracks or large jumps between eddy positions.
The maximum number of steps that fake eddies are permitted in TIAN is set at five days, while their
propagation distances cannot exceed 1.75 times the distance over which a long baroclinic Rossby wave
can propagate in a week. In the event that multiple eddies fall into the same area, a cost function is
employed that considers four similarity parameters: distance between eddies, amplitudes, area, and
EKE. META3.2 and TOEddies also prevent the disappearance of eddies by extending this search to
four (META3.2) or five (TOEddies) time steps if no eddy is found before. Lastly, GOMEAD implements
a similar fixed search area approach to track eddies over time. If multiple eddies of the same type are
detected within the search area, the eddy track is updated by selecting the center point that is closest
to the eddy.
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2.4. Eddy Network Reconstruction

TOEddies capability to detect eddy merging and splitting events enables the reconstruction of
eddy networks linked to specific eddy origins. This methodology, introduced in Laxenaire et al. [1,5,45],
allows for continuous monitoring of eddy evolution, capturing interactions that occur throughout
an eddy’s lifetime. The TOEddies network tracks interactions between oceanic eddies by detecting
merging and splitting events, assigning an "order" to each trajectory (see Figure 1 in [45]). A reference
eddy trajectory, originating from a specific region, is assigned an order of zero, while eddies that
merge with or split from this reference are assigned orders based on the number of interactions
separating them from the original trajectory. This network-based approach provides a novel way to
trace eddy origins, pathways and cross-basin connectivity [1,7,24]. By accounting for multiple merging
or splitting events, the TOEddies network provides a more detailed and dynamic reconstruction of
eddy movements compared to conventional methods, which consider eddies as isolated structures.

2.5. Co-Location with Argo data

TOEddies incorporates its daily eddy detection with vertical temperature and salinity data from
autonomous Argo float measurements from 2000 to 2023. The total colocalization dataset comprises
up to 1,976,124 individual Argo profiles collected by 14,839 different floats. It should be noted that
approximately 10% of the Argo floats included in this dataset are Biogeochemical-Argo (BGC-Argo).
Argo profiles are separated into two groups based on their detection within or outside of mesoscale
eddy last contours at a specific location and date. The latter represent the adjacent environment and
are used to construct climatological profiles of temperature (T), salinity (S), and density () in the given
area. TOEddies co-localisation provides a “no-eddy” climatology consisting of all profiles located
outside of eddies at a radial distance of up to <1° around the selected position and during a period of
up to 30 days from the given date (regardless of the year) over the 23 years.

3. Results

3.1. Statistical Description of Mesoscale Eddies

Figure 1 presents a global characterization of mesoscale eddy activity. The figure shows the
detection from each atlas accumulated on a 1° x 1° gridded map, with areas of eddy generation and
disappearance clearly delineated. The latter were identified as the initial and final detection point of
each eddy trajectory that was monitored for a minimum of 4 weeks. The highest concentrations of eddy
activity are defined by a high density of eddy generations and disappearances, with a total exceeding
N > 30 eddies per degree square. It is notable that in all datasets, areas where eddies frequently
generate are also areas where eddies disappear from the altimetry maps. It is evident that the eastern
boundary areas, including the major eastern upwelling boundary systems in the Canary and Benguela
in the South Atlantic, as well as the western boundary near the Confluence Zone between the Malvinas
and South Brazil currents, exhibit a higher number of eddy generations. Please refer to Figure S1 of
the Supplementary Material for a visual representation of the higher number of eddy disappearances
in the western boundary systems.

Figure 2 shows frequency maps of eddy-eddy interactions (merging and splitting events) identi-
fied by TOEddies. It is important to note that the spatial distribution of merging and splitting events,
as identified by TOEddies, also occurs in similar locations. This reinforces the necessity of considering
eddy-eddy interactions for comprehensive understanding of the detected eddies” dynamic evolution.
Over the course of the observation period, approximately 3% of the detected eddies were found to be
involved in merging and splitting events, with 52% of these classified as cyclonic eddies.

From the numerous mesoscale eddies identified across the global data sets over the various years
of observation, we have chosen to focus on individual detections that are part of main eddy trajectories
with lifetimes of at least 16 weeks. The TOEddies dynamical dataset detects over 25 million (25,117,786)
eddy occurrences (lasting a minimum of 16 weeks) organized in 119,994 eddy trajectories globally. In
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terms of the same subset of tracked mesoscale eddies, TOEddies outperforms META3.2 and TIAN in
terms of the number of total trajectories, with an increase of almost 2% and 18% (117,035 and 98,375).
In comparison with the other datasets, GOMEAD reports a lower number of detected eddies (17,822).

First Detections

f%*h) GOMEAD

ARG

0 0.5 1 1.5 2
Neddgies | year per 1°square

Figure 1. Frequency maps of first (a-d) and last (e-h) detection points of mesoscale eddies per year
derived from TOEddies, META3.2, TIAN and GOMEAD datasets, respectively. The data is aggregated
into 1° x 1° bins and normalised by the number of observation years for each dataset. The mean
dynamic topography (MDT in cm) is shown by black contours.

Figure 3 compares the horizontal eddy characteristics of each Atlas. Histograms, of mesoscale
eddy lifetimes, characteristic radii and velocities were plotted separately for cyclonic and anticyclonic
eddies. However, when longer lifetimes are considered (more than 26 weeks), the predominance of
anticyclonic over cyclonic eddies becomes apparent, as noted in Chelton et al. [10].

In the TOEddies and METAS3.2, the characteristic radii of anticyclonic eddies were estimated at
(Rmax) = 56.25 (£27.3) km and (Ryuax) = 62.08 (£27.8) km. These values of the equivalent average
radius of the anticyclonic eddies in these atlases is 5% and 3% larger, respectively, in comparison to
that of the cyclones. In TIAN dataset, anticyclonic eddies sizes are slightly larger, with an average
radius of (Ryax) = 68.86 (£27) km while cyclones are 7% smaller in size. However, the relative size
of of the eddies in the TIAN atlas remains larger than those identified in META3.2 and TOEddies. In
general, the GOMEAD dataset identifies significantly larger structures (with an estimated average
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(Rmax) = 109.5 (£45) km). We note that in this atlas, eddy radii smaller than < 30 km were not
included to avoid small-scale features that are not accurately captured by altimetry.

60°F

T
> ‘)Eb) Splitting

Figure 2. Scatter plot representing the distribution of eddy occurrences for a) merging and b) splitting
events based on TOEddies atlas for eddy with lifetimes longer than 4 weeks in each 1° x 1° region.
Bathymetry shallower than 4,000 m is indicated by gray lines.

To identify areas where these differences are noticeable, we present in Figure 4 the geographical
distribution of the radii of eddies. These maps were calculated by averaging the R, for each daily
detected mesoscale eddy that falls within bins of 1° x 1°. For a suitable comparison, zonal averages of
the eddy radius are also computed in Figure 4e. In terms of the spatial radius distribution, smaller
eddies are detected near the poles while larger ones near the equator. This aligns with the first
baroclinic Rossby radius, which varies with latitude [10,63]. However, the absolute values of the
eddy radius vary considerably across the datasets. The mean zonal radii from the GOMEAD dataset
are higher, estimated at approximately ~150 km in the equatorial bandwidth of 10°S to 10°N. In
contrast, the TOEddies, META3.2 and TIAN datasets detect lower eddy radii of the order of 100-120
km. At latitudes lower than 40°S higher than 40°N, the TIAN dataset identifies larger structures of
approximately 60 km, while the TOEddies and META3.2 estimates indicate smaller structures (~40
km).
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Figure 3. Upper-tail cumulative histograms of eddy lifetimes (weeks) (a-b) and histograms of eddy
characteristic radius Ry;ax (km) (c-d) and velocity Vyu.x (m/s) (e-f) of anticyclonic (first column) and
cyclonic eddies (second column) for the TOEddies, META3.2, TIAN and GOMEAD datasets. We
consider only mesoscale eddies having lifetimes > 16 weeks as indicated by the dashed lines in panels
(a-d) and characteristic radii larger than Rz > 30 km.

In terms of intensity, the mean characteristic velocities in the TOEddies dataset reached almost
(Vinax) = 15(£12) cm/s, while eddies in META3.2 and TIAN indicated slightly higher and lower
velocities, (Viyax) = 19 (£13) ecm/s and (Viyax) = 13 (£9) cm/s respectively. It is worth noting that
there are significant variations in the characteristics of the eddies, indicating that their sizes and
intensities could differ significantly between observation periods. Furthermore, a comparison of all
datasets reveals that cyclonic eddies display higher standard deviations in intensity than anticyclonic

eddies.
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Figure 4. Maps of the speed-based radius scale Ry;;x (km) for eddies with lifetimes > 16 weeks for each
1° x 1° region from (a) TOEddies (b) META3.2 (c) TIAN and (d) GOMEAD datasets. Zonal averages of
the eddy characteristic radius are illustrated in panel (e). The dashed line indicates the estimated first
baroclinic Rossby Radius of deformation R;(km) [10].

