


• Lake Ice Thickness and radar altimetry

• Long LIT timeseries from Low Resolution Mode data (cci_Lakes)

• Improving LIT estimates with altimetry data at higher resolution 
and higher posting rate

• Conclusions and perspectives 

Outline



• Lake Ice Thickness (LIT): sensitive indicator of climate change, recognized as an Essential Climate 
Variable (ECV) by the Global Climate Observing System (GCOS)

• Field measurements are sparse in space and time, highlighting the need for accurate retrieval 
algorithms from satellite remote sensing

• Few studies have investigated radar altimetry for LIT estimation, mostly relying on empirical 
methods that are difficult to harmonize across targets and radar altimetry missions

• Analytical retrackers enable reliable and continuous LIT monitoring:

• LRM_LIT retracker [Mangilli et al 2022]: ESA CCI-Lakes project

• SAR_LIT & FFSAR_LIT retracker [Mangilli et al 2024]: ESA S6JTEX project  

GCOS req. Spatial resolution Temporal resolution Uncertainity (2)

Minimum 10 km Annual 15 cm

Breakthrough 1 km Monthly 10 cm
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• LIT signature on Ku-band radar waveforms: double backscattering of the radar wave at two 
interfaces snow/ice (1) and ice/water (2): “step” (LRM) and double peak (UF and FF SAR)

• LIT retracker: tailored analytical modeling of Ku-band waveforms enabling estimates of 
width of the step (LRM) and peak separation (SAR), both linked to the ice thickness



https://climate.esa.int/en/projects/lakes/

Canada

• cci LIT ECV lead: A.Mangilli & C.Duguay

• Long LIT timeseries (20+ years) with the
associated uncertainty derived from Jason1/2/3
& S6 LRM data using the LRM_LIT retracker

• Current data release of LIT validated products
over 3 regions of the Great Slaves Lake (Canada)

• LIT validated products on new targets lakes
publicly available for the next release (fall 2025).
LIT climatology study to be performed.

https://climate.esa.int/en/projects/lakes/


2001 2023

• Consistent LIT retrievals. Good and stable performances of the LRM_LIT retracker
• LIT accuracy of ~10 cm, a significant improvement when compared to previous studies
• Seasonal transitions and inter-annual LIT variations are captured. Next step: LIT climatology  



Dec2021

Feb2021

Apr2021

May2021

SAR_LIT retracker: 
• Very good fit performance
• Can accurately capture the LIT 

evolution and the ice 
formation and melt transitions

Waveform fit example   LIT estimation in the RoI (~100 WFS) 



Air temperature

• Good consistency among LRM and SAR LIT 
results, capturing both seasonal transitions and 
inter-annual variations

• S6 LRM ~20-30% better accuracy than J3, due 
to higher range sampling frequency and 
reduced speckle noise

• Improved accuracy with UFSAR 20Hz wrt LRM 
(reduction by factor of ~2-3): LIT~5cm

• Evolution of LIT estimates fully consistent with 
CLIMo (lake ice model [Duguay et al 2003]) 
simulations

• Clear correlation between measured LIT drops 
and air temperatures rising to or above 0°C



Dec2021

Feb2021

Apr2021

May2021

UFSAR                   FFSAR 

• UFSAR 140Hz data: 
increased statistics wrt 20Hz

• FF-SAR: better resolved 
double peak LIT signature 
due to enhanced altimetry 
resolution 

• Good performances of the 
FFSAR_LIT retracker

Data generated with the 
Sentinel Processing Prototype 

SPP @ CNES/CLS



• Overall consistent LIT estimations among the 3 datasets 
• Increased performance with data at higher posting rate (140 Hz), in particular during the 

melt transition
• At same posting rate, FF SAR improves LIT estimates: ~20% smaller uncertainties



• Sentinel-6MF LIT estimates 
(UFSAR@20Hz) are fully 
consistent with 
Landsat/Sentinel1 images

• SAR_LIT retracker provides 
reliable estimates of the spatial 
evolution of LIT and can capture 
the seasonal transitions for 
targets of different size, 
environment and ice properties

Great Slave Lake                  Baker Lake
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• Challenging target: small lake (in particular for LRM standards!)

• High latitude, different environment, snow/ice properties & evolution 

Great Slave 
Lake

~37 Km

Missing data

• Consistent LIT retrievals. Good and stable performances of the LRM_LIT retracker
• LIT accuracy of ~10 cm, as expected 
• (different) seasonal transitions and inter-annual LIT variations are captured



• More challenging target: still good 
performances of the LIT retrackers

• Consistent results between LRM and SAR
• Longer ice season wrt Great Slave Lake

~37 Km

Baker Lake
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