SALP MISSION PERFORMANCE SERVICE FOR SWOT NADIR MISSION

SWOT Nadir GDR
Synthetic cyclical Cal/Val report

Cycle 042
2025-11-22 16:22:01 to 2025-12-13 13:07:04
Processing Baseline S v2.01

Reference: SALP-RP-MAO-OP-17755-CN-042
Nomenclature: SWOT Nadir GDR Synthetic cyclical Cal/Val report
Issue: 01/ 00

Date: March 6, 2026




Project:

SALP MISSION PERFORMANCE SERVICE FOR SWOT NADIR MISSION

Title:

SWOT Nadir GDR Synthetic cyclical Cal/Val report

Author(s):

A. Deniau, CLS
T. Pirotte, CLS
H. Roinard, CLS

Approved by:

F. Bignalet-Cazalet, CNES | Application N. Picot, CNES
authorized by:

SWOT Nadir GDR Synthetic cyclical Cal/Val report

Cycle 042 - 2025-11-22 to 2025-12-13




Table of Contents

1 Introduction 4
2 Cycle overview 5
3 Data coverage and edited measurement 7
3.1. Datacoverage . . . . .. 7
3.2. Edited measurements . . . . . . L. e 10
4 Geophysical parameter analysis 12
4.1. Significant Wave Height . . . . . . . . . . 12
4.2. Backscattering coefficient . . . . . . .. 15
4.3. Altimeter Wind Speed . . . . . . . L 17
4.4. lonospheric correction . . . . . . . .. 19
4.5. Mispointing . . . . . . 22
4.6. Radiometer parameters . . . . . . . . . e 24
5 Sea Surface Height Anomaly 28
6 Crossover Analysis 31
6.1. MONO MISSION CrOSSOVEN . . . . . . . . o o e e e e e e e e e e 31
6.2. Mulli-misSion CroSSOVEr . . . . . . . . . e e e 32
7 Conclusion 34

SWOT Nadir GDR Synthetic cyclical Cal/Val report

Cycle 042 - 2025-11-22 to 2025-12-13




1 Introduction

SWOT (Surface Water Ocean Topography) is a joint project including NASA, CNES, the Canadian Space
Agency and the UK Space Agency. The SWOT satellite carries onboard a wide-swath altimeter-interferometer
in Ka-Band (KaRiIn), a classical nadir-looking altimeter, as well as the usual complement on altimetry satel-
lites: precise location systems and radiometer.

The SWOT Nadir Quality Assessment reports are generated under SALP contract supported by CNES
at the CLS Environment & Climate Business Unit.

A detailed description of the mission is available on AVISO website (https://www.aviso.altimetry.fr/en/missions/
current-missions/swot.html). Products description can be found in the SWOT Level-2 Nadir Altimeter prod-
ucts User Guide (https://www.aviso.altimetry.fr/fileadmin/documents/data/tools/SALP-ST-M-EA-17043-CN_
0104.pdf) and dataset standards are described in Jason-3 GDR-F user handbook (https://www.aviso.
altimetry.fr/fileadmin/documents/data/tools/hdbk_j3.pdf).

Since the Cyclical Report n° 041 onwards, the SWOT NALT and RAD datasets presented in the follow-
ing analyses are computed using uniformly the updated to Version S 2.01 (GDR-S2) for the entire study
period. Indeed it was previously computed using GDR-F data up to cycle 028 and GDR-S2 data from cycle
029. Information about the change of standard can be found here (https://www.aviso.altimetry.fr/en/news/
front-page-news/news-detail.html?tx_ttnews%5Btt_news%5D=3084) with a dedicated release note (https:
/lwww.aviso.altimetry.fr/fileadmin/documents/data/tools/SWOT_L2_GDR_NALT_VersionS_Release_Note
20250516.pdf).

The purpose of this document is to report the major features of the data quality from the SWOT Nadir
mission over ocean. The objectives are to:

- Provide a data quality assessment

- Provide users with necessary information for data processing

- Report any change likely to impact data quality at any level, from instrument status to software con-
figuration

- Present the major useful results for this cycle.
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2 Cycle overview

This document reports results from SWOT Nadir GDRs over cycle 042, spanning from 2025-11-22
16:22:01 to 2025-12-13 13:07:04.

This cycle has been produced with the Processing Baseline S v2.01, and the processing software refer-
ences L1 library=V6.2p1, L2 library=V7.5p1, Processing Pilot=5.4.3.

571 netCDF pass files are provided over the 584 expected (no files for passes 127, 153-157, 210-212, 302,
489-491 mainly due to data transmission issues at Inuvik [IVK] Station).

SWOT Nadir is able to track data with several onboard tracker modes: POSEIDON-3C instrument imple-
ments three main tracking modes:

» The autonomous acquisition and tracking mode (M1),
» The DIODE acquisition and autonomous tracking mode (M2),
» The DIODE & DEM mode (M3).

and certain automatic transitions can also be authorized by the user, as is the case in M4 to M4bis modes.
Over cycle 042, SWOT Nadir altimeter (POS-3C) operates in DIODE + DEM tracking with auto transition
and direct transition from Open Loop to Close Loop (=M4bis mode) mode.

Users are advised of the following known limitations in the dataset:

» The adaptive retracker has not yet been calibrated, so the adaptive retracker variables should be used
with caution.

