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WOC Themes

Sea State current Interactions for Safe Navigation i Resp : OceanDatalab
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Ocean Products available for Use Cases

Clrculation
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Use Cases Description
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Published papers

Buongiorno Nardelli, Bruno. (2020). A Deep Learning Network to Retrieve Ocean Hydrographic Profiles from Combined Satellite and In
Situ Measurements. Remote Sensing. 12. 3151. 10.3390/rs12193151.

Van Sebille, E., Zettler, E., Wienders, N., Amaral-Zettler, L., Elipot, S., & Lumpkin, R. (2021). Dispersion of surface drifters in the Tropical
Atlantic. Frontiers in Marine Science, 7, 1243.

Resseguier V., B. Chapron, E Memin, (2022); Effects of Smooth Divergence-Free Flows on Tracer Gradients and Spectra: Eulerian
Prognosis Description DOI: 10.1175/JPO-D-21-0014.1

Moiseev, A., Johannessen, J. A., & Johnsen, H. (2022). Towards Retrieving Reliable Ocean Surface Currents in the Coastal Zone from the
Sentinel-1 Doppler Shift Observations. Journal of Geophysical Research: Oceans, 127, e2021JC018201.
https://doi.org/10.1029/2021JC018201

Gomez-Navarro, Laura and Van Sebille, Erik and MORALES MARQUEZ, Verénica and Hernandez-Carrasco, Ismael and Albert, Aurelie
and Ubelmann, Clement and Le Sommer, Julien and Molines, Jean-Marc and Brodeau, Laurent, 2022. The effect of model tidal forcing on
virtual particle dispersion and accumulation at the ocean surface, Earth and Space Science Open Archive.

Foreseen papers

Valentin Resseguier, Erwan Hascoet, Bertrand Chapron, B. (Submitted). "Random ocean swell-rays: a stochastic framework". STUOD
Proceedings

Data driven models for Ekman and inertial currents from high-frequency winds (C. Ubelmann et al.) — submission by the end of summer
Lyapunov exponents toolbox. L. Gomez-Navarro, V. Morales-Marquez, | Hernandez-Carrasco (in prep. for The Journal of Open Source
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Clrculation

l
| Qown Wave current interactions : Model vs. Observed current o

Sentinel-2 Med Sea on March 16, 2019

Current jet at oceanic front < 1km
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Q Ocean Wave current interactions : Model vs. Observed current

Clrculation
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Clrculation

Q oean — SAR Doppler velocities vs Altimeter surface currents e
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Ocean
Clrculation

Back-and-Forth Nudging Geostrophic Current

/“Algorithm :
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Dynamic interpolation : Nudging SSH in a 1-layer QG model advection (Le Guillou et al., 2021)

Spatial resolution : 1/10
degree
Temporal resolution : 3-
hourly

[ Input Data : All Altimeter missionsCMEMS

ﬂmprovements regarding CMEMS Geostrophic current ?

Successful validation against standard
CMEMS mapping algorithm (based on
independent Altimetry data: Le Guillou et
al., in prep.)

KOngoing validation with Drifters
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Ocean Back-and-Forth Nudging Geostrophic Current

Clrculation

Florian Le Guillou, Sammy Metref, Emmanuel Cosme, Clément Ubelmann, Maxime Ballarotta, et al.. Mapping altimetry in the forthcoming SWOT era by back-and-
forth nudging a one-layer quasi-geostrophic model. 2020. (hal-03084218)
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Florian Le Guillou, Sammy Metref, Emmanuel Cosme, Clément Ubelmann, Maxime Ballarotta, et al.. Mapping altimetry in the forthcoming SWOT era by back-and-
forth nudging a one-layer quasi-geostrophic model. 2020. (hal-03084218)
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Circulation

Q ocean SST derived fronts and surface current model assessment

L, nar 1M

Mercator 1/ 12° across front fluxes
Hourly for 24 hours




Exploit sequences of SST satellite observations to correct background
altimeter-derived currents (u,,,, v,,.) and obtain an optimized merged
velocity: OPTimal Currents - OPT (u,, v...)

v METHODOLOGY:
fRequire the velocity field (u,v) to obey to the tracer (O evolution equation: \
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é A

