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Introduction

The Southern Ocean: A Central point

of the global Climate.

Deep Water Formation

=9 Linking 3 main oceanic basins
=P Meridional Overturning Circulation

THE SOUTHERN OCEAN

upto up to

00% ' 75%

of all the ofall the
carbon dioxide heat

absorbed by the world's oceans
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Introduction

Great changes over the past few years
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- Introduction

Very few data to ob

serve these changes
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LOG10 number of ship data in the global ocean

80°

2015 Antarctic Maximum (October 6) 2016 Antarctic Minimum (February 19)

SLA DUACS (m) 2017/08/25
FrT—

DUACS SLA map
(from satellite
altimetry)

S

Sea Ice Concentration (percent)
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Altimetry for sea level retrieval in
sea ice zones (1)
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Altimetry for sea level retrieval in
sea ice zones (1)

» Peaky echo
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Altimetry for sea level retrieval in
sea ice zones (1)
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> Sea lce Echo
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Merging multiple altimeter missions

Jason-2
¥ Uik

Sentinel-3A
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Low Resolution Mode (LRM) ISynthetic Aperture Radar (SAR)
[ .
. ¥ é @@

10 = = . . CLS
4 S & - By . -, Matthis Auger - Ocean Surface Topography Science Team 2019 cnNes Grour



e N SRR SERE LS R G bl v S R B R L LR

NEW PRODUCT CHARACTERISTICS

ALY

|
B k. gr. . I -



ﬁ
What is already done

SLA DUACS (m) 2017/01/30
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DUACS SLA product:
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** Multi-mission global SLA product

I 0.00

/7

** 1Hz along track resolution
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-0.10
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** No data in sea ice zones
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3% Sea Ice DUACS Frebruary 2017 SLA
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What is already done

SLA DUACS (m) 2017/08/01

0.20

¥.

vl 0.15

DUACS SLA product:

0.10

0.05

/7

** Multi-mission global SLA product

- 0.00

/7

** 1Hz along track resolution

- —0.05

—0.10

/7

** No data in sea ice zones

~0.15

3% Sea Ice DUACS August 2017 SLA

p Concentration C oo

L A Matthis Auger - Ocean Surface Topography Science Team 2019 CNes GrouP

—0.20

13 A



ﬁ
What is already done

201601

0.15

T. Armitage (2018) SLA:

0.10

** Cryosat-2 monthly SLA map spanning
2012-2016 from 20Hz along track data

[0.05

% 50km grid |

F—0.05

+* Data in sea ice zones for the first time

** Sometimes unphysical patterns created by
Cryosat-2 Orbit

T. Armitage 2016 SLA maps
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What we want to make

Southern Ocean SLA Product

%* Sea level anomaly daily product on an 25km
grid, for the 2002-2018 time period.

% Using of high resolution altimeter data (20/40
Hz), filtered and sampled to 1Hz in open ocean

2w Continuity between ocean and leads.

%  Multi-mission

EASE2 Grid 100 km resolution
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Why we think it will work

s Multi-mission processing shows great improvements in
resolution compared to single-mission products.
» Up to 5 satellites currently sampling the Southern Ocean !

+» Adaptive retracking for LRM missions allows continuity | SAR LRM
between sea ice zones and open ocean. Altimeter | Altimeter
| | 2002 | 2003 | 2008 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 207 | 2018 |
Sentinel-3A
Jason-3 In progress
AltiKa
C(g::::\’)z In progress

Cryosat-2 (Sea
Ice)

Jason-2 In progress

Envisat
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Data Sources

** Envisat: RAZMWR Reprocessing v3 products

+»» AltiKa: S-GDR Official Product

¢ Cryosat-2 (SAR): PDGS ICE Baseline C

** Sentinel-3A: CNES S3PP (Processing Prototype)
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Classification

Neural network classification

Brownian Peaky Brownian + peak Unknown
| S N AN N
Distorted Brownian| | 2 Leading edges Shifted Brownian Multi peaks / noise

3
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Waveform classes, from Poisson et al. (2018)
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Classification — Leads identification
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Backscatter from Sentinel-3A echoes overlaid by

Sentinel-1 backscatter image (Aviso Image of the
Data points identified as leads by the waveform classification algorithm. month, April 2018, powered by CLS)
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S1 image (-1 min colocalisation)
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Retracking

i S, |
LRM Altimeters (AL,EN,J2,]3)

*» Adaptive retracking modelling all kind of waveforms (see Poisson et al.,
2018)

SAR Altimeters (C2,S3A)

*» S3PP retracking for S3A for Brownian echoes (estimation of range,
significant wave height, power and slope of the trailing edge).

** TFMRA retracking for peaky echoes
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Editing
Multiple empirical criteria are used to remove noisy or biased
data.

