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December 2024

Project news

The Missions Project Team (CNES)

SWOT

Shortly after its successful launch on December 16, 2022,

the international Surface Water and Ocean Topography
(SWQOT) satellite mission successfully launched all its instru-
ments. The nadir altimeter (Poseidon-3C), the Advanced
Microwave Radiometer (AMR), the payload for the precise
orbit tracking systems (DORIS and GPS sensors) and the in-
novative instrument KaRIn (short for Ka-band Radar Inter-
ferometer) all performed excellently. From the very first
days, SWOT provided impressive images of the ocean sur-
face topography with a spatial resolution 10 times higher
than that obtained by the combination of the seven active
nadir altimeter satellites in operation at the time.

The commissioning phase was successfully completed in
April 2023, and the calibration phase began on a 1-day re-
peat orbit. While the daily observations of the calibration
sites ensured good instrument calibrations, the mea-
surements from this period revealed small, never-before-
observed ocean phenomena with unprecedented repea-
tability. The science phase then started on July 26, 2023,
and the first pre-validated ocean and hydrology products
were gradually distributed from September 8 (NADIR pro-
ducts) to November 30, 2023 (ocean and some hydrology
products). After an update of the processing algorithms, a
new version was released at the end of November 2023
a0\
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and the full reprocessing of the products was Further information
started with the aim of a product validation by the
SWOT Science Team. The latest version of the
SWOT products (PI/PGC0O) was declared validated
during the SWOT Science Team meeting in Chapel
Hill on June 21, 2024.

eLinks and references on SWOT : publications in
peer-reviewed journals, conferences, ...

«SWOT : products, applications and services,
tips for choosing and using SWOT products

As of December 2024, the spacecraft is still perfor-
ming well and the teams are preparing for the new
versions of the products to be released in early

2025 and another full post-launch reprocessing.
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10-day SWOT KaRIn topography over the Southern Ocean and sea ice without interpolation or smoothing.
Credit CNES/CLS

Date Orbit and Mission Phase

December 16, 2022 Launch

December 16 - 24,2023 Launch and Early Operations Phase (LEOP)
Dec. 16 —Jan. 14, 2023  Orbit Maneuvers and Drift

January 14, 2023 Start of 1-day Repeat Orbit

Jan. 3 —March 30, 2023 Commissioning Phase

March 30 — July 10, 2023 Calibration Phase

July 11 —July 20, 2023 Orbit Maneuvers and Drift

July 21, 2023 Start of 21-day Repeat Orbit
July 21, 2023 Science Phase Begins (no useful KaRIn data until July 26)
November 2023 Ocean product Version B - beta release for early
CalVal evaluation
March 2024 Ocean product Version C - first "Science" release
August 2024 Ocean product Version C declared as validated by the SWOT project

SWOT timeline : Orbit, phase and product releases.
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https://www.aviso.altimetry.fr/en/missions/current-missions/swot/links-and-references-on-swot.html

CFOSAT

The French-Chinese CFOSAT satellite, launched on
October 28, 2018, celebrated its fifth anniversary in
orbit, which is longer than its nominal period. In
fact, the nominal lifetime was 3 years. The first mis-
sion extension will end in 2024. A second extension
is under discussion for the next 2 years, 2025-2026.
This event was an opportunity to perform the first
evaluation of this innovative mission, which carries
two scatterometers: one for waves (SWIM) and the
other for wind (SCAT).

Unfortunately, the SCAT antenna stopped rotating
at the end of 2022. But we can already see signifi-
cant results both from an operational point of view,
with data being used daily by weather forecasting
agencies for assimilation into sea state prediction
models, and from a scientific point of view. These
excellent results are being validated by an interna-
tional scientific team that has met four times since
launch and will be further improved as the mission
continues over the coming months and years. The
scientific processing is constantly being improved
and has already led to two full reprocessing cam-
paigns of SWIM data, with a new one planned for
2025. The products of these campaigns are avai-
lable, and the last one will be available in the near
future. We can also expect new applications and
products in the coming months, such as Stokes drift
estimates, sea ice detection gridded products. Im-
provements will also be made to the filtering of pa-
rasitic peaks in the slope and elevation spectra, and
the modulation spectrum will be made available in
the wavelength range from 22.5-m to 1112-m.

