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Assessment of a Lagrangian model using trajectories of oceanographic drifters and shing devices in the Tropical Atlantic Ocean
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In the Tropical Atlantic Ocean, we assessed the accuracy of a Lagrangian model (Ichthyop) forced with velocity elds from a hydrodynamical model (CROCO) and two dierent remote sensing products (GlobCurrent and OS-CAR) using trajectories of oceanographic drifters. Additionally, we evaluated the possibility to expand the drifters data using trajectories of GPS-buoy equipped drifting Fish Aggregating Devices (FADs). The observed and simulated trajectories were compared in terms of spatial distribution, velocity distribution and a nondimensional skill score. For the drifters and FADs, the GlobCurrent and OSCAR products lead to similar performances as the CROCO model-ouputs in the broad studied domain. In the Gulf of Guinea, however, the CROCO model performed signicantly better than the other two because the parent solution of CROCO beneted from its communication with a child grid of ner resolution in this region. On average, the simulations lead to an underestimation of the drifter and FAD velocities, likely because the spatial resolutions of the forcing products were insucient and the time frequency at which they were produced were too low to resolve the relevant oceanic processes properly. We found a low

Introduction

The Tropical Atlantic Ocean circulation is particularly challenging to study due to the presence of strong surface currents and undercurrents displaying a large spatial and temporal variability [START_REF] Blanke | Variability of the tropical Atlantic Ocean simulated by a general circulation model with two dierent mixed-layer physics[END_REF]. It is also a region of deepwater resurgences, leading to coastal upwelling [START_REF] Broecker | An estimate of the upwelling rate in the equatorial Atlantic based on the distribution of bomb radiocarbon[END_REF]. Coastal upwelling occurs seasonally along the northern coast of the Gulf of Guinea located on the eastern part of the Tropical Atlantic [START_REF] Binet | Climate and pelagic sheries in the Canary and Guinea currents 1964-1993: The role of trade winds and the southern oscillation[END_REF][START_REF] Djakouré | Coastally trapped eddies in the north of the Gulf of Guinea[END_REF]. In that region, hydrodynamic models were used to simulate the ocean circulation [START_REF] Djakouré | Coastally trapped eddies in the north of the Gulf of Guinea[END_REF] and sh larval dispersal [START_REF] Koné | A biophysical model of S. aurita early life history in the northern Gulf of Guinea[END_REF] but these studies did not include a direct comparison of simulated vs. observed trajectories.

In recent years, rapid progress has been made in observation (Villas Boas et al., 2019) and numerical modeling [START_REF] Haza | Parameterization of particle transport at submesoscales in the Gulf Stream region using Lagrangian subgridscale models[END_REF][START_REF] Liubartseva | Regional approach to modeling the transport of oating plastic debris in the Adriatic Sea[END_REF][START_REF] Van Sebille | Lagrangian ocean analysis: Fundamentals and practices[END_REF] of the ocean in terms of the complexity of the physical processes considered and the spatial and temporal resolutions over which they are quantied [START_REF] Döös | Dispersion of surface drifters and modelsimulated trajectories[END_REF][START_REF] Blanke | Sensitivity of advective transfer times across the North Atlantic Ocean to the temporal and spatial resolution of model velocity data: Implication for European eel larval transport[END_REF][START_REF] Choi | Submesoscale dynamics in the northern Gulf of Mexico. Part III: Lagrangian implications[END_REF][START_REF] D'asaro | Ocean convergence and the dispersion of otsam[END_REF]. Also, the validation of the ocean velocity elds predicted by circulation models is often realized with temperature and salinity elds, and less often with observed trajectories. Trajectories of surface drifters have been extensively used in a number of Lagrangian transport studies of the ocean surface [START_REF] Blanke | A global diagnostic of interocean mass transfers[END_REF][START_REF] Döös | Dispersion of surface drifters and modelsimulated trajectories[END_REF][START_REF] Berta | Estimating Lagrangian transport blending drifters with HF radar data and models: results from the TOSCA experiment in the Ligurian Current North Western Mediterranean Sea[END_REF][START_REF] Lacorata | Lagrangian predictability characteristics of an O cean M odel[END_REF][START_REF] Carlson | Observed and modeled surface Lagrangian transport between coastal regions in the Adriatic Sea with implications for marine protected areas[END_REF]. When drifter data are lacking or limited, other observation data can be used to complement the drifter data. Hence, as a complement to drifters data, trajectories of a few GPS-buoy equipped Fish Aggregating Devices (FADs) were also used to locate the wreckage of an Air France plane [START_REF] Drévillon | A strategy for producing rened currents in the Equatorial Atlantic in the context of the search of the AF447 wreckage[END_REF].

FADs are man-made objects that generally consist of a bamboo raft of about 46 m 2 and hanging nets beneath the raft serving as a subsurface drogue [START_REF] Bromhead | A review of the impacts of sh aggregating devices (FADs) on tuna sheries: Final Report to the Fisheries Resources Research Fund[END_REF]. These nets can go down to 80 m in the Tropical Atlantic Ocean. FADs are used by shing vessels to attract tuna and increase shery productivity [START_REF] Fonteneau | Global spatio-temporal patterns in tropical tuna purse seine sheries on drifting sh aggregating devices (DFADs): Taking a historical perspective to inform current challenges[END_REF][START_REF] Maufroy | Massive increase in the use of drifting Fish Aggregating Devices (dFADs) by tropical tuna purse seine sheries in the Atlantic and Indian oceans[END_REF]. Several technological devices were added to the rafts including the use of GPS buoys to locate FADs and, more recently, echosounder buoys to monitor the amount of biomass aggregated under them. [START_REF] Baske | Estimating the use of drifting Fish Aggregation Devices (FADs) around the globe[END_REF] and [START_REF] Scott | The use of FADs in tuna sheries. Directorate-general for Internal Policies[END_REF] estimated that there are more than 100,000 FADs drifting around the globe. Due to factors such as infrequent deployment of drifters and equatorial divergence [START_REF] Lumpkin | Measuring surface currents with surface velocity program drifters: the instrument, its data, and some recent results[END_REF], the drifters are under sampled in the equatorial regions whereas there are many more FADs, particularly in the tropical areas where the purse seine eets operate. In these regions, it is therefore plausible that FADs could provide complementary data to drifters data. Lagrangian modeling predictability, and impacts of resolution have been topics of intense study using drifters data [START_REF] Beron-Vera | Statistics of simulated and observed pair separations in the Gulf of Mexico[END_REF][START_REF] Carlson | Observed and modeled surface Lagrangian transport between coastal regions in the Adriatic Sea with implications for marine protected areas[END_REF][START_REF] Dauhajre | Nearshore Lagrangian Connectivity: Submesoscale Inuence and Resolution Sensitivity[END_REF][START_REF] Chang | Small-scale dispersion in the presence of Langmuir circulation[END_REF]. However, the combination of drifters and FADs data have received little attention. [START_REF] Imzilen | Fish aggregating devices drift like oceanographic drifters in the near-surface currents of the Atlantic and Indian Oceans[END_REF] showed that oceanographic drifters and FADs drift similarly in the near-surface tropical ocean currents. In tropical waters, there is therefore the possibility of using trajectories of FADs, not only drifters, to corroborate Lagrangian simulations. [START_REF] Bedi | Validating Ocean General Circulation Models via Lagrangian Particle Simulation and Data from Drifting Buoys[END_REF] recently investigated that possibility in the Tropical Indian Ocean, mostly.