Over this cycle, the following specific events happened :
+ SADM CRUISE SLOT on 2025-12-09 from 17:21:59 to 17:26:39 (P477-478)
* OCM SLQOT on 2025-12-12 from 21:29:16 to 22:06:20 (P566-567)
+ SSR ANOMALY on 2025-11-30 from 03:26:12 to 03:45:04 (P209)

The main metric that describes the data quality is the one derived from the analysis of sea surface variabil-
ity at crossovers. Using a selection to remove shallow waters (1000 m), areas of high ocean variability and
high latitudes (> |50°), the crossover standard deviation over the cycle is 4.61 cm for SWOT Nadir MLE4.
This first metric is in line with usual values that are obtained on altimetry mission.
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Summary of the main performances are listed in the table 1:

Cycle 042 MLE4 | Adaptive
Percentage of missing measurements over open ocean 3.77%
Percentage of rejected measurements over open ocean 18.88% | 18.71%
of which rejected due to sea ice 16.32%
of which rejected with threshold verification (after land and ice | 2.55% 2.39%
removed)
Crossover standard deviation on geographical selection 4.61cm | 4.76cm

Table 1: Summary of cycle 042 performances over open ocean.
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3 Data coverage and edited measurement

This section presents results that illustrate data quality over this cycle. These products’ verifications are
produced operationally, to allow long-term monitoring of missing and edited measurements.

3.1. Data coverage

The map below (Figure 1) illustrates 1Hz missing measurements relative to the satellite nominal ground
track for SWOT Nadir GDR dataset.

AGCS SWOT Nadir cycle 042 é
- missing points
DLS (number of ocean points = 41338) cnes
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Figure 1: Map of missing measurements for SWOT Nadir GDR cycle 042

Over this cycle, there are missing data over ocean for :
* pass 044 on 2025-11-24 from 05:31:52 to 05:32:10 : 0.73 % over ocean due to data gaps.
+ pass 076 on 2025-11-25 from 08:58:13 to 09:02:48 : 12.90 % over ocean due to data gaps.
+ pass 106 on 2025-11-26 from 10:26:47 to 10:28:29 : 5.15 % over ocean due to data gaps.

» passes 126 to 128 on 2025-11-27 from 03:44:03 to 05:19:17 with respectively 81.51 %, 100% and
6.65 % over ocean due to data lost at Inuvik [IVK] Station.

passes 132 and 133 on 2025-11-27 from 09:28:53 to 10:04:12 with respectively 7.44 % and 89.14 %
over ocean due to data lost at Inuvik [IVK] Station.

» pass 135 on 2025-11-27 from 11:21:42 to 11:24:12 : 8.23 % over ocean due to data lost at Inuvik
[IVK] Station.

» pass 148 on 2025-11-27 from 22:51:34 to 22:53:02 : 5.28 % over ocean due to data lost.

» passes 152 to 158 on 2025-11-28 from 02:25:08 to 07:05:39 with respectively 56.58 %, 100% x 5
and 12.20% over ocean due to data lost at Inuvik [IVK] Station.

» pass 161 on 2025-11-28 from 09:39:01 to 10:05:24 : 90.15 % over ocean due to data gaps.
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» pass 165 on 2025-11-28 from 13:30:30 to 13:30:44 : 0.53 % over ocean due to data gaps.

+ passes 209 to 213 on 2025-11-30 from 03:29:47 to 06:33:15 with respectively 9.74 %, 100% x 3 and
35.73 % over ocean due to corrupted data after SSR Anomaly.

* pass 273 on 2025-12-02 from 09:49:45 to 09:59:49 : 36.81 % over ocean due to gap between down-
links at Inuvik [IVK] Station.

+ passes 301 to 303 on 2025-12-03 from 10:24:26 to 11:52:32 with respectively 12.39 %, 100% and
93.51 % over ocean due to data lost at Inuvik [IVK] Station.

* pass 347 on 2025-12-05 from 01:51:05 to 01:51:21 : 0.68 % over ocean due to data gaps.

+ passes 400 to 401 on 2025-12-06 from 23:10:08 to 23:57:08 with respectively 16.74 % and 70.89 %
over ocean due to data gaps.

+ pass 404 on 2025-12-07 from 02:34:41 to 02:35:50 : 3.44 % over ocean due to data gaps.

+ passes 488 to 492 on 2025-12-10 from 02:20:56 to 05:29:39 with respectively 65.67 %, 100% x 3
and 16.71 % over ocean due to due to data lost at Inuvik [IVB] Station.
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The monitoring of the percentage of missing measurements is represented in Figure 2. Values have been
computed over ocean for each track of the cycle. The mean percentage is equal to 3.77 % over the
complete cycle.
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Figure 2: Monitoring of the percentage per pass of missing data over ocean, for SWOT
Nadir GDR cycle 042
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3.2. Edited measurements

The editing criteria are defined as minimum and maximum thresholds for various parameters. Measure-
ments are edited if at least one parameter does not lie within the thresholds. These thresholds are expected
to remain constant throughout SWOT Nadir mission, so that monitoring the number of edited measure-
ments allows a survey of data quality.

The percentage of points removed by each criterion is given in the table 2. These percentages also in-
clude points with undefined values. Note that these statistics are obtained with measurements over ocean
only (using surface_classification_flag) and already edited by ice flag (using ice_flag).

The percentage of measurements with sea ice is of 16.32 % (4.00 % when limited to ocean at |latitude|<66°) .

