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SWOT KaRIn Altimetry
NASA-CNES’ SWOT KaRIn wide-swath altimeter offers unparalleled sea level 
observational coverage and pixel resolution

  

Aim
To assess the robustness, precision, and accuracy of sea level 
measurements from the SWOT mission compared to sea level 
products from the Sentinel-3A and Sentinel-6MF missions

Motivation
- Accurate coastal sea level measurements safeguard communities and maritime 

commerce along critical waterways such as the Southern Chesapeake Bay
- Satellite altimetry may help close spatial gaps in sea level record
- Conventional altimetry retrievals struggle to robustly, precisely, and accurately 

capture the complex land-sea interface and associated sea level dynamics 
Wide-swath altimetry may extend coverage of the coastal sea level record [1]
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Robustness and Precision
SWOT SLAi interpolated to Sentinel-3A and Sentinel-6MF tracks are more robust 
and precise than its OPE and TERP-SAR counterparts, especially ≤ 3km from shore

Relative Validation with Tide Gauges
Interpolated SWOT SLAi excels where OPE SLAi and TERP-SAR SLAi struggle
- Weaker regression fit (less accurate) for SWOT SLAi at “exposed” tide gauges 
- SWOT SLAi gets closer to shore than OPE and TERP-SAR before decorrelation

SWOT swaths and (Left): Sentinel-3A / (Right): Sentinel-6MF ground tracks over the 
Southern Chesapeake Bay. Six (6) tide gauges serve as ground truth for sea level: 
Bishops Head (BH), Chesapeake Bay-Bridge Tunnel (CB), Kiptopeke State Park 
(KP), Sewells Point (SP), Solomon Island (SI), and Windmill Point (WP)   

Statistics SWOT [2] Sentinel-3A [3] Sentinel-6MF [4]

Water area 
coverage

3 swaths/cycle
(~8119 km2, 97.7%)

2 tracks/cycle 
(~131 km/cycle)

2 tracks/cycle 
(~63 km/cycle)

Resolution ≥ 250x250m (Ka) ~300m (20Hz SAR) ~300m (20Hz SAR)

Revisit Time ~11 days 27 days ~10 days

- 50-km wide swaths, with a 20-km strip in between (I 
redid the calculation with a new 
- Up to 250 x 250 m resolution  
- 21-day orbit repeat period, ~11-day revisit time
(stats replaced by table)

Instantaneous Sea Level Anomaly (SLAi)
- SLAi is an altimetry analogue of tide gauge sea level measurements [5]
- To physically align with tide gauge observations, altimetry retrievals must 

preserve ocean tides and ocean responses to atmospheric wind and pressure 
forcing while correcting for other atmospheric and geophysical effects [5]  

Conclusion
SWOT altimetry expands data extent of valid sea level measurements
- SWOT sea level measurements are more robust and precise at all distances from 

the coast, with the biggest improvements observed in the near-coast region
- SWOT sea level measurements are less accurate than OPE and TERP-SAR 

measurements in the open ocean, but SWOT decorrelates closer to shore 
- Coastal altimetry & SWOT pixel data processing may also expand data coverage

The standard deviation of differences between two consecutive measurements on 
the (Left): Sentinel-3A / (Right): Sentinel-6MF ground tracks over the Southern 
Chesapeake Bay, binned by distance to coast. Lower values imply less variance 
across comparable observations, suggesting higher precision across observations.   

The number of two consecutive measurements on the (Left): Sentinel-3A / (Right): 
Sentinel-6MF ground tracks over the Southern Chesapeake Bay, binned by distance 
to coast. Higher counts indicate greater robustness for the product.

Correlation between residuals of tide gauges measurement and residuals of (Left): 
OPE / (Center): TERP-SAR / (Right): interpolated SWOT SLAi products along the 
(Top): Sentinel-3A / (Bottom): Sentinel-6MF groundtracks over the study region.

Note: All sea level products and associated corrections – operational (OPE), 
in-house experimental (TERP-SAR) and SWOT retrievals – are interpolated onto the 
same 20 Hz resolution to fairly assess each product in coastal environments.

with hx denoting the heights of variable x, and r denoting the measured range


