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Input data
— Test Data Set: 2-years L2 data (TDS phase 1&2 in PLRM/SARM)

— CPP product [Boy et al., 2017]: CNES Cryosat-2 Processing
Prototype L2 data for comparison / validation

— Atm/env corrections from CLS database
used as a reference for CPP bias characterization

— WTC from U. Porto
— WP3000/WP4000 PSD, ATBD and POCCD

Deliverable
— Product Validation Plan, D2.4 — Completed

— Product Validation Report (Phase 1&2), D2.5 — On-going
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CLS VALIDATION PLAN

Methodoloqgies

* Phase 1: Assessment of the reference Test Data Sets

- Relative validation of SAR-mode TDS (GPOD)
by comparison with CPP SARM [Raynal et al., 2018]

- Relative validation of PLRM dataset (from TU-Delft)
by comparison with CPP PLRM [Raynal et al., 2018]

- Large amount of observations shall permit to make a deep assessment with
reliable statistic even though CY2 SAR mode is not operated in global

 Phase 2: Assessment of alternative SAR altimetry
+ iImproved WTC

- Validation of innovative SAR-mode TDS (from IsardSAT)
by comparison with the reference (GPOD)
- Validation of GPD WTC by comparison with ECMWEF Operational model

« TDS and CPP data are co-dated with less than 0.5s of time
difference which is acceptable for the analysis of large-scale errors
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gﬁg FIRST ANALYSIS OBJECTIVE

* Analysis to be done to assess the consistency of the
combined L1b/L2 processing

- TDS/CPP differences sensitivity to
= Varying sea state conditions: SWH, Sigma0
= Orbital/platform parameters: radial velocity, roll/pitch, altitude

- Diagnosis to detect correlation errors at large scale
= Cartography: to visualize geographically potential correlated
discrepancies
= Diagram Dispersion: to assess dependencies of their difference wrt the
identified parameters

- Different scenario may be addressed regarding the detected issues
= L1b processing inconsistency (radial velocity)
= L2 backscattered waveform model inconsistency (sea states)
= Or inhomogeneity between L1b and L2 processing (mismatched roll/pitch,
inconsistent number of looks or range correction between data/model, ..)
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VALIDATION
TU-DELFT PLRM / CPP
AT LARGE SCALES
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CLS PLRM SSH DIFFERENCES

COLLECTE LOCALISATION SATELLITES

cycle_deb/trace_deb = 35/1 | cycle_fin/trace_fin = 50/840
35
-
™
21 | ] e .
| -
: g |
z /| B "
E
= . e
s O ]
= 4 ™ -
[ - _- l-
-m
O
-2l . T-.
- — g
_35 L
0 2 4 6 8 10
SWH (m)
SSH Diff (m) SSH Diff (m)
, I—— -
-0.075 -0.060 -0.045 -0.030 -0.015 0.000 0.015 .0.08 -0.06 .0.04 -0.02 0.00 0.02
SCOOP - AR — 3 Dec 2018




Hpoint (m/s)

SWH (m)

Hpoint (m/s)

-35
0

SWH (m)

SSH Diff (m)

-0.075 -0.060 -0.045 -0.030 -0.015 0.000 0.015

cycle_deb/trace_deb = 35/1 | cycle_fin/trace_fin = 50/840

-100 0 100
SSH Diff (m)
I -

-0.06 -0.04 -0.02 0.00 0.02



0" e
CLS PLRM SWH DIFFERENCES

PLRM SWH Diffs DELFT / CPP

cycle_deb/trace_deb = 35/1 | cycle_fin/trace_fin = 50/840
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COLLECTE LOCALISATION SATELLITES

Misspointing™2 (deg™2)

PLRM SWH DIFFERENCES

PLRM SWH Diffs DELFT / CPP
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COLLECTE LOCALISATION SATELLITES

PLRM SIGO DIFFERENCES

PLRM Sig0 Diffs DELFT / CPP

cycle_deb/trace_deb = 35/1 | cycle_fin/trace_fin = 50/840

-5.5 -5.4 -5.3 -5.2

-

-5.
35 a
- 3
r = !
51 - ]
L
3 -
--
|
—_— 77
a
E  m
= o
g -
T 40
|| i ke
=35 v v 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
710000 720000 730000 740000 750000 760000
Orbit (m) 100 0 100
SIGO Diff (dB) Sig0 Diff (m)
550 545 -540 -535 -530 -525 -520 -515 -5.0 55 5.4 53 52 51

