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Abstract Data and met hods:
As the Arcti c war ms, surface melt reachefs deeq\ﬁr Nt o Greenl andodbs accumul ati on zo
much of the water percolates below the snow surface and becomes difficult to observe. Detgdting U

Htrtequency passi ve mi

this subsurface liguid water remains a challenge. Brightness temperatdreasgdsured by micro AMSR-E (NASA Aqua) ([

wave radiometers are sensitive to snow properties and to the presence of liquid water dowr tp AMSR2 (JAXA GCOM -W1)
depth that iS dependent on frequenCy (CO”iander et al., 2022, Picard et a . ma)we use r_ﬁ{
vertically polarized T ; at 1.4,6.9,10.7,and 18.7 GHz (Figure 1) from Soil Moisture and o ——

Ocean Salinity satellite (SMOS) and the Advanced Microwave Scanning Radiometers 18.7 GHz 10.7 GHz 6.9 GHz 1.4 GHz
(AMSR-E & AMSR2) to estimate the depth of liquid water (DLW) over the accumula- o2 -
tion area of the Greenland ice sheet using a machine learning approach (Figure 2).

Due to the lack of widespread DLW observationge build a catalogue of simulated DLW

and corresponding T ; at 19 well -documented sites for 2010 -2023 (Figure 2) : show prop-
erties, including DLW, are simulated bye GEUS snow model (Vandecrux et al., 2020), forcep
by the Copernicus Arctic Reanalysis (CARRA) reanalysis (Schyberg et al., 2020), and are : 4sed to
the Snow Microwave Radiative Transfer (SMRT) model (Picard et al., 2018) that simulates t

N
associated J at the four frequencied.his catalogue of simulated T ; 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 ;.

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

and bias of 0.2 m on holdut data).The RF model ensemble when forced by observed T Figure 1. Instruments, satellites and frequencies used in this work.The emission
successfully retrieve fi within 2 m fi the depth of water at several sites (Figure 3), as depth of the observed microwave brightness temperature increases with decrease-
detected from thermistor strings (compiled in Vandecrux et al., 2024Qur algorithm capture Ing frequencies.

particularly well sites and years with significant melt but is limited to DL\, partially holding Bui |l di n O a ST mul ati on
from the Intrinsic sensitivity of microwave measurements. | earnion g 3 | g or it h m t 0

The RF model ensemble is then applied Greenlant and provideslaily DLW maps for 2010 Figure 2. a) Overview of the random forest (RF) models being trained to predict
-2023. The DLW maps show shallow water during spring melt, followed in autumn by increpsinghe depth of subsurface liquid water (DLW). b) Map of the selected sites.

DLW up to 5 m as the refreezing front penetrates deeper and reveals Iinfiltrated water (Figufg 4}
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The DLW maps also reveal that on warm years, some areas of the ice sheet have detecta ‘ s (@) / reanalysis / (b)
. . . . . . ! . simulation catalogue
surface liquid water for more than 100 days (Figure 5). This approach provides new informatjo ¢ forcing | T [~ Physical mods
- . : : : GEUS snow calcdiating | |
meltwater infiltration and refreezing, which are key for understanding annual runoff and the spiffa model | L P g () Machine sming
. forci ' |
mass balance of the Greenland ice sheet. oreing o Tand Ty ; Calculated or
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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

0 snow mask.
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Bare ice

Schyberg et al. (2020): Arctic regional reanalysis on single levels from 1991 to prejsept.

R e f e r e n C e S Copernicus Climate Change Service (C3S) Climate Data Store (CDS)s://

Colliander etal. (2022): Ice sheet surface and subsurface melt water discrimination using

| | | | doi.org/10.24381/cds. 71385816 Figure 3. Evaluation of the DLW retrieval at four ice sheet sites. Panels a, c, e, g: Brightness

multi-frequency microwave radiometry. Geophysical Research Letters, 49, _ _ _ | : . .

202161 096599 tips:/doi.org/10.1029/2021GL096509 Vandecrux et al. (20205The fim meltwater Retention Model Intercomparison Projfet temperatures (T g)atl.4,6.9, _10.8, and 18.9 GHz before smoothlng (.Ilght colored Ilnes)_and
Picard, G.. Sandells, M., and Lowe, H. (2018): SMRT: andpasisive microwave radiative (RetMIP): evaluation of nine firn models 6_“ foqrweather station sites on the Greenlang ic¢ gfter SmOOthlng (deep colored IlneS). Panels b’ d’ f, h: Depth of the ||C|U|d Wa:ter (DLW) esti-

transfer model for snow with multiple microstructure and scattering formulations (vl.O)“',%hee'[’The Cryosphere, 14, 3785810 1tips.//dol.org/10.5194/t44-3785202d mated by our RF model ensemble (dOtS for the mean, gray Shadlng for the intra -ensemble

_ _ Vandecrux et ali2024):The SUMup collaborative database: Surface mass balance, subgurja- . - . .

Geosci. Model Dev., 11, 2782788 https://doi.org/10.5194/grmtil-27632018 “standard deviation), when 1.4 GHz indicate a wet surface (black dots) or dry surface (gray

Picard et al. (2022): The sensitivity of satellite microwave observations to liquid water in tt?g temperature and density measurements from the Greenland and Antarctic ice stipejs d | I h h d b f | d d " h b k d
. ' (2024 releaseprctic Data Centerhtips://doi.org/10.18739/A2M61BR5M OtS), a Ong with the measured subsurface temperature (CO ore OtS) In the bac groun )

Antarctic snowpack, The Cryosphere, 16, 5@6083,https://doi.org/10.5194/t46-5061-
2022

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



https://doi.org/10.1029/2021GL096599
https://doi.org/10.5194/gmd-11-2763-2018
https://doi.org/10.5194/tc-16-5061-2022
https://doi.org/10.5194/tc-16-5061-2022
https://doi.org/10.24381/cds.713858f6
https://doi.org/10.24381/cds.713858f6
https://doi.org/10.5194/tc-14-3785-2020
https://doi.org/10.18739/A2M61BR5M