Thresholds Rejected

Parameters Minimun Maximum MLE4 Adaptive
sea surface height anomaly -2m 2m 1.85 % 1.80 %
sea surface height -130 m 100 m 0.51 % 0.10 %
square off nadir angle -0.2 deg? 0.64 deg? 0.42 % 0.42 %
swh 0Om 11m 0.42 % 0.03 %
range number 10 20 0.65 % 0.28 %
range std 0m 0.2m 1.27 % 0.84 %
sigma0 7dB 30 dB 0.41 % 0.32 %
sigma0 number 10 20 0.64 % 0.26 %
sigma0 std 0dB 1dB 1.36 % 1.04 %
wind speed 0m/s 30 m/s 0.80 % 0.58 %
sea state bias -0.5m 0Om 0.38 % 0.01 %
ionospheric correction -0.4m 0.04 m 0.89 % 0.80 %
radiometer wic -0.5m -0.001 m 0.20 % 0.20 %
dry tropospheric correction -25m -1.9m 0.00 % 0.00 %
dynamical atmospheric correction | -2 m 2m 0.00 % 0.00 %
ocean tide height -5m 5m 0.00 % 0.00 %
internal tide -5m 5m 0.00 % 0.00 %
pole tide height -15m 15 m 0.00 % 0.00 %
solid earth tide height -1m 1m 0.00 % 0.00 %

Global statistics of edited measurements by thresholds 2.55 % 2.39 %

Table 2: Table of parameters used for editing and the corresponding percentages of
edited measurements for each parameter for SWOT Nadir MLE4 and Adaptive, over
cycle 042
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The measurements rejected during the editing process are shown on the maps below, for MLE4 and Adap-
tive data (Figure 3). Equatorial wet zones or zones with sea ice appear on the maps as regions with less
valid data, as it is also the case for other altimeters: measurements are corrupted by rain or sea ice. They
were therefore removed by editing.

Over this cycle, parts of passes are rejected over ocean (points with positive ice flag are not considered
here AND only parts of passes with > 15 % are mentionned) :

+ pass 567 on 2025-12-12 from 21:48:38 to 22:16:56 : 46.18 % due to undefined retracking outputs
and radiometer wet tropospheric correction because of an OCM SLOT.

C 1L - SWOT Nadir cycle 042 é
rejected points over ocean
DLS for ssha using MLE4 retracking cnes
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Figure 3: Edited measurements for SWOT Nadir over cycle 042
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4 Geophysical parameter analysis

The monitoring of instrumental and geophysical parameters is crucial to detect potential drifts or jumps in
long-term time series. These verifications are produced operationally to allow systematic monitoring of the
main relevant parameters. When possible, comparisons with ERA5 model data and/or with Sentinel-6A-MF
data are performed. Note that Sentinel-6A-MF L2 GDR/NTC standards changed twice to FO9 on 10-02-
2024 and to GO1 on 13-03-2025.

4.1. Significant Wave Height

Ku-band wave estimations derived from altimeter measurements are monitored in this section. Wave
height may reach several meters. Normalized histograms over cycle are plotted on the figure below for
MLE4 and Adaptive. MLE4 SWH is centered around 2.41 m for MLE4 and 2.37 m for Adaptive. It shows
the consistency between the two retrackings. Furthermore, values are coherent with ERA5 model and
Sentinel-6A-MF estimations.

ace SWOT Nadir

.
. Significant Wave Height
CLS cnes
nbr min mean median max std
MLE4 from cycle 001  3.727e+07 0.233 2.582 nan 11 1.353
S6A MLE4 over SN cycle 042 1.116e+06 0 2.476 2.18 11 1.285
ERAS over cycle 042 8.503e+05 0.1 2.29 2.02 10.78 1.135
Adaptive over cycle 042 8.594e+05 0.002 2.368 2.09 11 1.185
MLE4 over cycle 042  8.577e+05 0.233 2.406 2.13 10.99 1.225
MLE4 from cycle 001
=N S6A MLE4 over SN cycle 042
4 ERAS over cycle 042
] Adaptive over cycle 042
= MLE4 over cycle 042
O 3+
o
©
o 21
=
1+
0 E

Figure 4: Ku-band Significant Wave Height histogram computed over cycle 042 (red line
for SWOT Nadir MLE4 and blue line for SWOT Nadir Adaptive, green for Sentinel-6A-MF
(LR MLE4) and dark green for ERA5) and from cycle 001 (SWOT Nadir, MLE4 only,
black line)
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Maps are plotted for MLE4 data separating ascending and descending passes (top Figure 5). Comparisons
to ERA5 (middle) and Adaptive (bottom) are also shown on blue/red maps of Figure 5.
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Figure 5: Along-track maps of Ku-band Significant Wave Height over cycle 042 for
SWOT Nadir MLE4 (top), MLE4 minus model (middle) or Adaptive minus MLE4
(bottom), ascending passes (left) and descending passes (right)
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The daily average of Ku-band SWH for SWOT Nadir is plotted on Figure 6 from cycle 001. It shows the
similar features between SWOT Nadir and ERA5 waves, both for MLE4 and Adaptive, and with Sentinel-
6A-MF (despite Sentinel-6A and SWOT are not looking at exactly the same ocean).