3.2. Characterization of Main Eddy Pathways

Figure 5 depicts eddy trajectories from the TOEddies atlas, based on their estimated lifetimes. The
cyclonic and anticyclonic trajectories are presented separately, with blue and red colors, respectively.
To facilitate a comparative analysis, we have selected similar thresholds as those chosen in Chelton
et al. [10] for the eddy lifetimes. This results in lifetimes that exceed 52, 78 and 104 weeks respectively.
For instance, the selection of eddy trajectories that live longer than 78 weeks (more than 1.5 year) with
TOEddies dataset (Figure 5b) results in 2007 anticyclonic and 1339 cyclonic trajectories. In the North
Atlantic, we find an equal eddy mixture of long-lived cyclones and anticyclones. However, in the
Indian Ocean, we predominantly observe long-lived cyclones. These cyclones account for 40% of the
total long-lived cyclones (for lifetimes > 104 weeks) and are among the longest propagating eddies
found in the TOEddies Atlas.

Figure 6 shows the same selection of eddy trajectories (with lifetimes more than 78 weeks) with
the META3.2, TIAN, and GOMEAD atlases. While both the META3.2 and TIAN atlases follow a
comparable number of persistent trajectories, their total is 53% and 41% lower, respectively, than that
of TOEddies. For example, the META3.2 database includes 995 (773) anticyclonic (cyclonic) eddies
with a lifetime exceeding 78 weeks, representing 56% (44%) of the total eddies. Similarly, the TIAN
dataset contains 810 (564) anticyclonic (cyclonic) eddies, representing 59% (41%) of the total eddies.
This discrepancy is primarily attributable to the lack of long-duration trajectories in the North and
South Pacific. It is worth noting that the GOMEAD dataset identifies fewer trajectories than the other
atlases. In fact, it contains 63 anticyclonic and 20 cyclonic eddies for this selection.

In alignment with Chelton et al. [10], all atlases indicate that the majority of long-lived oceanic
eddies propagate in a westerly direction, influenced by the B-effect. Only a minority of eddies
propagate eastward, particularly in regions dominated by strong eastward currents. This eastward
propagation is most notably observed in the Southern Ocean, specifically within the intense Antarctic
Circumpolar Current (ACC) [10,64,65]. In addition, a distinct pattern of deflection has been observed,
with anticyclonic eddies tending to drift northward and cyclonic eddies southward (see Figure S2
of Supplementary Material). The proportion of eastward-propagating eddies is notably larger in the
TIAN dataset. When lifetimes of less than 4 weeks are considered, the distribution of both westward
and eastward eddies can reach as high as 50%, indicating an almost equal distribution. However,
when eddies persist for at least 16 weeks, this ratio falls significantly to around 35%. TOEddies and
(METAS3.2) contain 20,061 and (30,440) eastward eddies, accounting for only 20% (35%) of the total
eddies in the datasets.
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Figure 5. Cyclonic (blue) and anticyclonic (red) eddy trajectories as detected from TOEddies algorithm
having lifetimes of at least (a)> 52 weeks (b) > 78 weeks and (c) > 104 weeks. The numbers of detected
eddies are labeled at the top of each panel for each polarity.

It is also worth noting that there are differences in the behaviour of long-distance propagating
eddies between the eddy datasets. Figure 7 illustrates the trajectories of eddies from each dataset that
were tracked for over 26 weeks and have propagated over 1,100 km. The distance was calculated for
each eddy trajectory as the centroid distance between their initial and final positions, measured in
kilometers. Long-lived, far-propagating eddies are of considerable interest to many studies due to their
significant role in trapping and transporting water masses, along with heat, carbon, and oxygen. This
process, in turn, influences global climate, marine connectivity, and ecosystem functioning [1,7,45,66].
The reliability of such estimates hinges on the precision with which mesoscale eddy temporal evolution
and their en route interactions can be characterized. For example, the long-propagating Agulhas Rings
leave a visible surface signature in the South Atlantic, which is reflected in all datasets. However, there
are slight differences in the overview of the main eddy pathways depicted in each atlas, with some
cases showing significant discrepancies. Such examples are visible mostly in the Pacific Ocean, where
TOEddies detects more long-propagating eddies in the North Pacific, while only a portion of them is
found in the TIAN dataset and META3.2 dataset (~11% and 46% fewer long-propagating trajectories,
respectively). Large variations can also be observed in the South Pacific and North Atlantic.

To investigate in greater detail the similarities between long-lived eddies, we have focused our
investigation on eddies with lifetimes of at least 26 weeks. We have then specifically targeted only
those eddies that exhibited a consistent spatiotemporal evolution across all datasets. Given that the
TOEddies dataset tracks a greater number of long-lived and long-propagating eddies, it was selected
as the reference atlas. We then assessed the degree of similarity between the trajectories from the
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various datasets and the reference one. Eddies were classified as "similar" if, during the same temporal
range, the average distance between their barycenters did not exceed a specified threshold, that we
defined as > 0.5°. Our analysis revealed that the proportion of common eddy trajectories between
TOEddies and the various datasets was approximately 72% for META3.2, 60% for TIAN and only 25%
for GOMEAD.

Na2007y FOom R y ol S NA99S
N 1339 Y * - « No 7731
] |

N4 810
N 5641

60°E  120°E  180°W T T oW
Figure 6. Trajectories of long lived (>78 weeks) cyclonic (blue) and anticyclonic (red) eddies from (a)
TOEddies (b) META3.2 (c) TIAN and d) GOMEAD datasets. The numbers of eddies are labeled at the

top of each panel for each polarity.
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Figure 7. Trajectories of long-propagating (>1100 km) eddies of both types from (a) TOEddies (b)
META3.2 (c) TIAN and (d) GOMEAD datasets tracked for more than >26 weeks.

3.3. Characterization of Main Eddy Interactions

It is crucial for any dataset aiming to represent mesoscale variability to have the capability to
accurately track the temporal evolution of mesoscale eddies. It should be noted, however, that these
large-scale mesoscale eddies are not isolated in the turbulent oceanic fields. Both anticyclonic and
cyclonic eddies may undergo complex interactions along their dynamical evolution and can experience
multiple merging or splitting events during their propagation. Such events modify the primary eddy
pathways and are purported to be associated with substantial water transfers. It is, therefore, essential
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that merging and splitting events of both eddy types be identified so that the evolution of eddies can
be understood.

The ability of TOEddies to determine the occurrence of eddy merging and splitting events enables
the construction of unique eddy networks associated with specific eddy origins. In accordance with the
methodology detailed in Laxenaire et al. [1,5,45], Figure 8 illustrates three eddy-network reconstructions
as a case study. These are associated with the Agulhas Rings corridor, eddies originating from the
North Pacific upwelling system, and eddies from the Australian western boundary. The trajectories in
black, which originated from the area delineated by the dashed line, serve as the reference trajectories
and are defined as order zero in the network (see [1]). The order number is increased with each
additional interaction required to trace a reference trajectory in either direction. Consequently, these
networks comprise all eddy trajectories that have encountered at least one merging or splitting event
during their lifetime and, depending on their order, have connections to eddies of specific origins. The
reconstruction of eddy networks indicates that long-lived and long-propagating eddies frequently
interact with each other and have the potential to transport water from various regions of generation
further away. To investigate the discrepancies among the different eddy atlases in tracking throughout
the lifespan of eddies, an exhaustive analysis of two distinct long-lived eddies has been conducted. The
TOEddies algorithm incorporates the co-location of the eddies identified from the altimetry gridded
field with available in-situ measurements, thereby providing a valuable resource for in-depth studies
of tracked eddies. To gain deeper insight into the vertical characteristics of these eddies and how they
evolve over time, we have identified individual eddy trajectories that were sufficiently sampled by
Argo floats across the years of observation. In particular, we have selected one anticyclonic eddy (AO0)
originating from the Agulhas leakage and one cyclonic eddy (C0) originating from the Australian
western boundary, which were present in all datasets (Figure 9).

Anticyclones Cyclones
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Figure 8. Eddy network example of anticyclonic (first column) and cyclonic (second column) trajectories
for the (a-b) California Upwelling System (c-d) western Australian boundary and (e-f) extended South
Benguela System. Each eddy trajectory is colored according to their assigned order.