SARAL

SARAL/AItiKa is still part of the altimetry constella-
tion and fully operational after more than 11 years
in orbit. Providing Ka-band measurements, it re-
mains the only nadir altimeter operating at this fre-
guency. In addition to its routine mission to serve
oceanography, polar oceans, hydrology and hurri-
cane forecasting, it is also used for cross-calibration
with SWOT low-rate data over the ocean... The

Page 3

2024 exploitation review held in June highlighted
an amazing performance for such an "old" satellite
and its associated ground segment: availability
100% and data collection over the ocean higher
than 97%....

Considering this excellent performance, ISRO and
CNES have jointly decided to operate SARAL/AItiKa
until the end of 2025.
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SWOT : products, applications and services

Tips for choosing and using SWOT products

Summary presentation of available products, exam-
ples of applications in different themes and CNES
AVISO services for accessing, displaying and pro-
cessing SWOT ocean data.

NASA and CNES, with contributions from the Cana-
dian and the UK Space Agencies, are collaborating
on the SWOT mission, which was launched on De-
cember 16, 2022. Thanks to its new technical con-
cept, a wide-swath interferometric altimeter
(KaRIn), the SWOT mission represents a major de-
sign breakthrough in space altimetry. It brings inno-

vation in technology, science and applications.
Products

Identical Level-2 (Nadir and KaRIn) SWOT data are
available from both the CNES and NASA PO.DAAC
data centers. The SWOT KaRIn ocean Level-3 prod-
uct is distributed by the AVISO Data and Service
Center from CNES. It is produced by the AVISO/
DUACS team (CNES, industry and laboratories) as
part of the SWOT Science Team’s DESMOS project
in collaboration with the SWOT project (NASA/JPL
and CNES). It is a research-grade extension derived
from the SWOT KaRiIn Level
-2 ocean product with multi

Why should you use

Level-3 products?
B,

-mission calibration, state-
of-the-art
algorithms and corrections

research-grade

from the scientific commu-
nity, and a sophisticated

editing procedure

(especially near the coast).

Why not use
both?
=S

As such, Level-3 should be

considered a community

research project, rather

. experiments
than an operational agency B

Use Level-2 or Level-3 products ?

The Level-2 product is a standalone SWOT product
(no multi-mission calibration) with all reference al-
gorithms and corrections. It is the reference prod-
uct and is the go-to product for technical, expert,
and algorithmic analysis, as well as instrument and
algorithm research.

The Level-3 is a multi-mission, cross-calibrated pro-
duct with just the ocean topography content need-
ed for oceanography research. It may be the better
suited for applications where the user wants a very
simple, out-of-the-box, product that can be mixed
with other missions (e.g., CMEMS Level-3 multi-
mission nadir altimetry products, https://
doi.org/10.48670/moi-00147). In this respect, the
joint use of the Level-2 and Level-3 products can be

seen as a sandbox in which the SWOT Science Team
can explore and test new standards, corrections,
algorithms and editing procedures.

Choosing your SWOT Product

Why should you use
Level-2 products?
e

« L3 is not a replacement to the Level-2 (L3 has new
layers, but no duplication of L2 content)

« L2 remains the go-to product for altimetry experts
(engineering, algorithms, Other surfaces)

« Lightweight, simpl€}and usable out-of-the-box
« No altimetry engineering knowledge required
« Nadir altimeter & KaRlIn in one single image

« Sustainable production: NRT and regrocessing

« L3 uses the same grid and pixels as the L2 you can blend L3 layers into the L2
« Sandbox product: can integrate your research algorithms or L2 candidates or

« Community-driven content: make requests & help define future L2 & L3 standards

product.