SWOT Nadir Significant Wave Height -
ng mean per day é RS s'v'\:::::f:,ee:e::; »
cnes w cLS cnes
nbr min mean median max nbr min mean median max std
MUEQ) 8724 242972 2582 24582 124956] 08122/ MLE4 minus ERAS 872 001357  0.1121 0122  0.1667  0.03429
S%Eg&: g;g %ggg %g;g %g;g g-gg; g-ﬁ?g S6A, MLE4 minus ERA5 877  -0.0382  0.08949  0.09967 0.1588  0.03918
pLivel 272 21256 2532 232l 889 By Adaptive minus ERAS 872 -0.04188 006665 007636 01194  0.03204
4.00 0.20
—— MLE4
3.75 —— S6A, MLE4 0.15
3.50 —— Adaptive
—— ERAS 0.10
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time time

Figure 6: Ku-band Significant Wave Height daily monitoring from cycle 001 to 042, for
SWOT Nadir, ERA5 model estimated at SWOT locations, and Sentinel-6A-MF (LR
MLEA4) (left), and difference with ERA5 model (right)
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4.2. Backscattering coefficient

Ku-band backscattering coefficient is centered around 13.57 dB for MLE4 and around 13.40 dB for Adap-
tive (Figure 7). Ku-band backscattering coefficients present similar features between MLE4 and Adaptive,
as shown on the maps (Figure 8), and on the daily monitoring (Figure 9).

Maps are plotted for MLE4 data separating ascending and descending passes (top Figure 8). Adaptive
minus MLE4 difference (bottom) is also shown on blue/red map of Figure 8.

Sentinel-6A change of processing baseline to FO9 implied a +0.91dB jump on 10-02-2024 (green curve on

Figure 9).
ace SWOT Nadir é
IELS Backscatter Coefficient
cnes
nbr min mean median max std
MLE4 from cycle 001  3.727e+07 .03 13.46 nan 24.68 1.63
S6A MLE4 over SN cycle 042  1.116e+06 7 13.27 13.16 24.5 1.563
Adaptive over cycle 042 8.594e+05 7.04 13.4 13.25 24.97 1.606
MLE4 over cycle 042  8.577e+05 7.75 13.57 13.44 24.66 1.59
— MLE4 from cycle 001
8- —— S6A MLE4 over SN cycle 042
—— Adaptive over cycle 042
W —— MLE4 over cycle 042
= 61
=
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Figure 7: Ku-band Backscattering coefficient histogram computed over cycle 042 (red
line for SWOT Nadir MLE4 and blue line for SWOT Nadir Adaptive, green for
Sentinel-6A-MF (LR MLE4)) and from cycle 001 (SWOT Nadir, MLE4 only, black line)
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ace SWOT Nadir GDR cycle 042 é ace SWOT Nadir GDR cycle 042 é
CcLS MLE4 Backscatter Coefficient cnes cLS MLE4 Backscatter Coefficient
(ascending passes)
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Figure 8: Along-track maps of Ku-band backscatter coefficient sigma0 over cycle 042
for SWOT Nadir MLE4 (top) or Adaptive minus MLE4 difference (bottom), ascending
passes (left) and descending passes (right)

ace SWOT Nadir Backscatter Coefficient .
IELE mean per day ..
nbr min mean median max std
MLE4 872 13.17 13.46 13.46 13.88 0.1066
S6A, MLE4 877 12.07 13 13.16 13.53 0.3881
Adaptive 872 13.01 13.31 13.31 13.74 0.1068
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Figure 9: Ku-band Backscattering coefficient daily monitoring from cycle 001 to 042, for
SWOT Nadir and Sentinel-6A-MF
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4.3. Altimeter Wind Speed

Altimeter wind speed is derived from backscattering coefficient and significant wave height using Collard
algorithm. To allow wind speed computation, a calibration bias is applied on the backscattering coefficient.
Since cycle 029, on 2025-02-24, SWOT Nadir change of processing baseline to S 2.01 implied a -0.65 m/s
jump due to change on sigma0 bias applied for wind speed computation. As a result, since that change,
wind speed estimations are aligned with ERA5 model.

ace SWOT Nadir é

- Wind Speed

CLS cnes

nbr min mean median max std

MLE4 from cycle 001 3.727e+07 0 7.718 nan 27.67 3.608
S6A MLE4 over SN cycle 042 1.116e+06 0 7.726 7.3 27.58 3.574

ERA5S over cycle 042 8.503e+05 0.011 7.391 6.914 25.21 3.439

Adaptive over cycle 042 8.594e+05 0 8.971 8.86 27.87 3.812
MLE4 over cycle 042 8.577e+05 0 7.411 6.94 26.89 3.477

MLE4 from cycle 001

S6A MLE4 over SN cycle 042
ERAS over cycle 042
Adaptive over cycle 042
MLE4 over cycle 042

% of points
W]

T T T T T T T
o 5 10 15 20 25 30

[m/s]

Figure 10: Altimeter Wind Speed histogram computed over cycle 042 (red line for
SWOT Nadir MLE4 and blue line for SWOT Nadir Adaptive, green for Sentinel-6A-MF
(LR MLE4)) and from cycle 001 (SWOT Nadir, MLE4 only, black line)

Maps are plotted for MLE4 data separating ascending and descending passes (top Figure 11). Compar-
isons to ERA5 (middle) and Adaptive (bottom) are also shown on blue/red maps of figure 11.
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ace SWOT Nadir GDR cycle 042 é
CcLS MLE4 Wind Speed
(ascending passes)

ace SWOT Nadir GDR cycle 042 é
CcLS MLE4 Wind Speed
(descending passes)
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ace SWOT Nadir GDR cycle 042 é ace SWOT Nadir GDR cycle 042 é
CcLS MLE4 minus ERA5 Wind Speed cnes CcLS MLE4 minus ERA5 Wind Speed cnes
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Figure 11: Along-track maps of Altimeter Wind Speed over cycle 042 for SWOT Nadir
MLE4 (top), MLE4 minus ERA5 (middle) or Adaptive minus MLE4 (bottom), ascending
passes (left) and descending passes (right)