HR SST gradients provide a constraint for the Altimeter
geostrophic currents, yielding corrections mainly in
large SST gradient areas
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Q gicrziﬁat.on NATL_3D

WOC-NATL3D product
daily 3D (0-1500 m) ocean currents (u,v,w), at mesoscale-resolving spatial resolution
(1/10°x1/10°), over a wide section of the central/North Atlantic Ocean (20°N-50°N, 76°W-6°W)

Three-step algorithm: v i
e ol 3D tracers fields 3D currents
1. Collect/develop high resolution surface data: ' o | Temperature (T) Geostrophic (ug.ve)
s Salinity () )  Ageostrophic
Sea Surface Temperature (SST)=> CMEMS-OSTIA Satellite and In Dynamic height (OH) (ua,va,w)
Sea Surface Salinity (SSS)=>WOC internal product Situ Observations

+air-sea fluxes

Absolute Dynamic Topography (ADT) = WOC-NATL2D
2. Retrieve ocean 3D hydrographic structure from combined surface data and in situ vertical profiles
- Long-Short Term Memory Network

3. Solve diabatic Quasi-Geostrophic Omega equation including surface forcings

high resolution WOC-NATL3D processing chain adapted from CMEMS-OMEGA3D
improved diabatic forcing term estimation including empirical Ekman shear estimates

ESA World Ocean Circulation, UCM, ESRIN, 2022/10/10



NATL_3D

Clrculation

OONS, Agwe CMEMT OMICA SO vt ol v iy 033
s = CMEMS-OMEGA:

mesoscale “permitting” resolution

inaccurate surface Ekman currents

WOC-NATL3D:
-mesoscale "resolving” resolution
-more accurate surface Ekman currents

12 September 2018
MODIS true colour image (top-left), CMEMS OMEGA3D vertical velocities at 50 m depth (top-right),

CMEMS SST (bottom-left), WOC_NATL3D vertical velocities at 50 m depth (bottom-right).
Vertical velocities are modulated at different scales by hurricane Florence, visible in the left part of the domain, and by the mesoscale

meanders and eddies along the Gulf Stream
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Circulation

) Ocean High-Frequency Total Surface Current

Igorithm : Training Data base : Improvements regarding CMEMS Total current ?
Om and 15m-drogued GPS

Drifters
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1/10 resolution, hourly.
Content : Ekman + near-inertial motions
CMEMS geostrophy added separately

Reconstruction scores

Input Data : ERA5 hourly wind stress and ! = : suggest nearly 50%
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Clrculation

Q Ocean High-Frequency Total Surface Current

CVEMS spetalrushy inn) NIt 25

2022/10/10



Clirculation

Q Ocean Lagrangian Advection of surface drift

Product characteristics:
e Trajectories simulated using: The Parcels code (Probably A Really Computationally Efficient Lagrangian
Simulator), version 2.2.2 (Delandmeter & van Sebille, 2019;
https://github.com/OceanParcels/parcels/releases)

e The algorithm used for the runs works as: e Velocity fields include geostrophic currents, inertial
oscillations, Ekman and Stokes as a total component

Ingestion of hydrodynamic data and are a combination of satellite and drifter data
(data product developed by C. Ubelmann)

Adding particle behaviour
e Oil spill: North Atlantic region during 2011. 14 days run
reproducing the Golden Trader (Denmark) incident.

e Sargassum: Tropical Atlantic region during 2018. 180
days run reproducing the Miron et al (2020) study.

Executing the simulation

What is the improvement regarding state of the art products (CMEMS) ?

Sargassum and oil spills are simulated including more ocean dynamics, namely high frequency motions,
which impact their trajectories and where they end-up on the coast.
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ocean  Sentinel1 based Tidal current induced wave breaking

Clrculation

Marine Renewable Energy

Need for wave breaking area
identification for safe
installation and operation
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ocean  Sentinel1 based Tidal current induced wave breaking

Clrculation

Marine Renewable Energy

N
5

Need for wave breaking area
identification for safe
installation and operation
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Backup slides
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Q Visualize and play with the products y

Clrculation
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Link: Syntool for WOC
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Ocean First version of our ocean e-book

Circulation
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Q Ocean The consortium
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