SCOOP —AR - 3 Dec 2018




Hpoint (m/s)

Hpoint (m/s)

cycle_deb/trace_deb = 35/1 | cycle_fin/trace_fin = 50/840

=7
.
=21
=35 A i i i
710000 720000 730000 740000 750000 760000
Orbit (m)
ding
21
=
-. o .
7 o
|
- =
7 - “m
B L
- =
-21
e =
_35 i i n n
710000 720000 730000 740000 750000 760000 L L . ' . L L 1 | L . . . ' : . L !
Orbit (m) 100 0 100
SIGO Diff (m) Sig0 Diff (m)
-550 -545 -540 -535 -530 -525 =520 =515 -5.10

-3.5 -5.4 -5.3




Diff SSH (m)
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TU-Delft PLRM analysis at large
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VALIDATION
SARM GPOD / CPP
AT LARGE SCALES
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COLLECTE LOCALISATION SATELLITES

SARM SSH DIFFERENCES

SAR SSH Diffs GPOD / CPP

cycle_deb/trace_deb = 35/1 | cycle_fin/trace_fin = 50/840
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COLLECTE LOCALISATION SATELLITES

SAR SWH Diffs GPOD / CPP

cycle deb/trace_deb = 35/1 | cycle fin/trace fin = 50/840
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COLLECTE LOCALISATION SATELLITES

SARM SIGO DIFFERENCES

SAR Sig0 Diffs GPOD / CPP

cycle_deb/trace_deb = 35/1 | cycle_fin/trace_fin = 50/840
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21 B
. |
K
E
£
o
£

-7 i

||
||
| ]
=21t -I q i
m
| | | |
-35 L L L L
710000 720000 730000 740000 750000 760000
Orbit (m)
ding

211 B
—_ Tr 1
£
E
= m
= |
ST - '

F H N
21} i
-35 . . . L
710000 720000 730000 740000 750000 760000
Orbit (m)
SIGO Diff (dB) Sig0 Diff (m)

-596 -592 -588 -584 -580 -576 572 -5.68 -5.64

-5.80 -5.75 -5.70



0.040

0.035

0.030

0.025

Diff SSH (m)
=} =}
=} o
Pt o
wn o

0.010

0.005

0.000
0.05

0.00

Diff SWH (m)
S
o
w

-0.10

Diff Sigma0 (dB)
&
~J
N

-5.78

SSH Difference

WH Difference

SIGO Difference

SWH PLRM (m)

~

GPOD SARM analysis at large
scales:

— Very consistent SSH

— Noticeable SWH difference at
very low wave height only

— Low dispersion of sig0 difference
likely correlated to orbit
(modelisation of SAR altimeter
backscattered waveform at
different altitudes in CPP or
GPOD ?)

= Very good agreement between
SARM GPOD and CPP products



VALIDATION
ALTERNATIVE SAR ALGO / GPOD
AT LARGE SCALES
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oe SARM SSH DIFFERENCES

COLLECTE LOCALISATION SATELLITES

SARM SSH Diffs ISD / GPOD

cycle_deb/trace_deb = 35/1 | cycle_fin/trace_fin = 50/840
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oe SARM SWH DIFFERENCES

COLLECTE LOCALISATION SATELLITES

SARM SWH Diffs ISD / GPOD

cycle_deb/trace_deb = 35/1 | cycle_fin/trace_fin = 50/840
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CLS SARM SIGO DIFFERENCES

COLLECTE LOCALISATION SATELLITES

- SARM Sig0 Diffs I1SD / GPOD
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| Alternative SARM algorithm
(IsardSAT) analysis at large
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o0 - — | — Noticeable correlation of SWH
difference on wave height
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HIGH-FREQUENCY ANALYSYS
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CLS 20-HZ NOISE ANALYSIS

e —ancer ‘ ‘ ‘ Alternative SARM algorithm:
N e | — Range STD: improvement brought by
o1zl — oiRm DeLer Hamming window at medium/large wave

height (but degraded at low swh)
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SENSITIVITY TO SUB-MESOSCALES



e LONG OCEAN WAVES IMPACT ANALYSIS

COLLECTE LOCALISATION SATELLITES
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e LONG OCEAN WAVES IMPACT ANALYSIS

COLLECTE LOCALISATION SATELLITES
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e LONG OCEAN WAVES IMPACT ANALYSIS
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POWER SPECTRAL DENSITY OF SLA