The daily average from cycle 001 shows the wind speed values centered around 7.72 m/s for MLE4 and

9.26 m/s for Adaptive.
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SWOT Nadir Wind Speed - -
L lel ) mean per dayp é ace wind speed difference é
cLS cnes E:LE mean per day
nbr. min mean median max std Snes
nbr min mean median max std
e 872 GE3 LA7ILE, 12639 BYLE8 082558 MLE4 minus ERAS 872  -0.2499  -0.009777 -0.00865  0.2123  0.0829
SEANMUES 8777 74323 8415 BY1S BI966 012602 Adaptive minus ERA5 872 1307 1.561 1.567 192 0.09348
Adaptive 872 8.35 9.265 9.252 10.09 0.2762 P : : : : -
ERAS 872 7.008 7.738 7.735 8516 02438 20
14 —— MLE4
—— S6A, MLE4 15 w
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Figure 12: Wind Speed daily monitoring from cycle 001 to 042 for SWOT Nadir GDR,
ERAS5 model, and Sentinel-6A-MF (LR MLE4) (left), and daily mean difference with
ERAS (right)

4.4. lonospheric correction

Over this cycle, altimeter filtered ionospheric correction is centered around -5.67 cm for MLE4 retrievals
and around -5.25 cm for Adaptive retrievals.

SWOT Nadir altimeter minus GIM model ionospheric corrections difference is monitored over science phase
on right par of Figure 15. Average biases are observed : 0.69 cm for MLE4 and 1.10 cm for Adaptive.

ace SWOT Nadir . ace SWOT Nadir .
E:LE Filtered ionospheric correction E:LE Filtered ionospheric correction difference
cnes cnes
nbr min mean median max std nbr min mean median max std
MLE4 from cycle 001 ~ 3.727e+07  -36.53 - nan 2.87 473 MLE4 - GIM from cycle 001 ~ 3.727e+07  -18.08  0.6856 nan  19.85  1.188
S6A MLE4 over SN cycle 042 ~ 1.116e+06  -21.79 -5.44 -4.76 335 3.267 S6A MLE4 - GIM over SN cycle 042 1.116e+06 -939 1115 1.13 9.17  1.092
GIMover cycle 042  8.503e+05  -25.97  -6.321 -473 0.21 4.905 MLE4 - GIM over cycle 042  8577e+05  -10.21  0.6469 0.64 8.15 09618
Adaptive over cycle 042 8.594e+05 -27.35 -5.252 -3.67 1.46 4.864 Adaptive - GIM over cycle 042 8.594e+05  -10.02 1.064 1.06 8.7 0.9542
MLE4 over cycle 042  8.577e+05 -27.86 -5.672 -4.09 0.94 4.863
IPY MLE4 - GIM from cycle 001
— MLE4 from cycle 001 —— S6A MLE4 - GIM over SN cycle 042
1 —— S6A MLE4 over SN cycle 042 10 MLE4 - GIM over cycle 042
GIM oyer cycle 042 " —— Adaptive - GIM over cycle 042
n —— Adaptive over cycle 042 £ 3
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Figure 13: GIM model (dark green) and altimeter filtered ionosphere correction
histogram computed over cycle 042 (red line for SWOT Nadir MLE4 and blue line for
SWOT Nadir Adaptive, green for Sentinel-6A-MF (LR MLE4)) and from cycle 001
(SWOT Nadir, MLE4 only, black line) (left). Difference between filtered altimeter and GIM
model (right).

Maps are plotted for MLE4 data separating ascending and descending passes (top Figure 14). Compar-
isons to GIM (middle top) and Adaptive (middle bottom) are also shown on blue/red maps of Figure 14.
As this correction is strongly linked both to solar activity and day/night time measurements, corresponding
local hours are plotted on bottom maps of Figure 14. On 2024-10-10 to 2024-10-11, as well as on 2024-
05-11, solar storms degraded GIM ionospheric correction, resulting in downward spikes in the monitoring
of the filtered iono - GIM iono for both SWOT Nadir and Sentinel-6A-MF.
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SWOT Nadir GDR cycle 042 é a SWOT Nadir GDR cycle 042 é

e 3
cLS MLE4 Filtered ionospheric correction cres cLS MLE4 Filtered ionospheric correction
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ace SWOT Nadir local hours over cycle 042 c ace SWOT Nadir local hours over cycle 042 c
CcLS from 2025-11-22 16:22 to 2025-12-13 13:07 cnes cLS from 2025-11-22 16:22 to 2025-12-13 13:07 cnes
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Figure 14: Along-track maps of filtered ionosphere correction over cycle 042 for SWOT
Nadir MLE4 (top), MLE4 minus GIM (middle top) or Adaptive minus MLE4 (middle
bottom), and local hours (bottom), for ascending passes (left) and descending passes

