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Altimeter-derived currents: Theoretical Limits

Geostrophic Approximation: the ocean currents are inferred
from the ocean surface topography, thus neglecting
geostrophically unbalanced motions

Altimeter-derived currents: Intrinsic Limits

Nadir-looking Radar Altimeters observations are optimally
interpolated to get 2D maps of the ocean surface topography and
derived quantities (Ugeo, Vgeo...)
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An example of the Altimeter system limitations
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From ESA(2019). Report for Mission Selection: SKIM, European Space Agency, Noordwijk, The Netherlands, ESA-EOPSM-SKIM-RP-3550, 264pp.
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Methods & Data

The Piterbarg 2009 Method : overview and implementation

Merged Altimeter + SST Currents: we extract dynamical information from HR satellite-derived tracer observations
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Methods & Data

The Piterbarg 2009 Method : overview and implementation

Require the velocity field (u,v) to obey to the SST evolution equation

OSST  9SST | 9SST
g “Tax ' By

F= source and sink terms

=F

We use a background velocity information (upek, Viek) SO that the satellite tracer information is used to obtain an optimized merged velocity: Optimal Currents (ugpt, Vopt)

SET OF EQUATIONS FOR PERFECTLY KNOWN FORCING
Upck » Vbek (Altimeter)

A(Aupek + Bvpek + E)

Uopt = Ubck — = Upck T Ucorr

A2 4 B2
B(Aupek + Bvpek + E
Vopt = Vbck — ( : 22 + BZ : ) = Vbck T Veorr
0SST
A 0SST B 0SST _ B
ox Oy ot

Il cza — N = 1 = o 1111 D 55 = o= O b Il 2R 22 K = B i vl




Methods & Data

The Piterbarg 2009 Method : overview and implementation

Require the velocity field (u,v) to obey to the SST evolution equation

OSST | OSST  9SST
g “Tax ' By

F= source and sink terms

=F

We use a background velocity information (upek, Viek) SO that the satellite tracer information is used to obtain an optimized merged velocity: Optimal Currents (ugpt, Vopt)

SET OF EQUATIONS FOR PERFECTLY KNOWN FORCING
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Methods & Data

The Piterbarg 2009 Method : overview and implementation
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Forcing Term approximated via surface information

Q¢ = 0¢SST'> 500km

Rio and Santoleri 2018

| .
ESA UNCLASSIFIED 10 -08 -08 -04 02 00 02 04 os o8 10 Rio et al. 2016

10°5°/s
E T il s e o g = 100 — 3= = == EH b= 011 2R E=E E = Em i vl



Methods & Data

The Piterbarg 2009 Method : overview and implementation

SET OF EQUATIONS FOR AN APPROXIMATED FORCING 8
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Methods & Data

The Piterbarg 2009 Method : overview and implementation
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WOC NATL 2D

March 24th, 2015

Altimeter

HR SST gradients provide a
constraint for the Altimeter
geostrophic currents, yielding
corrections mainly in
large SST gradient areas
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WOC NATL 2D

March 24th, 2015
Altimeter+SST

HR SST gradients provide a
constraint for the Altimeter
geostrophic currents, yielding
corrections mainly in
large SST gradient areas

\_ /

4 \ ‘j, i‘:'f- i .
\ > o 7?', 1 3 ~ ‘! SN EY ' 7 4 \ - S oo
40°N Walls NN NIRRT | I o a3l
) ¥y " 4

//’..o"0’~

o“.llc.'

« 3%

39 N 4 ! ;ﬂ, { e : R
L \ I\ ’ \
\

f%i L Sl
7/ Y e
. gis // '\:I‘J:-‘:‘
- ™ -
: ///f\\\..:::,.._
/

38°N

PO T W 3K S e S Iy,
“‘—"I".-QKO—‘-%N\\\-.‘.‘l

T R e N
‘{\"’.,',//th\"'””‘""“"'"\\\ e !
W N g=p]

toe, - A\ =
| WA e e e . MR N XL L% \‘\,,,L“ g

37°N |

36ON R —

66°W 64°W  B2°W  60°W 58°W 56°W



CNR
ISMAR

ISTITUTO
DI SCIENZE
MARINE

WOC NATL 2D

powered by

e

- + Display data
s Altimetry-SST L4 current streamlines
GRR)

4 v &
ms-1 v &

Drifters 15m drogue (Coriolis, CMEMS)

L 13
0.5 1 15 2 25

* High latitude

-2 2 4 6 8 10 12 14 16 18 20 22 24 28
+ Low/Mid latitude

Warm pool (Baja, Persian/Oman Gulf, Red sea)

|
b4l 1T 4 6 8 10 12 14 16 18 20 22 24 26 28 30 33

1 14 16 18 20 22 24 26 28 30 32 B4 37

/1

@SQ  World Ocean Circulation

b
m/s Y%

S o
3 Geostrophic surface current streamlines ;|
. B %lobcurremlCMEMS) ‘ Xoo | 12