We used an extensive dataset of trajectories of drifters and FADs of the Tropical Atlantic Ocean to assess their trajectories as simulated with a Lagrangian model forced by several current products and models. Precisely, the Ichthyop Lagrangian [START_REF] Lett | A Lagrangian tool for modelling ichthyoplankton dynamics[END_REF] was forced by interannual outputs of a CROCO hydrodynamic model conguration of the Tropical Atlantic Ocean, and also by global operational current products derived from the GlobCurrent and OSCAR programs, over the period 1997-2014 for drifters and 2008-2014 for FADs. The objective was to make a comparative analysis of the solutions CROCO-Ichthyop, GlobCurrent-Ichthyop and OSCAR-Ichthyop, using the trajectories of in situ drifters and FADs as references, and also to study the possibility of using FAD data like drifters in Lagrangian studies. The paper is organized as follows. In the next section, we describe the region under study, the observational data (drifters and FADs), the CROCO model, the GlobCurrent and OSCAR ocean current products, the Ichthyop tool, simulation runs and statistical analyses.

We then present the results based on the comparison between the observations (both drifters and FADs) and simulated trajectories, and discuss our results in the last section.

Material and methods

Study region

The region under study is the Tropical Atlantic Ocean located between longitudes 65 • W and 15 • E, and latitudes 10 • S and 14 • N with the Gulf of Guinea as a specic subregion study. Most of the surface currents in that region are zonal and some of them are oriented towards the west side of the basin due to winds blow in that direction (Fig. 1). We have the South Equatorial Current (SEC) and its branches [START_REF] Bourlès | Upper layer currents in the Western Tropical North Atlantic (19891991)[END_REF][START_REF] Lumpkin | Near-surface circulation in the tropical Atlantic Ocean[END_REF] and the North Brazil Current (NBC) along the coast. The North Equatorial Counter Current (NECC) is oriented towards the east of the basin and extends into the Guinea Current (GC), which is the main surface current in the Gulf of Guinea [START_REF] Richardson | Mapping climatological seasonal variations of surface currents in the tropical Atlantic using ship drifts[END_REF][START_REF] Arnault | Tropical Atlantic geostrophic currents and ship drifts[END_REF]. There are also undercurrents in both regions [START_REF] Bourlès | Upper layer currents in the Western Tropical North Atlantic (19891991)[END_REF]. Angola Dome (AD) (adapted from [START_REF] Lumpkin | Near-surface circulation in the tropical Atlantic Ocean[END_REF].

In addition, in the study area seasonal upwelling occurs along the coasts of 80 Côte d'Ivoire and Ghana driving the recruitment of one of the most abundant small pelagic sh, Sardinella aurita [START_REF] Binet | The large marine ecosystem of shelf areas in the Gulf of Guinea: long-term variability induced by climatic changes. Large marine ecosystems: stress, mitigation, and sustainability[END_REF][START_REF] Djakouré | Coastally trapped eddies in the north of the Gulf of Guinea[END_REF][START_REF] Koné | A biophysical model of S. aurita early life history in the northern Gulf of Guinea[END_REF]. Sardinella aurita (S. aurita) plays a key role in the food security of adjacent populations, and into the energy transfer to higher trophic levels [START_REF] Mbaye | Do Sardinella aurita spawning seasons match local retention patterns in the SenegaleseMauritanian upwelling region?[END_REF]. Outputs of circulation models are often 85 used as inputs of biophysical models in order to simulate marine larval dispersal and connectivity [START_REF] Koné | A biophysical model of S. aurita early life history in the northern Gulf of Guinea[END_REF][START_REF] Swearer | A Review of Biophysical Models of Marine Larval Dispersal[END_REF]. We plan to use this approach in a follow up study to study the impact of environmental factors such as temperature, currents and food availability on S. aurita larval survival and recruitment in the northern Gulf of Guinea. The present study is therefore an attempt to compare potential current elds that could be used as forcing factors in a biophysical model.

Oceanographic surface drifters

The surface drifters trajectories (https://data.nodc.noaa.gov/) are gathered by the National Oceanic and Atmospheric Administration (NOAA) through the Global Drifter Program (GDP, Dataset, https://doi.org/10.25921/7ntx-z961) [START_REF] Laurindo | An improved near-surface velocity climatology for the global ocean from drifter observations[END_REF]. These drifters are made up of a surface buoy and are drogued at 15 m depth. The drifters measure properties such as sea surface temperature, currents, air pressure and wind direction and send this information to passing satellites using an ARGOS transmitter [START_REF] Lumpkin | Measuring surface currents with surface velocity program drifters: the instrument, its data, and some recent results[END_REF].

All older drifters used ARGOS, but in 2015 more than half use Iridium; nearly all drifters are now Iridium with GPS. Their positions are given every six hours [START_REF] Hansen | Quality control and interpolations of WOCE-TOGA drifter data[END_REF]recently each hour, Elipot et al., 2016). We keep trajectories of all drifters up to when they arrive close to the CROCO domain border (specically 3 • of latitude to the southern or northern -open-borders, the eastern and western borders of the domain being mostly closed, coastal, borders). The data obtained between 1997 and 2014 comprise 793 drogued drifters (summing to 339 drifter-years) in our study regions.

