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Accepted for publication in IEEE Transactions on Geosciences and 
Remote Sensing

Validation of the Surface Water and Ocean Topography 
(SWOT) KaRIn Sea Level Data
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Previously used for validation of Envisat RA-2,
CryoSat-2, Sentinel-3A/B.

Atlantic Ocean and Mediterranean Sea.

Selected according to in-situ data and S3A/SWOT
tracks availability.

Different hydrdynamic conditions for a better
interpretation of SWOT/S3A data performances.
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Data from the High-level Tool for Interactive Data Extraction (HiTIDE) available at:
https://hitide.podaac.earthdatacloud.nasa.gov/ (doi: 10.5067/SWOT-SSH-2.0).

‘Expert’ data from Version C (science data product) of Level 2 KaRIn Low Rate (LR) Sea Surface Height
Data Product. Twenty-eight 21-day cycles. Regular grid of 2 km x 2 km along the track.

Data from the marine product (SM__WAT.006.01.00) available in the EUMETSAT data store:
https://data.eumetsat.int/product/EO:EUM:DAT:0415#

Level 2 along-track Non Time Critical sea level data were obtained at 20 Hz of posting rate (instrument)
operating in Synthetic Aperture Radar (SAR) mode. Baseline collection 06. Twenty-one 27-day cycles.

Range obtained using the SAMOSA 2.5 retracking scheme.

SWOT

S3A

Time period: July 2023 - February 2025
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Three radar tide gauges with data freely available through the Spanish
Puertos del Estado (https://www.puertos.es/servicios/oceanografia)

5-min sea level product to ensure the closest measurements in time to
SWOT/S3A measurements.

Miros radar (1-mm accuracy) operating at a 2-Hz frequency and are
part of the PSMSL and the GLOSS.

Data follow strict quality control and maintenance operations to ensure
continuity and traceability.

Satellite data selected considering a 100-km radius to the TG stations.

In-situ
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ssha_Karin SLA_S3A



SLA_SWOT = ssha_karin + height_cor_xover

SLA_TG = water_level – tide_prediction – DAC
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SDD = ∑
((ௌ௅஺_஺௟௧(௜)ିௌ௅ _்ீ(௜))ି ௠௘௔௡(ௌ௅஺_஺௟௧(௜)ିௌ௅஺_்ீ(௜)))మ

(ேିଵ)
ே
௜ୀଵ

Temporal mean removed from all the time series

i corresponds to each valid cycle used
N gives the number of valid cycles



(i) values (SLA) up/down ±1 m;

(ii) those with a quality flag for SLA estimation different to zero

(iii) values outside the median ±3σ

(iv) SDD was estimated at each along-track (S3A) and grid (SWOT) position if
the number of valid measurements in the time series (after screening) was
higher than 80% of the number of measurements (before screening)
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Data exclusion criteria (time series)
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BARCELONA
SLA (cm)



9th Sentinel-3 Validation Team Meeting (Frascati, ESA-ESRIN)

BILBAO
12

5

6

7

8

9

10

11

(cm)



9th Sentinel-3 Validation Team Meeting (Frascati, ESA-ESRIN)

BILBAO
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Bullets to discuss during the coffee break

• Both missions are conceptually different, so the ways to retrieve the Range
are different, and hence its accuracy.

• There are some discrepancies in the source of the range and geophysical
corrections applied to both datasets.

• The different source of the sea state bias correction could explain some of the
discrepancies in the accuracy between both missions.
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• Overall, SWOT underperforms compared to S3A in sea level data quality. Sentinel-3A
showed a better accuracy than SWOT in the three locations analyzed for a [5 –100]
km track segment. However, it should be considered that SWOT is an experimental
mission, with is steadily improving.

• In percentage, the sea level anomaly from S3A is between 4% and 24% better than
the anomalies derived from SWOT.

• This implies that there is still space for improvement for the SWOT KaRIn data
quality, in order to be in line with present satellite nadir altimeter mission… but also
for S3A/B/C.
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• State institutions like the Spanish Puertos del Estado provides free access to real time and
historical sea level/wind/waves data along the Spanish coasts.

• More efforts of coordination between
institutions in order to increase the number of
test sites for validation.

• A common set of range/geophysical corrections
for all the satellite altimetry missions (this
excludes the SSB correction).

• More validation exercises with SWOT to feed
the knowledge for the design of future swath
missions (Sentinel-3 Next Generation
Topography mission).
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¡Muchas Gracias!