In Figure 9a,c, we present the specific trajectory network reconstruction of A0, which includes all
eddies that have merged with and split from AQ during the three years of its lifespan. Based on the
TOEddies dataset, it can be concluded that A0 is the result of a splitting event that occurred in the Cape
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Basin on September 11, 2010 at (6.92°E, 32.88°S). Figure 10a) shows that A0 originated from another
anticyclone (A1) that was tracked back in the Agulhas retroflection as early as on November 19, 2009
(15.17°E, 37.40°S). During the period between October 2011 and January 2012, a number of complex
interactions were observed in the Cape Basin, as illustrated in Figure 10b—d. After March 2011, A0
was observed crossing the Walvis Ridge and entering the South Atlantic, continuing westward at a
consistent pace over 169 weeks (more than three years), reaching 7 December 2013.
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Figure 9. Temporal evolution of dynamical characteristics of anticyclone A0 and cyclone CO, as tracked
by all considered datasets. The evolution of the eddy characteristic radius Ry (km), outermost radius
Rout (km) as tracked by TOEddies is shown in panel a and b for the A0 and CO respectively. The
TOEddies network reconstruction comprised by all detected merging and splitting events is shown in
panels ¢ and d. The evolution of the eddy radii and characteristic velocity Vj;ax (m/s) from the different
datasets are shown in panels e-h. Panels i and k depict the equivalent A0, CO trajectories as tracked
from META3.2, TIAN and GOMEAD datasets. Bathymetry shallower than 4,000 m is indicated by gray
lines.
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Figure 10. Snapshots along the temporal evolution of anticyclone A0 (panels a-f) propagating westward

in the Southern Ocean. The background colors correspond to the ADT (m) fields while the gray arrows

correspond to surface geostrophic velocities. The characteristic and outer contours as detected by
TOEddies are shown in the blue solid and black dashed lines. The Argo trapped in the eddies are
shown with the magenta diamond points. The bathymetry that is shallower than 4,000 m is illustrated

with the gray shading.

From October 2010 to September 2013, 20 Argo floats collected data of A0 at different radial
distances from the core of the eddy. Figure 9a illustrates the temporal evolution of the A0 characteristic
radii as computed by TOEddies applied to the ADT maps. In addition, the estimated distances of
the Argo floats from the eddy core (magenta points, Figure 9a,b) are provided. The eddy defined by
the Ry4x contour remains relatively constant, with a median value of 80 km and a standard deviation
(STD), of 18.1 km. However, the outermost contour defining the eddy, Ro,¢, shows important variations,
ranging from 26 to 202 km and an STD of 34.3 km. Both META3.2 and TIAN identified the presence of
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eddy A0, as illustrated in Figure 9i. There is a noticeable overlap in the description of the main eddy
pathway across all datasets. However, the TIAN algorithm identified a section of the eddy before its
interaction with anticyclone A1, whereas the META3.2 dataset incorporated a portion of eddy A2 into
the main trajectory.

Figure 9e,g shows the temporal evolution of the anticyclone’s characteristic radii and velocity
across the various datasets. The temporal evolution of the eddy radius demonstrates a high level of
similarity across the datasets, with mean differences with TOEddies of less than 6 km in META3.2 and
8 km in TIAN. Furthermore, the eddy Vj;,x shows a consistent decline over time, a trend evident in
all datasets. We observe a systematic decrease (in average 0.05 m/s), in the mean eddy intensity, as
measured by TIAN, which is likely attributable to the use of SLA fields. However, while the decay of
surface properties in the eddy indicates a distinct dissipation process, only the TOEddies atlas provides
direct access to this information by integrating available hydrographic properties from Argo floats.

Figure 12a presents the temporal evolution of the density anomaly of the eddy A0 from Argo
floats trapped within its core from 24 October, 2010 to 08 June, 2013. Only profiles situated within the
eddy outermost radius of the eddy from its center were selected (Figure 9a). The integration of Argo
vertical profiles with the eddy detection based on satellite altimetry suggests that A0 is not undergoing
dissipation. Instead, the data suggests that the eddy is experiencing a progressive deepening of its
vertical structure and a clear separation from the ocean surface. Dynamical topography results from
the vertical integration of the thermohaline properties of the water column. A reduction in eddy
intensity may be linked to alterations in the thermohaline properties of the upper water column
through eddy cooling as observed by [67] or eddy subsidence at depth (as in this case). The latter
case was initially documented for another Agulhas ring in [5,45] showing that the eddy subducted to
become an intensified subsurface eddy. Therefore, when the eddy signal disappears from altimetry
maps, it is possible that it has not simply dissipated. Instead, it may indicate that the eddy has
penetrated more deeply and become disconnected from the surface.

Meanwhile, the Cyclone CO was initially identified by TOEddies on June 24, 2011, off the western
coast of Australia (112.9°E, 27.57°S) and was subsequently tracked as it propagated southwestward
into the Indian Ocean for a period exceeding four years. The reconstruction of the TOEddies network
also revealed multiple instances of merging and splitting along this cyclonic eddy trajectory. A few
months after its formation, on February 25, 2012, a merging event (Figure 11b) was detected with
a short-lived cyclone (less than a month). On January 9, 2013 (Figure 9c), CO merged with another
cyclonic eddy that originated from the western border of Australia and propagated westward. By June
14,2014, CO had already drifted 2,226 km, while being sampled by 22 different Argo floats, providing
138 vertical profiles at varying radial distances from the center of the eddy (magenta dots in Figure 9b).
On February 7, 2016, the eddy reached 61.28°E, 37.58°S and merged with another cyclone, which
continued its westward propagation till February 26, 2018, reaching 33.82°E, 33.93°S.

To facilitate comparison between datasets, we located Cyclone CO in the META3.2, TIAN, and
GOMEAD atlases. META3.2 dataset has identified three separate cyclones (instead of one) that appear
to be following a similar westward trajectory, as illustrated in Figure 9b. The second cyclone in the
METAB3.2 dataset was identified just a few days after the last detection of the first cyclone in the same
dataset. The TOEddies identified this interaction as a merging of two cyclones. Similarly, Cyclone C0O
in the TIAN dataset was identified as two distinct cyclonic eddies with no prior connection between
them. The TIAN atlas was unable to link the two trajectories due to a significant variation in eddy
size during the period in question (25 August 2012). Furthermore, the eddy velocity was found to be
slightly lower (0.12 m/s) in intensity compared to that of TOEddies. GOMEAD also classified these
cyclones as two distinct eddies, though with shorter trajectories.
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Figure 11. Snapshots along the temporal evolution of cyclone CO (panels a-f) propagating westward
in the Indian Ocean. The background colors correspond to the ADT (m) fields while the gray arrows
correspond to surface geostrophic velocities. The characteristic and outer contours as detected by
TOEddies are shown in the blue solid and black dashed lines. The Argo trapped in the eddies are
shown with magenta diamond points. The bathymetry that is shallower than 4,000 m is illustrated

with the gray shading.

Figure 12 provides an illustration of the value of integrating satellite altimetry data with the eddy
subsurface properties derived from the extensive Argo vertical profiles. This approach offers a more
comprehensive understanding of the dynamics and evolution of eddies. The figure illustrates the
presence of a pronounced inverted temperature anomaly signal in the upper layers for C0. Furthermore,
the analyzed data indicate that the core of A0 is situated between 200 and 1,000 m, exhibiting consistent
and markedly distinct properties that are largely independent of seasonal variations in the mixing
layer. The presented evidence suggests that these eddies are subsurface intensified. These findings
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are consistent with those of previous studies that employed the TOEddies atlas to examine a range of
Atlantic eddies [5,7,45]. These examples demonstrate the necessity of this integrated approach to fully
grasp the complex vertical and horizontal structure of mesoscale eddies, particularly when considering
their role in large-scale oceanic exchanges. Future work will aim to explore these vertical structures in
more detail to gain a deeper understanding of their dynamical behavior throughout their lifecycle.

Anticyclone A0 Cyclone CO ¢ dugo

a) 200 ; b) 200 — R
£ 150 150 1

=2

8 [

S 100 100 A

S

2 ol

Q

Jul

Jan  Mar  May

Depth (m)

Feb Jun Oct Feb Jun Oct Feb Jun

I e it = 2§ TPy S T RET
~100 ) :\t‘iﬁ% o
—9200 L T | c; ¢
~300 it ; T4 (C)

chwu\amQ

|
_

Figure 12. Temporal evolution of anticyclone A0 and cyclone CO vertical structure as obtained by Argo
floats trapped inside the eddy core (dgrgo < Rmax) (shown as magenta points in panels a and b.
Vertical profiles of temperature T (°C) and temperature anomalies T4 (°C) are shown in panels c-f.

4. Conclusions

In this study, we examined and evaluated key characteristics and pathways of mesoscale eddies
for the global ocean using four different global datasets [1,33,37,38]. We have specifically employed
and used an enhanced version of the TOEddies algorithm, originally designed for the South Atlantic
and expanded here to the world ocean. We then compare our findings with those of three other
established global eddy datasets. Each of the datasets employs a different approach to processing and
tracking eddies using global satellite altimetric data from AVISO/DUACS. This includes daily sea
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surface height anomalies, as well as absolute dynamic topography, and it covers a two-decade period.
The TOEddies atlas offers a more comprehensive description of ocean dynamics than other datasets.
It considers interactions between eddies and integrates in-situ Argo float measurements, providing
additional details on eddy vertical structures.