Fish Aggregating Devices (FADs)

Fish Aggregating Devices (FADs) are rectangular bamboo rafts with pieces of purse seine nets attached below them in order to attract sh and facilitate their catch [START_REF] Franco | Design of ecological FADs. Indian Ocean Tuna Commission Document[END_REF]. Positions of the GPS-buoys attached to drifting FADs are given through a collaborative agreement between the Institut de Recherche pour le Développement (IRD) and the French frozen tuna producers organization ORTHONGEL. The methodology to obtain and process FAD trajectories are detailed by [START_REF] Maufroy | Large-scale examination of spatio-temporal patterns of drifting sh aggregating devices (dFADs) from tropical tuna sheries of the Indian and Atlantic oceans[END_REF]. We used the trajectories of 6,088 drifting FADs in our study region over the period 2008-2014 (summing (2015)) has been reported to be much shorter than the lifetime of drifters (450 days; [START_REF] Lumpkin | Evaluating where and why drifters die[END_REF]). The sampling periodicity of FADs position varies from 15 min to 2 days but here we used 6 hours for FADs periodicity, like for the drifters.

OSCAR product

OSCAR is a project of the NASA Physical Oceanography Data Center (http://podaac.jpl.nasa.gov). The main objective is to improve the generation of surface currents from oceanic wind elds, and in so doing, the understanding of the mechanisms underlying the energy transfers between the atmosphere and the ocean through the layer planetary limit. This satellite-based product is a computation of global ocean currents based on satellite SSH, scatterometer winds, and both Advanced Very High Resolution Radiometer (AVHRR) and in situ sea surface temperatures [START_REF] Bonjean | Diagnostic model and analysis of the surface currents in the tropical Pacic Ocean[END_REF]. Velocities are calculated using quasilinear equations of motion by combining geostrophy, Ekman and Stommel shear dynamics formulations and a complementary term from surface buoyancy gradient [START_REF] Bonjean | Diagnostic model and analysis of the surface currents in the tropical Pacic Ocean[END_REF] directly estimated from sea-surface height, surface wind speed, and sea-surface temperature. The data is on a grid of 1 3

• spatial resolution and with a time resolution of 5 days.

GlobCurrent product

The GlobCurrent product is funded by the European Space Agency. The objective is to provide ocean surface current elds collocated with the sea surface temperature eld [START_REF] Johannessen | GlobCurrent: Multisensor synergy for surface current estimation[END_REF] from multi-satellite altimetry data.

GlobCurrent is provided at a 1 4

• spatial resolution and with a time resolution of 3 hours or 1 day (http://www.globcurrent.org/). This product is obtained by combining the geostrophic currents and Ekman currents (at surface and 15 m depth). The GlobCurrent geostrophic currents are based on Sea Level Anomalies (SLA) from satellite altimetry and a global Mean Dynamic Topography (MDT) eld [START_REF] Rio | Beyond GOCE for the ocean circulation estimate: Synergetic use of altimetry, gravimetry, and in situ data provides new in-sight into geostrophic and Ekman currents[END_REF]. The part of Ekman current in the GlobCurrent product are provided by the Ekman model [START_REF] Rio | Beyond GOCE for the ocean circulation estimate: Synergetic use of altimetry, gravimetry, and in situ data provides new in-sight into geostrophic and Ekman currents[END_REF] using drogued surface drifter data, Argo oats and near surface winds.

CROCO hydrodynamic model conguration

The hydrodynamical simulation was performed using the new Coastal and Regional Ocean Community model (CROCO) built upon the ROMS-AGRIF model [START_REF] Debreu | Two-way nesting in splitexplicit ocean models: algorithms, implementation and validation[END_REF]. It is a three-dimensional model based on the hydrostatic, incompressibility and Boussinesq hypotheses for solving the primitive equations and also the free surface [START_REF] Shchepetkin | The regional oceanic modeling system (ROMS): a split-explicit, free-surface, topography-following-coordinate oceanic model[END_REF] 

Ichthyop Lagrangian model

The drifter and FAD trajectories were simulated by the Lagrangian model Ichthyop [START_REF] Lett | A Lagrangian tool for modelling ichthyoplankton dynamics[END_REF]. Ichthyop is a tool developed in Java that allows to simulate the Lagrangian transport of particles using current elds produced by hydrodynamic models such as CROCO or surface current products such as OS-CAR or GlobCurrent, for applications in physical oceanography and in marine ecology. Here drifters and FADs were assumed to drift like discrete particles without mass. Statistical analyses of Lagrangian data from the ocean can be grouped into studies involving single particles and those with pairs or groups of particles [START_REF] Lacasce | Statistics from Lagrangian observations[END_REF]. In the present application, one particle was released at the observed drifters or FAD initial location. The displacement of each particle was given by the sum of an advective and of a dispersive components [START_REF] Peliz | A study of crab larvae dispersal on the Western Iberian Shelf: Physical processes[END_REF]. For simulations with CROCO currents, the particle is released at 15 m depth. Particle locations were updated at each time step using the Runge-Kutta 4 scheme and saved every six hours, in accordance to the recorded frequencies of the drifters and FADs positions.

Sensitivity analysis

We performed a sensitivity analysis to some of the model choices. For drifters data, we tested simulations where particles were reset every 10 days at the observed locations and also with the release of particles around (within a distance of 50 km or 200 km) the drifters initial locations. In addition, for the GlobCurrent product we tested both its 1-day and 3-hour outputs. For both drifters and FADs, we also simulated clouds of 1,000 released particles instead of only one particle. 

RM SE = (V real -V virtual ) 2 N (1)
where V virtual is the simulated particles velocities, V real the drifter (or FAD) velocities and N the number of drifters (or FADs). We also compared the overall distribution of velocities for drifters (or FADs) and particles.

Separation distance

The separation distance or error distance measures the separation of two particles or, equivalently, the propagation of a cloud of passive tracers. This index was used here to obtain the evolution of the distance between the observation (drifter or FAD) and the simulation (particle) as a function of time. The separation distance is given by:

D(t) = (x p (t) -x o (t)) 2 + (y p (t) -y o (t)) 2 (2)
where (x, y) are the geographic coordinates in 2D at time t and the indices p and o refer to the simulated particle and the observed drifters or FADs, respectively.

Absolute dispersion

The absolute dispersion [START_REF] Taylor | Diusion by continuous movements[END_REF] is dened as the distance to the initial position at each time:

D 0 (t) = (x d (t) -x d (t 0 )) 2 + (y d (t) -y d (t 0 )) 2 (3)
where (x d (t), y d (t)) are the positions of a given observed drifter, FAD or simulated particle at time t and (x d (t 0 ), y d (t 0 )) its initial position.

