
C. Germineaud, G. Dibarboure and the AVISO Team

CNES, Toulouse, France

SWOT TRAINING SESSION:
OCEAN PRODUCTS

3 0  Y e a r s  o f  P r o g r e s s  i n  R a d a r  A l t i m e t r y  
S y m p o s i u m

S e p t e m b e r  2 - 7 ,  2 0 2 4



Outline: SWOT Ocean Data Training Session

SWOT Low Rate (LR, Oceanography) products (40’)

⚫ Dataset overview & related applications

⚫ Data access & usage services

Ready-to-use tutorials (Jupyter notebooks) (20’)

⚫ How to explore and manipulate SWOT LR data, etc.

⚫ Oceanography dedicated use cases

SWOT ocean products and data usage perspectives & Questions 
(30’)



SWOT Ocean Product Cheat Sheet

Two orbits

⚫ Cal/Val : 1-day repeat, sparse coverage, Spring 2023

⚫ Science : 21-day repeat, global coverage, since Aug 2023

Two instruments

⚫ Old-school 1D nadir altimeter (Jason-class)

⚫ KaRIn 2D interferometer

Two timeliness levels

⚫ Near Real Time (3 hours to 3 days)

⚫ Reprocessed Data (more precise than NRT)

Two resolutions

⚫ Ocean @ 250-m to 2-km: Low Resolution

⚫ Hydrology @ 10 to 60 m: High Resolution 

Versions released

⚫ Version B (Nov 23) : beta release for early CalVal evaluation

⚫ Version C (March 24) : first “science” release

⚫ Version C declared as validated by the SWOT Project (Aug 24)

Level-1B LR 
(interferograms)

Level-2 Unsmoothed
(250m, technical)

Level-2 Basic & Expert
(2-km, accessible)

Level-3
(250-m & 2-km, simple,  

new geophysical standards, 
multi-mission calibrated)

Low Rate (Ocean) 

Product Levels
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SWOT Level-2 Ocean Products

⚫ Nadir Altimeter and Radiometer (O/I)GDR products (similar to Jason-2/3)

⚫ KaRIn L2_LR_SSH (2km & 250m)
Data sets OGDR IGDR GDR

Reduced 1 Hz OGDR-SSHA IGDR-SSHA GDR-SSHA

1 Hz + 20 Hz OGDR IGDR GDR

1 Hz + 20 Hz 
+ waveforms

Not 
generated

S-IGDR S-GDR

Latency 3-5 hours 1-2 days ~90 days

Size and 
Complexity

Latency

Accuracy

KaRIn 
L2_LR_SSH

Grid Volume

/day - /year

Basic SSH
[‘Basic’]

2km
geographically fixed  swath-aligned grid

< 1GB – 365 GB

Wind and Wave
[‘WindWave’]

2km
geographically fixed  swath-aligned grid

< 1GB – 365 GB

Expert SSH with 
Wind and Wave
[‘Expert’]

2km
geographically fixed  swath-aligned grid

1GB – 365 TB

Unsmoothed 
SSH
[‘Unsmoothed’]

250m sampling grid < 25 GB – 10 TB

SWOT Level-3 Ocean Products (2km & 250m)

⚫ Level-3 (KaRIn & Nadir) Basic 2km Product 
(SSHA and MDT only)

⚫ Level-3 (KaRIn & Nadir) Expert 2km Product 
(unedited SSHA + all calibration/corrections 
and geostrophic velocity anomaly)

⚫ Level-3 (KaRIn only) Unsmoothed 250m 
Product

SWOT Nadir Altimeter Level-2 products

SWOT KaRIn Level-2 Ocean L2_LR_SSH Products

SWOT Ocean Products: an overview 

Level-4 Ocean Multi-Mission Products 

⚫ Using SWOT Level-3 (KaRIn & Nadir) + 
CMEMS L3 along-track datasets



Context : KaRIn Level-3 altimeter products

For ocean applications

• L3 along-track/swath: 
calibrated with other missions 

• L4 gridded: merging 
measurements from different 
missions

Complementary to the L2 
products

• L2 LR product (2km & 250m) 
used upstream

• Evolves quickly to use state-
of-the art R&D

Serve a large community 

• Flexible to the needs of 
different communities (SWOT-
ST, OSTST, …)

• Consistent with other nadir 
products (DUACS)

• Available in DT & NRT

Credits: G. Dibarboure (CNES) & M.I. Pujol (CLS)



Level-3 KaRIn processing 
sequence

• Uses L3 from upstream nadir 
altimeters

• Follow nearly the same 
sequence than for nadir 
processing

Same logic than 
for nadir 
processing

KaRIn specific

Credits: G. Dibarboure (CNES) & M.I. Pujol (CLS)



Level-3 KaRIn end-to-end example

• Small mesoscales remain visible in Level-3 SSHA
• Denoising allows access to a first raw estimate of geostrophic currents & vorticity
• /!\ Denoising is likely to smooth out submesoscale physical features