The results consistently showed certain characteristics of mesoscale eddies across all datasets. In
line with previous findings [10], the majority of these eddies (>80%) exhibited a westward propagation
in the Global Ocean, predominantly driven by the beta effect. Additionally, a notable northward
deflection of anticyclonic eddies and southward deflection of cyclonic eddies was observed consistent
with prior research [10,46,68,69]. On the other hand, a comparison of the eddy properties extracted from
the four global atlases revealed variations in both the number of eddies and their average characteristics.
This is to be expected, given the distinct methodologies employed. In particular, when examining a
consistent set of eddies detected by the various algorithms, the average differences remained in the
order of 17 km in eddy radius and 2 cm/s in eddy intensity. Furthermore, the use of SLA versus ADT
demonstrated a consistent tendency to underestimate eddy intensities. This was demonstrated by two
randomly selected examples of eddies, one anticyclonic and one cyclonic. Moreover, an analysis of
long-lived eddies from multiple atlases revealed that the majority of these long-lived trajectories are
more commonly associated with anticyclonic rather than cyclonic eddies. This finding is in line with
the results of previous studies [70-72], which observed a global anticyclone/cyclone asymmetry. This
suggests that anticyclones maintain a more stable and coherent structure compared to cyclones, which
are often smaller. However, this may also indicate that anticyclones, due to their larger size, remain
visible in satellite altimetry maps for extended periods, even if subsiding or subducting in the ocean’s
subsurface, in comparison to cyclones.

In this regard, TOEddies offers a distinctive advantage in that it integrates eddy surface detection
with available vertical measurements, thus providing a unique solution to the problem of inferring
the eddy dynamics and its evolution from surface observations. This demonstrates that inferring the
eddy dynamics and its evolution from surface (satellite) observations is an inadequate approach. In
Section 3.3, two examples of individual eddies in the TOEddies dataset are presented. These eddies
were co-localized with Argo floats along their en route propagation. These examples demonstrate
notable discrepancies in the evolution of hydrological properties between the upper and lower layers.
The observed attenuation of anomalies in the upper layers and the persistence of larger anomalies
in the deeper layers indicate that the attenuation of the altimetry signal in eddies, their eventual
disappearance, and the observed asymmetry of cyclonic and anticyclonic eddy trajectories with time
may not be solely attributed to dissipation processes. An additional possibility is that subduction
processes may be involved, resulting in an effective disappearance from satellite data due to a reduction
in the signal in satellite altimeter fields. As previously noted, this behavior has been observed, in
particular, in the case of the Agulhas Rings [1,5,45]. Recent studies have also demonstrated that cyclones
are frequently prone to subduction into deeper layers [2—4,7,22,73]. Consequently, the limitations of
satellite altimetry in resolving mesoscale eddies could also introduce an observational bias, resulting
in an overall underrepresentation of the dynamics of anticyclones and particularly of cyclonic features.
It is not possible to infer the evolution of eddies based on observations of the ocean surface alone.
Nevertheless, the integration of satellite data with in situ measurements can markedly enhance our
comprehension of ocean eddies and their influence on oceanic processes.

It is evident that the selection of distinct parameters for the detection and tracking of eddies
can result in enhanced datasets that more accurately reflect the characteristics of eddies in the ocean.
Despite the high degree of similarity observed between eddy trajectories across the various datasets,
only a limited subset of them constituted the comprehensive eddy network presented by TOEddies.
The specific information on merging and splitting events provided by TOEddies calls into question the
conventional view of a single eddy and its associated trajectory. In contrast, mesoscale eddies are not
isolated within the turbulent oceanic fields. Successive eddy interactions have the potential to alter the
main eddy pathways, which in turn affects the reconstruction of eddy trajectories and their estimated
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lifetimes. Such interactions can result in the exchange of a significant portion of the water mass, which
in turn affects the estimated water mass transport associated with the eddies.

Supplementary Materials: The following supporting information can be downloaded at the website of this paper
posted on Preprints.org.
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Appendix A

Appendix A.1: TOEddies Eddy Detection

TOEddies identifies the outermost contours of ADT around extrema of ADT. These contours are
approximated as polygons with vertices of the polygons aligned with the grid lines of the ADT field.
An outermost contour C around a given extremum E is thus defined by the following properties:

e Cisaclosed isoline of ADT.

¢  C contains extremum E.

¢  (Cdoes not contain any extremum of opposite sign.

e C has a minimum area of 77(25km)?.

*  The absolute value of the difference between the ADT level of C and the ADT of E is greater than
1 mm. This threshold difference is called the persistence parameter.

e  C does not contain any extremum other than E with same sign as E and with an associated
outermost contour ;

¢ Noisoline exterior to C has the above properties.

This definition is recursive in its fifth point so it is not complete. We complete the definition by adding
that the minima of ADT are examined in descending order of ADT and the maxima in ascending order.
If TOEddies finds an outermost contour around an extremum E then it also looks for a maximum-
speed contour. The maximum-speed contour is the closed iso-line of ADT containing E and inside
the outermost contour, with maximum mean azimuthal speed. The azimuthal speed at a point of a

contour is computed as:
X0 — yu

Vo =
where:

x = cosPg (A — Af)
y=¢—¢


Preprints.org
https:// marine.copernicus.eu/
https://coriolis.eu.org
http://ciclad-web.ipsl.jussieu.fr
https://doi.org/10.20944/preprints202410.0651.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 October 2024 d0i:10.20944/preprints202410.0651.v1

20 of 25

(u,v) is the geostrophic speed at the point (A, ¢) on the contour, and (Ag, ¢r) is the position of the
extremum.

Appendix A.2 : TOEddies Eddy Tracking

In TOEddies, the overlapping criterion is applied firstly to the maximum-speed contours and
then to the outer-most contours. Two instantaneous eddies overlap if they are between one and 5 days
apart and if the area of the intersection of their maximum-speed or outermost contours is greater than
50% of the minimum of the areas of the contours. An eddy can overlap with more than one other eddy.

A given eddy can even have several successors (overlapping eddies at subsequent dates) at
different dates or several predecessors (overlapping eddies at previous dates) at different dates.
However, if an eddy has a successor at time distance J then we restrict the search for successors at time
distances greater than J: an eddy at distance 6’ > § can only be a successor if it has no predecessor at
distance < &'

Thus, TOEddies creates, for each polarity (anticyclones and cyclones) an abstract graph in which
each node is an instantaneous eddy and there is an edge between two nodes if the instantaneous
eddies overlap. The edges have the time direction so the graph is directed acyclic. Splitting of eddies
appear in the graph as nodes with an out-degree > 2 and merging of eddies appear as nodes with an
in-degree > 2. For each polarity, the graph has about 3 x 107 nodes and 3 x 107 edges.

TOEddies proceeds by collapsing the graph of instantaneous eddies into a “graph of segments”.
A segment is a sequence of nodes in the graph of instantaneous eddies, without splitting except maybe
at the last node of the segment, and without merging except maybe at the first node of the segment. In
the graph of segments, each node is a segment and edges correspond to splitting or merging events.

For each edge in the graph of segments, TOEddies computes a cost:

-2 —\2 —\ 2
d—d AN — AN Ar — Ar
C= AR, I | S —— Y | —
04 AN TAr
where d is the distance between the extremum of the last eddy in the head segment of the edge and the
extremum of the first eddy in the tail segment of the edge,

AN = N first(tail segment) — Ng, 105t (head segment)

Ar = rgg(tail segment) — 75 (head segment)

Ngo first (segment) is the mean on the first seven days of the segment of the Rossby number associated
to the maximum-speed contour. rg,(segment) is the mean on the first seven days of the segment
of the radius of the maximum-speed contour (that is, the radius of the equal-area disk). Similarly,
Npo last (segment) and 1,5 (segment) are mean values on the last seven days of the segment.

From the graph of segments weighted by cost values, TOEddies computes eddy trajectories. A
trajectory is a path in the graph of segments. Each non-root node in the graph has a closest predecessor:
head of the in-edge with the lowest cost. Each non-leaf mode in the graph has a closest successor:
tail of the out-edge with the lowest cost. In order to construct trajectories, TOEddies processes the
nodes in topological order. For each node, TOEddies looks whether the node is the closest successor of
its closest predecessor. If so, then this node is placed in the same trajectory as its closest predecessor.
Else this node begins a new trajectory. Because of "phantom instantaneous eddies", detected from the
Aviso dataset, but not real, there are in the graph of segments patterns where a splitting is immediately
followed by a merging. We do not want to let those phantom patterns interrupt trajectories so we
detect those patterns in the graph: if the merging is 6 days or less after the splitting, then the trajectory
continues through the pattern, going through the shortest (that is, with smallest cost) branch of the
splitting-merging.


https://doi.org/10.20944/preprints202410.0651.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 October 2024 d0i:10.20944/preprints202410.0651.v1

21 0f 25

References

1. Laxenaire, R.; Speich, S.; Blanke, B.; Chaigneau, A.; Pegliasco, C.; Stegner, A. Anticyclonic Eddies
Connecting the Western Boundaries of Indian and Atlantic Oceans. Journal of Geophysical Research:
Oceans 2018, 123, 7651-7677, [https:/ /agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029 /2018]C014270].
doi:10.1029/2018JC014270.

2. Schiitte, E.; Brandt, P.; Karstensen, J. Occurrence and characteristics of mesoscale eddies in the tropical
northeastern Atlantic Ocean. Ocean Science 2016, 12, 663—-685. do0i:10.5194/0s-12-663-2016.
3. Schiitte, F.; Karstensen, J.; Krahmann, G.; Hauss, H.; Fiedler, B.; Brandt, P; Visbeck, M.; Kortzinger,

A. Characterization of ‘dead-zone’ eddies in the eastern tropical North Atlantic. Biogeosciences 2016,
13, 5865-5881. doi:10.5194/bg-13-5865-2016.

