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WHO’S NEXT? Eesa

101 Benveniste, J. (ESA) et al: SAR, SARin, RDSAR and FF-SAR
Altimetry Processing on Demand for Cryosat-2 and Sentinel-3 at
ESA’s Altimetry Virtual Lab.

Next next: 105 Stegner, A. (LMD, CNRS-IPSL, Ecole Polytechnique):
How satellite data fusion, SST and AVISO/DUACS, can be used for
model validation?
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The EarthConsole® Altimetry Virtual Lab (AVL)

The EarthConsole® Altimetry Virtual Lab (AVL), funded by ESA, aims at providing a virtual space to

1) Support the Altimetry community in the development & operation of new Earth Observati
applications;

2) Foster collaboration by leveraging on knowledge-sharing tools. The ESA Altimetry Virtual L
has been developed on the new EarthConsole® platform (https://earthconsole.eu/) and hosts
the SARvatore (SAR Versatile Altimetric TOolkit for Research & Exploitation) family
processors which was previously available in the ESA Grid Processing On-Demand (G-PO
environment.

Scope of the poster:

Provide an update on the SARvatore family of altimetry services portfolio for the exploitation of CryoS:
2, Sentinel-3 & Sentinel-6 data from L1A (FBR) data products up to SAR/SARin Level-2 geophysit

data products.
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The SARvatore Family of Processors

* The SARvatore (SAR Versatile Altimetric TOolkit > oore for 2 Hewiesk
for Research & Exploitation) for CryoSat-2 and ¢ @ Processor Inputs R — o= "

Sentinel-3 services. UL | SO0 b

»»»»»

* The SAMPY processor service for CryoSat-2. —

* The TUDaBo SAR-RDSAR (Technical Universit ="
Darmstadt — University Bonn SAR-Reduced SAR e .
for CryoSat-2 and Sentinel-3 service.

* The ALES+ SAR (T. U. Munich) for CryoSat-2 and
Sentinel-3 service.

* The Aresys Fully Focused SAR for CryoSat-2,
Sentinel-3 & Sentinel-6 services.

W Task H story
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WHO’S NEXT? Eesa

104 Guichoux, Y. (eOdyn): AIS derived surface currents - Latest
developments and perspectives.
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elJd yn

Yann Guichoux

jele: Itation Meeting 2022

AIS derived total st rent to observe fine scale features

0/2022 - Frascati

700 LUt °, Amownig Alesandre . Ruy Tigha

The Omni Situ Technology
In situ Ocean Surface.currents, Anytime, in every ocean

edyn
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Next: 1-Stegner 2- Umbert




SHIPS AS SENSORS

Gather information on

Total ocean surface currents
using existing Marine traffic
(AIS data)

The Omni-Situ (OS) technology

Next: 1-Stegner 2- Umberigs



A Transformative Technology to Measure Surface Currents and complement Altimetry

Geostrophic currents

Remote sensing
7 satellites (+SWOT soon)

Total currents

Ubiquitous Sensing

100,000+ ships

No sensor to deploy

Next: 1-Stegner 2- Umbert



Method and Results in the Agulhas current region (Le Goff et al.
2021)

JGR Oceans
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Monitoring the Greater Agulhas Current With AIS Data

Information
Clément Le Goff' ', Brahim Boussidi® ', Alexed Mironov', Yann Guichoux',
Yicun Zhen” ', Pierre Tandeo’ ', Shavsn Guegoen’, and Bertrand Chapron® v

eOdyn Breat, Pourand, PFrance, TMT Atlastique, Brest, Flourand, France, Tytoch- Imaging Brest, Mouzand, Prance

“Iemer LOPS Brest, Moszasé, Frasce

Abstract Ower the core reghon of the Aguthas Cerrent, new of acean surface velocities are
repoeted wing the increming data set froms the Astomatic Ideatification Sysess (ALS), initlally designed
10 monitor vessel trailic. A twor-step sarategy Is sugpested A fl -
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Validations
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Sicily Channel area - HF radar vs OS currents
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Meridional component, (ms~1)
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Sicily Channel area - HF radar vs OS currents

05 i or

'HF radar, ms™
S - e | 136.8°N
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Fig. 10: (a) Map of the AIS-derived oceanic current on July 28", 2016. (b) Map of the HF-radar-derived oceanic
current on the same day

13 Next: 1-Stegner 2- Umbert



Alboran sea
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Arabian sea / correlation with SST and Chl-A
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Arabian sea / Vorticity
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16 Next: 1-Stegner 2- Umbert
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OS currents - Gulf of Mexico / extrem events (Delta Hurricane)

97.5°W 95°W 92.5°W 90°W 87.5°W 85°W 82.5°W
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Gulf of Guinea area
SWOT - GG (altimetry OS surface currents) in partnership with LEGOS
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Figure 2: (a) Mean magnitude of the OSg. (b) Mean magnitude of the Ecmwf ERAS5 wind. (c)
Mean SMAP salinity. (d) Mean magnitude of the Altimetric derived current.
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@
Merci!

How can we help you ?

Next: 1-Stegner 2- Umbert



WHO’S NEXT? Eesa

105 Stegner, A. (LMD, CNRS-IPSL, Ecole Polytechnique): How
satellite data fusion, SST and AVISO/DUACS, can be used for model
validation?

- o= 411 = 0l 0

ﬁi

— e O b BN 55 S5 K = == i [+]



48°N}

“‘:N >

N

3PN
200w

OPERATIONAL OCEANIC MODELS

Which one is the most reliable ?

MERCATOR GLOBAL (1/12°)

S b - -
'y, \ \ / e e
M ' 1‘ ’ - e
A - R
1\ v o
= / 117772
'\,-/ J7 7/ /7
y / \ - - >
' T - A
- e N\
: ) W\
\r\\
. \ :‘l
A ' o
~ ~
. —————r
y -
s/ -
———
Mml A
23 e ] "t e w

Next: 1-Umbert 2- Johnson

Mediterranean Forecast System (1/24°)




MATCHING SATELLITE OBSERVATIONS
PROVIDES RELIABLE REFERENCE EDDIES

AVISO/DUACS ALTIMETRY PRODUCTS Sea Surface Temperature

mnN

3N

N

s 10 13 » ¢
SSM [m) SST [°C)

The automated procedure is detailed poster 105!

