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From low resolution gridded
altimetry maps to fine scales

in KaRIn images

Ly ! Clement Ubelmann (Datlas), Gerald Dibarboure (CNES)
/ Antoine Delepoulle, Anaelle Treboutte, Yannice
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filtering

Orbit error correction, remove multi-
mission LWE biases, filtering short-
wavelength signal...

Step 3: Multi-altimeter merging & Tevels
derivated products computation 1 (maps)

‘ Step 4: Products quality control
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- Nadir altimetry is limited to ~70km wavelength in 1D local profiles, and ~150km in the reconstructed 2D images
- SWOT : ~15km wavelength direct 2D images : a breakthrough

Goals of this presentation :
- Show that calibration can bring Karin images consistent with nadir Altimetry, from basin to mesoscales: ready to be
processed for higher level applications (mapping, ... see next presentation by Yannice Faugere)
- Show promising 2D SSH (and derivatives) signatures not seen before SWOT : short-to-sub-mesoscales
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Very good consistency with nadir data at mesoscales

Large scale bias ~“50cm roll at far range, oscillating at Orbital frequency and its
sub-harmonics

Other smaller signatures (phase errors, quadratic-shapes, nadir-Karin biases...) at
>2000km

— A calibration is needed, along with a detailed assessment of large-scale errors




Estimation of the syst

Details in “A Cross-Spectral Approach to Measure the Error Budget of the SWOT
Altimetry Mission over the Ocean”, JAOT, 2018
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Now applicable to real SWOT data
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Input variables of calibration

SWOT,SWOT Crossovers

Nadir altimeter
constellation (L3 only)
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External parameters
Orbital-peak filters,
low-pass filter for roll,
phase, baseline dilation, ...
Kalman filters (L3 only)

/Global calibration variables

Roll angle (arcsec)

Algorithm description in “Data-Driven Calibration Algorithm and Pre-Launch Performance Simulations
for the SWOT Mission”, Remote Sensing, 2022

calibrated L2 : SWOT
self-consistent, robust

L3 : SWOT consistent with
the calibrated constellation

Projection of
corrections
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SWOT calibration : illustrati
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wavelength : does not
affect the Ocean short
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ssha_xcaladt geobox (MEAN)

ssha geobox (MEAN) nbr. 37615 min: -1.584 mean: 0.06303 med: 0.06186  max: 1.538 std: 0.1004
nbr. 37615 min: -2023  mean 0.0002914 med: 0002073  max. 1494 std 0.2077 e —
fm "
60N oy =
- 0.4 2
X » = wN% { = T
+9 0 ¥ i . [ o
e k2= E 1L L o, ‘he n 'y ’%
: I "l'iljj'-lh 0 :" C ‘e: 1
LT i) F o . F 0.0
My A R T 5'..'
i L ER i ol % (91 0.0 g L
1
I TUTA R B g R [l T 30°S [N A R L\J
R = | e Ty * ; 2 -0.2
i . Y s T = e
. / ; -0.2 ; e '
60°5 e
Ly
L 0.4
-0.4 -
o 60°E 120°€ 180° 120°W 60w
0 60°E 120°E 180° 120°W 60°W 20091 ‘
500 T
-| — : ] —64 —62 EIID 02 D'Q
-04 -02 o

SSHA av%rage (m) before and after calibration

VAR(Karin SSHA + Xcal ADT) - VAR(Nadir SSHA) (m?)

nbr: 9753 min: -0.04965 mean: 0.001987 med: 0.0002215 max: 0.9008 std: 0.02316

The calibrated L2 is very consistent with SWOT’s nadir
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Editing, denoising, and derived variables (L3 at the science-team level)
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Karin calibrated : SWOT consistency with the nadir constellation (here with experimental L3):
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Animation from F. Lequillou, ESA

An homogeneized dataset is ready for higher level processings of the whole nadir+SWOT
constellation (mesoscale mapping, data-assimilation, ... see next presentation)
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2023-07-27T03

- Karin reveals short-to-sub-mesoscale eddies in motion, also many
internal wave signatures, MSS signatures, ...
- SWOT Karin images can be calibrated with very good
consistency w.r.t. SWOT nadir (L2) and the existing nadir constellation
(experimental L3 from the cience team) :
—ready for high-level (mapping, data-assimilation...) applications !
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Multi-sensor comparison
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rt mesoscales ... s

- 15km wavelength eddies coherently

moving day-to-day, advected by a larger
mesoscale flow

- Some additional processings (next slide)
proposed to edit, denoise, ...




Also Internal waves...

Multiple wavelengths (the smallest
can only be seen on 250m data)

Change of dynamics/wavelengths
near the end of the animation

NB : the animation is reversed for
convenience because IT waves

are traveling backwards because
of the aliasing of tidal frequencies
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Simulated KaRIN SSHA

LQVE'-Z data-dl'iven (with uncalibrated systematic errors)
calibration (blue items)

L Level-2 algorithm
“L Level-3 algorithm
O

6]8

Step 0: Remove SSHA first-guess

« Step 0 & M1a: use SWOT altimeter only
(SWOT must be self-sufficient)

KaRIN topography residuals

« Step 1: use Direct for bias (w.r.t to nadir) and (small & rapid ogell} features only)
Crossover for other error components.
Inversions done with least squares
(robustness) Step 1: Inversion of error models in local calibration zones
« Step 2: harmonic interpolator for for repeating Direct Crossover Collinear Sub-cycle

bias all models lin + quad models all models
M2b

error patterns (orbital revolution period and M2a
sub-harmonics)
Local calibration models in
» Step 2: weighted kernel smoother for calibration zongs (¥ uncertainty)

broadband residual (robustness)

. The L2 sequence does not require any Step 2: Blending of local models (interpolation / fusion)

complex parameter (no covariance, no Orbital harmonics Kernel Interp. Gauss-Markov
spectra, etc.) for the sake of robustness and
simplicity

69
Local calibration models in

calibration zones (+ uncertainty)
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15 days of SWOT Level-3 SSHA (August 2023)




Gulf-Stream Eddies (Level-3, no interpolation)
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