4. Karstensen, J.; Schiitte, F,; Pietri, A.; Krahmann, G.; Fiedler, B.; Grundle, D.; Hauss, H.; Kortzinger, A.;
Liischer, C.R;; Testor, P.; Vieira, N.; Visbeck, M. Upwelling and isolation in oxygen-depleted anticyclonic
modewater eddies and implications for nitrate cycling. Biogeosciences 2017, 14, 2167-2181. doi:10.5194/bg-
14-2167-2017.

5. Laxenaire, R.; Speich, S.; Stegner, A. Evolution of the Thermohaline Structure of One Agulhas Ring
Reconstructed from Satellite Altimetry and Argo Floats. Journal of Geophysical Research 2019, 124, 8969-9003.
d0i:10.1029/2018jc014426.

6. Ioannou, A.; Stegner, A.; Le Vu, B.; Taupier-Letage, I.; Speich, S. Dynamical Evolution of Intense Ier-
apetra Eddies on a 22 Year Long Period. Journal of Geophysical Research: Oceans 2017, 122, 9276-9298.
d0i:10.1002/2017jc013158.

7. Ioannou, A.; Speich, S.; Laxenaire, R. Characterizing Mesoscale Eddies of Eastern Upwelling Ori-
gins in the Atlantic Ocean and Their Role in Offshore Transport. Frontiers in Marine Science 2022, 9.
doi:10.3389/fmars.2022.835260.

8. Nencioli, F; Olmo, G.D.; Quartly, G.D. Agulhas Ring Transport Efficiency From Combined Satellite Altime-
try and Argo Profiles. Journal of Geophysical Research: Oceans 2018, 123, 5874-5888. d0i:10.1029/2018jc013909.

9. Flierl, G.R. Particle motions in large-amplitude wave fields. Geophysical & Astrophysical Fluid Dynamics
1981, 18, 39-74. doi:10.1080/03091928108208773.
10. Chelton, D.B.; Schlax, M.G.; Samelson, R.M. Global observations of nonlinear mesoscale eddies. Progress

in Oceanography 2011, 91, 167-216. doi:10.1016/j.pocean.2011.01.002.

11. Sato, O.T.; Polito, P.S. Observation of South Atlantic subtropical mode waters with Argo profiling float
data. Journal of Geophysical Research: Oceans 2014, 119, 2860-2881. doi:10.1002/2013jc009438.

12. McGillicuddy, D.J.; Anderson, L.A.; Bates, N.R.; Bibby, T.; Buesseler, K.O.; Carlson, C.A.; Davis, C.S.; Ewart,
C.; Falkowski, P.G.; Goldthwait, S.A.; Hansell, D.A.; Jenkins, W.].; Johnson, R.; Kosnyrev, VK.; Ledwell,
J.R.; Li, Q.P; Siegel, D.A; Steinberg, D.K. Eddy/Wind Interactions Stimulate Extraordinary Mid-Ocean
Plankton Blooms. Science 2007, 316, 1021-1026. do0i:10.1126/science.1136256.

13. Villar, E.; Farrant, G.K.; Follows, M.; Garczarek, L.; Speich, S.; Audic, S.; Bittner, L.; Blanke, B.; Brum, J.R.;
Brunet, C.; Casotti, R.; Chase, A.; Dolan, J.R.; d’Ortenzio, F.; Gattuso, J.P.; Grima, N.; Guidi, L.; Hill, C.N.;
Jahn, O.; Jamet, J.L.; Goff, H.L.; Lepoivre, C.; Malviya, S.; Pelletier, E.; Romagnan, J.B.; Roux, S.; Santini, S.;
Scalco, E.; Schwenck, S.M.; Tanaka, A.; Testor, P.; Vannier, T.; Vincent, E; Zingone, A.; Dimier, C.; Picheral,
M.; Searson, S.; Kandels-Lewis, S.; Acinas, T.O.C.S.G.; Bork, P; Boss, E.; de Vargas, C.; Gorsky, G.; Ogata,
H.; Pesant, S.; Sullivan, M.B.; Sunagawa, S.; Wincker, P.; Karsenti, E.; Bowler, C.; Not, F; Hingamp, P.;
Iudicone, D. Ocean plankton. Environmental characteristics of Agulhas rings affect interocean plankton
transport. Science 2015, 348, 1261447-1261447. doi:10.1126/science.1261447.

14. Dufois, F.; Hardman-Mountford, N.J.; Greenwood, J.; Richardson, A.].; Feng, M.; Matear, R.]. Anticyclonic
eddies are more productive than cyclonic eddies in subtropical gyres because of winter mixing. Science
Advances 2016, 2, €1600282. doi:10.1126/sciadv.1600282.

15. Cornec, M.; Laxenaire, R.; Speich, S.; Claustre, H. Impact of Mesoscale Eddies on Deep Chlorophyll
Maxima. Geophysical Research Letters 2021, 48, e2021GL093470. doi:10.1029/2021gl093470.

16. Cornec, M.; Claustre, H.; Mignot, A.; Guidi, L.; Lacour, L.; Poteau, A.; D’Ortenzio, F,; Gentili, B.; Schmechtig,
C. Deep Chlorophyll Maxima in the Global Ocean: Occurrences, Drivers and Characteristics. Global
Biogeochemical Cycles 2021, 35, e2020GB006759. do0i:10.1029/2020gb006759.


http://xxx.lanl.gov/abs/https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/2018JC014270
https://doi.org/10.1029/2018JC014270
https://doi.org/10.5194/os-12-663-2016
https://doi.org/10.5194/bg-13-5865-2016
https://doi.org/10.5194/bg-14-2167-2017
https://doi.org/10.5194/bg-14-2167-2017
https://doi.org/10.1029/2018jc014426
https://doi.org/10.1002/2017jc013158
https://doi.org/10.3389/fmars.2022.835260
https://doi.org/10.1029/2018jc013909
https://doi.org/10.1080/03091928108208773
https://doi.org/10.1016/j.pocean.2011.01.002
https://doi.org/10.1002/2013jc009438
https://doi.org/10.1126/science.1136256
https://doi.org/10.1126/science.1261447
https://doi.org/10.1126/sciadv.1600282
https://doi.org/10.1029/2021gl093470
https://doi.org/10.1029/2020gb006759
https://doi.org/10.20944/preprints202410.0651.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 October 2024 d0i:10.20944/preprints202410.0651.v1

22 of 25

17. LeTraon, PY,; Nadal, E; Ducet, N. An Improved Mapping Method of Multisatellite Altimeter Data.
JOURNAL OF ATMOSPHERIC AND OCEANIC TECHNOLOGY 1998, 15, 522-533.

18. Amores, A.; Jorda, G.; Arsouze, T.; Le Sommer, J. Up to What Extent Can We Characterize Ocean
Eddies Using Present-Day Gridded Altimetric Products? Journal of Geophysical Research: Oceans 2018,
123, 7220-7236. d0i:10.1029/2018JC014140.

19. Khachatrian, E.; Sandalyuk, N.; Lozou, P. Eddy Detection in the Marginal Ice Zone with Sentinel-1 Data
Using YOLOVS5. Remote Sensing 2023, 15, 2244. do0i:10.3390/rs15092244.

20. Kozlov, LE.; Atadzhanova, O.A. Eddies in the Marginal Ice Zone of Fram Strait and Svalbard from
Spaceborne SAR Observations in Winter. Remote Sensing 2022, 14, 134. doi:10.3390/1rs14010134.

21. Xia, L.; Chen, G.; Chen, X,; Ge, L.; Huang, B. Submesoscale oceanic eddy detection in SAR images using
context and edge association network. Frontiers in Marine Science 2019, 9. doi:10.3389/fmars.2022.1023624.

22. Manta, G.; Speich, S.; Karstensen, J.; Hummels, R.; Kersalé, M.; Laxenaire, R.; Piola, A.; Chidichimo,
M.P,; Sato, O.T.; da Cunha, L.C.; Ansorge, I.; Lamont, T.; van den Berg, M.; Schuster, U.; Tanhua, T.; Kerr,
R.; Guerrero, R.; Campos, E.; Meinen, C.S. The South Atlantic Meridional Overturning Circulation and
Mesoscale Eddies in the First GO-SHIP Section at 34.5°S. Journal of Geophysical Research: Oceans 2021,
126, €2020JC016962. do0i:10.1029/2020JC016962.