Next: 1-Umbert 2- Johnson




WHO’S NEXT? Eesa

106 Umbert. M. (ICM-CSIC): 3D Reconstruction of Upper Ocean
Dynamics in The Nordic And Beaufort Seas, Assessment Of The
Surface Quasi-Geostrophic Approach.

115 Brioval, T. (Mercator-Ocean International): A kilometric scale
nested configuration in the Copernicus IBl model: assessment and
Impact on oceanic currents.

- o= 411 = 0l 0

iii

— e O b BN 55 S5 K = == i [+]



' 3D reconst@ctmn of upper ocean
44 .m,f dynamics in the Arctic Seas.

W Assessment of the | Surface C Quam-
Geostrephl 7 oﬁ/ /’

Marta Umbert ) Jordl Iserng (Sntanet Marlna Gutlerrez <1)
urent Bertmo @), Roshin Raj 2 -

IC) and. Barcélona Expert Center (BEC), |
Remote//é/mg Center (NERS JBergein Norwa
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3D reconstruction of upper ocean dynamics in the Arctic Seas.

Assessment of the Surface Quasi-Geostrophic Approach

> OBJECTIVE - See if surface information may be used -
to reconstruct 3D ocean dynamics in key areas of the Arctic” METHOD - Surface Quasi-Geostrophy

Ocean (eSQG)

« Reconstruction from SSH :

, SSH

by (K, 2) = exp(nok2)$s(®) | | ,(2) = Sn(z
a'l’;( z) = exp(nokz)ps(k) Ps(X) for](x)

Stream
function

« Reconstruction from SSB:

Surface Density (S\SS & SST)

exp(txukz)fvs(k') be(%) = —g@

b (K,2) =
Pu(k, z) rtoTok 2

« Reconstruction from SSV:

, Prandtl ratio

. | 4 B
Oper (K, 2) = exp(ngkz)o,. (k)

5001000 1500 2000 2500 3000 3500 ey 1- Johnson 2- Brioval Contact Marta Umbert at 2 mumbert@icm.csic.es



3D reconstruction of upper ocean dynamics in the Arctic Seas.

Assessment of the Surface Quasi-Geostrophic Approach

Example: Fram Stait » Reconstruction form SSH and model

- _ geostrophic current, show good agreement
@ _Reconstruction from SSH ‘ (corr.>0.8) up to 400 meters.

. » Reconstruction from SSV and model total
|§ currents, exhibit fairly good agreement

- (corr.>0.6) up to 400 meters.
’ . " » Reconstructions are better in the winter

Longitude [*]
® Reconstruction from SSB and spring when the water column is less
stratified

3',;- (a) Correlation ({, - {g) (c) Correlation ({, — {;)
= 0 0.2 04 06 0.8 1 0 02 0.4 086 0.8 1

90 5 0 5 10
Longitude [*]

TOPAZ4 total velocity

i .
N\

(e)

88488888 :
Depth [m ]
8388888 ¢
\

-

g 8

§

Longiude [*)

SR UNCLASSIRIED - For=eA Offieal se only Contact Marta Umbert at 2 mumbert@icm.csic.es
= T il EE W 4 = B0 55 E2 E - Em am vl

lil
I

Next: 1- Johnson 2- Brioval



WHO’S NEXT? Eesa

108 Johnson, J. E. (IGE/MEOM): Implicit Neural Representations:
Modern Optimal Interpolation for Ocean Observation Data.

116 Egido, A. (National Oceanography Centre): Small-scale ocean
surface current and wind vectors from space: the SEASTAR Earth
Explorer 11 candidate mission.
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Neural Fields:

Modern Optimal Interpolation for Ocean
Observation Data

J. Emmanuel Johnson' 1 1
Redouane Lguensat? QSE )
Ronan Fablet®

3 2
Emmanuel Cosme’ 4" 54
'Sute;gnc-Paﬁ.danom
. 1 Ecole Mnas-Taddcom
JU“en Le Sommer Next: 1-Brivoal 2-Egido




Motivation

v More Observations

Antenna 1

/,4/ \ v Higher Spatial Resolution

891 km
\

v Optimal Interpolation 1is the Standard

X Optimal Interpolation 1is expensive

We need reconstruction methods that are performant and scalable!

Next: 1-Brivoal 2-Egido



Neural Fields (NerFs)

Z
Spanal
X y
Temporal
———ll

t

[ Observations ] [ Coordinates ] [Neural Network] [ set‘fi‘;::“ ]
How well do neural networks to interpolate the missing observations?

Next: 1-Brivoal 2-Egido




Experiment

o Gulf stream region, Year 2017

time = 2017-01-01

— | o 7 Altimetry Tracks

o =~1.8 Million Observations

e ook Ingsors R o o Baseline: Optimal Interpolation, DUACS

| Compare NerFs and Optimal Interpolation! |

Next: 1-Brivoal 2-Egido




R

esults (Preview)

‘ Performant! ‘

Next: 1-Brivoal 2-Egido

Algorithm CPU GPU
Ol 1hr 40 mins
DUACS N/A N/A
SIREN 30 secs 5 secs

Scalable!



Please come by!

E johnsonj@uni-grenoble-alpes.fr Y @jejjohnson

O github.com/ocean-data-challenges/2021a_SSH_mapping_OSE

Q github.com/jejjohnson/ml4ssh

Next: 1-Brivoal 2-Egido
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115Brioval, T. (Mercator-Ocean International): A kilometric scale
nested configuration in the Copernicus IBl model: assessment
and impact on oceanic currents.
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MERCATOR
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0/@&, | 7
,~"‘éﬁ’:—": o P . A 7L | e _ .
¥ kilometric scale nestey /.co/qflgurat/on
in the Copernicus’IBI 1bdelfassessme i, >
and [mgagtg ts/4) -

Theo Brivoak”Jerom@ Chanut, Romain Bourdalle-Badie”

C cearfl/ccurren

g
’

WOC/World ocean circulation) user consultation meeting 2022

Next: 1-Egido 2-Hart-Davis




Poster presentation : background

How models can benefit from an increase of the ocean resolution ?