Source : Blending 2D topography images from SWOT into the altimeter constellation with

the Level-3 multi-mission DUACS system, G.Dibarboure et al., 2024.
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https://doi.org/10.48670/moi-00147
https://doi.org/10.48670/moi-00147
https://doi.org/10.5194/egusphere-2024-1501
https://doi.org/10.5194/egusphere-2024-1501
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Over the ocean, the resolution of the KaRIn alti-
meter is improved by a factor of 10 compared to Portfolio of SWOT p '
conventional altimetry, providing access to obser- first results by '

vations at finer spatial scales ranging from 10 km to _

L theme : >
a few hundred km. The range of applications is un- '
rivaled, whether in the open ocean or in coastal

coastal oceanography,
ocean circulation,
polar regions,
geodesy

areas. The dynamics and structure of mesoscale
eddies are essential for understanding the vertical

transport of carbon, heat and nutrients in the

ocean, which is the main regulator of climate.

wind/waves & swells.
Coastal oceanography

One of the most eagerly awaited results from SWOT
about the oceans is at their boundaries: near the coast. SWOT observes across its two 60 km wide
swaths, covering most coastal areas. In addition, the 250 m resolution of the near-shore data reveals
fine scale details of coastal ocean dynamics.

Coastal areas have the most anthropogenic interactions, the highest socio-economic and environ-
mental stakes. Regular monitoring of coastal ocean dynamics through SWOT is essential to address
these challenges.

2024-02-04
Cycie 10 Pass 307 KarinvSWOT

‘.
s N a

Left, SWOT KaRiIn reflected radar power (sigma0) and, right, in co-
lor, the SWOT Level-3 KaRIn 250 m sea level anomalies with derived
geostrophic currents overlaid (black lines with arrows).

\ Further information on AVISO+:
1} * SWOT close to the coasts

Under low wind conditions, SWOT captures very small-scale roughness changes (white filaments in sig-
ma0). These are the tracers of ocean turbulence generated by small-scale ocean eddies, as seen in the sea level
anomaly map. Credit CNES/CLS.

(s
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https://www.aviso.altimetry.fr/en/missions/current-missions/swot/portfolio-of-swot-first-results/swot-close-to-the-coasts.html

Ocean circulation

SWOT natively provides its measurements in two dimensions along its two wide swaths, so that 2D
geostrophic currents can be derived directly from the sea surface height measurements. In very strong
and turbulent currents, such as the Gulf Stream, the Kuroshio, or the Agulhas Current, these simulta-
neous measurements are particularly interesting, as they

exhibit numerous rapidly changing eddies and meanders.

‘ - . ;. Further information on AVISO+:
e Currents in 2 dimensions

Gulf Stream geostrophic
velocities as derived from
KaRIn SSH (Level-3 data,

Ocean circulation

The SWOT mission, developed by CNES and NASA/
JPL, detects small mesoscale eddies never observed by
previous nadir altimetry missions, thanks to the high
resolution of its measurements and the wide coverage

of its main instrument, KaRIn.

Right: SWOT backscatter (sigma0) superimposed by Sea
Level Anomalies (color) at 250 m spatial resolution on June
10, 2023 (cycle 548, track 9) near the U.S. East coast in the
Gulf Stream region.

Credit OceanDatalab/CNES.