The "performance" of the model or skill

The "performance" of the modeled trajectory is given by :

ss(t) =    1 -s(t) n , (s(t) ≤ n) 0, (s(t) > n) (4) with s(t) = <D(t)> <D0(t)>
where < D(t) > is the average of the separation distances, < D 0 (t) > the average of the lengths of the observed trajectories and n the tolerance threshold. We set n = 1 like in the work of [START_REF] Liu | Evaluation of trajectory modeling in dierent dynamic regions using normalized cumulative Lagrangian separation[END_REF]. If ss = 1, there is a perfect match between the trajectory of the drifter (or FAD) and the simulated one. In this case, the relative error is D(t)=0.

For ss = 0, the model is not ecient, the error D(t) being of the same order as the distance traveled D 0 (t). This performance index is equivalent to that proposed by [START_REF] Liu | Evaluation of trajectory modeling in dierent dynamic regions using normalized cumulative Lagrangian separation[END_REF]. In general, the skill score is particularly useful when the number of drifter trajectories is limited and neither a conventional Eulerian-based velocity nor a Lagrangian based probability density function may be estimated (e.g. [START_REF] Gria | Lagrangian analysis and prediction of coastal and ocean dynamics[END_REF][START_REF] Ohlmann | Lagrangian assessment of simulated surface current dispersion in the coastal ocean[END_REF]. We calculated the mean and standard deviation of skill values (i.e. ss(t)) along time since release (i.e. t) among all drifters and FADs. The number of drifters and FADs were of course decreasing along time and that information was therefore also indicated on the gures.

Results

Comparison of surface currents

Fig. 2 shows the mean annual zonal velocities for the Tropical Atlantic basin obtained from the drifters data (Fig. 2a), the CROCO model (Fig. 2b), and the OSCAR (Fig. 2c) and GlobCurrent (Fig. 2d) products. The general patterns of the annual mean of the zonal velocities are consistent with those described by [START_REF] Bourlès | Upper layer currents in the Western Tropical North Atlantic (19891991)[END_REF] and [START_REF] Lumpkin | Near-surface circulation in the tropical Atlantic Ocean[END_REF]. Two branches of the westward South Equatorial Current (SEC), the northern branch (nSEC) around 2 • N and the central branch (cSEC) around 2 • S [START_REF] Lumpkin | Near-surface circulation in the tropical Atlantic Ocean[END_REF] are visible for NOAA's drifters, CROCO model and GlobCurrent product to some extent. In OSCAR, there are patches of westward velocities that are presumably associated with the nSEC and cSEC, but these are not basin-wide westward jets. In the western basin, the westward North Brazilian Current 

Comparison of trajectories

Illustrative pairs of observed and simulated trajectories of drifters were plotted (Fig. 3) and analyzed in terms of dispersion (error and absolute) and speed. Fig. 3a shows the trajectories of the NOAA drifter 116384 (in cyan) and those obtained by Ichthyop forced by CROCO (in black), by OSCAR (in red) and by GlobCurrent (in blue) thereafter referred to as CROCO-Ichthyop (CI), OSCAR-Ichthyop (OI) and GlobCurrent-Ichthyop (GI). The green square represents the initial position. The CI simulation reproduced the path followed by the drifter 116384 well, whereas with the OI and GI simulations the particles were swept away to the West or South of the domain. Fig. 3b shows the trajectory followed by drifter 3136609 along the central branch of the SEC. In this case, the GI simulation reproduced better the drifter's pathway than the CI and OI simulations where the particles were trapped in the northern branch of the SEC. In the same region, the trajectory of drifter 34300 (Fig. 3c) was this time best reproduced by the OI simulation, with particle owing eastward, contrary to the CI simulation where the particle was owing westward to the other side of the basin. The particle trajectory obtained with the GI simulation remained trapped by eddies in the release region. In Fig. 3d, all the simulated trajectories followed the same general pathway as the drifter 52860, whereas none was really good for drifter 33181 (Fig. 3e). Similar results were obtained for FADs where CI, OI or GI simulations provided the best result depending on the considered FAD (Appendix Fig. A.4). 

Comparison of spatial densities

In order to get a large-scale spatial view of the dierences between simula- The distributions were in an overall good agreement, with most of the drifters and particles being located in the center of the basin around 5 • N (Fig. 4). However, the particles density was underestimated in the northern Gulf of Guinea 295 in CI, OI and GI simulations compared to drifters density. Along the Brazilian coast south of 0 • C the GI simulation was more consistent with the observations as there are few particles there with the CI and OI simulations.

The density maps derived from simulations (CI, OI and GI) showed similar patterns and were consistent with those derived from FADs (Fig. 5). Most 

Comparison of velocity distributions

To better understand the dierences between observed (drifters or FADs) and simulated velocities, the RMSE was calculated. For drifters in the whole Tropical Atlantic Ocean, we found lower RMSE value for CI (0.39 m s -1 ) than for OI (0.41 m s -1 ) and GI (0.45 m s -1 ). In the Gulf of Guinea, we found again 310 lower RMSE for CI (0.34 m s -1 ) than for OI (0.41 m s -1 ) and GI (0.43 m s -1 ).

For FADs in the Tropical Atlantic, RMSE values for CI (0.58 m s -1 ) was lower than for OI (0.62 m s -1 ) and GI (0.67 m s -1 ) in the same region. In the Gulf of Guinea, the RMSE of CI (0.36 m s -1 ) is lower than for OI (0.39 m s -1 ) and GI (0.41 m s -1 ).

The mean speed of drifters in the Tropical Atlantic domain was 0.33 m s -1 , a value signicantly higher than obtained with the simulations (0.26, 0.24, and 0.21 m s -1 for GI, OI, and CI, respectively; Table 1). We found the same trend in the Gulf of Guinea (Table 1). Lower mean speeds of simulated particles are in agreement with lower absolute dispersion values obtained for particles than for drifters (Appendix Fig. A.11). The mean speed of FADs (0.26 m s -1 ) was lower than the drifters. Again, in the simulations lower values were obtained (0.21 m s -1 for CI and OI and 0.20 m s -1 for GI; Table 2), in agreement with the results of absolute dispersion (Appendix Fig. A.12). Results were similar in the Gulf of Guinea (Table 2). The drifters (Fig. 6) and FADs (Fig. 7) velocity distributions were comparable with the distributions of particle velocities simulated with CI, OI and GI.

