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Sentinel-3 Microwave Radiometer (MWR) instrument has proven its ability to provide highly accurate geophysical parameters over ocean surfaces but also over ice, such 
as sea ice type (Tran et al. 2009). However, there is still considerable room for new products. Therefore, we explored the potential of its 23 and 36 GHz brightness 
temperatures for estimating sea ice concentration and snow depth on sea ice. 

Sea ice concentration (SIC) describes the relative area covered by ice compared to a reference area. It is essential for determining the sea ice extent as well as for 
estimating sea ice freeboard and thickness from altimeter measurements. Currently, SIC information available in Sentinel-3 altimeter Level 2 product is interpolated to 
the time and location of the altimeter measurement from OSI-SAF daily SIC maps.

Snow Depth (SD) over sea ice is needed for an accurate determination of sea ice freeboard which is in turn used in the estimation of sea ice thickness. Indeed, sea ice 
freeboard measurements from altimetry are impacted by the radar signal penetration in the snow leading, if the SD is poorly known, to non-negligeable errors in the 
freeboard estimation and hence on the sea ice thickness.

Estimating SIC and SD using radiometer data, collocated with altimeter measurements, could provide more accurate information in space and time compared to the use 
of external models. 

In addition to Sentinel-3, we also used AMSU-A 89 GHz to assess its sensitivity to SIC and SD, this to anticipate the behavior of this high-frequency over sea ice to support 
algorithms development of the future altimetry missions as S3NGT or CRISTAL for which these retrievals are part of the mission observation requirements.

This study was carried out at CLS under ESA and CLS fundings. 
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Bootstrap-F algorithm with 19V/37V GHz channels, applied to 

SMMR, SSMI and AMSR (ESA Sea Ice CCI, 2013)

Location Season RMSE (%) bias (%)

North Hemisphere
Summer 6.91 2.06

Winter 4.83 -0.07

South Hemisphere
Summer 5.93 0.53

Winter 4.14 -0.42

Bootstrap-F algorithm with 23.8/36.5 GHz channels, global and 

annual tie points (S3A, this study)

Location Season RMSE (%) bias (%)

North Hemisphere
Summer 8.23 1.67

Winter 5.69 -0.50

South Hemisphere
Summer 6.38 0.06

Winter 5.49 0.12

Demonstrates the potential of S3 MWR for SIC estimation despite its frequency limitations 
and lack of polarization.

Promising results for this first algorithm with S3A-MWR channels (a radiometer not 
designed especially to study sea ice), and a margin for improvement !

Use of the collocated sea ice flag (*) to truncates pixels classified as “open water” to 0% SIC

Initial Approach using Gradient Ratio 
From the literature analysis, selection of an algorithm based on an empirical relationship between the 
Gradient Ratio of the AMSR-E/AMSR2 37 and 19 GHz channels and in situ and ship observations of snow 
depth in Antarctica
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TBice is the measured brightness temperature of the ice-covered part of the footprint

This algorithm was adapted to Sentinel-3 MWR using brightness temperatures at 23.8 and 36.5 GHz. To adjust 
the regression coefficients we used as a reference the Altimetric Snow Depth (ASD) estimates using bi-
frequency SARAL and CryoSat-2 Ka-Ku measurements (Garnier et al. 2021) provided by S. Fleury (LEGOS).

Compared with Altimetric Snow Depth 
(ASD) from SARAL and CryoSat-2 
(LEGOS). Results showed poor 
correlation and limited performance. 

ASD Ka/Ku (LEGOS) product, taking OIB 2014 to 2018 spring 

campaigns as reference 

Location Period RMSE (cm) bias (cm)

North 

Hemisphere Spring 5,9 ~ 0

Our first Neural Network results (5 inputs), taking ASD Ka/Ku 

(LEGOS) product as reference

Location Period RMSE (cm) bias (cm)

North 

Hemisphere

November 

2016 to 

March 

2017

5,83 -0,86

Encouraging improvement in performance compared to the first gradient ratio model.
This new approach seems to have huge potential for developing a co-located space-and-
time snow depth product.
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Perspectives 
› Possibility of improvement with dynamical tie points with rolling average of ± 15 days or ± 30 days

› Test the performance using a Neural Network algorithm

› Assess the contribution of the altimeter sigma0 Ku and/or C bands

And for the future missions CRISTAL and S3NGT
› Continue the analysis of the Contribution of High Frequencies (mainly the 89 GHz Band), with 

AMSU-A/B radiometer and Sentinel-6 HRMR

› Analysis of the contribution of the 18,7 GHz channel with Sentinel-6 AMR-C

SEA ICE CONCENTRATION SNOW DEPTH
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Sensitivity to the 89 GHz frequency

The Bootstrap-F algorithm (Comiso, 1995/1998) was selected for SIC 
retrieval. It was used with brightness temperatures at 23.8 GHz and 36.5 
GHz from S3A/B-MWR. The algorithm distinguishes between ocean and 
ice using tie points (O, A, D) and computes SIC based on geometric 
relationships in the TB space. 
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This algorithm was applied to one year of S3A-MWR data and then it was 
analyzed and compared with OSI-SAF SIC as reference.

New approach: Neural Network Approach

A deep neural network was developed using 

MWR brightness temperatures at 23 and 36 

GHz and altimeter Sigma0 and trained using 

ASD data. 
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Maps for January and July 2017 show good agreement with OSI-SAF. Performance metrics

Bias < 0.5%, Standard deviation ~5–6%. Comparable to literature values using other sensors (SMMR, SSM/I, 
AMSR).

Performance: RMSE ~5.8 cm, bias ~ -0.9 cm. Comparable to ASD Ka/Ku performance against OIB data.

Perspectives 
› Analysis of the possible use of additional contributors to SD estimation from the altimeter

› Analysis of the impact of the input data distribution on the performance 

› Testing other machine learning models.

And for the future missions CRISTAL and S3NGT
› Analysis of the Contribution of High Frequencies (mainly the 89 GHz Band), with AMSU-A/B 

radiometer and Sentinel-6 HRMR

› Analysis of the contribution of the 18,7 GHz channel with Sentinel-6 AMR-C

To prepare the future CRISTAL and S3NGT missions, we have started looking at the 89 GHz channel, using
AMSU-A, the Advanced Microwave Sounding Unit-A which is a 15-channel (from 23 to 89 GHz) microwave 
radiometer, flown on satellites like NOAA-15 and Aqua, supporting climate monitoring and weather forecasting.

Brightness_temp_89_GHz (K)SIC_OSISAF (percent) Brightness_temp_89_GHz (K)SIC_OSISAF (percent)

January 2015 July 2015Compared to OSI-SAF SIC maps over one 
year, the 89 GHz channel appears to 
provide valuable information for SIC 
retrieval during the summer season.
However, during winter, this channel seems 
to exhibit additional sensitivities, 
potentially linked to snow depth (SD). This 
hypothesis should be further investigated 
through comparison with dedicated Snow 
Depth products.
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