23. Stevens, B.; Bony, S.; Farrell, D.; Ament, F; Blyth, A.; Fairall, C.; Karstensen, J.; Quinn, PK; Speich, S.;
Acquistapace, C.; Aemisegger, F.; Albright, A.L.; Bellenger, H.; Bodenschatz, E.; Caesar, K.A.; Chewitt-
Lucas, R.; de Boer, G.; Delanog, J.; Denby, L.; Ewald, F.; Fildier, B.; Forde, M.; George, G.; Gross, S.; Hagen,
M.; Hausold, A.; Heywood, K.J.; Hirsch, L.; Jacob, M.; Jansen, F.; Kinne, S.; Klocke, D.; Kolling, T.; Konow,
H.; Lothon, M.; Mohr, W.; Naumann, A.K.; Nuijens, L.; Olivier, L.; Pincus, R.; Péhlker, M.; Reverdin, G.;
Roberts, G.; Schnitt, S.; Schulz, H.; Siebesma, A.P.; Stephan, C.C.; Sullivan, P.; Touzé-Peiffer, L.; Vial, ].;
Vogel, R.; Zuidema, P.; Alexander, N.; Alves, L.; Arixi, S.; Asmath, H.; Bagheri, G.; Baier, K.; Bailey, A.;
Baranowski, D.; Baron, A.; Barrau, S.; Barrett, P.A.; Batier, F.; Behrendt, A.; Bendinger, A.; Beucher, E;
Bigorre, S.; Blades, E.; Blossey, P.; Bock, O.; Boing, S.; Bosser, P; Bourras, D.; Bouruet Aubertot, P.; Bower,
K.; Branellec, P; Branger, H.; Brennek, M.; Brewer, A.; Brilouet, P.E.; Briigmann, B.; Buehler, S.A.; Burke, E.;
Burton, R.; Calmer, R.; Canonici, J.C.; Carton, X.; Cato Jr., G.; Charles, J.A.; Chazette, P.; Chen, Y.; Chilinski,
M.T.; Choularton, T.; Chuang, P,; Clarke, S.; Coe, H.; Cornet, C.; Coutris, P.; Couvreux, F; Crewell, S.;
Cronin, T.; Cui, Z.; Cuypers, Y.; Daley, A.; Damerell, G.M.; Dauhut, T.; Deneke, H.; Desbios, J.P.; Dorner, S.;
Donner, S.; Douet, V.; Drushka, K.; Diitsch, M.; Ehrlich, A.; Emanuel, K.; Emmanouilidis, A.; Etienne, J.C.;
Etienne-Leblanc, S.; Faure, G.; Feingold, G.; Ferrero, L.; Fix, A.; Flamant, C.; Flatau, PJ.; Foltz, G.R.; Forster,
L.; Furtuna, I; Gadian, A.; Galewsky, J.; Gallagher, M.; Gallimore, P.; Gaston, C.; Gentemann, C.; Geyskens,
N.; Giez, A.; Gollop, J.; Gouirand, I.; Gourbeyre, C.; de Graaf, D.; de Groot, G.E.; Grosz, R.; Giittler, ].;
Gutleben, M.; Hall, K.; Harris, G.; Helfer, K.C.; Henze, D.; Herbert, C.; Holanda, B.; Ibanez-Landeta, A.;
Intrieri, J.; Iyer, S.; Julien, F; Kalesse, H.; Kazil, J.; Kellman, A.; Kidane, A.T.; Kirchner, U.; Klingebiel,
M.; Korner, M.; Kremper, L.A.; Kretzschmar, J.; Kriiger, O.; Kumala, W.; Kurz, A.; L'Hégaret, P.; Labaste,
M.; Lachlan-Cope, T.; Laing, A.; Landschiitzer, P; Lang, T.; Lange, D.; Lange, L; Laplace, C.; Lavik, G.;
Laxenaire, R.; Le Bihan, C.; Leandro, M.; Lefevre, N.; Lena, M.; Lenschow, D.; Li, Q.; Lloyd, G.; Los, S.; Losi,
N.; Lovell, O.; Luneau, C.; Makuch, P.; Malinowski, S.; Manta, G.; Marinou, E.; Marsden, N.; Masson, S.;
Maury, N.; Mayer, B.; Mayers-Als, M.; Mazel, C.; McGeary, W.; McWilliams, ].C.; Mech, M.; Mehlmann, M.;
Meroni, A.N.; Mieslinger, T.; Minikin, A.; Minnett, P.; Moller, G.; Morfa Avalos, Y.; Muller, C.; Musat, I.;
Napoli, A.; Neuberger, A.; Noisel, C.; Noone, D.; Nordsiek, F.; Nowak, J.L.; Oswald, L.; Parker, D.J.; Peck,
C.; Person, R.; Philippi, M.; Plueddemann, A.; Pohlker, C.; Portge, V.; Poschl, U.; Pologne, L.; Posyniak, M.;
Prange, M.; Quifiones Meléndez, E.; Radtke, J.; Ramage, K.; Reimann, J.; Renault, L.; Reus, K.; Reyes, A.;
Ribbe, J.; Ringel, M.; Ritschel, M.; Rocha, C.B.; Rochetin, N.; Rottenbacher, J.; Rollo, C.; Royer, H.; Sadoulet,
P; Saffin, L.; Sandiford, S.; Sandu, I.; Schifer, M.; Schemann, V.; Schirmacher, I.; Schlenczek, O.; Schmidt,
J.; Schroder, M.; Schwarzenboeck, A.; Sealy, A.; Senff, C.J.; Serikov, L; Shohan, S.; Siddle, E.; Smirnov,
A_; Spith, F; Spooner, B.; Stolla, M.K.; Szkétka, W.; de Szoeke, S.P.; Tarot, S.; Tetoni, E.; Thompson, E.;
Thomson, J.; Tomassini, L.; Totems, J.; Ubele, A.A ; Villiger, L.; von Arx, J.; Wagner, T.; Walther, A.; Webber,
B.; Wendisch, M.; Whitehall, S.; Wiltshire, A.; Wing, A.A.; Wirth, M.; Wiskandt, J.; Wolf, K.; Worbes, L.;
Wright, E.; Wulfmeyer, V; Young, S.; Zhang, C.; Zhang, D.; Ziemen, E; Zinner, T.; Zoger, M. EUREC*A.
Earth System Science Data 2021, 13, 4067-4119. d0i:10.5194/essd-13-4067-2021.


https://doi.org/10.1029/2018JC014140
https://doi.org/10.3390/rs15092244
https://doi.org/10.3390/rs14010134
https://doi.org/10.3389/fmars.2022.1023624
https://doi.org/10.1029/2020JC016962
https://doi.org/10.5194/essd-13-4067-2021
https://doi.org/10.20944/preprints202410.0651.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 October 2024 d0i:10.20944/preprints202410.0651.v1

23 of 25

24. Subirade, C.; L'Hégaret, P.; Speich, S.; Laxenaire, R.; Karstensen, J.; Carton, X. Combining an Eddy
Detection Algorithm with In-Situ Measurements to Study North Brazil Current Rings. Remote Sensing 2023,
15,1897. d0i:10.3390/rs15071897.

25. Chelton, D.B.; Schlax, M.G.; Samelson, R.M.; de Szoeke, R.A. Global observations of large oceanic eddies.
Geophysical Research Letters 2007, 34, L15606. doi:10.1029/2007gl030812.

26.  Schlax, M.G,; Chelton, D.B. The "growing method" of eddy identification and tracking in two and three
dimensions. 2016. doi:https://api.semanticscholar.org/CorpusID:53683135.

27. Faghmous, J.H.; Frenger, I; Yao, Y.; Warmka, R.; Lindell, A.; Kumar, V. A daily global mesoscale ocean
eddy dataset from satellite altimetry. Scientific Data 2015, 2. doi:10.1038/sdata.2015.28.

28. I., H.; Backeberg, B.; Penven, P.; Ansorge, L.; Reason, C.; Ullgren, ]. Eddy properties in the Mozambique
Channel: A comparison between observations and two numerical ocean circulation models. Deep-Sea Res.
112014, 100, 38-53.

29. Le Vu, B,; Stegner, A.; Arsouze, T. Angular Momentum Eddy Detection and Tracking Algorithm (AMEDA)
and Its Application to Coastal Eddy Formation. Journal of Atmospheric and Oceanic Technology 2018,
35,739-762. doi:10.1175/jtech-d-17-0010.1.

30. Doglioli, A.; Blanke, B.; Speich, S.; Lapeyre, G. Tracking coherent structures in a regional ocean model
with wavelet analysis: Application to Cape Basin Eddies. Journal of Geophysical Research 2007, 112.
d0i:10.1029/2006jc003952.

31. Mason, E.; Pascual, A.; McWilliams, ].C. A New Sea Surface Height Based Code for Oceanic Mesoscale
Eddy Tracking. Journal of Atmospheric and Oceanic Technology 2014, 31, 1181-1188. doi:10.1175/JTECH-D-
14-00019.1.

32. Nencioli, E; Dong, C.; Dickey, T.; Washburn, L.; McWilliams, J. A vector geometry-based eddy detection
algorithm and its application to a high-resolution numerical model product and high-frequency radar
surface velocities in the Southern California Bight. Journal of Atmos. Oceanic Technol. 2010, 27, 564-579.
doi:10.1175/2009J TECHO725.1.

33. Pegliasco, C.; Delepoulle, A.; Mason, E.; Morrow, R.; Faugere, Y.; Dibarboure, G. META3.1exp: a new
global mesoscale eddy trajectory atlas derived from altimetry. Earth System Science Data 2022, 14, 1087-1107.
doi:10.5194/ essd-14-1087-2022.