However, the simulated velocities distributions were more narrow and shifted towards lower speeds. The lower speed shift was less pronounced with GI for drifters. Similar results were obtained for drifters and FADs velocity uctua- For drifters in the Tropical Atlantic, the mean skill varied much with time, 340 rising sharply in the rst days up to 0.4 and then dropping (Fig. 8). The skills obtained with CI, OI and GI were comparable when calculated for the entire Tropical Atlantic dataset (Fig. 8a) but CI performed better in the Gulf of Guinea (Fig. 8b). The same trend was found for FADs (Fig. 9) but the skills were lower than for drifters, reaching a maximum value of 0.1 only. For the drifters dataset, when particles were reset at the observed drifter locations every 10 days, the simulated mean speeds (Appendix Table A.1) were closer to the observed ones and the mean of the model performance over the tenday interval are similar in the Tropical Atlantic (Fig. 10a). The CI simulation still performed better than the others in the Gulf of Guinea (Fig. 10b). In Dierences due to vortices, areas of divergence and current variability between the forcing products can have signicant consequences in terms of simulated trajectories. For example, we found that when the initial positions of drifters or FADs were close to the divergence zone between the three branches of the South Equatorial Current, a small dierence in the position of this divergence zone between GlobCurrent, OSCAR and CROCO could lead to dramatically dierent simulated trajectories. The estimation of the Ekman current may be based on too simple assumptions and parameterization that disfavor the comparison of the simulated particles to the drifters or FADs trajectories [START_REF] Backeberg | Assessing the accuracy of satellite derived ocean currents by comparing observed and virtual buoys in the Greater Agulhas Region[END_REF][START_REF] Dagestad | Prediction of ocean surface trajectories using satellite derived vs. modeled ocean currents[END_REF]. Dierences between simulated particles and drifters or FADs trajectories can also be related to current shear, an eect of current velocity varying over the length of the drifters or FADs, and their slip, an eect of wind acting on the surface oat [START_REF] Edwards | Comparison of observed and modeled drifter trajectories in coastal regions: an improvement through adjustments for ob-57 served drifter slip and errors in wind elds[END_REF][START_REF] Grodsky | Spurious trends in global surface drifter currents[END_REF]. Another reason can be attributed to the linear interpolation in space and time employed in the Lagrangian model, although this eect is expected to be small [START_REF] Qin | Quantication of errors induced by temporal resolution on Lagrangian particles in an eddy-resolving model[END_REF]. It is also possible that the dispersive component included in the model did not adequately account for subgridscale dispersion and contributed to the discrepancy between observations and simulations. Most likely, inconsistencies between simulated and observed patterns are related to the relatively coarse spatial resolution of the currents (CROCO, OSCAR and GlobCurrent) used to simulate the particles [START_REF] Backeberg | Assessing the accuracy of satellite derived ocean currents by comparing observed and virtual buoys in the Greater Agulhas Region[END_REF], leading to unresolved eddy energy known to exist in the northern Gulf of Guinea [START_REF] Djakouré | Coastally trapped eddies in the north of the Gulf of Guinea[END_REF] and the Tropical Atlantic Ocean [START_REF] Aguedjou | Eddies in the Tropical Atlantic Ocean and their seasonal variability[END_REF]. The accuracy as well as the spatial and temporal resolution of the underlying velocity elds have a big impact on Lagrangian trajectories [START_REF] Haza | Parameterization of particle transport at submesoscales in the Gulf Stream region using Lagrangian subgridscale models[END_REF][START_REF] Choi | Submesoscale dynamics in the northern Gulf of Mexico. Part III: Lagrangian implications[END_REF][START_REF] D'asaro | Ocean convergence and the dispersion of otsam[END_REF].

The distribution patterns of FADs and simulated particles (Fig. 5) showed a particularly good agreement. This result may be due to the high number of The velocity of simulated particles were overall slightly lower than the velocity of drifters and FADs (Figs. 6 and7). The Tropical Atlantic is a highly energetic ocean zone with a strong thermal gradient and great variability [START_REF] Caltabiano | Multi-year satellite observations of instability waves in the Tropical Atlantic Ocean[END_REF][START_REF] Fratantoni | The evolution and demise of North Brazil Current rings[END_REF]. It drives a lot of mesoscale structures that are not resolved by the satellite products or the hydrodynamic model CROCO at the resolution used, which can reduce the simulated velocity like already noticed by [START_REF] Putman | Tracking the long-distance dispersal of marine organisms: sensitivity to ocean model resolution[END_REF] and [START_REF] Backeberg | Assessing the accuracy of satellite derived ocean currents by comparing observed and virtual buoys in the Greater Agulhas Region[END_REF].

Submesoscale processes, that is, with length scales of 0.110 km [START_REF] Thomas | Submesoscale processes and dynamics. Ocean modeling in an Eddying Regime[END_REF], are important in the upper ocean [START_REF] Mcwilliams | Fluid dynamics at the margin of rotational control[END_REF][START_REF] Klein | The oceanic vertical pump induced by mesoscale and submesoscale turbulence[END_REF] can contribute to the reduction of simulated speeds. The dierence between the OSCAR ve-day current and in situ observations currents are related to dynamic processes that are dicult to resolve (e.g., tropical instability waves and high latitude eddies) [START_REF] Johnson | Validation and error analysis of OSCAR sea surface currents[END_REF]. [START_REF] Meyer | Mapping the ocean current strength and persistence in the Agulhas to inform marine energy development[END_REF] suggested that GlobCurrent-based velocity elds signicantly underestimate the directly observed currents due to the temporal averaging of the data in their generation, like for OSCAR [START_REF] Imzilen | Fish aggregating devices drift like oceanographic drifters in the near-surface currents of the Atlantic and Indian Oceans[END_REF]. The regularly gridded satellite data (GlobCurrent or OSCAR) are produced using optimal interpolation and merging techniques to ll the gaps between spatially sparse satellite ground tracks.

This merging process results in the smoothing of the data in both space and time [START_REF] Ducet | Global high-resolution mapping of ocean circulation from TOPEX/Poseidon and ERS-1 and -2[END_REF][START_REF] Meyer | Mapping the ocean current strength and persistence in the Agulhas to inform marine energy development[END_REF] and also the underestimation of the ocean current velocities. The underestimation obtained with CROCO is likely associated with insucient resolution. [START_REF] Mcclean | Eulerian and Lagrangian statistics from surface drifters and a high-resolution POP simulation in the North Atlantic[END_REF] showed that model velocities agreed better with those of drifters when the model resolution became higher. CROCO velocities were generally slightly slower than velocities of both satellite derived estimated currents (OSCAR and GlobCurrent). A possible explanation is that velocity was estimated using the straight-line distance from one point to the next. Mesoscale processes better resolved in CROCO might tend to reduce the distance traveled by particles, and thereby their apparent velocity, compared to the Eulerian satellite derived current estimates [START_REF] Fossette | A biologist's guide to assessing ocean currents: a review[END_REF].

