
Observing Ice Sheet Melt Dynamics by Means of Active Microwave Sensors

The spatially and time-varying extent and duration of surface melt and freezing on ice sheets and ice shelves are essential parameters for 

ice sheet mass balance and serve as key indicators of climate warming in polar regions. Within the ESA Polar Cluster projects 4DGreenland 

and 4DAntarctica we developed an automatic algorithm for mapping surface snow melt phases using time series of METOP ASCAT and 

Sentinel-1 SAR. The retrieval method is based on the sensitivity of active microwave C-Band measurements to the presence of liquid water 

in surface snow and ice layers, which results in a significant decrease of backscatter due to dielectric absorption. The dense backscatter 

time series yields a unique temporal signature that is used to identify the melt extent and different stages of the melt and refreeze cycle.
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METHOD FOR MELT PHASES

We developed a method for monitoring surface 

melt and refreeze phases on ice sheets, 

exploiting dense time series of C-Band 

backscatter data from spaceborne active 

microwave sensors. Our results demonstrate the 

excellent capability of Sentinel-1 in combination 

with ASCAT for operational monitoring of 

snowmelt in order to produce a consistent 

climate data record on the presence of liquid 

water and snow properties in Greenland and 

Antarctica for studying surface melt processes.
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ANNUAL MELT PATTERN

On outlet glaciers of the Greenland and 

Antarctic ice sheets, ASCAT's resolution is 

insufficient to resolve all spatial details. Here, 

we use high-resolution Sentinel-1 time series 

in synergy with the ASCAT products to track 

the evolution of the melt and refreeze cycles. 

The resulting melt maps serve as key input for 

generating value-added products, such as 

maximum melt extent, annual melt onset, end 

and duration. Intercomparisons with in-situ 

weather station data and regional climate 

models (RCMs) confirm the algorithm's ability 

to detect melt events.

ASCAT MELT PHASE TIME-SERIES

SENTINEL-1 MELT DETECTION

For deriving melt conditions from observed backscatter coefficients, we 

discriminate different stages in the melt/freeze cycle. For this we developed a 

set of criteria which are applied to the backscatter time series. We distinguish 

several melt stages by applying dynamic thresholds based on that year's winter 

reference season and the temporal gradient of °. Observations of ASCAT with 

4.5 km resolution1 were used to generate daily maps of snow melt phases in 

Greenland and Antarctica since 2007 identifying dry, melting and refreezing 

snow states. 
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REFREEZING DEPTH

1 ASCAT SIR Product, Lindsley, R. D. and Long, D. G. 2010. Standard BYU ASCAT land/ice image products. MERS Lab, 3.
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To investigate the increasing 

thickness of refrozen snow at the 

end of the melt season, we are 

developing a method that combines 

backscatter modeling with signature 

analysis of Sentinel-1 backscatter 

time series. The figures illustrate 

the evolution of the snow surface 

refreezing layer, derived from 

Sentinel-1, during the refreezing 

period at Larsen C in 2020.
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