(right)
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SWOT Nadir Filtered ionospheric correction ace ionospheric correction difference .
ece mean per day é IELS mean per day
CLS cnes cnes
nbr min mean median max std nbr min mean median max std
MLE4 872 -9.67 -5.989 -6.007 2.723 1.39 - mll:g - gm g;g] 0.01676 0.6858 0.6823 1.982 0.1544
S6A, MLE4 877 -11.18 -6.1! -6. Eo) 3 2 - 0.2506 1.767 1.196 2486 11.44
Adaptive 872 9.216 =14 aes e =y Adaptive - GIM 872 0.4279 1.008 1.099 2391 0.1555
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Figure 15: SWOT Nadir MLE4 (red), Adaptive (blue) and Sentinel-6A-MF (LR MLE4)
(green) filtered ionosphere correction daily monitoring from cycle 001 to 042 (left) and
difference with GIM model (right)
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4.5. Mispointing

Note that as there is no square off nadir angle values on Adaptive retraking algorithm, only MLE4 val-
ues are shown here. Over this cycle, SWOT Nadir mispointing deduced from waveforms through MLE4
retracking is centered around 0.009 deg?. This slight mispointing values are stable in time (Figure 18) and
coherent for this cycle with the overall science phase as seen on the histogram (Figure 16).

On 2024-05-04 and on 2024-10-04, mispointing is higher than usual but still within thresholds, due to gyro
calibrations (red peak on Figure 18).

Note that Sentinel-6A change of processing baseline to G01 implied a -0.04 deg? jump on 2025-03-13
(green curve on Figure 18).

SWOT Nadir
aLg Mispointing from waveforms é
cnes
nbr min mean median max std
MLE4 from cycle 001  3.727e+07  -0.1998 0.009011 nan  0.6325 0.01864
S6A MLE4 over SN cycle 042  1.116e+06 -0.2 0.003418  0.0022  0.6362 0.03304
MLE4 over cycle 042  8.577e+05  -0.1854 0.009473  0.0089 0.5805 0.01849
—— MLE4 from cycle 001
8 —— S6A MLE4 over SN cycle 042
—— MLE4 over cycle 042
w
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o
o
© 47
X
2 o
O~
4}!20 40115 4}{10 4}!05 O.E]U O.E]S U.i(] O.le_‘n 0.I2C|
[deg?]
Figure 16: Mispointing histogram computed over cycle 042 (solid line) and from cycle 4
(dashed line)
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Figure 17: Along-track maps of mispointing over cycle 042 for SWOT Nadir MLEA4,
ascending passes (left) and descending passes (right)
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SWOT Nadir Mispointing from waveforms
ng mean per day CHL;S
) nbr min mean median max std
MLE4 872 0.007693 0.009015 0.008975 0.01576 0.0006186
S6A, MLE4 877 0.002776 0.006478 0.007593 0.009166 0.002039
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Figure 18: Mispointing daily monitoring from SWOT cycle 001 to 042 for SWOT Nadir
GDR (red) and Sentinel-6A-MF (green)
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4.6. Radiometer parameters

For the SWOT mission, the Wet Tropospheric Correction is measured by a radiometer with two indepen-
dant beams on either side of the nadir. Then, an interpolation using the two beams is performed to obtain
the Wet Tropospheric Correction on each 1Hz altimeter measurement. To assess the quality of the WTC,
it is compared to the WTC computed from the ECMWF model, available every 6 hours. The model WTC is
linearly interpolated at both radiometers measurement’s location and Nadir locations.

ace SWOT GDR é ace SWOT GDR .
CLS Diff MWR-ECMWF Wet Tropo Corr e CLS Diff MWR-ECMWF Wet Tropo Corr o
mean per day std per day
nbr min mean median max, std nbr min mean median max std

Sidel 869 0.09085 0.288 0.2895 0.4988 0.05976 Sidel 869 09115 1.086 1.079 1378 0.07271

Side2 869 0.1263 0.3072 0.307 0.4967 0.05261 Side2 869 0.9262 1.095 1.091 1388 0.07384

NALT 872 0.1628 0.3186 03171 0.5051 0.05082 NALT 872 0.7798 0.9102 09111 1.082 0.04436
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Figure 19: Daily monitoring of mean (left) and standard deviation (right) of the
difference between AMRs wet tropospheric correction and ECMWF wet tropospheric
correction for the side 1 (blue), the side 2 (orange) and the Nadir (green), computed

from cycle 001 to cycle 042

To assess the intercalibration between the two radiometers, the Wet Tropospheric Correction gradient be-
tween each Side 1 AMR measurements and the closer Side 2 AMR measurements is calculated. The
same operation is made between the Nadir and the two radiometers. Variations in these metrics can be
used to check whether or not radiometers are subject to instrumental drift.
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are SWOT GDR ~
CLS wtc gradient cnes
mean per day
nbr min mean median max std
Side2-Sidel 869 -0.1498 0002815 0005356 0.1359 0.0506
Sidel-NALT 869 -0.04342 0.004063 0.002503 0.06304 0.01938
Side2-NALT 869 -0.08679 0.008008 0.01054 009101 0.03112
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Figure 20: Daily monitoring of the wet tropospheric correction gradient between AMR
Side 1 and AMR Side 2 (purple), AMR Side 1 and Nadir (cyan), and AMR Side 2 and
Nadir (yellow), from Cycle 001 to 042

Comparison between radiometer and ECMWF wet troposphere correction highlights the good agreement
between the two solutions. This difference is monitored using daily average in order to detect any jumps or
anomaly (Figure 23), this indicator is stable around 0.29 cm, with a standard deviation value of 0.94 cm.