Such criteria include thresholds on:

Mean Quadratic Error of the retracker
Pulse Peakiness

Sigma0

Sea Ice Concentration (from OSISAF data)

/ / ) /)
0‘0 0’0 0‘0 000

An iterative editing then removes the remaining outliers. Percentage of measurements
removed after the editing step

P | (AltiKa, July 2017) é Etg
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Geophysical corrections

Up to date geophysical corrections are used:

*» Same geophysical corrections as DUACS

o,

» Except Wet Tropospheric correction, ECMWF data used (data
from the onboard radiometer unstable in sea ice zones)

)

o,

* No waves in the leads -> no Sea State Bias corrections

)

o,
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Objective Analysis

Based on Bretherton et al. (1976) applied by Le Traon et al. (1996) for satellite data

Lon : 193.281631 Lat : -62.937767 - Nb pt 1200 Value : 0.005108 Weight:0.931784 Re-Estimate Value: -0.004051

62°30'S

63°5 -

63°30'S |

64°S |y

170°'W 169"W 168°W 167*'W 166°W 165°W 164°w 163°W

Observations used for the computation of one Estimation using Objective Analysis method.
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Objective Analysis

DUACS DT2018 parameters are used and updated for the region using external data
¢+ Variance: DUACS Variance merged with T. Armitage (2018) SLA Variance

** Noise: MSS error + an instrumental error from DUACS + factor dependent of the
measurement frequency.

¢ Correlation scales: recomputed based on GLORYS12 SLA fields (following Brachet et
al.(2004) technique).

*» Longwave errors: Estimated tidal errors.
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Preliminary Results — Multimission SLA

SLA(m)

2016/01

- 0.0
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Preliminary Results — Multimission SLA
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Validation In Open Ocean

RMS DUACS / new Product

Correlation DUACS / new Product

F—0.25

-0.75

-1.00

Correlation at each grid point between DUACS and Antarctic SLA RMS at each grid point between DUACS and Antarctic SLA Product
Product

Southern Ocean Product and DUACS == very similar in the open Ocean
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sea level [m]
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alidation — SLA in Sea Ice Zones seen by
various altimeters
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Validation — SLA in Sea Ice Zones seen by

various altimeters

S3AWF2 C2WF2 ALWF2

Outputs of Objective Analysis using only leads data of 1 mission.

SLA(m) SUB_C2_S3A AL WF2 25 AVR 2 24468
-0.15 -0.10 —;):05 O.l:.)O 0.65 : 0.10 0.15
p Independent satellites see the same signal C 0o
| CLS

33 A LE— A Matthis Auger - Ocean Surface Topography Science Team 2019 CcNes Grour



Validation Results — Comparison to Bottom
Pressure Recorder

0.075 4

0.050 4

SLA consistent € ¥y | ‘N *
q - / i
with external 0 oo ‘ ' l L ' ’ |
(]
o \
data S ‘ ‘ t'
—0.050
—— Bottom Pressure Recorder
T —— altimetry
2012.00 2012.25 2012.50 2012.75 2013.00 2013.25 2013.50 2013.75 2014.00
time [yr]
o Bottom Pressure Recorder data / SLA grids averaged over 10 grid points in the Drake Passaée
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Conclusions and Future Work

¢ Open ocean SLA has been successfully recomputed with new parameters
and from high resolution data.

¢ Continuity between open ocean and leads successfully achieved.

¢ High resolution multi-mission data allow us to see some new features.

Future Work
¢ Tuning of Optimal interpolation parameters
¢ Comparison with Tide Gauges

¢+ Seasonnal cycle of Southern Ocean Circulation
% Gyres behaviour
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Conclusions and Future Work

Contact:
mauger@groupcls.com

Current AL (cm/s) 15/01/2015

Current Armitage (cm/s) 01/2015

Current DUACS (cm/s) 15/01/2015
2 22l - B

cm/s °
Source: NASA Earth Observatory maps by Joshua
Stevens
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| Objective Analysis - Variance

DUACS Variance Armitage Variance
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Objective Analysis - Variance

Southern Ocean Product Variance
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Validation using tide gauges

y - 2

0.0175

Map of SLA Variance. Scatter points represent Tide Gauges

variance when available o
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Preliminary Results — Multimission SLA

2014/01

- 0.0
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Snagging / Off-Nadir Hooking

Nadir point is on sea ice

n A A A
Lead echo dominates
the signal
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Snagging / Off-Nadir Hooking

h’>h
Orbit—h’ < Orbit—h
1 SLA’ < SLA
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Snagging / Off-Nadir Hooking

+ 00 How to get rid of “Hooked” data ?
f > +* Identify lead data with classification.
0 ** Remove all data that is not a local

maxima of sigma0 in that lead.
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