* Currently, the highest resolution of Mercator configurations is 1/36° (2-3km)
(e.g : 1BI36)

The scale of mesoscale eddies is of the order of the 15 baroclinic Rossby radius

* Mediterranean sea : mesoscale structures are poorly resolved at 1/36°
resolution (only 2 to 3 points per eddy)

First barochnic rossby radius (km)

* Continental shelf: eddies are not resolved

* Resolving higher baroclinic modes = better representation internal wave-driven
mixing processes

Fist baroclinic rossby radius on the
eNEATL36 domain
BlZoo nest area is indicated in black

|-l W 411 = S 00 01 S pext: 1-Egido 2-Hart-Davis = am K1 == == im |+



Poster presentation : objectives

Configuration : eNEATL36 + Bizoo (Biscay ZOOM) (“I1BI prototype like”)

250

* 1/36° parent configuration

e e a 18.75
* Kilometric resolution nest

1500

* Two-way nesting between the parent and the child configuration

* Objectives:
- Configuration setup
- present a validation of the configuration from a dynamic point of view
(SSH, tides, currents).
- Impact of the nest on the ocean dynamics

First barochesc rossby radius (km)

7150

375

=> Comparison with observations and with a twin simulation without nest

Fist baroclinic rossby radius on the
eNEATL36 domain
BlZoo nest area is indicated in black
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WHO’S NEXT? Cesa

116 Egido, A. (National Oceanography Centre): Small-scale ocean
surface current and wind vectors from space: the SEASTAR Earth
Explorer 11 candidate mission.
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SEASTAR Summary

v_y SEASTAR is a dedicated ocean mission to
{ £ T2 address well-articulated scientific needs for

2 FEALT b 3

) B : new synoptic imaging of ocean current and

\ weg ‘ . :

| ) fa*,fé“-_ ot wind vectors at 1km resolution.
‘\ f.;‘""l ’-4‘!,,"'-"'

i:h#; ' a

Ehg b Its focus on key interfaces of the Earth system

makes SEASTAR relevant to a large and
growing community of ocean, atmosphere,

f§' : cryosphere, coastal and climate scientists and https://projects.noc.ac.uk/seastar/
&

operators.

A ‘guantum leap in knowledge’ for Earth Observation and Earth Science

The first mission of its kind, with some ambitious elements, that builds on high levels of scientific and
technological readiness in Europe. A

-— == ] 4w o ] = = [l 1 = RV o+ =B Ee + THE EUROPEAN SPACE AGENCY




WHO’S NEXT? Cesa

120 Hart-Davis, M. (Technical University of Munich): Towards
understanding surface convergence and divergence processes in the
Agulhas Current and its Return by combining data from a surface
drifter-pair and World Ocean Circulation data.
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WHO’S NEXT? Eesa

121 Metref, S. (IGE/Datlas): Collaborative data challenges for
designing high level ocean data products: feedbacks from altimetry
and perspectives for surface currents.

123 Le Goff, C. (eOdyn): Inter-Comparison of oceanic surface
current in the region of the Agulhas Current.
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Collaborative data challenges for designing
high level ocean data products

Feedbacks from altimetry and perspectives for surface currents.

Poster 121

Sammy Metref!, M. Ballarotta3, E. Cosme?2, Y. Faugere3, C. Ubelmann, J. Le Sommer2, A. Albert2, A. Ajayi4, F. Le Guillou®, M.
Beauchamp® and R. Fablet®.

1 Datlas, Grenoble, France.

2 Université Grenoble Alpes, CNRS, IRD, IGE, Grenoble, France.

3 Collecte Localisation Satellites, 31520 Ramonville-Saint-Agne, France. 4 Space Sense, 75001 Paris, France.
5 ESAESRIN, Frascati, 00044, Italy.

6 IMT Atlantique, Lab-STICC, Université Bretagne Loire, Brest, France.

WOC User Meeting, ESA-ESRIN, Frascati, ltaly, 2022



Key aspects

What about
ocean circulation?

Challenges to come Examples of past and
ongoing data challenges

- e ]
SSH Mapping Data Challenge 2020a

Thes Mprdaty N Ean) (00w B v retatenk ) Y meaaby) ol » T S5 vy W
e

The ouichatart 20 B rer oaine by Cioeng e —

Nature Run

Feedbacks

L X

Next: 1- Leroux 2- LeGoff
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datlos ELS

Poster 121

% N @ + 3 ir\{‘f;%: github.com/ocean-data-challenges

EgsE
OthS Check us out at www.datlas.fr , contact: sammy.metref@datlas.fr @

WOC User Meeting, ESA-ESRIN, Frascati, ltaly, 2022
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122 Leroux, S. (Datlas): A probabilistic approach based on
ensemble simulations to quantify the predictability properties of the
surface ocean dynamics: a Western Mediterranean test-case at
kilometric scale resolution.

125 Bricaud, C. (Mercator Ocean International): Toward a
community global 1/36° configuration based on NEMO.
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Stephanie.Leroux@datlas.fr m

A probabilistic approach based
on ensemble simulations

o~ \
) oAt t dday
Small
INCArtalr
(

1Ly,
s>

20 ensemble
members run
over 60 days

Larger

uncertainty

onlC

- J_'_ A Western

Mediterranean
test-case at
kilometric-scale
resolution.

datlas @)
&( lagls QFQP

Misfit (location score in km) of the forecast

at a given time-lag

of the surface ocean dynamics:

- ' How accurate should initial conditions be to achieve a
A forecast accuracy of 10 km with a 95% confidence?
() +1 day (b) +2days (€) +5 days
- © ©
» . »
'T_ '1" e
(c) Hdes (f) +mdws
= © ©
» : » x 1| .
(h |
" " "
° 13 1)
° » = » & L 0 “ e » & L w » » © 3
Misfit (location score in km) in the Initial Conditions (1.C.) y

* To what extent is it possible - and does it make sense - to
forecast the fine scales (~kilometric) of the ocean as targeted by
the future generations of operational systems?