% of points

10

ace SWOT Nadir . ace SWOT Nadir .
E:LE Wet Tropospheric Correction E:LE Wet Tropospheric Correction difference
cnes cnes
nbr min mean median max std nbr min mean median max std
Radiometer from cycle 001 3.727e+07 -50 -15. nan -0.19 10.0: Radiometer minus ECMWF model from cycle 001 3.727e+07 -30.1 0.288 nan 39.96 0.9456
S6A Radiometer over SN cycle 042  1.116e+06  -49.98 -14.97  -12.69 0.1  9.353 S6A Radiometer minus ECMWF model over SN cycle 042 1.116e+06 -24.220.09894 0.11 9.51 1.063
ECMWF model over cycle 042 8.577e+05 -43.78 15.46 -13.38 -0.53 9.544 Radiometer minus ECMWF model over cycle 042 8.577e+05 -21.35 0.3255 0.3 12.94 0.9032
Radiometer over cycle 042  8.577e+05 -49.68 15.14 -13.12 -0.53 9.455
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Figure 21: Histogram of wet troposphere corrections : SWOT Nadir radiometer (left)
and difference with ECMWF model (right), computed over cycle 042 and from cycle 001
(black line)
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ace SWOT Nadir GDR cycle 042 g ace SWOT Nadir GDR cycle 042
i Wet ic € i i Wet ic C
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-50 -40 -30 -20 -10 0 -50 —40 -30 -20 -10 0
[cm], mean = -15.20 cm [cm], mean = -15.08 cm
SWOT Nadir GDR cycle 042 ~ SWOT Nadir GDR cycle 042 .
g|_5 Radiometer minus model Wet Tropospheric Correction - c|_5 Radiometer minus model Wet Tropospheric Correction

(ascending passes)

(descending passes)

R

wE 120 180° oW X o e 10 1807 20w oW 3

-2.0 -15 -1.0 -0.5 0.0 0.5 10 15 2.0 -2.0 =15 -1.0 -0.5 0.0 0.5 1.0 15 2.0
[cm], centered round 0.32 cm [cm], centered round 0.33 cm

Figure 22: Along-track maps of the interpolated to Nadir AMRs wet tropospheric
corrections (top) and radiometer minus ECMWF model difference of wet tropospheric
corrections (bottom), computed over cycle 042

SWOT Nadir Wet Tropospheric Correction ace SWOT Nadir Wet Tropospheric Correction é
eee mean per day \J cLS std per day
eL8 cnes nbr. min mean median max CQGES
RediGristas N O T N e N <L Radiometer 872 9.135 10 1002 1073 02768
S6A, Radiometer 877 1708 156 1551 145 05308 S6A, Radiometer 877  9.053 10 1002 1086 0.3346
Radiometer minus ECMWF model 872 0.1479 02883 02871 04577 0.04847 Radiometer minus ECMWF model 872 0.8019 0.9433 0.9409  1.087 0.04574
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Figure 23: Daily monitoring of mean (left) and standard deviation (right) of the
interpolated to Nadir AMRs wet tropospheric corrections (red) and radiometer minus
ECMWEF model difference of wet tropospheric corrections (blue), computed from cycle
001 to 042. Sentinel-6A-MF radiometer monitoring in green.

Note: Some geolocation anomalies in the L2RAD data can degraded the quality of the radiometer products
interpolation to the nadir. These anomalies may be caused by OCM or Yaw Flip maneuvers, missing in-

formation on L2RADs geolocation (in these cases, L2RADs are positioned on the nadir track), or anomaly
linked to data gaps.

Over Cycle 042, major AMR geolocation problems occur on:

* Pass 401 on 2025-12-06 from 23:48:50 to 23:58:03: anomaly due to incorrect location of certain
AMR measurements, located on nadir measurements for both beams. This follows a data gap due to
a downlink degraded (reported in SSAM reports).

* Pass 496 on 2025-12-10 from 09:28:57 to 09:33:20: anomaly due to incorrect location of certain
AMR measurements, located on nadir measurements for both beams.No matches with events listed
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in SSAM reports.
» Pass 566/567 on 2025-12-12 from 21:29:16 to 22:06:20: anomaly due to a OCM SLOT maneuver.

SWOT cycle 042
gl_g Anomaly in L2ZRADs/Nadir distance g

60°E

Dist L2RADs/Nadir: < 30km Dist L2RADs/Nadir: > 50km

Figure 24: Map of the anomalies detected in the L2ZRADs/Nadir distance over the cycle
042
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5 Sea Surface Height Anomaly

Over this cycle, SSHA is centered around 7.18 cm in MLE4, 4.35 cm in Adaptive (global along-track aver-
age).