The error values obtained for drifters in our work are in the range of the values obtained previously by [START_REF] Barron | Evaluation of ocean models using observed and simulated drifter trajectories: Impact of sea surface height on synthetic proles for data assimilation[END_REF], [START_REF] Huntley | Surface drift predictions of the Deepwater Horizon spill: The Lagrangian perspective[END_REF][START_REF] Backeberg | Assessing the accuracy of satellite derived ocean currents by comparing observed and virtual buoys in the Greater Agulhas Region[END_REF], i.e., 10-25 km after 1 day. The increase in the models skill (Figs. 8 and9) over the rst few days likely reects the eects of separation scale. Once the separation scale is comparable to the resolution of the velocity eld, the separation should decrease as the dominant features responsible for the advection of particles are now resolved, at least in space. The models skill increased like in previous work [START_REF] Ivichev | Comparison of operational oil spill trajectory forecasts with surface drifter trajectories in the Barents Sea[END_REF][START_REF] De Dominicis | A multimodel assessment of the impact of currents, waves and wind in modelling 56 surface drifters and oil spill[END_REF][START_REF] Sorgente | Forecast of drifter trajectories using a Rapid Environmental Assessment based on CTD observations[END_REF]. All skills are comparable in the Tropical Atlantic. This is likely due to the similar spatial resolutions ( 1 5

• for CROCO, 1 4

• for GlobCurrent and 1 3

• for OSCAR) and in the open ocean, tidal ows and some processes which are not resolved in the currents are very weak and can generally be ignored. This is consistent with [START_REF] Scott | Estimates of surface drifter trajectories in the equatorial Atlantic: a multi-model ensemble approach[END_REF] and [START_REF] Liu | Evaluation of altimetryderived surface current products using Lagrangian drifter trajectories in the eastern Gulf of Mexico[END_REF] who found that altimetry products had similar performances as ocean models in the equatorial Atlantic and in the Gulf of Mexico, respectively. The similar performance of GlobCurrent, OSCAR and CROCO currents may also be related to the fact that they used similar wind data from atmospheric reanalyses [START_REF] Dagestad | Prediction of ocean surface trajectories using satellite derived vs. modeled ocean currents[END_REF]. However, on average, the skill of CROCO-Ichthyop was higher than those of both altimetry products in the Gulf of Guinea. This is likely due to the parent solution of CROCO which beneted from the increased resolution

( 1 15 
• ) of the child solution in that region, due to the two-way embedding procedure that we used. Increasing resolution will generaly improve results as shown previously [START_REF] Liu | Evaluation of altimetryderived surface current products using Lagrangian drifter trajectories in the eastern Gulf of Mexico[END_REF][START_REF] De Dominicis | A multimodel assessment of the impact of currents, waves and wind in modelling 56 surface drifters and oil spill[END_REF][START_REF] Sorgente | Forecast of drifter trajectories using a Rapid Environmental Assessment based on CTD observations[END_REF].

Besides, altimetry products may not be very reliable near the coast [START_REF] Vignudelli | Coastal altimetry[END_REF]. Also, the altimetry products temporal sampling (weekly maps)

are not high enough to resolve synoptic variability of the coastal circulation [START_REF] He | Coastal ocean wind elds gauged against the performance of an ocean circulation model[END_REF] Outputs of circulation models are often used as inputs of biophysical models in order to simulate marine larval dispersal and connectivity. In the most recent review, [START_REF] Swearer | A Review of Biophysical Models of Marine Larval Dispersal[END_REF] estimated that more than 20 % of all marine larval dispersal models used CROCO (former ROMS) outputs. We believe that it is however useful to compare CROCO outputs to other models or operational current products like we did here with OSCAR and GlobCurrent in order to assess the skill of Lagrangian simulations, but also to account for variability between current models or products in marine connectivity studies [START_REF] Hufnagl | Variation that can be expected when using particle tracking models in connectivity studies[END_REF]. 

Fig. 1 :

 1 Fig. 1: Schematic of oceanic circulation, the major surface (respectively, subsurface) currents are represented in arrows in solid lines (respectively, dashed lines): North Equatorial CounterCurrent (NECC), Guinea Current (GC), Equatorial UnderCurrent (EUC), Angola Current (AG), northern (nSEC), central (cSEC) and southern (sSEC) branches of the South Equatorial Current (SEC), South Equatorial UnderCurrent (SEUC), North Brazil Currents (NBC) and its retroection (NBC retr), North Brazil UnderCurrent (NBUC), Brazil Current (BC) and Guyana Current (GC). Rectangle and ellipses represent respectively the Gulf of Guinea region, Guinea Dome (GD) and

  to 818 FAD-years) based on the same criteria as drifters. It is worth noting that FADs originate mostly from the eastern part of the domain (Fig. A.3b), contrarily to drifters which have a more uniform spatial distribution of their release locations (Fig. A.3a). On average, the lifespan of FADs at sea (40 days; Maufroy et al.

  . The model domain spans 65.2 • W -15 • E and 10 • S-14 • N for the parent grid with a horizontal resolution of 1 5 • , and the nested high resolution child grid 1 15 • spans 12.33 • W -11.73 • E and 3.98 • S-8.05 • N . The vertical levels (45 levels) of the CROCO grid are discretized according to a sigma coordinate system allowing to increase the vertical resolution near the surface and/or the bottom. On the surface, the model is forced with interannual winds (1980-2015) derived from atmospheric reanalysis forcings of ERA-Interim produced by the European Centre for Medium-Range Weather Forecasts (ECMWF) (Dee et al., 2011). The model topography was built using GEBCO 2014 (General Bathymetric Chart of the Oceans (http://www.gebco.net) data. The initial and boundary conditions (heat, fresh water uxes and currents) for the hydrodynamical model are derived from the outputs of the Simple Ocean Data Assimilation (SODA) version 3.3.1. The model has three open borders (North, South andWest) and a closed border (East). We allowed a spin up time of 10 years until the model reaches an equilibrium state. The model was run from 1980-2015 and the outputs were saved every 2 days. Here, the mean annual zonal and meridional velocity (m s -1 ) of the CROCO model are evaluated against the ocean current observations product from the Global Drifter Center of the NOAA (www.aoml.noaa.gov/phod/dac/dacdata.html) and both altimetry current product (OSCAR and GlobCurrent) over the periods corresponding to our drifter[START_REF] Binet | Climate and pelagic sheries in the Canary and Guinea currents 1964-1993: The role of trade winds and the southern oscillation[END_REF]( -2014( ) and FAD (2008( -2014) ) data.