* Derive “predictability” information potentially useful to prepare
for the assimilation of future high-res observations and for the

Next: 1- LeGoff 2- Bricaud design of future observation networks and missions.
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123 Le Goff, C. (eOdyn): Inter-Comparison of oceanic surface
current in the region of the Agulhas Current.

127 Stoffelen, Ad (KNMI): A new high-resolution ocean-relative
wind stress forcing product from the Copernicus Marine Service.
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eCdyn

Sailing difficulties in the region of the Agulhas current inferred from AIS

data

~.
Clément Le Goff , Pierre-Yves Colson *, Brahim Boussidi -, Soléne Jousset ?, CLé
Sandrine Mulet ¢, Marie Héléne Rio®, Lucile GAUTIER?, Bertrand Chapron *°

1 eOdyn, Brest, France. 2 CLS, Toulouse, France 3 ESA, Esrin, Italy

Ifremer 4 ODL, Brest, France 5 Ifremer, LOPS, Brest,France \ .-
Context & Objectives: Analysis the ship behavior in the Agulhas current region ?gio_'ce..anDataLab
%’
3205 32°5 * Unknown Data (not available in the AIS message)
0 |20 4D 60 | 80 100 120| 149/ Density of AIS data
Mean Number of AIS:Data per day #I * " message T
33°S } -] 335
/ i Vessels want to keep a \
W | B |- = ]s4-s Course Over Ground Y N
- = (COG) constant — - .
T AT - - |
35°S e S - —435'sWhen sailing difficulties \V (p/
e T T appear the COG starts to o s Wos
l N fluctuate and vessels V%Y
24°E 25°t 26 27t 28't 29t Slow down. et

ESA
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June the 13*, 2019)

Oceanic current (AltnﬁAlSi

ESA UNCLASSIFIED - For ESA Official Use Only
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125 Bricaud, C. (Mercator Ocean International): Toward a
community global 1/36° configuration based on NEMO.

128 Beauchamp, M. (IMT Atlantique): 4DVarNet: end-to-end
learning of variational interpolation schemes with application to
satellite-derived sea surface datasets.
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sl el Develop a new global 1/36° (ORCA36) configuration

INTSRNAT ONAL

First hindcast: New configuration:

« Based on NEMO 4.0 OGCM «  Switch to NEMO 4.2 OGCM
. 18 months ran with ORCA36
* Nounderi helf for the moment

* No tidal forcing
« 30.000 cores for NEMO «  Bathy: based on GEBCO 2019 and Bedmachine Antarctica 2

» Forced by ECMWEF/IFS at 1/8° and 3 hours

. Add southern cavities in the domain
«  Test tidal forcing (o1, k1, m2, s2, n2 and use Self Attraction Loading)

»  Forcing dataset: switch to ECMWEF/IFS 1h-resolution

SSH anomaly after 3 month (hourly mean)
T :

3 months without tides 3 months without tides

_—

Oct 2012 Jan 2013

1 month with
3D hourly fields

3 months with tides

left: without tide ; right : with tides

Next: 1- Stoffelen 2-Beauchamp



(m ocen Global 1/36° improvment

INTLRNAT ONAL

» At lower resolution (global 1/12°), we test the impact of southern cavities on tidal solution

* Adding southern cavities improve tidal solution at global scale for all components

CXTN (2 (M M T N

8,50 6,17 2,37 1,24 2,66
cavltles 6,49 2,20 1,77 1,07 2,03
gain 2 4 05 017 0,63

Tidal solution errors to FES2014
for the global 1/12° (ORCA12) configuration

Next: 1- Stoffelen 2-Beauchamp



MERCATOR
@ OCEAN

INTERNAT ONAL

Global 1/36° improvment

Before performing a multi-year hindcast,

short runs without/with tidal forcing ( at 1/4°, 1/12° and 1/36°) are performed, forced by ECMWF/IFS 1h-resolution

Tidal solution error compared to FES2014 are

divided by 2 with 1/36° resolution, compared
with global ’%°

I O N L
error{1/36)
M2 b 5.2 31

231
K1 7.0 6.4 a5 2.
01 23 18 1) 19
S2 2.8 rlal 14 2
N2 14 14 0.6 234

Tidal solution errors to FES2014
for the global %°, 1/12° and 1/36° configurations

Tidal forcing improve finer time-
scales energy

lon: 207.9930E lat: 41.9720N depth: 80.00m

W 109 N ke
— et 106 330
—

20 1 H — ywncharel
H —

——

1071 4

10 4

KE (m2u2)

107¢ 4

104

10-%? - .
10! 10t 10° w!
Wave rumber [cycie per day)

spectrum decomposition of KE in time domain
from ORCA36 and current meter veloctities

Next: 1- Stoffelen 2-Beauchamp

KE (m2eQ)

Hourly atmospheric forcing
increases energy at finer time-
scales

lon: -155.0E lat: 45.0N depth: 0.0m

— ghobel 1736 11530
— R LI N3N
—-— 120
] -
- ool beouescy

10

07

0

10

0!

10-1¢

Wave rumber (cpd)

spectrum decomposition of KE in time domain
from ORCA36




WHO’S NEXT? Eesa

127 Stoffelen, Ad (KNMI): A new high-resolution ocean-relative
wind stress forcing product from the Copernicus Marine Service.

129 Brockmann, J. M. (University of Bonn): On the use of surface
current observations for the joint estimation of geodetic mean
dynamic topography models and the geoid.
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e

Copernicus
Marine Service

A new high-resolution ocean-relative wind
stress forcing product from the
Copernicus Marine Service

Rianne Giesen!, Ad Stoffelen', Ana Trindade?, Marcos Portabella?