34. Mkhinini, N.; Coimbra, A.L.S.; Stegner, A.; Arsouze, T.; Taupier-Letage, I.; Béranger, K. Long-lived
mesoscale eddies in the eastern Mediterranean Sea: Analysis of 20 years of AVISO geostrophic velocities.
Journal of Geophysical Research: Oceans 2014, 119, 8603-8626. do0i:10.1002/2014jc010176.

35. Du, Y, Yi, J.; Wu, D.; He, Z.; Wang, D.; Fuyuan, L. Mesoscale oceanic eddies in the South China Sea
from 1992 to 2012: evolution processes and statistical analysis. Acta Oceanologica Sinica 2014, 33, 36—47.
d0i:10.1007 /s13131-014-0530-6.

36.  Cui, W,; Wang, W.; Zhang, ].; Yang, J. Multicore structures and the splitting and merging of eddies in global
oceans from satellite altimeter data. Ocean Science 2019, 15, 413-430. do0i:10.5194/0s-15-413-2019.

37. Tian, F; Wu, D.; Yuan, L.; Chen, G. Impacts of the efficiencies of identification and tracking algorithms on
the statistical properties of global mesoscale eddies using merged altimeter data. International Journal of
Remote Sensing 2019, 41, 2835-2860. doi:10.1080/01431161.2019.1694724.

38. Dong, C.; Liu, L.; Nencioli, E; Bethel, B.J.; Liu, Y.; Xu, G.; Ma, J.; Ji, J.; Sun, W.; Shan, H.; Lin, X.; Zou, B.
The near-global ocean mesoscale eddy atmospheric-oceanic-biological interaction observational dataset.
Scientific Data 2022, 9. do0i:10.1038/s41597-022-01550-9.

39. Escudier, R.; Mourre, B.; Juza, M.; Tinto, ]J. Subsurface circulation and mesoscale variability in the
Algerian subbasin from altimeter-derived eddy trajectories. Journal of Geophysical Research: Oceans 2016,
121, 6310-6322. doi:10.1002/2016JC011760.

40. Souza, ] M.A.; de Boyer Montégut, C.; Traon, P.Y.L. Comparison between three implementations of
automatic identification algorithms for the quantification and characterization of mesoscale eddies in the
South Atlantic Ocean. Ocean Science 2011, 7, 317-334. d0i:10.5194 /0s-7-317-2011.

41. Tao, X; Yikai, Y. Three Mesoscale Eddy Detection and Tracking Methods: Assessment for the South China
Sea. Journal of Atmospheric and Oceanic Technology 2021, 38, 243-258. doi:10.1175/JTECH-D-20-0020.1.

42, You, Z.; Liu, L.; Bethel, B.].; Dong, C. Feature Comparison of Two Mesoscale Eddy Datasets Based on
Satellite Altimeter Data. Remote Sensing 2022, 14, 116. d0i:10.3390/rs14010116.


https://doi.org/10.3390/rs15071897
https://doi.org/10.1029/2007gl030812
https://doi.org/https://api.semanticscholar.org/CorpusID:53683135
https://doi.org/10.1038/sdata.2015.28
https://doi.org/10.1175/jtech-d-17-0010.1
https://doi.org/10.1029/2006jc003952
https://doi.org/10.1175/JTECH-D-14-00019.1
https://doi.org/10.1175/JTECH-D-14-00019.1
https://doi.org/10.1175/2009JTECHO725.1
https://doi.org/10.5194/essd-14-1087-2022
https://doi.org/10.1002/2014jc010176
https://doi.org/10.1007/s13131-014-0530-6
https://doi.org/10.5194/os-15-413-2019
https://doi.org/10.1080/01431161.2019.1694724
https://doi.org/10.1038/s41597-022-01550-9
https://doi.org/10.1002/2016JC011760
https://doi.org/10.5194/os-7-317-2011
https://doi.org/10.1175/JTECH-D-20-0020.1
https://doi.org/10.3390/rs14010116
https://doi.org/10.20944/preprints202410.0651.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 October 2024 d0i:10.20944/preprints202410.0651.v1

24 of 25

43. Meng, Y.; Liu, H,; Lin, P; Ding, M.; Dong, C. Oceanic mesoscale eddy in the Kuroshio extension: Compari-
son of four datasets. Atmospheric and Oceanic Science Letters 2021, 14, 100011. doi:10.1016/j.a0s1.2020.100011.

44, Lian, Z.; Sun, B.; Wei, Z.; Wang, Y.; Wang, X. Comparison of Eight Detection Algorithms for the Quantifica-
tionand Characterization of Mesoscale Eddies in the South China Sea. Journal of Atmospheric and Oceanic
Technology 2019, 36, 1361-1380. doi:10.1175/jtech-d-18-0201.1.

45, Laxenaire, R.; Speich, S.; Stegner, A. Agulhas Ring Heat Content and Transport in the South Atlantic
Estimated by Combining Satellite Altimetry and Argo Profiling Floats Data. Journal of Geophysical Research:
Oceans 2020, 125, €2019JC015511. doi:10.1029/2019jc015511.

46. Chaigneau, A.; Gizolme, A.; Grados, C. Mesoscale eddies off Peru in altimeter records: Identifica-
tion algorithms and eddy spatio-temporal patterns.  Progress in Oceanography 2008, 79, 106-119.
doi:10.1016/j.pocean.2008.10.013.

47. Kersalé, M.; Lamont, T.; Speich, S.; Terre, T.; Laxenaire, R.; Roberts, M.].; van den Berg, M.A.; Ansorge, 1.].
Moored observations of mesoscale features in the Cape Basin: characteristics and local impacts on water
mass distributions. Ocean Science 2018, 14, 923-945. doi:10.1016/j.dsr.2008.05.009.

48. Capuano, T.A,; Speich, S.; Carton, X.; Laxenaire, R. Indo-Atlantic Exchange, Mesoscale Dynamics, and
Antarctic Intermediate Water. Journal of Geophysical Research: Oceans 2018, 123, 1-22.
do0i:10.1002/2017JC013521.

49. Foltz, G.R.; Brandt, P; Richter, I.; Rodriguez-Fonseca, B.; Hernandez, F.; Dengler, M.; Rodrigues, R.R.;
Schmidt, J.O.; Yu, L.; Lefevre, N.; Da Cunha, L.C.; McPhaden, M.].; Araujo, M.; Karstensen, J.; Hahn, J.;
Martin-Rey, M.; Patricola, C.M.; Poli, P.; Zuidema, P.; Hummels, R.; Perez, R.C.; Hatje, V.; Liibbecke, J.E;
Polo, I.; Lumpkin, R.; Bourles, B.; Asuquo, EE.; Lehodey, P.; Conchon, A.; Chang, P.; Dandin, P.; Schmid,
C.; Sutton, A; Giordani, H.; Xue, Y.; Illig, S.; Losada, T.; Grodsky, S.A.; Gasparin, F.; Lee, T.; Mohino, E.;
Nobre, P.; Wanninkhof, R.; Keenlyside, N.; Garcon, V.; Sdnchez-Gémez, E.; Nnamchi, H.C.; Drévillon, M.;
Storto, A.; Remy, E.; Lazar, A.; Speich, S.; Goes, M.; Dorrington, T.; Johns, W.E.; Moum, ].N.; Robinson, C.;
Perruche, C.; de Souza, R.B.; Gaye, A.T.; Lopez-Parages, J.; Monerie, P.A.; Castellanos, P.; Benson, N.U.;
Hounkonnou, M.N.; Duh4, ].T.; Laxenaire, R.; Reul, N. The Tropical Atlantic Observing System. Frontiers
in Marine Science 2019, 6. doi:10.3389/fmars.2019.00206.

50. Shropshire, T.A.; Morey, S.L.; Chassignet, E.P.; Bozec, A.; Coles, V.J.; Landry, M.R.; Swalethorp, R.; Zapfe,
G.; Stukel, M.R. Quantifying spatiotemporal variability in zooplankton dynamics in the Gulf of Mexico
with a physical-biogeochemical model. Biogeosciences 2020, 17, 3385-3407. doi:10.5194/bg-17-3385-2020.

51. Stephan, C.C.; Schnitt, S.; Schulz, H.; Bellenger, H.; de Szoeke, S.P.; Acquistapace, C.; Baier, K.; Dauhut, T.;
Laxenaire, R.; Morfa-Avalos, Y.; Person, R.; Quifiones Meléndez, E.; Bagheri, G.; Bock, T.; Daley, A.; Giittler,
J.; Helfer, K.C.; Los, S.A.; Neuberger, A.; Rottenbacher, J.; Raeke, A.; Ringel, M.; Ritschel, M.; Sadoulet, P;
Schirmacher, I.; Stolla, M.K.; Wright, E.; Charpentier, B.; Doerenbecher, A.; Wilson, R.; Jansen, F.; Kinne, S.;
Reverdin, G.; Speich, S.; Bony, S.; Stevens, B. Ship- and island-based atmospheric soundings from the 2020
EURECH4A field campaign. Earth System Science Data 2021, 13, 491-514. d0i:10.5194/essd-13-491-2021.