SST SLSTR Sentinel-3A (ESA, OceanDatal.ab) €| ¥ ’ B

July 11th, 2018

Q @® Display data

L / \\\ \ Ry 4 ; /-
NN /
| - 1’2 ‘\ ’/’{ //
\"

r{‘r X P 7 ~

/1 1

$1oNpoid

o\
- ¥y

1-Hour 12-Hour

Daily M Weekly

2002 2003 2004 2005 2006

January February, March
1 2 3 4 5 6 7

Bl-weekly Q Q | C 19 datasets

2018-07-11 12:00:00 UTC

2007 2008 2 20 2014 2015 2016 2017

April a X 5 August September, October

s ETECEEEE ol ABEN S

HR SST gradients provide a
constraint for the Altimeter
geostrophic currents, yielding
corrections mainly in
large SST gradient areas

https://odl.bzh/ngvDR7bm

— B L



https://odl.bzh/ngvDR7bm

WOC NATL 2D

ISTITUTO
DI SCIENZE

MARINE

July 11th, 2018

powered by
N
~ | - Ve / £ A =
=R / Vi ol

N +mqrev/‘l x

@e A  World Ocean Circulation Q@ @ Displaydata

- + Display data
s Altimetry-SST L4 current streamlines
GRR)

4 v &
ms-1 v &

{9 Drifters 15m drogue (Coriolis, CMEMS) iils| v M|
- 05 T 15 2 25 7 A \\\ ! 192 W
3 Geostrophic surface current streamlines A 34 - = N \ N 2 y
A u—%lobcurrem/CMEMS) ‘ Tioon| 12 N it 5 ~ AR & 7

SST SLSTR Sentinel-3A (ESA, OceanDatal.ab) €| ¥ ’ B
* High latitude

-2 2 4 6 8 10 12 14 16 18 20 22 24 28
+ Low/Mid latitude

1 4 6 8 10 12 14 16 18 20 22 24 26 28 30 33
Warm pool (Baja, Persian/Oman Gulf, Red sea)

|
|

1 14 16 18 20 22 24 26 28 30 32 B4 37

/1

71 -/ f l{ B y \ i
3 (! A\ \‘, |
§' / f"‘, L \ \\ u
% ! ] \ W
E RS \
\Q\ WR e DN
\ AN 3
N\
A
\Y R \ \
N \ \ 2
\ L
VWO e | S
b el
1 17 %
- b b 1 / 4
iy >
% i | e/ \ :
.~ Coper S ey -
= - T J W), 7
—— ' (R /ey
'} 3 / / ‘\ . fnappi

1-Hour  12-Hour  Dally M Weekly  Bl-weekly Q Q | C 19 datasets 2018-07-11 12:00:00 UTC

2002 2003 2004 2005 2006 2007 2008 2009 20 2013 2014 2015 2016 2017
January February, March April May' August September; October

1 2 3 4 5 6 7 9 13 16 17 18 19 ) 2| |23 24 25

HR SST gradients provide a
constraint for the Altimeter
geostrophic currents, yielding
corrections mainly in
large SST gradient areas

https://odl.bzh/ngvDR7bm

— B L



https://odl.bzh/ngvDR7bm

ISTITUTO
DI SCIENZE
MARINE

BMAR WOC NATL 2D @ @sa

Comparison with previous OPTimized currents in the 2014-2016 period (Ciani et al. 2020)
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Improvements in WOC due to the new release of the OSTIA L4 SSTs and fine tuning on the forcing term
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10 yrs validation confirms the behaviour
Percentage of improvement, Found for the 2014-2016 case:
evaluated via comparison with
in-situ measured currents in 2010-2019
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WOC NATL 2D

Improve zonal (%)

Improve merid. (%)

[ |
RV

75°W 60°W 45°wW 30°wW 15°W

e
7 .
‘ |
j.m}f/ \ I
ﬁi\x
‘ ) ’.;'\
N
75°W 60°W 45°W 30°W

Percentage of improvement,
evaluated via comparison with
in-situ measured currents in 2010-2019

\_

10 yrs validation confirms the behaviour
Found for the 2014-2016 case:

IMPROVEMENTS COVER ~70% of the basin
INTENSIFIED OVER LARGE SST GRADIENT AREAS
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Concluding Remarks

WOC NATL2D product

» 2010-2019 — North Atlantic Region, available via the WOC Catalogue

» Correction of altimeter-derived geostrophic currents via dynamical information contained in higher resolution
satellite-derived tracers--> spatial gradients, temporal derivatives

» Corrections are enhanced in large SST gradient areas (along the Gulf Stream Axis in our application)

» 10 year long validation suggests an improvement by 15% of the Altimeter-derived currents (best performances for the
meridional component of the surface currents)
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Concluding Remarks & Perspectives

SST gradients are crucial for our synergetic reconstruction

o MUR
42°N —
SQON[
36°N[

,\9
5 5,

33°N[
30°N § Xeoaida
42N [vssT|

| = )/
39°N =

RS '
36°N h

J\D
o =

33°N{ ﬂ

e (4
30N it )4

90°W 84°W 78°W 72°W 66°W 60°W

88°W 80°W 72°W 64°W 56°W
(°C)
16 18 20 22 24 26
_— Il 22 — H = ] = D 1111 D i = == B bha Bl 2R c= E

26

» Build dynamically consistent
and homogeneous L4 SST
analyses in order to improve
the representation of SST
gradients

Issue reported and discussed
within the GHRSST
community

BENEFITS EXPECTED FROM
The ESA-CIMR satellite
mission (Pearson et al. 2019)
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Concluding Remarks & Perspectives

Test New Algorithms for the exploitation for Altimetry and SST synergy
(we are presently working on a Convolutional Neural Network Approach based on the ESA-CIRCOL inputs)

AlIM:
Joint Prediction of surface
currents and SST via CNN,
learning an end to end mapping
between LR and HR data (based
on model data, applicable to
future SWOT observations.)

Example of application to the
Copernicus Satellite-derived
Geostrophic currents >
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