PROGRAMME OF - . MERCATOR Royal Netherlands
THE EUROPEAN UNION OpPEernICUS implemented by OCEAN P9y Meteorological Institute
bopnquans e’ INTERMATIONAL m Ministry of Infrastructure

and Water Management

Navi: 1. Rastichamn 92 Rrackmann



10.48670/moi-00305

W
Product Description Spatial Temporal Temporal Ind Speea

resolution coverage resolution

L4 NRT Global Ocean Hourly Sea Surface 0.125° 01/01/2020 hourly
Wind and Stress from present Recent L4
Scatterometer and ECMWF model : -
production :
L4 REP Global Ocean Reprocessed Hourly ~ 0.125° 02/03/1992 hourly started in B
Sea Surface Wind and Stress from -1M July 2022

Scatterometer and ERAS

Scatterometer observations for Metop-B and Metop-C ASCAT and their
collocated European Centre for Medium-Range Weather Forecasts (ECMWF)
model variables are used to calculate temporally-averaged difference fields.
These fields are used to correct for persistent biases in hourly ECMWF
operational model fields. The product provides stress-equivalent wind and
stress variables as well as their divergence and curl. The applied bias
corrections and the standard deviation of the difference are included in the
product.

ESA UNCLASSIFIED - For ESA Official Use Only

PROGRAMME OF - rRicUs teolemaniad b MER;%QTOR Royal Netherlands 58
E EUROPEAN UNIO ‘ : oc yal Necherlands
| % E )Pi»i{ ,'I'N m— oﬁ_% A~ L l id % == lndMION: &5 Meteorological Instizute

Miniszry of Infrastructsre
ond Water Management

Navi: 1. Rastichamn 92 Rrackmann



Wind TAC product overview 2023

Product Description Spatial Temporal Temporal
resolution coverage resolution

L3 NRT Global Ocean Daily Gridded Sea 0.125° 01/01/2016 satellite '
Surface Winds from 0.25° present .
Scatterometer 0.50° =
10 _g
L3 REP Global Ocean Daily Gridded 0.125° 02/03/1992 satellite
Reprocessed Sea Surface Winds 0.25° -1M ;
from Scatterometer 0.50°
I .
L4 NRT Global Ocean Hourly Sea Surface 0.125° 01/01/2020 hourly
Wind and Stress from present Recent L4 ”

Scatterometer and ECMWF model production

L4 REP Global Ocean Reprocessed Hourly  0.125° 02/03/1992 hourly started in
Sea Surface Wind and Stress from -1M July 2022
Scatterometer and ERAS

10

(ms-]

L4 REP Global Ocean Reprocessed 0.25° 15/05/2007 monthly
Monthly Mean Surface Wind and -1M
Stress from Scatterometer

ESA UNCLASSIFIED - For ESA Official Use Only - Rc
ffﬁ Fxmmgg ef N ‘ Q_@?rmus |m lement g(E:EA:ITOR Royal Necherlands 59
— . — , & g id b% Meteorological Institut
- — I I HE - - - i‘i‘ i i ] " —— . A1|0N= &5 u;r\;o{?ff:\(:\:m::xrfu y

Navi: 1. Rastichamn 92 Rrackmann ond Water Management
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128 Beauchamp, M. (IMT Atlantique): 4DVarNet: end-to-end
learning of variational interpolation schemes with application to
satellite-derived sea surface datasets.
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Next: 1- Brockmann 2-Le Vu



4DVarNet framework

4DVarNet : what isit?

Notations : x state space, y partial and potentially noisy observations of x

Generic data assimilation cost function (4DVar) -

.ll”l'l
Ja(x.y.0) = Ay — H(x)|5 + Asl|x— ¥ (x)][°.

Optimal state found by minimization of the cost function w.r.t state x

x" = argmin_ T (x,y.)

|
sOver

Problem solved by a minimization method, denoted as [, typically an iterative gradient descent
' = X L av, T (x,y.0)

Is there a way to improve and speed up this optimization with a generic solver

Definition

4DVarNet : Learning to learn 4DVar by optimizing all its component (prior and solver) at once.
It defines a generic end-to-end neural architecture which runs a predefined number of iterative gradient-based update. Why end-to-end ? Because it uses as inputs raw observation data y and an initial guess
x'”) and as outputs the reconstructed state x.

ESA UNCLASSIFIED - For ESA Official Use Only
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ADVarNet-SSH

4DVarNet-SSH

= Ground truth dataset x : high-resolution 1/60° NATL6O configuration of the NEMO (Nucleus for European Modeling
of the Ocean) model

* A 107 x 10" GULFSTREAM region is used with downgraded resolution to 1/20

GULFSTREAM domain

» OSSE : pseudo-altimetric nadir and SWOT observational datasets y = {y; } at time f; are generated by a realistic sub-sampling satellite constellations on subdomain 2 = {12, } of the gnd

o |

-_— | —  C— E — _— —
(a) Ground Truth (S5H) (b) Ground Truth (c) Observations (madir) (d) Observations
(V) (nadir rswol)

Ground Truth (SSH & Vg, ) and psevdo-observations (nadir & nadir+swot) on August 4, 2013

ESA UNCLASSIFIED - For ESA Official Use Only

- o= 4 ]1

i

- 11 1l = EE ™ R s =R BB = im ¢
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Simulated altimetric dataset

Voo Observational mask (sadv)
. lated altimetric dataset 29 ol
s>imulated altimetne datase 5

Vowwnnt

o oo Lo oce oce

From top left to bottom right : Ground Truth, Observations, DUACS Of and 4DVarNet

Relative improvement w.r.t operational optimal interpolation between 30% and 60% in terms of reconstruction error. For the nadir+swot altimeter configuration, we reach resolved
space-time scales below 70km and 7 days

ESA UNULASSIFIED - FOr ESA UIICIdl Use Uty
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Real altimetric dataset

Real altimetric dataset

.&l) L/l'\»-‘.'—-% ‘z,') V‘\.&'—O

»n v

Left : DUACS Ol Right : 4DVarNet

The direct application of the OSSE-based best model on real altimetric nadir dataset (2017) already improves the current mapping capabilities with minimal spatial scales resolved up to
109km (4DVarNet) vs 152km (DUACS OI)

ESA UNCLASSIFIED - For ESA Official Use Only
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WHO’S NEXT? Eesa

129 Brockmann, J. M. (University of Bonn): On the use of surface
current observations for the joint estimation of geodetic mean

dynamic topography models and the geoid.

131 Pegliasco, C. (CLS): Analyze of particles advection from
altimetry surface currents to assess mesoscale eddy network
coherence.