52. Chen, Y,; Speich, S.; Laxenaire, R. Formation and Transport of the South Atlantic Subtropical Mode Water in
Eddy-Permitting Observations. Journal of Geophysical Research: Oceans 2021, 127. doi:10.1029/2021JC017767.

53. Manta, G.; Speich, S.; Barreiro, M.; Trinchin, R.; de Mello, C.; Laxenaire, R.; Piola, A.R. Shelf Water Export
at the Brazil-Malvinas Confluence Evidenced From Combined in situ and Satellite Observations. Frontiers
in Marine Science 2022, 9. doi:10.3389/fmars.2022.857594.

54. Olivier, L.; Boutin, J.; Reverdin, G.; Lefevre, N.; Landschiitzer, P.; Speich, S.; Karstensen, J.; Labaste,
M.; Noisel, C.; Ritschel, M.; Steinhoff, T.; Wanninkhof, R. Wintertime process study of the North Brazil
Current rings reveals the region as a larger sink for CO2 than expected. Biogeosciences 2022, 19, 2969-2988.
doi:10.5194/bg-19-2969-2022.

55. Baudena, A.; Laxenaire, R.; Catalano, C.; Claustre, H.; Ioannou, A.; Leymarie, E.; Picheral, M.; Poteau,
A.; Speich, S.; Stemmann, L.; Kiko, R. A Lagrangian perspective on the carbon and oxygen budget of an
oceanic eddy 2023. doi:10.21203/rs.3.rs-3014931/v1.

56. Speich, S. EUREC4A-OA. Cruise Report. 19 January — 19 February 2020. Vessel : 'ATALANTE. Mission
report, 2021. doi:https://doi.org/10.13155/80129.


https://doi.org/10.1016/j.aosl.2020.100011
https://doi.org/10.1175/jtech-d-18-0201.1
https://doi.org/10.1029/2019jc015511
https://doi.org/10.1016/j.pocean.2008.10.013
https://doi.org/10.1016/j.dsr.2008.05.009
https://doi.org/10.1002/2017JC013521
https://doi.org/10.3389/fmars.2019.00206
https://doi.org/10.5194/bg-17-3385-2020
https://doi.org/10.5194/essd-13-491-2021
https://doi.org/10.1029/2021JC017767
https://doi.org/10.3389/fmars.2022.857594
https://doi.org/10.5194/bg-19-2969-2022
https://doi.org/10.21203/rs.3.rs-3014931/v1
https://doi.org/https://doi.org/10.13155/80129
https://doi.org/10.20944/preprints202410.0651.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 October 2024 d0i:10.20944/preprints202410.0651.v1

25 of 25

57. Olivier, L.; Reverdin, G.; Boutin, J.; Laxenaire, R.; Iudicone, D.; Pesant, S.; Calil, PH.; Horstmann, J.; Couet,
D.; Erta, J.; Huber, P; Sarmento, H.; Freire, A.; Koch-Larrouy, A.; Vergely, J.L.; Rousselot, P.; Speich, S.
Late summer northwestward Amazon plume pathway under the action of the North Brazil Current rings.
Remote Sensing of Environment 2024, 307, 114165. doi:https://doi.org/10.1016/j.rse.2024.114165.

58.  TARA. TARA Mission Microbiomes. https://fondationtaraocean.org/expedition/mission-microbiomes/,
2020.

59. Ballarotta, M.; Ubelmann, C.; Pujol, M.L,; Taburet, G.; Fournier, F,; Legeais, ].E.; Faugere, Y.; Delepoulle,
A.; Chelton, D.; Dibarboure, G.; Picot, N. On the resolutions of ocean altimetry maps. Ocean Science 2019.
d0i:10.5194 / 0s-2018-156.

60. Pegliasco, C.; Chaigneau, A.; Morrow, R.; Dumas, F. Detection and tracking of mesoscale eddies in the
Mediterranean Sea: A comparison between the Sea Level Anomaly and the Absolute Dynamic Topography
fields. Advances in Space Research 2020, 68, 401-419. doi:10.1016/j.asr.2020.03.039.

61.  Lumpkin, R. Global characteristics of coherent vortices from surface drifter trajectories. Journal of
Geophysical Research: Oceans 2016, 121, 1306-1321. do0i:10.1002/2015jc011435.
62. Pegliasco, C.; Chaigneau, A.; Morrow, R. Main eddy vertical structures observed in the four major

Eastern Boundary Upwelling Systems. Journal of Geophysical Research: Oceans 2015, 120, 6008-6033.
doi:10.1002/2015]C010950.

63. Chelton, D.B.; deSzoeke, R.A.; Schlax, M.G.; Naggar, K.E.; Siwertz, N. Geographical Variability of
the First Baroclinic Rossby Radius of Deformation. Journal of Physical Oceanography 1998, 28, 433—460.
doi:10.1175/1520-0485(1998)028<0433:GVOTFB>2.0.CO;2.

64.  Thompson, A.F; Naveira Garabato, A.C. Equilibration of the Antarctic Circumpolar Current by Standing
Meanders. Journal of Physical Oceanography 2014, 44, 1811-1828. doi:10.1175/JPO-D-13-0163.1.

65. Peng, L.; Chen, G.; Guan, L.; Tian, F. Contrasting Westward and Eastward Propagating Mesoscale Eddies in the
Global Ocean. IEEE Transactions on Geoscience and Remote Sensing 2022, 60, 1-10. doi:10.1109/TGRS.2021.3095936.

66. Lehahn, Y.; d’Ovidio, F; Lévy, M.; Amitai, Y.; Heifetz, E. Long range transport of a quasi isolated
chlorophyll patch by an Agulhas ring. Geophysical Research Letters 2011, 38. doi:10.1029/2011GL048588.

67. Arhan, M.; Speich, S.; Messager, C.; Dencausse, G.; Fine, R.; Boye, M. Anticyclonic and cyclonic eddies of
subtropical origin in the subantarctic zone south of Africa. Journal of Geophysical Research: Oceans 2011, 116.
doi:10.1029/2011JC007140.

68. Cushman-Roisin, B.; Tang, B.; Chassignet, E.P. Westward Motion of Mesoscale Eddies. Journal of Physical
Oceanography 1990, 20, 758 — 768. doi:https:/ /doi.org/10.1175/1520-0485(1990)020<0758: WMOME>2.0.CO;2.

69.  Morrow, R. Divergent pathways of cyclonic and anti-cyclonic ocean eddies. Geophysical Research Letters
2004, 31. doi:10.1029/2004g1020974.

70. Poulin, F; Flierl, G. The Nonlinear Evolution of Barotropically Unstable Jets. Journal of Physical Oceanography
2003, 33, 2173-2192.

71.  Perret, G.; Dubos, T.; Stegner, A. How Large-Scale and Cyclogeostrophic Barotropic Instabilities Favor
the Formation of Anticyclonic Vortices in the Ocean. Journal of Physical Oceanography 2011, 41, 303-328.
doi:10.1175/2010]PO4362.1.

72. Ioannou, A.; Stegner, A.; Dubos, T.; Le Vu, B.; Speich, S. Generation and Intensification of Mesoscale
Anticyclones by Orographic Wind Jets: The Case of lerapetra Eddies Forced by the Etesians. Journal of
Geophysical Research: Oceans 2020, 125, €2019JC015810. doi:10.1029/2019jc015810.

73. Dilmahamod, A.F; Karstensen, J.; Dietze, H.; Loptien, U.; Fennel, K. Generation mechanisms of
mesoscale eddies in the Mauritanian Upwelling Region. Journal of Physical Oceanography 2021, 52, 161-182.
doi:10.1175/jpo-d-21-0092.1.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/https://doi.org/10.1016/j.rse.2024.114165
https://doi.org/10.5194/os-2018-156
https://doi.org/10.1016/j.asr.2020.03.039
https://doi.org/10.1002/2015jc011435
https://doi.org/10.1002/2015JC010950
https://doi.org/10.1175/1520-0485(1998)028<0433:GVOTFB>2.0.CO;2
https://doi.org/10.1175/JPO-D-13-0163.1
https://doi.org/10.1109/TGRS.2021.3095936
https://doi.org/10.1029/2011GL048588
https://doi.org/10.1029/2011JC007140
https://doi.org/https://doi.org/10.1175/1520-0485(1990)020<0758:WMOME>2.0.CO;2
https://doi.org/10.1029/2004gl020974
https://doi.org/10.1175/2010JPO4362.1
https://doi.org/10.1029/2019jc015810
https://doi.org/10.1175/jpo-d-21-0092.1
https://doi.org/10.20944/preprints202410.0651.v1

	Introduction
	Materials and Methods
	Sea Surface Height Fields and Eddy Atlases
	Eddy Amplitude Criterion
	Eddy Tracking Parameters
	Eddy Network Reconstruction
	Co-Location with Argo data

	Results
	Statistical Description of Mesoscale Eddies 
	Characterization of Main Eddy Pathways
	Characterization of Main Eddy Interactions

	Conclusions
	Appendix A
	Appendix A.1
	Appendix A.2

	References