Further information on AVISO+:
e Changing scale in eddy observation

i\
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https://www.aviso.altimetry.fr/en/missions/current-missions/swot/portfolio-of-swot-first-results/currents-in-2-dimensions.html
https://www.aviso.altimetry.fr/en/missions/current-missions/swot/portfolio-of-swot-first-results/swot-close-to-the-coasts.html
https://www.aviso.altimetry.fr/en/news/idm/2024/sep-2024-changing-scale-in-eddy-observation.html

Polar regions

Gravity waves on the surface of the Southern Atlantic Ocean observed in 2D by the SWOT KaRlIn alti-
meter caused by the tilting or fragmentation of an iceberg, resulting in a mini-tsunami. These mini- tsu-
namis displace huge quantities of water, like a stone entering a pond, but are of modest amplitude (in
this case around ten centimeters) and then disperse over tens to hundreds of kilometers. They always
have one or more icebergs at their center.
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Further information on AVISO+: [degrees_east] Credits CNES/CLS

eMega-icebergs seen by SWOT

Geodesy

The KaRlIn instrument aboard the SWOT satellite measures the ocean surface topography with very
high resolution and accuracy, down to a swath of 120 km. This resolution makes it possible to discover
thousands of unknown seamounts. The red dots on this map of an area 500 km by 1000 km west of the
Peruvian coast in the Pacific Ocean are the surface signature of seamounts on the ocean floor. The red
arrows indicate mounts around 1000 m high that were previously unknown.

Credits Scripps Institution of Oceanography, courtesy of Y. Yu & D. Sandwell
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https://www.aviso.altimetry.fr/en/missions/current-missions/swot/portfolio-of-swot-first-results/global-view-of-seafloor-gravity-and-bathymetry-from-one-year-of-swot.html
https://www.aviso.altimetry.fr/en/missions/current-missions/swot/portfolio-of-swot-first-results/global-view-of-seafloor-gravity-and-bathymetry-from-one-year-of-swot.html
https://www.aviso.altimetry.fr/en/missions/current-missions/swot/portfolio-of-swot-first-results/mega-icebergs-seen-by-swot.html

Internal waves

The SWOT mission is able to see the surface signal of internal waves, here a detailed observation of
this phenomenon in the Strait of Gibraltar. The configuration of the coastline and the relief of the
seafloor generate waves in the wake of the Strait. The data acquired by SWOT KaRIn in shades of blue
and red represent sea surface height anomalies, revealing wave trains moving towards the interior of
the Mediterranean Sea.

ESPAGNE

OCEAN
ATLANTIQUE

Wind-Waves and swells

975w 95°W 925'W 90 .5

Significant wave height (in color) deri-
ved from SWOT KaRIn on September
26, 2024 during the Hurricane Helene in

the Gulf of Mexico prior to landfall on
the Florida Gulf Coast. SWOT observa-
' tions can be used to track such extreme
weather events, and improve existing
weather and ocean forecasting models.

ignificant wave height

3

Sl

@ Significant wave heights (color) from all
nadir altimeters (lines) and from SWOT
KaRIn. Wind speed from SAR Sentinel-1A
is superimposed (top right). The hurri-

25N

cane trajectory in dots are also colored

,., . by wind speed.
Credit CNES/AVISO - ESA/CYMS.

20 »
wind speed (m/s)
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https://www.aviso.altimetry.fr/en/missions/current-missions/swot/portfolio-of-swot-first-results/gibraltars-internal-wave-viewed-by-swot.html

Services

Seewater

Seewater is the new AVISO Product Visualizer released on March 2024, and funded by CNES and po-
wered by CLS. This online application allows to visualize AVISO products such as along-track, gridded
products and also SWOT KaRlIn sea level anomalies. The products are presented in four sections: Ocean
Surface Topography (mainly sea level observations), Oceanic Wind and Waves, Ocean Other Variables
(e.g., maps of Sargassum detection index) and Atmosphere.

A d L
) -
agyvisot € i
Maps of Sea level anomalies = =

Mean Sea Surface

Mean Dynamic Topography

Experimental Along-track Products v/

OVL portal for SWOT

The Ocean Virtual Labora-
tory (OVL) virtual platform

Amstordam

Netherlands

can also be used to disco-

Germany.
Belgium

ver and visualize SWOT : / Y Corembourg
Level-3 observations over
both CalVal and Science

. France Switzedand; .
(\' | S ol Slovenia

| s1nposd

& Croatia
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Floronce!
Monaco J.