Maps presented on Figure 26 show homogeneous patterns for MLE4 and Adaptive retrackings.

ace SWOT Nadir -
ELE Sea Surface Height Anomaly
cnes
nbr min mean median max std
MLE4 from cycle 001  3.727e+07 -200 6.536 nan 200 10.75
S6A MLE4 over SN cycle 042  1.116e+06 -199.3 5.933 5.56 197.2 10.19
Adaptive over cycle 042 8.594e+05 -199.7 4.346 4.01 120.8 10.19
MLE4 over cycle 042  8.577e+05 -199.6 7.18 6.8 123.7 10.12
104 — MLE4 from cycle 001
—— S6A MLE4 over SN cycle 042
g4 Adaptive over cycle 042
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Figure 25: SSHA histogram computed over cycle 042 (red line for SWOT Nadir MLE4
and blue line for SWOT Nadir Adaptive, green for Sentinel-6A-MF (LR MLE4)) and from
cycle 001 (SWOT Nadir, MLE4 only, black line)
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are SWOT Nadir GDR cycle 042 ace SWOT Nadir GDR cycle 042

» »
CcLS MLE4 Sea Surface Height Anomaly " cLS MLE4 Sea Surface Height Anomaly "
(descending passes)

(ascending passes) cnes

-20 -15 -10 =5 0 5 10 15 20 -20 =15 -10 =5 0 5 10 15 20
[cm], mean = 7.12 cm [cm], mean = 7.24 cm
ace SWOT Nadir GDR cycle 042 é ace SWOT Nadir GDR cycle 042 é
CLS MLE4 minus CMEMS Sea Surface Height Anomaly cnes CLS MLE4 minus CMEMS Sea Surface Height Anomaly cnes
(ascending passes)

(descending passes)

—6 -4 -2 [ 2 4 6 -6 -4 -2 [ 2 4 6
[cm], centered round -4.73 cm [cm], centered round -4.63 cm
SWOT Nadir GDR cycle 042 é ac SWOT Nadir GDR cycle 042 é

S 2
Adaptive minus MLE4 Sea Surface Height Anomaly Adaptive minus MLE4 Sea Surface Height Anomaly
CLS (ascendmg passes) cnes CLS (descandmg passes) cnes

-3 -2 -1 [ 1 2 3 -3 -2 -1 [ 1 2 3
[cm], centered round -2.80 cm [cm], centered round -2.80 cm

Figure 26: Along-track maps of SSHA over cycle 042 for SWOT Nadir MLE4 (top),
MLE4 minus CMEMS (middle) or Adaptive minus MLE4 (bottom), ascending passes
(left) and descending passes (right)

Long term time monitoring allow to detect any jump or drift. In the plot below, the daily mean of SSHA,
using a selection on open ocean (surface_classification_flag = 0) and valid data [part 3.2.] follow the
same variations for SWOT Nadir MLE4 and Adaptive. Along track ssha standard deviation is stable around
10.36 cm.
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Figure 27: SSHA daily monitoring from cycle 001 to 042, for SWOT Nadir GDR
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6 Crossover Analysis

6.1. Mono mission crossover

Sea Surface Height crossover differences are the SSH differences between ascending and descending
passes where they cross each other. Crossover differences are systematically analysed to estimate data
quality and the Sea Surface Height (SSH) performances. SSH crossover differences are computed from
the valid data, with a maximum time lag of 10 days, in order to limit the effects of ocean variability which
are a source of error in the performance estimation. The mean SSH crossover differences should ideally
be close to zero and standard deviation should ideally be small.

Nevertheless, SLA varies also within 10 days, especially in high variability areas. Furthermore, due to
lower data availability (due to seasonal sea ice coverage), models of several geophysical corrections are
less precise in high latitude. Therefore, an additional geographical selection - removing shallow waters,
areas of high ocean variability and high latitudes (> |50| deg) - is applied for cyclic monitoring.

After data editing, applying additional geographical selection and SWOT Nadir standards, the crossover
standard deviation over this cycle is about 4.61 cm in MLE4, 4.76 cm in Adaptive.

The maps of the mean differences at crossovers (4 by 4 degrees by bins) are plotted for the current cycle
(top) and from cycle 001 onwards (bottom), for MLE4 (left) and Adaptive (right) on Figure 28.

The mean and standard deviation of SSH differences at crossovers are plotted as a function of time on
a daily basis on Figure 29. The statistics are computed after data editing and using the geographical se-
lection criteria (|latitude| < |50]°, bathymetry < —1000m, ocean variability (computed over several years) <
0.2m). Please note that temporal serie is done until 10 days before the end of the cycle in order to take into
account the drifting period of 10 days that allows to compute significant indicators. The results are in line
between MLE4, and Adaptive data, with the same temporal evolution.
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Figure 28: Mean SSH difference at crossovers for SWOT Nadir MLE4 (left) and
Adaptive (right) cycle 042(top) and from cycle 001 to cycle 042 (bottom)
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Figure 29: Monitoring of SSH difference at crossovers for SWOT Nadir MLE4 (red) and
Adaptive (blue) : mean (left) and standard deviation (right), from cycle 001 to 042

6.2. Multi-mission crossover

The map of the mean SSH differences at Sentinel-6 MF LR crossovers (3 by 3 degree bin) is plotted
on figure 30 and figure 31. This map does not show strong anomalies and highlights the consistency be-
tween the two missions. Please note that temporal serie is done until 10 days before the end of the cycle
in order to take into account the drifting period of 10 days that allows to compute significant indicators.
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Figure 30: Mean SSH difference at crossovers between SWOT Nadir MLE4 and
Sentinel-6 MF LR MLE4 over cycle 042 (left) and from cycle 001 onwards (right)
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Figure 31: Daily monitoring of SSH difference at crossovers between SWOT Nadir
MLE4 and Sentinel-6 MF LR MLE4 from cycle 001 onwards : mean (left) and standard
deviation (right)
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7 Conclusion

These results highlight the good quality of SWOT Nadir GDR products over ocean. The performances
observed at crossovers over this cycle, and the sea level and other parameters derived from the altimeter
show good metrics and good consistency with the Sentinel-6A-MF reference mission.
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