— e O b BN 55 SE K = == im [+]

iii

- o= 411 = 0l 0



»
-
R,
-~
-~

On the wse of surf' e‘e current observatio
th@j@ﬁT estimation offegdetlgmean dy

topograpI”y m’o cz%he geoid

Jan Matrin Brockmann Mbrltz BOFl.I{ o]
Institute of Geodesy ar‘{d ‘

Next: 1- Le Vu 2- Pegliasco
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Introduction: Parametric Geodetic MDT Estimation Eesa

Along-track altimetric SSH
observations

spatial and temporal averaging

MDT: +2 m,
parameterized by
local finite element

signal separation
geoid: 100 m, =
parameterized as .
global spherical

harmonics , basis functions
t
» satellite-only, GOCO 5 , Is the separation
» bandlimited spherical : supported by
harmonic domain - - Sentln.el-1 Doppler
» stochastic data J il o derived RVL?
= o m I ES IS = = I =

" Next: 1- Le Vu 2- Pegliasco



Conclusions and Recommendations

geoid, ssh & smoothness geoid, ssh, smoothness & rvl

1.0 Real IW mode data [1]
20°5 20° « clearly provides additional
0.5 signals
T * introduces some systematics
30°S 30°S 0.0 & « ageostrophy not corrected yet
= * remaining artifacts in the data?
-0.5
40°S 40°S
> R ——— = Ay
10°  20°E  30°E  40° 10°E  20°E  30°E  40°% =40

» Satellite based current observations have the potential to improve MDT & geoid
* Positive effects visible, continue the effort in S1 RVL re-calibration!

* Better temporal and spatial availability for IW mode required

* |Insufficient spatial sampling of WV mode

[1] NERSC, 2022. Sentinel-1 IW Ocean Surface Current Radial Velocity over Agulhas Region from ESA WOC project. Ver. 2.0. Obtained from CERSAT/ Ifremer, Plouzane, France.
ESA UNCLASSIFIED - For ESA Official Use Only
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WHO’S NEXT? Eesa

LE VU, Briac (AMPHITRITE): Deep-Eddy-Scan : a new tool for real
time eddy detection based on the fusion of SST and altimetry

satellite data.

132 Jousset, Solene (CLS): Synergetic use of altimetry and in-situ
surface currents (AIS derived current and drifters) for ocean
circulation.
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AMPHITRITE S —Na
o o

DEEP-EDDY-SCAN

a new tool for real-time eddy detection based on
the fusion of SST and altimetry satellite data

Briac LE VU?, Alexandre STEGNER*?, Evangelos MOSCHOS*? and Artemis IOANNOU?

1: 2 . 3 : Xfc‘:.:‘:»l E
) POLYTECHNIQUE
/

~

&

ESA-WOC 10-12 October 2022




Satelite data

A state of the art In real time of
the mediterranean sea eddies

Sea Surface Temperatrure Original toolSs
- : Cores contour
Al Centers
Reliability

@% Trajectories

— 1, AMEDA
RIFOED

/

ESA-WOC 10-12 October 2022




In situ data

Colocalisation with in situ 3D Data
and Operational Models

ARGO profilers

MERCATOR -
global .

S|I9pPON

Mediterranean
Forecast System

ESA-WOC 10-12 October 2022




The whole dataset is portable thanks to SEAScope
a Taylor Made Interface developped by Ocean Data Lab

OceanDatalLab

ESA-WOC 10-12 October 2022
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131 Pegliasco, C. (CLS): Analyze of particles advection from
altimetry surface currents to assess mesoscale eddy network

coherence.

133 Jenkins, J. (Université de Toulon): Probabilistic Lagrangian
Tracking of Objects Lost at Sea With Deep Learning.
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C(IS;S #131 : ANALYZE OF PARTICLES ADVECTION FROM ALTIMETRY SURFACE
CURRENTS TO ASSESS MESOSCALE EDDY NETWORK COHERENCE

Cori Pegliasco, Antoine Delepoulle, Clément Busché, Rosemary Morrow, Yannice Faugére, Gérald Dibarboure

What are we interested in? - Investigation of a specific Network

Managing interactions between mesoscale eddies (e.g. Temporal evolution of the segments and their interactions

merging and splitting events) is necessary to properly ‘-
understand the dynamics of these structures. ” A

:

O

The daily detected eddies are gathered in networks, '
where segments are linked by interactions

— Eddy after merging

Segment 1 — — L T R
Merging event : Spatial representation & evolution of surface characteristics
Segment 2 100°E 101*E 102°E 103°E 104°E .

27*s | —— Eddy before merging
Eddy stopped by merging
4 Eddy centers before merging

(cm)

Eddy centers
before merging

Amplitude

" ¥

™~ ' T o '

Splitting event

Network 1
- »

Effective Radius

09/07/2012 24/07/2012 08/08/2012
Time




(;? 3
CES #131 : ANALYZE OF PARTICLES ADVECTION FROM ALTIMETRY SURFACE /SifrAce
CURRENTS TO ASSESS MESOSCALE EDDY NETWORK COHERENCE

Cori Pegliasco, Antoine Delepoulle, Clément Busché, Rosemary Morrow, Yannice Faugére, Gérald Dibarboure

Investicationoffa'SreciicINetvonk

Managing interactions between mesoscale eddies (e.g. Temporal evolution of the segments and their interactions
merging and splitting events) is necessary to properly ‘
understand the dynamics of these structures.

U

The daily detected eddies are gathered in networks,
where segments are linked by interactions

Segment 1 RS MoANe 1NORIOL4
Snapshots of the particles injected in  and S8 before the merging
verg ‘ : Segment 2 and advected forward in time.