Credits: G. Dibarboure (CNES) & M.I. Pujol (CLS)



Level-3 KarRIn: Standards & Corrections

Level-3 SWOT KaRIn v0.3 Level-3 SWOT KaRIn v1.0

Product standard ref
PIA1 before 2023/09/06; PIB0 between 
2023/09/06 and 2023/11/20; PIC0 after

PGC0 before 23/11/2023

PIC0 after

Orbit
MOE-F POE-F until 30/04/2023

MOE-F after

Ionospheric
GIM model computed from vertical Total Electron Content maps (Chou et al. 
2023) rescaled on the orbit altitude with IRI95 model (https://irimodel.org/ )

Wet troposphere Model computed from ECMWF Gaussian grids
Sea State Bias Non-parametric SSB from AltiKa GDR-F (Tran 2019)

Mean Profile/ Mean Sea 
Surface

Hybrid MSS (SIO22,CNES/CLS22,DTU21)

(Schaeffer et al. 2023; Laloue et al., s. d.)

Mean Dynamic 
Topography

MDT CNES_CLS_2022 (Jousset et Mulet 2020; Jousset et al. 2022)

available on AVISO+ (https://doi.org/10.24400/527896/a01-2023.003)

Dry troposphere
Model computed from ECMWF Gaussian grids (new S1 and S2 atmospheric 

tides are applied)

DAC
DAC v4.0: TUGO forced with ECMWF pressure and wing fields (S1 and S2 

were excluded) + inverse barometer computed from rectangular grids 

Ocean tide FES2022: (Lyard et al. 2023; Loren Carrère et al. 2023)

Internal tide (Zaron 2019)(HRETv8.1 tidal frequencies: M2, K1, S2, O1)

Pole tide (Desai, Wahr, et Beckley 2015)& Mean Pole Location

Solid earth tide
Elastic response to tidal potential (Cartwright et Edden 1973; Cartwright et 

Tayler 1971)

Loading tide FES2022: (Lyard et al. 2023; Loren Carrère et al. 2023)

• Some standards are  
specific to the L3 

• The quality of some 
corrections have a 
significant impact on 
KaRIn L3 product quality

• Some standards are 
susceptible to change 
from a L3 version to the 
other

Credits: G. Dibarboure (CNES) & M.I. 
Pujol (CLS)

https://irimodel.org/
https://doi.org/10.24400/527896/a01-2023.003


Level-3 KaRIn products versions (2023-2024) 



Ocean circulation: 
First results



-15cm  +15cm

Credits: CNES/CLS

Ten days worth of SSHA in November 2023 from SWOT



-15cm  +15cm

Credits: CNES/CLS

Ten days worth of SSHA in November 2023: Sentinel-6 & Jason-3 vs SWOT 

2D1D





Unbalanced 
motions: 

tsunamis to 
internal waves



Mini-tsunamis occur as the 
iceberg capsizes 

(massive water displacement) 

Occasional circular waves near icebergs

Credits: CNES/CLS



Some waves can be massive in extension and amplitude

June 27, 2023

Topography (cm)

Radius up to 
200km

Amplitude up to 
10+ cm

Widening of wave 
front from 250m to 
10km

Credits: CNES/CLS



Internal tide patterns in the Tropical Atlantic Bathymetry 
 (sea mount in red)

Waves radiating 
from the sea 

mount

Brasil

Atlantic Ocean

Well-structured wave trains scrambled as they reach rough bathymetry Credits: CNES



Resolved ocean 
swells



Courtesy of M.Archer, NASA/JPL

Ocean Swell
Wavelengths ~ 1 km

A Richness of resolved scales by SWOT (L2 KaRIn 250m)



Swell signature in 250m product: stripes & wave groups

Credits: CNES/CLS



Noise before /after the 
cyclone enters the SWOT 
swath 
(high waves around the 
storm)

6-day sequence of the MAWAR crossing (2-km)

3 days 
before

Mawar 
overflight

2 days after
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KaRIn 
SSHA 
(cm)

Positive bias in the storm 
area: inverse barometer 
residuals from ECMWF 
model

Sea level decreases 
suddenly in the cyclone 
wake (20 cm): 
heat potential was 
siphoned

Circular and wake 
patterns behind the 
cyclone

Credits: CNES/CLS



Marine Geodesy



SWOT resolves 
uncharted

seamounts  < 1 km

Hundreds of seamounts charted by SWOT in < 1 year
(thousands of uncharted seamount to be discovered)
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SWOT resolves 
uncharted

seamounts  < 1 km

Hundreds of seamounts charted by SWOT in < 1 year
(thousands of uncharted seamount to be discovered)
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3 months of SWOT did better than 3 
decades of nadir altimetry ➔ Global 

geoid by 2025



Polar Regions



Sea-ice: 250m freeboard and thickness in 2D

Colour: KaRIn topography 
(250 m resolution blue is high, red is low)

Black & White: 
Sentinel-1 

Credits: CNES/CLS



SWOT sigma0 (dB) SWOT topography (cm)

Credits: CNES/CLS



Outline: SWOT Ocean Data Training Session

SWOT Low Rate (LR, Oceanography) products (40’)

⚫ Dataset overview & related applications

⚫ Data access & usage services

Ready-to-use tutorials (Jupyter notebooks) (20’)

⚫ How to explore and manipulate SWOT LR data, etc.