  Like in previous works comparing trajectories of observed drifters and simulated particles (e.g. Hart-Davis et al., 2018) we used the average velocity error or RMSE (Root Mean Square Error) given by:

(

  NBC) is located along the coast between 10 • N and 4 • S for NOAA's drifters and CROCO. It is degraded for OSCAR and GlobCurrent. The eastward owing North Equatorial Counter Current (NECC) situated between 11 • N and 4 • N is also visible for NOAA's drifters, CROCO model and GlobCurrent. In the case of OSCAR, the NECC seems to be degraded like for the branches of the SEC. Drifters, CROCO and GlobCurrent show the connection between the NECC and the Guinea Current (GC) in the Gulf of Guinea, which is not visible in the case of OSCAR. Based on these mean annual zonal velocities maps, CROCO currents seem to be better than GlobCurrent and OSCAR currents. Similar results were obtained for FADs (Appendix Fig. A.1) and also for the annual mean of the meridional velocities (Appendix Fig. A.2) where CROCO is again better than GlobCurrent and OSCAR.

Fig. 2 :

 2 Fig. 2: Mean annual zonal velocity (m s -1 ) over the period 1997-2014 for (a) NOAA's drifters, (b) CROCO model, (c) OSCAR and (d) GlobCurrent in the Tropical Atlantic. The North Brazil Current (NBC), south and north branches of the South Equatorial Current (sSEC and nSEC), the North Equatorial Counter Current (NECC) and the Guinea Current (GC) are indicated in (a). Solid lines in (b) indicate the boundaries of the Gulf of Guinea. The cell size in (a) is 1 • × 1 • and the number of drifters in each cell is shown in Fig 4a.

Fig. 3 :

 3 Fig. 3: Trajectories of NOAA drifters (cyan), (a) 116384, (b) 3136609, (c) 34300, (d) 52860, and (e) 33181 and of particles released at the same location (green square) and time and then transported using the CROCO (black), OSCAR (red) and GlobCurrent (blue) models.

Fig. 4 :

 4 Fig. 4: Densities of (a) observed drifters and simulated particles (using (b) CROCO, (c) OSCAR and (d) GlobCurrent) computed as the average of the number of drifters or simulated particles passing through grid cells of 1 • ×1 • . Grid cells with zero drifters or simulated particles are shown in white.

  Fig. 5: Same as Fig. 4 but for FADs.

  330 tions distributions (Appendix Figs. A.7 and A.8).

Fig. 6 :

 6 Fig. 6: Velocity distributions of (cyan) observed drifters and simulated particles obtained with (black) CROCO, (red) OSCAR and (blue) GlobCurrent in the tropical Atlantic.

Fig. 7 :

 7 Fig. 7: Same as Fig. 6 but for FADs.

Fig. 8 :

 8 Fig. 8: Mean model performance or skill obtained with (black) CROCO, (red) OSCAR, and (blue) GlobCurrent, (a) for the Tropical Atlantic and (b) the Gulf of Guinea. Note that the number of drifters used for the mean skill calculation (lower scale) decreases with time and that the time periods represented in the two panels are dierent. The vertical bars represent the standard deviation.

Fig. 9 :

 9 Fig. 9: Same as Fig. 8 but for FADs.

  350addition, with the others sensitivity analysis(Appendix Figs. A.16, A.17, A.18, A.19, A.20, A.21, A.22 and A.23), we essentially found the same results, showing the robustness of those presented previously.

Fig. 10 :

 10 Fig. 10: Mean of the model performance over the ten-day interval when particles are reset every 10 days at the observed drifters locations.

FADs

  released in the eastern part of the basin, which appears more favorable to the simulations, whereas the drifters are more evenly released over the whole Tropical Atlantic basin(Appendix Fig. A.3).[START_REF] Phillips | Regional connectivity and spatial densities of drifting sh aggregating devices, simulated from shing events in the Western and Central Pacic Ocean[END_REF] also found similar simulated and observed FAD distributions in the Western and Central Pacic Ocean. In the case of drifters and simulated particles, we found dierences in some subdomains of the Tropical Atlantic (Fig.4), in particular in the Gulf of Guinea and along the South American coast. These dierences can be attributed to the coarser spatial resolution of the dierent current used to advect the particles. This is supported by[START_REF] Djakouré | Coastally trapped eddies in the north of the Gulf of Guinea[END_REF] and[START_REF] Aguedjou | Eddies in the Tropical Atlantic Ocean and their seasonal variability[END_REF] who found a considerable number of eddies in the Gulf of Guinea and along the South American coast.

  . Monthly climatology of Eddy Kinetic Energy (EKE) assessed fromCROCO and GlobCurrent (Fig. A.24a, c) compare well with EKE estimated from satellite data(Nieto and Mélin, 2017, Supplementary Material) than, with high values obtained along the coast where the Guinea Current ows and also oshore along the northern branch of the SEC for some months (particularly June, July and December). Highest values of EKE are obtained east of coastal capes[START_REF] Djakouré | Coastally trapped eddies in the north of the Gulf of Guinea[END_REF].The mean skills obtained with the FADs were smaller than those obtained with drifters, and just above 0. While drifters drogues are centered at 15 m below the surface, the FADs subsurface structures can go down to 80 m in the Tropical Atlantic. These dierences in anchoring depth between drifters and FADs locate them in dierent current layers. Since the currents elds used in the work to force Ichthyop represented the mixed layer (0-30 m), their drogue structures could explain the small value of skill obtained for FADs.[START_REF] Imzilen | Fish aggregating devices drift like oceanographic drifters in the near-surface currents of the Atlantic and Indian Oceans[END_REF] already pointed that drifters moved faster than FADs in the Tropical Atlantic, unlike in the Tropical Indian Ocean. Our results reinforce that view and therefore suggest that in the Tropical Atlantic the FAD dataset may not be appropriate to use for corroborating Lagrangian simulations, because the FAD structures are such that FADs do not drift like water parcels.[START_REF] Phillips | Regional connectivity and spatial densities of drifting sh aggregating devices, simulated from shing events in the Western and Central Pacic Ocean[END_REF] further suggested that changes in the transmission frequency of FAD locations can contribute to dierences between simulated and observed FAD distributions, and hence to model skills.