2021/07/16 2021/07/21 2021/07/26
Last detection of

2021/07/31 2021/08/05 2021/08/10

Splitting event

Network 1




A

CLS  #131 : ANALYZE OF PARTICLES ADVECTION FROM ALTIMETRY SURFACE /7TAr 2
CURRENTS TO ASSESS MESOSCALE EDDY NETWORK COHERENCE

Cori Pegliasco, Antoine Delepoulle, Clément Busché, Rosemary Morrow, Yannice Faugére, Gérald Dibarboure

Investigationioffasecific]Natos ki

Managing interagtipns betweep mesoscale eddies (e.g. The particles injected in  before the merging and advected forward
merging and splitting events) is necessary to properly in time wrap around the core of S8 and stay stable in time.
understand the dynamics of these structures. 2012/07/16 - 2012/08/15

@ 2012/07/16
‘)

The daily detected eddies are gathered in networks,

where segments are linked by interactions

3l Segment 1
'/’._\ﬂ Merging event (‘\Seg’/me'ntZ

~—

Splitting event
Network 1




JDUACS

132 Jousset, Solene (CLS): Synergetic use of altimetry and in-situ
surface currents (AIS derived current and drifters) for ocean

circulation.

136 Boussidi, B. (eOdyn): Sea Surface Currents from AIS Maritime
Traffic Data Using Trainable Variational Data Assimilation Models.



CLS #132 : Synergetic use of altimetry and in-situ surface currents

eCJdyn (AIS derived current and drifters) for ocean circulation
Soléne Jousset, Sandrine Mulet, Clément Le Goff, Clément Ubelmann, Gérald Dibarboure, Marie-Héléne Rio

What are we
interested In?

Combining altimetry with ocean surface velocities observations to correct the altimeter-derived
geostrophic currents and to obtain more realistic upper ocean surface circulation fields

Data
(~— )

- Geostrophy

Velocities

estimates Altimetry (SSH, Ug, Vg)
\_ J

from drifting
buoys (SVP)

Method N
Multiscale Inversion for
Ocean Surface
Topography (MIOST)

. / — \ (Ubelmann etal 2021) )

T Velocities estimated from )

' Ekman .
messages sent by the Projects on currents  Near Inertial
boats through Automatic different modes Oscillations ...
Identification System (AIS)

(Le Goff et al 2021) )

. Ageostrophy
(U-V)

) .. WOC UserCoosuItatlor;l\'néet‘mgf | Net: 1- Jenkins 2- Boussidi

SA-ESRIN. | -Frascati (Rome], Haly, s -, . ..



@
CLS #132 : Synergetic use of altimetry and in-situ surface currents ¢
e-ﬁ.'dﬂ (AIS derived current and drifters) for ocean circulation cnes

Soléne Jousset, Sandrine Mulet, Clément Le Goff, Clément Ubelmann, Gérald Dibarboure, Marie-Héléne Rio Eesa

What are we Combining altimetry with ocean surface velocities observations to correct the altimeter-derived
Interestad In? geostrophic currents and to obtain more realistic upper ocean surface circulation fields

First case : Observing System Simulation Experiments (OSSE) In the wutem
Mediterranean Sea basin

+Pseudo drifter observations

ue

»Y v —— Ntionly

"!m r‘ﬂ:oli’.dr fters

- Geostrophic mode » 7Y Ati+30%drifters
+ Ageostrophic mode -

the addition of drifters increases the energy
at periods between 3 and 20 days

Sacond : MIOST reconstruction with real observations in Agulhas Current

altimeter)
« Improvement of total current (comparison with 57/
from AIS

“!0’1‘ independent drifters)
+ - Geostrophic mode ‘ w
V}

Qelocities estimat

* SSH improvement (comparison with independent '
N 4 N
ed ‘

Altimetry + Ageostrophic mode

‘ " WOC UserConsultatlonMeetmgf Next: 1- Jenkins 2- Boussidi ‘SA-ESRlN | Fra§i:ati (Romé)', italy, -



WHO’S NEXT? Eesa

133 Jenkins, J. (Université de Toulon): Probabilistic Lagrangian
Tracking of Objects Lost at Sea With Deep Learning.

137 Aouf, L. (Meteo France): On the impact of wave/ocean
coupling on surface currents.
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End goal: error-correcting neural network

Input Transition from t
= t+1 .
—
Neural - 0h —
Network . 2 \\ .

Operational products
with errors
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First aim: emulate error-free drift

Surface currents

NW Med Sea ~1 km resolution Probability 2018-02-06 + 00
. 10%
¢ s - 25% "435
. 50%
Em 75%
"""" | I L 43.0
Generate 45
probabilistic Frrrrrrrrrrrrerrrerrri :
trajectories ‘ 1 T
-} a2.0
Initial 5 km
HEEEEEEE perubation 1
4 . 4 4 $ 4 ! 4 ' 3 | | _41-5
3 4 5 6 7
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First aim: emulate error-free drift

Surface currents

NW Med Sea ~1 km resolution Probability 2018-02-06 + 00
. 10%
R - 25% 43
| . 50%
Em 75%
..... Tt - 43.0
Generate .
probabilistic T 11 T T T e S .
trajectories t t : |-
1t 42.0
Initial 5 km
HEEEEEEE perubation ™1
-t aus
\ 4 ‘
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Extract
pair of snapshots

t+1
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First aim: emulate error-free drift

Surface currents

NW Med Sea ~1 km resolution Probability 2018-02-06 + 00
. 10%
R - 25% 43
| . 50%
Em 75%
..... Tt - 43.0
Generate .
probabilistic T 11 T T T e S .
trajectories t t : |-
1t 42.0
Initial 5 km
HEEEEEEE perubation ™1
-t aus
\ 4 ‘
3 4 5 6 7

Extract
pair of snapshots

A 4

t+1

\ 4

Neural network
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Sea surface height
NW Med Sea ~1 km resolution

Trajectories
dataset

A 4

Extract

pair of snapshots

Probability
El 10%
. 25%
l 50%
Bl 75%

Initial 5 km
perubation

t+1

\ 4

Neural network
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Results & conclusion

Groundtruth Input Input
scenario: scenario: Neural network = good
Emulation SSH emulation
N S G
J\\ J‘\ J\\ SSH = imperfect modelling
R R s
Future work = emulate
errors
from operational products
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WHO’S NEXT? Eesa

136 Boussidi, B. (eOdyn): Sea Surface Currents from AIS Maritime
Traffic Data Using Trainable Variational Data Assimilation Models.