ove PSD ANALYSIS OVER AGULHAS IN 2013

107 e — Same behavior on large scales
\l\\\ —_— spectrum
W -~ slope =-3.38 — Short wavelength correlated errors
Wy ; - - noise =5.9939 cm rms . .
— ISD spectrum (bump) affecting conventional
—  PLRM_DELFT spectrum A little hump also observed in PSD
- - slope = -2. .
z e e e from alternative SARM data most
g |7 PLAM.CPPspectrum | probably linked to Hamming window
> - - slope =-2. . .
-~ noise = 11.8501 cm rms (that creates low spatial correlation
s PP et between samples)
o 101_ _ : : ] 1
& noise = 61373 cm rms — Swell-induced effects (red noise) at
E sub-mesoscales (from 30 km to
smaller scales) affecting SAR

____________ SN e, T altimetry

— Large noise reduction on HF content
brought by SAR mode (= better
; AN ; observability of small scale oceanic
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Assessment GPD Wet
Tropospheric Correction wrt
ECMWEF Operational model

Period: 01/2012 — 12/2013
Mission CY2, sub-cycles 26 to 49
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Differences between
the two corrections:

re

A R EE A R

— Mean Value: 0.149 cm

— Std dev: 0.488 cm

diff WTC (m)

-
-0.010 -0.005 0.000 0.005 0.010 H . h r d -ff r n h r
Nbr: 3431 Std Dev : 0.004884935 M 0.0303 — Ig e I e e CeS W e e
Mean : 0.0014967392 Median : 0.001767462 M 0.0468

formal error is higher
l.e.. West Pacific and
Indonesia

Formal error (m)
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Nbr: 3431 Std Dev : 0.010617071 Min : 0.00734
Mean : 0.024244971 Median : 0.021993505 Max 0.10711818
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Description of Flag GPD.:

» 0 = point for which the radiometer correction (rad_wet _tropo_cor) is valid - for these points
wet_GPD=rad_wet_tropo_cor — not applicable for CryoSat-2

« 1 =wet GPD is a valid estimate

» 2 =there were no observations for this point. In this case wet GPD equals the model value
(ERA Interim or ECMWEF Op.) — always ECMWF OP for CryoSat-2

« 3 =unreliable wet_GPD estimate, according to algorithm internal criteria

« 4 = wet GPD was outside the interval [-0.5, 0.0], In this case the values -0.5 and 0.0 were

 attributed to the correction
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Difference of variances (cm~™2)

SSH crossovers:
VAR(SSH with WTC_GPD) — VAR(SSH with WTC_ECMWEF)

StdDev = 1.694
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VAR(SLA with WTC_GPD) — VAR(SLA with WTC_ECMWF)
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Higher reduction variance brought by GPD model wrt
ECMWEF mainly in coastal areas (e.g. Indonesian sea)



Difference of means (cm)

Difference of variances (cm”~2)

MEAN(SLA with WTC_GPD) — MEAN(SLA with WTC_ECMWF)
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— Only 8 days for first cycle

— Data are missing in some
areas in the first few
months of the studied
period
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Difference of variances {(cm*©2)

VAR(SLA with WTC_GPD) — VAR(SLA with WTC_ECMWF)

Mean = -1.323
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e GPD WET TROPOSPHERIC CORRECTION

« GPD WTC reduces the sea level anomaly variance with respect
to the ECMWF operational model correction from both colinear
analysis and cross-overs by ~2 cm?

* Results evidence significant improvement in open ocean
(particularly for low sea states) and coastal areas (not assessed
In polar regions)

« Such WTC product is an added value for both open ocean and
coastal studies

SCOOP —AR - 3 Dec 2018
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CLS CONCLUSIONS

« The alternative SARM algorithm (including zero-padding and along-
track weighting window) shows very consistent results at large
scales (compared to GPOD)

« The alternative SARM algorithm shows improved noise reduction
performance in range (after 2m SWH crossing point) and more
importantly in SWH (> 35% @2m)

* Further analysis in global (S3) would confirm these results and also

mitigate/explain all possible mispointing dependencies observed with
PLRM data

 The improved GPD WTC clearly outperforms the model in open
ocean and coastal regions

= \We advocate the use of these innovative/improved
algorithms for Sentinel-3 mission to enhance altimeter
ocean products to users

SCOOP —AR - 3 Dec 2018