⚫ Oceanography dedicated use cases

SWOT ocean products and data usage perspectives & Questions 
(30’)



SWOT OCEAN DATA ACCESS & SERVICES
WHERE TO GET SWOT OCEAN PRODUCTS?

AVISO

L2, L3 & L4 Products

PODAAC 

L1B, L2 Products

OPeNDAP / HTTPServer / (S)FTP / WMS / Viewers / …



Protocols/APIs for exposing/querying metadata

and have access to related data sets based on FAIR

(Findable, Accessible, Interoperable and Reusable) principles

Data Access on ODATIS/AVISO

Data Access Services: 

• AVISO CNES Data Center (archive catalog)

• THREDDS (OPeNDAP, WMS, and HTTP)

• FTP/SFTP,…

PRIOR REGISTRATION IS REQUIRED USING AVISO+ CREDENTIALS

SWOT OCEAN DATA ACCESS & SERVICES



Exploration web portal for CNES Level-3
SWOT products (in collaboration with
ESA and Ocean Data Lab)

Seewater provides an interactive web
interface for exploring AVISO products
(MSS, MDT, SLA,…)

OVL WEB PORTAL

SEEWATER AVISO WEB PORTAL

SWOT OCEAN
DATA ACCESS & SERVICES



STORAGE ON LOCAL MACHINE

Catalog requests and download tools

Small volumetry downloads

• FREE HOSTING ON CNES CLOUD/HPC 
INFRASTRUCTURE

• HIGH PROCESSING POWER (CPU & GPU)

• VERY FAST I/O FOR SWOT 250-M & 2-KM

• A SERIES OF SIMPLE EXAMPLES, POWERFUL 
TOOLS & EXTERNAL DATA 

• PRIVACY FOR PROJECT MEMBERS (OR OPEN 
REPOSITORY IF YOU PREFER)

• HELPDESK & TECHNICAL SUPPORT FOR 
SMOOTH SAILING

aviso-swot@altimetry.fr

CNES CLOUD

Free Hosting
of SWOT Projects on CNES Cloud

DATA PRODUCTS

SWOT OCEAN DATA ACCESS & SERVICES





https://swot-community.github.io/SWOT-galleries

Use, Contribute, Ask
for new tutorials



Join the teams and 
help promote the 
use of amazing 
SWOT data

Contacts:
Cyril: cyril.germineaud@cnes.fr
Lionel: lionel.zawadzki@cnes.fr
Cassie: 
cassandra.l.nickles@jpl.nasa.gov
Sarah: sgille@ucsd.edu

mailto:Cyril.Germineaud@cnes.fr
mailto:lionel.zawadzki@cnes.fr
mailto:cassandra.l.nickles@jpl.nasa.gov
mailto:sgille@ucsd.edu
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Visualize & Explore SWOT Ocean Data (L3 KaRIn 2km)





Visualize SWOT Ocean Data (L3 KaRIn 2km) with
Chlorophyll-a





Colocate SWOT & Sentinel-1data





Investigate SWOT Ocean Data Quality Flags





Outline: SWOT Ocean Data Training Session

SWOT ocean products and data usage perspectives & Questions (30’)



SWOT Ocean Products & Data Usage Perspectives

⚫ New L3 KaRIn version releases

⚫ Flag editing and tide correction updates (v1.0.2, sep 2024)

⚫ Improved calibration procedure, SSHA over eclipse events, SSHA 
in ice-leads (L3 250m) (v2.0, nov 2024)

⚫ Data usage support

⚫ Internal tides, waves use case (ongoing)

⚫ Use cases for coastal and polar applications

⚫  Webinar sessions in 2025 (Q/A, specific application-oriented 
tutorials, tools, etc.)



SWOT OCEAN 
DATA ACCESS & SERVICES 
IN A NUTSHELL

DATA ACCESS

⚫ SWOT ocean data 
(L2, L3 & L4 products)

⚫ Easy access to other data sets

⚫ Catalog requests
& download tools…

DOCUMENTATION

⚫ Dedicated use case examples

⚫ User guides, FAQ,...

ENVIRONMENT

⚫ Research-orientated Python libraries

⚫ SWOT-dedicated toolbox (community-driven
GitHub)

⚫ Free hosting of SWOT Projects on CNES HPC

USER SUPPORTS

⚫ SWOT data training

⚫ Help for code optimization

⚫ Helpdesk…

HELPDESK & TECHNICAL 
SUPPORT

aviso-swot@altimetry.fr



THANK YOU 
FOR YOUR ATTENTION
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