
Passive microwave emissivity modelling of
global scale snow-covered areas using
machine learning
I. de Gélis1,2*, C. Prigent2,1, C. Jimenez1,2, M.Sandells3

1 Estellus, Paris, 75002, France
2 Observatoire de Paris, Université PSL, CNRS, LIRA, Paris, 75014, France - iris.degelis@obspm.fr
3 Department of Geography and Environmental Sciences, Northumbria University, Newcastle upon Tyne, UK

Motivations
Context:
• Polar satellite observations are under ex-

ploited in Numerical Weather Prediction
(NWP) [1]

• Prepare Copernicus Imaging Microwave Ra-
diometer (CIMR) launch (planned for 2030):
1.4 to 36.5 GHz with a focus on polar region

• Need for accurate microwave (MW) surface
emissivity models for all Earth surfaces

Challenges:
• Snow-covered surfaces: highly variable mi-

crowave signatures
• Complex processes: accumulation, stratifica-

tion, wetness, melting/freezing cycles, intricate
metamorphism at the snow grain scale [2, 3]

• Variables directly linked to snowed surface
MW emissivity not available at large scales

⇒ Existing physical models (e.g., SMRT [4]):
rely on multiple detailed inputs unavailable at
large scales

⇒ Community models (CMEM [5]): large biases
⇒ Go beyond emissivity atlases [6–8]
Objective:
• Bridge the gap between precise physical

models, and robust emissivity atlases that are
not linked to current surface conditions

1. Satellite-derived emissivity database
Creation of a MW emissivity database from current satellite observations.

2. Selection of geophysical predictors
Joint analysis of geophysical parameters (ERA5 reanalysis (ECMWF) [9]) and MW emissivities.
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⇐ a) Linear correlations between geophysical
parameters and emissivities for both mid-winter
and melting period.

Name NN 11 parameters

Fixed

Lake cover
Std of Orography

Sun Zenithal Angle
Above Ground Carbon (AGC)

Snow

Albedo
Density
Depth
Melt

Temperature
Snow (Tsnow)

Ground (Tground)
Gradient (Tskin − Tground)

⇑ b) List of selected geophysical parameters

3. Physics-aware statistical
emissivity parameterization

• Non-linear relationship between MW emissiv-
ities and geophysical parameters

• Use of neural networks (NNs) to link geophys-
ical variables and MW emissivities:
→ One NN per frequency, both V and H po-

larizations predicted by the same network
Training configuration:
• Focus on winter 2018-2019 (Oct. to May)
• 10 days aggregation
• RFI and ’cloudy-sky’ filtering

4. Results
• Quantitative results: Surpass emissivity climatologies, no bias.

• Qualitative results – January 1st-10th:
6.9 GHz V pol. 6.9 GHz H pol. 36.5 GHz V pol. 36.5 GHz H pol.

a) Target emissivities

b) Parameterized emissivities

c) Errors : target - parameterized emissivities

d) Errors : target - climatological emissivities

Conclusions
• Satellite-derived surface MW emissivities
• Neural network-based forward model linking

geophysical values to emissivity (1 to 89 GHz)
• Parameterized emissivities RMSE<0.02 up to

18.7 GHz, and 0.03 for higher frequencies
• Continental-scale parameterized emissivi-

ties surpass results derived from climatologies
• Frequency dependence of parameterized emis-

sivities is consistent with SMRT [4]

For more details :
⇒ de Gélis, I., Prigent, C., Jimenez,

C., Sandells, M. (2025). Forward
modelling of passive microwave
emissivities over snow-covered ar-
eas at continental scale. Re-
mote Sensing of Environment, 328,
114821.
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