
Abstract 
As the Arctic warms, surface melt reaches deeper into Greenlandõs accumulation zone, where 

much of the water percolates below the snow surface and becomes difficult to observe. Detecting 

this subsurface liquid water remains a challenge. Brightness temperatures (TB) measured by micro-

wave radiometers are sensitive to snow properties and to the presence of liquid water down to a 

depth that is dependent on frequency (Colliander et al., 2022; Picard et al., 2022). Here we use 

vertically polarized T B at 1.4, 6.9, 10.7, and 18.7 GHz (Figure 1) from Soil Moisture and 

Ocean Salinity satellite (SMOS) and the Advanced Microwave Scanning Radiometers 

(AMSR-E & AMSR2) to estimate the depth of liquid water (DLW) over the accumula-

tion area of the Greenland ice sheet using a machine learning approach (Figure 2).  

Due to the lack of widespread DLW observations, we build a catalogue of simulated DLW 

and corresponding T B at 19 well -documented sites for 2010 -2023 (Figure 2) : snow prop-

erties, including DLW, are simulated by the GEUS snow model  (Vandecrux et al., 2020), forced 

by the Copernicus Arctic Reanalysis (CARRA) reanalysis (Schyberg  et al., 2020), and are passed to 

the Snow Microwave Radiative Transfer (SMRT) model (Picard et al., 2018) that simulates the 

associated TB at the four frequencies. This catalogue of simulated T B and DLW is then used 

to train an ensemble of cross -validated Random Forest (RF) models to predict DLW 

and its uncertainty from observed T B.  

Our algorithm performs best for water within 5 m of the surface (median RMSE of 1.0 m 

and bias of 0.2 m on hold-out data). The RF model ensemble when forced by observed T B 

successfully retrieve ñ within 2 m ñ the depth of water at several sites (Figure 3), as 

detected from thermistor strings (compiled in Vandecrux et al., 2024) . Our algorithm capture 

particularly well  sites and years with significant melt but is limited to DLW<4-6 m, partially holding 

from the intrinsic sensitivity of microwave measurements.  

The RF model ensemble is then applied Greenland-wide and provides daily DLW maps for 2010

-2023. The DLW maps show shallow water during spring melt, followed in autumn by increasing 

DLW up to 5 m as the refreezing front penetrates deeper and reveals infiltrated water (Figure 4). 

The DLW maps also reveal that on warm years, some areas of the ice sheet have detectable sub-

surface liquid water for more than 100 days (Figure 5). This approach provides new information on 

meltwater infiltration and refreezing, which are key for understanding annual runoff and the surface 

mass balance of the Greenland ice sheet. 
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Figure 1.  Instruments, satellites and frequencies used in this work. The emission 

depth of the observed microwave brightness temperature increases with decrease-

ing frequencies.  
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Figure 4. Map of the depth of subsur-

face liquid water estimated by the RF 

model ensemble (a -d) and associated 

uncertainty (e -h). 
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Figure 2. a) Overview of the random forest (RF) models being trained to predict 

the depth of subsurface liquid water (DLW).  b) Map of the selected sites.  

Figure 5. Number of days with estimated subsur-

face liquid water depth (DLW) deeper than one 

meter in 2012 and 2019, based on Random Forest 

model ensemble and filtered by the 1.4 GHz wet 

snow mask.  
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Figure 3. Evaluation of the DLW retrieval at four ice sheet sites. Panels a, c, e, g: Brightness 

temperatures (T B) at 1.4, 6.9, 10.8, and 18.9 GHz before smoothing (light colored lines) and 

after smoothing (deep colored lines). Panels b, d, f, h: Depth of the liquid water (DLW) esti-

mated by our RF model ensemble (dots for the mean, gray shading for the intra -ensemble 

standard deviation), when 1.4 GHz indicate a wet surface (black dots) or dry surface (gray 

dots), along with the measured subsurface temperature (colored dots) in the background, 

red indicating temperatures above -0.2 °C, indicative of infiltrating or refreezing meltwater.  
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