Fig. A. 1 :

 1 Fig. A.1: Same as Fig. 2 but the mean annual zonal velocity covers the period of FAD data.

Fig. A. 2 :

 2 Fig. A.2: Same as Fig. 2 but the mean annual meridional velocity.

Fig. A. 3 :

 3 Fig. A.3: Initial positions of (a) drifters and (b) FADs.

Fig. A. 4 :

 4 Fig. A.4: Same as Fig. 3 for (a) FAD 9740, (b) FAD 379, (c) FAD 14865, (d) FAD 731 and (e) FAD 14890.

Fig. A. 5 :

 5 Fig. A.5: Mean velocity of (a) drifters and simulated particles (using (b) CROCO, (c) OSCAR and (d) GlobCurrent) passing through grid cells of 1 • × 1 • . Grid cells with zero drifters or simulated particles are shown in white.

Fig. A. 7 :

 7 Fig. A.7: Velocity uctuations distributions were comparable with the distributions of particle velocities simulated with CI, OI and GI. However, the simulated velocities uctuations distributions were more narrow and shifted towards lower speeds. The lower speed shift was less pronounced with GI for drifters

Fig. A. 10 :

 10 Fig. A.10: Same as Fig. A.9 but for FADs.

Fig. A. 11 :

 11 Fig. A.11: Mean absolute dispersion (or distance to release location) over time obtained for (cyan) NOAA drifters and simulated particles with (black) CROCO, (red) OSCAR and (blue) GlobCurrent for (a) the whole Tropical Atlantic (a) and (b) the Gulf of Guinea.

Fig. A. 13 :

 13 Fig. A.13: Same as Fig. 6 but when particles are reset every 10 days at the observed drifters locations.

Fig. A. 14 :

 14 Fig. A.14: Mean of the separation distance over the ten-day interval when particles are reset every 10 days at the observed drifters locations.

Fig. A. 15 :

 15 Fig. A.15: Mean of the absolute dispersion over the ten-day interval when particles are reset every 10 days at the observed drifters locations.

Fig. A. 16 :

 16 Fig. A.16: Same as Fig. 6 but with 3-hour output currents (green) as opposed to 1-day (blue) for GlobCurrent.

Fig. A. 17 :

 17 Fig. A.17: Same as Fig. 8 but with 3-hour output currents (green) as opposed to 1-day (blue) for GlobCurrent.

Fig. A. 18 :

 18 Fig. A.18: Same as Fig. 6 but using the barycenter of a cloud of 1,000 particles released at the observed drifters initial locations.

Fig. A. 19 :

 19 Fig. A.19: Same as Fig. 8 but using the barycenter of a cloud of 1,000 particles released at the observed drifters initial locations.

Fig. A. 20 :

 20 Fig. A.20: Same as Fig. A.19 but using the barycenter of a cloud of 1,000 particles released around (radius R = 50 km) observed drifters initial locations.

Fig. A. 21 :

 21 Fig. A.21: Same as Fig. A.20 but with R = 200 km.

Fig. A. 22 :

 22 Fig. A.22: Same as Fig. 7 but using the barycenter of a cloud of 1,000 particles released at the observed FAD initial locations.

  

  

  

  

  

  

Table 1 :

 1 Mean speed and standard deviation of observed drifters and simulated particles in the

			Drifters		
	Regions	Drifters (ms -1 )			
	TA	0.33 ± 0.08	0.24 ± 0.07	0.26 ± 0.07	0.21 ± 0.07
	GG	0.36 ± 0.05	0.27 ± 0.06	0.24 ± 0.04	0.23 ± 0.04
			FADs		
	Regions	FADs (ms -1 )			
	TA	0.26 ± 0.09	0.21 ± 0.05	0.21 ± 0.05	0.20 ± 0.04
	GG	0.28 ± 0.08	0.24 ± 0.05	0.22 ± 0.06	0.22 ± 0.04

OI (ms -1 ) GI (ms -1 ) CI (ms -1 )

whole (Tropical Atlantic, TA) and focus (Gulf of Guinea, GG) regions using using CROCO (CI), OSCAR (OI) or GlobCurrent (GI). OI (ms -1 ) GI (ms -1 ) CI (ms -1 )

Table 2 :

 2 Same as Table 1 but for FADs.

Table A .

 A 1: Same as Tab. 1 when particles are reset every 10 days at the observed drifters location.

	500	Appendix			
				Drifters	
		Regions	Drifters (ms -1 )	OI (ms -1 )	GI (ms -1 )	CI (ms -1 )
		TA	0.33 ± 0.08	0.25 ± 0.08	0.26 ± 0.07	0.22 ± 0.08
		GG	0.36 ± 0.05	0.28 ± 0.06	0.23 ± 0.05	0.25 ± 0.04
				Drifters	
		Regions	Drifters (ms -1 )		
		TA	0.33 ± 0.08	0.20 ± 0.07	0.21 ± 0.07	0.19 ± 0.05
		GG	0.36 ± 0.05	0.24 ± 0.05	0.22 ± 0.04	0.23 ± 0.03

OI (ms -1 ) GI (ms -1 ) CI (ms -1 )

Table A .

 A 2: Same as Tab. 1 but using a cloud of 1,000 particles released at the observed drifters initial locations.

			FADs		
	Regions	FADs (ms -1 )			
	TA	0.26 ± 0.09	0.18 ± 0.04	0.20 ± 0.06	0.18 ± 0.08
	GG	0.28 ± 0.08	0.22 ± 0.06	0.24 ± 0.05	0.21 ± 0.07

OI (ms -1 ) GI (ms -1 ) CI (ms -1 )

Table A .

 A 3: Same as Tab. 1 but using a cloud of 1,000 particles released at the observed FADs initial locations.

tions and observations, we plotted the density of observed drifters and simulated particles onto a 1 • × 1 • cell grid covering the studied domain (Fig.4).

Fig. A.6: Same as Fig. A.5 but for FADs

Fig. A.8: Same as Fig. A.7 but for FADs.

Fig. A.12: Same as Fig. A.11 but for FADs.

Fig. A.23: Same as Fig. 9 but using the barycenter of a cloud of 1,000 particles released at the observed FAD initial locations.
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