. Marséille
Andorra’
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https://seewater.aviso.altimetry.fr/
https://swot-calval.oceandatalab.com/

CNES Cloud Support for SWOT projects hosting

The CNES HPC/Cloud ecosystem allows :

¢ A data-centric approach for efficient research
Bring your algorithms directly to the CNES cloud platform, enabling efficient algorithm execution on SWOT

ocean data without costly local transfers. Streamline your workflows and reduce latency, ensuring optimal

utilization of computational resources.

e Access to an integrated SWOT data and specialized tools

integrated SWOT data and tailored tools : Python Pangeo software packages, augmented with SWOT-
specific libraries (Zcollection, Swot Calval, Pyinterp, Casys, and Vador) for seamless SWOT ocean swath
data access and related data processing and analysis.

e Access to additional resources

Additional datasets, libraries, and tools upon request. Customize your virtual work environment to meet
your unique research requirements, while ensuring optimal utilization of allocated SWOT Science Team
project resources.

e Technical support for smooth sailing

A dedicated helpdesk is at your service, offering technical support ranging from basic HPC/Cloud
assistance to expert-level guidance in handling cloud-optimized (e.g., ZARR/DASK) data formats.

I SWOT OCEAN UPYTERNOTEBOOS

DATA ACCESS & SERVICES
|

®

R TR R
) ‘.f ‘_l; l\{ Y ’x'& \’(' X I'KS!

V4] “‘“:’. TRTAY; ‘,““‘.
ENVIRONMENT B AMAAAAANNAAN

s M . Research-orientated Python
EasSy access to other data sets libraries

Catalog requests SWOT-dedicated toolbox
& download tools.. "
Processing power

Simplified parallel computing

DOCUMENTATION

Dedicated use case examples

User guides, tutorials, FAQ,...
7 USER SUPPORTS
SWOT data training

Remote Desktop...

Cluster working methods

Help for code optimization

Helpdeske, INTERACTIVE VISUALISATION TOOL (VADOR)

How to apply

To get started, submit your application by completing the form :

aAL \ / ISO+ concise project description and contact information. Once the

‘x,, ‘;l!;_)" ,’ e A ‘ access has been granted, our team will help you setup your
N / s project environment and get you started on SWOT data analysis.
\
&80\
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https://www.aviso.altimetry.fr/en/missions/current-missions/swot/utilizing-cnes-hpc-infrastructure-for-swot-project-hosting.html

Global Sea Level Rise is accelerating I

Sea level is one of the main indicators of climate change. Long-time series of altimetry data,
from 1993 to 2024, show a global sea level rise of more than 10 cm since 1993, with a sharp ac-
celeration over the past decade and major regional disparities.

Continuous altimetry observations from 1993 to the present have made it possible to determine an im-
portant climate indicator: the rise in Global Mean Sea Level (GMSL). Two main factors related to global
warming explain this GMSL rise: the expansion of the ocean volume and the influx of freshwater from
melting ice and glaciers. The GMSL averages 3.6 mm per year (+/-0.3 mm/yr, 90%Cl) over the globe and
the entire altimeter record. There is also clear evidence that the rate of sea level rise is accelerating over
the altimeter record (e.g., Nerem et al., 2018, Guérou et al.,2023). Indeed, this acceleration of global sea
level rise has doubled from the decade 1993-2003 (2.1 +/- 1 mm/year, 90%Cl) to the decade 2013-2023
(4.4 +/- 0.5 mm/year, 90% Cl).

Since the beginning of satellite altimetry measurements in 1993, the GMSL has risen by more than 11 cm.

+ 11 cm

sea level rise since 1993

( LEGOSCAS. 200
99 ODAY

The reference global mean sea level (GMSL) based on data from satellite altimetry from January 1993 to present,
after removing the annual and semi-annual signals, applying a 6-month filter and a correction for postglacial re-
bound. Credits CNES/LEGOS/CLS, 2024.