138 lovino, Doroteaciro (Euro-Mediterranean center on climate
change -CMCC): Validation of near-surface ocean current using
satellite products.
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using trainable Variational

Ocean current re

assimilat dels and AIS data
Brahim Boussidi 1, Simon Benaichc 1.2 Clément Le Goff1, Ron‘am :

RO

1 —eOdyn, Brest
2 — IMT Atlantique, Brest

Ocean in motion y



eQd)'n Brahim Boussidi ', Simon Benaichouche ?, Clément Le Goff ', Ronan Fablet ?
1 eOdyn, Brest, France.
'“’ 2 IMT Atlantique, Brest France

IMT Atlantique
Eoatagne - M S0 b Lowe
Eccée Mines Tedeoom

Context & Objectives:

Development of ”trainable” data assimilation schemes within
a deep learning framework in order to reconstruct sea

surface current from AIS data.

Figere 1: Domsity plos of vossel trafic por s of Stm” for 2006 i the Modeormasess sea. The somenshor is talon
foom www marmeraliac oeg . & websie developod by reseaschens from the Depariment of Product and Sysierm Desgn
Enpecermg. Unarversty of the Acpean, Greece
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Method: Using the fundamental principle of dynamic

Vsoc = Vstw + Uoc (Eq. 1)

Course over Ground* \

Speed over Ground* Ocean current

True Heading®
Speed over surface

Hzx =y (Eq. 2)

: . 2 2
& =argmin A [[Hz —yllg + A2 ||z — @(2)||” (€q.3)

\ J \ J
A 4 Y

Observational Trainable

model dynamical
prior

(Fablet et al, 2021)
AD = Automatic

differentiations

Observations

1 - Neural architecture regarding the dynamic prior operator (U-Net, ODE/PDE-Net)
- A 2" neural network which implements a solver of the variational cost function using a gradient descent method (LSTM-based solver)
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@SSE setting: Strait of Sicily

K Ground Truth Optimal interpolation

/“Real data: Agulhas current

(Benaichouche
et al, 2021)

\ Duacs AVISO Reconstructed field
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WHO’S NEXT? Eesa

137 Aouf, L. (Meteo France): On the impact of wave/ocean
coupling on surface currents.
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Poster ID :
137 : P1.15

This work aims to investigate the impact of
Better wave forcing on ocean circulation. The
Coupling processes benefits of using DA of
Directional wave spectra and off-nadir SWH

From CFOSAT. Coupled simulation of MFWAM |

And NEMO from January to March 2020.
Model MFWAM

S”m Wave . vdvced hrbulence

‘.
2y Stokes ot

NEMO ocean Model

Better integrated wave parameters
With DA, particularly in Southern
ocean

L. Aouf et al.

With DA of CFOSAT

Without DA

-

‘Maximum SWH bias of 80cm

Ovefestirriatioﬁ of SWI-I withouf DA

oy

Bebicousss

Latitudes (deg)

On the impact of ocean/wave coupling on surface currents

Impact of DA on coupling prameters

Mean of Jan-Mar 2020
Surface stress released to Ocean

difference of streas Toc Jan-Feb-Mar 2020
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Validation of cuurent with AOML drifters (Jan-Mar 2020)

without wave coupling

Surant Oy run Oe (ot

AOML/drifters current
monthly mean

mean tolal current-drifters depth 15 m January 2020
m - - - -

Iatitude (degrees)

Longitude (degrees)

e B perade anver mary 2020
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Significant improvement of surface
Current with waves

AOML vs coupled (mean diff)
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WHO’S NEXT? Eesa

138 lovino, Doroteaciro (Euro-Mediterranean center on climate
change -CMCC): Validation of near-surface ocean current using
satellite products.
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VALIDATION OF NEAR-SURFACE OCEAN CURRENT
USING SATELLITE PRODUCTS
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Analysis of EKE in the world’s oceans has historically been limited
by the computational challenge of modelling long time series at
eddy-present resolutions and the length of the satellite altimetry
record

Ocean/sea ice simulation based on NEMO framework

The simulation strategy follows as much as possible the OMIP2
protocol (model setup and output priorities) that consists in
simulating six repeating cycles of the atmospheric forcing with
interannual variability

Multi-cycle hindcast driven by JRA55-do v1.4 (from 1958 to 2018)

atmospheric reanalysis using with ldegree and 1/4 of degree and
one cycle using GLOBI16 global eddying ocean-ice configuration

NEMO-LIM2 based on version 3.6 (used in the CMIP6 exercises) at 1/16° horizontal resolution (~7km at the

equator, ~3km 1n polar regions) with 98 vertical levels [5762 x 3963 x 98 points] - size of 10y of daily
ocean/ice output: 220 Gb
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ANALYSIS OF EKE IN THE WORLD’S OCEANS

(a) Total KE [cm?® s77)
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Time variations of surface total kinetic energy (KE, a) and
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time-dependent horizontal total KE density
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GLOB16 Mean EKE at surf [cm® s77] (2009-2018)
Weighted Mean: 163,83 Max: 8253.25 Min: 0.00

AVISO Mean EKE at surf [cm® s77] (2009-2018)
Weighted Mean: 204.62 Max: 38830.95

GlobCurrent Mean EKE at surf [cm? 5°7] (2009-2018)

Min: 0.00 Weighted Mean: 271.41
w“ e e e e

Max: 3862632
'’ .




WHO’S NEXT? Eesa

139 Faugere, Y. (CLS): Interest (and limits) of new DUACS polar sea
level altimetry products for ocean circulation studies
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@
CLS #139 : Interest (and limits) of new DUACS polar sea level altimetry

¢ products for ocean circulation studies ‘
cnes P. Veillard, P. Prandi, M. Auger, Y. Faugere, G. Dibarboure, F. Boy, P. Schaeffer

« Satellite echoes from AltiKa, Sentinel-3A and Cryosat-2 are processed within the leads and combined to obtain
multimission Sea Level and geostrophic currents over the sea ice covered areas in Arctic and Antarctic

« SARAL/AltiKa is used as the baseline for the multi-mission cross-calibration ensuring a smooth (but not perfect)

transition to the open ocean
« Along-tracks and maps covering the whole high latitudes were produced for 2013-2020 and validated
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Monday 10" October 5pm - 7pm
Tuesday 11t October 5pm - 6pm
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