Data access and product information

Interactive vizualisation and downloading

Further information on AVISO+ o
Mean Sea Level
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https://doi.org/10.1073/pnas.1717312115
https://doi.org/10.5194/os-19-431-2023
https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level/data-acces.html
https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level/data-acces.html
https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level.html

Understanding uncertainties in coastal sea level alti-
metry data: insights from a round robin analysis

The satellite radar altimetry record of sea level has

now surpassed 30 years in length. These observa-
tions have greatly improved our knowledge of the
open ocean and are now an essential component of
many operational marine systems and climate stu-
dies. But use of altimetry close to the coast remains
a challenge from both a technical and scientific
point of view.

Close to the coast

In a study submitted to Ocean Science, we take ad-

vantage of the recent availability of many new algo-
rithms developed for altimetry sea level computa-
tion to analyze the sources of uncertainties of this
procedure when approaching the coast.

To achieve this objective, we did a round robin
analysis of radar altimetry data, testing a total of 21
solutions for waveform retracking, correcting sea
surface heights and finally deriving sea level va-

riations.

Uncertainties associated with each of the compo-
nents used to calculate the altimeter sea surface
heights are estimated by measuring the dispersion
of sea level values obtained using the various algo-
rithms considered in the round robin for this com-
ponent.

We intercompare these uncertainty estimates and

analyze how they evolve when we go from the open
ocean to the coast.

At regional scale, complementary analyses are per-
formed through comparisons to independent tide
gauge observations.

Page 13
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Results

The results show that tidal corrections and mean
sea surface can be significant contributors to sea
level data uncertainties in many coastal regions.

However, improving quality and robustness of the
retracking algorithm used to derive both the range
and the sea state bias correction, is today the main
factor to bring accurate altimetry sea level data clo-
ser to the shore than ever before.

The main results found in this study are sum-

marized on the table (next page) for the different
SLA components.

On April 2023, a previous AVISO+ Users Newsletter
introduced the development of a new global coastal
product : "Towards the routine use of coastal alti-

metry from a Round Robin exercise to a new global

pro- duct for sea surface heights". Note that a cor-

rection was published to better explain the choice
of algorithms selected to calculate the Alticap pro-
duct from the Round Robin results.

References

e Birol, F., Bignalet-Cazalet, F., Cancet, M., Daguze,
J.-A., Fkaier, W., Fouchet, E., Léger, F., Maraldi,
C., Nifio, F., Pujol, M.-1., and Tran, N.: Understan-
ding uncertainties in coastal sea level altimetry

data: insights from a round robin analysis, EGUs-
phere. DOI 10.5194/egusphere-2024-2449
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SLA component Uncertainty estimate Coastal zone impacted

lonospheric correction 0.7-2.8cm 0-10 km
0.2-0.7cm 10-40 km
<0.2cm >40 km
Wet tropospheric correction 0.5-1.7cm 0-7.5km
0.3-0.5cm 7.5-40 km
<0.3cm > 40 km
Ocean tide correction (*) 1(2)-4(5)cm 0-10 km
0.5(1)—1(2)cm 10-75km
0.5(1)cm >75km
MSSH 1-4cm 0-8km
0.5-1cm 8—-20 km
<0.5cm >20 km
Retracking (range + SSB) 1.5-4cm 0-10 km
0.5-15cm 10-60 km
<0.5cm > 60 km
SSB correction 1.8-6.2cm 0-10 km
1-1.8cm 10-60 km
<lcm > 60 km

SLA components included in the study (column 1), maximum spread of the differences in the STD(SLA) (uncertainty
estimate) observed when we change the solution for this component (column 2) and oceanic region where these
differences are observed (column 3).

(*) For the ocean tide correction, the values in brackets correspond to uncertainty estimates considering the EOT20

model, while the other values correspond to the FES2014 and regional models only. Source : Table 2 in https://
doi.org/10.5194/egusphere-2024-2449
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