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An accurate estimate of the surface contribution is needed in the
microwaves, for all surface types, at global scale.

- across applications: for the retrieval of surface properties, for the atmospheric retrieval (surface-sensitive 
channels), for Numerical Weather Prediction (NWP), for the simulation of future instrument observations. 

- across frequencies: from low microwaves to millimeter waves (eg., CIMR, ICI)

- across observing conditions: incidence angle, polarization. For both passive instruments (emissivity) and
active instruments (backscattering) if possible.

Consistency required to optimize the exploitation of multi-frequency, multi-instrument 
capability, for both surface and atmospheric characterizations
  
    
Toward coupled land / ocean / atmosphere assimilation systems
     
     



How to estimate the microwave surface contribution at global scale?

Open ocean: a rather homogeneous surface (at least compared to the other surfaces)

=> Robust physically-based radiative transfer models exist
=> A reference model selected by the community (https://www.issibern.ch/teams/oceansurfemiss/)
=> Fast version of the selected model developed using ML

PARMIO
Full physical model

SURFEM-Ocean
Fast model

NN based-parameterization of the  PARMIO full physical model
Including the analytical Jacobians

RTTOV

English et al., BAMS, 2020 
Dinnat et al., BAMS, 2023 

Kilic et al., ESS, 2023  Geer et al., ECMWF, 2024  

https://www.issibern.ch/teams/oceansurfemiss/


How to estimate the microwave surface contribution at global scale?

Sea ice, snow, land: high heterogeneity and complex interaction with the radiation

=> Radiative transfer modeling very challenging
• surface reflection and scattering + volume scattering
• difficulty to access the necessary input parameters at global scale

Modeled emissivity Satellite-derived emissivity

Prigent et al., JGR, 2015  

18 GHz H pol
AMSR, January



How to estimate the microwave surface contribution at global scale?

Over sea ice, snow, land: satellite-derived surface emissivity
• Calculated from the observations, subtracting the atmospheric contribution and the surface temperature

modulation, under clear sky conditions
• Provides the spatial and temporal variabilities
• Provides the frequency and polarization co-variabilities

Applied to window channels for SSM/I, AMSU, AMSR, GMI…. 
E.g., Prigent et al., 1997, 2006; Aires et al., 2001; Karbou et al., 2005, Boukabara et al.,, 2018; Munchack et al., 2020…
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=> TELSEM2 provided with RTTOV (Aires et al., JQSRT, 2011; Wang et al., JAOT, 2017) 



How to estimate the microwave surface contribution at global scale?

Over sea ice, snow, land: satellite-derived surface emissivity
• Calculated from the observations, subtracting the atmospheric contribution and the surface temperature

modulation, under clear sky conditions
• Provides the spatial and temporal variabilities
• Provides the frequency and polarization co-variabilities

But do not tell about the key geophysical parameters that drive their variability…

For consistent surface and atmospheric inversion, how to relate the satellite-derived surface
contribution to the geophysical parameters?

=> Develop a statistical forward operators anchored to satellite-derived
emissivity, and consistent for multi-frequency, multi-instrument applications



Over sea ice, snow, land,
suggested method :

1) Build a large satellite-derived emissivity database

• Satellite-derived emissivity calculated for the full time series of SSM/I, SSMIS,
AMSR, SMAP, and SMOS, over the continents and sea ice

• With ERA5 inputs for the atmosphere and the surface temperature (Tskin)



Over sea ice, snow, land,
suggested method :

1) Build a large satellite-derived emissivity database

2) Select potential predictors for the parameterization of the emissivities

• Avalaible easily over long time series

• Preferably from reanalysis (ERA5), or from well-recognized community models when
reanalysis information not enough

• Not always the expected physical parameters that play the key role… Be ready for
surprises…



Over sea ice, snow, land,
suggested method :

1) Build a large satellite-derived emissivity database

2) Select potential predictors for the parameterization of the emissivities

3) Statistically relate the satellite-derived emissivities to the relevant
geophysical parameters available at global scale

• Use of machine learning method, to account for the complex relationships between
geophysical parameters and emissivity

• Neural Network parameterization suggested



Over sea ice, snow, land,
suggested method :

1) Build a large satellite-derived emissivity database

2) Select potential predictors for the parameterization of the emissivities

3) Statistically relate the satellite-derived emissivities to the relevant
geophysical parameters available at global scale

4) Derive a physics-aware statistical parameterization of the surface emissivity     
         

• as a function of :
 - instrument characteristics (frequency, incidence angle, polarization)
 - geophysical variables from reanalysis, and / or land surface / sea ice model 
 



Over sea ice, snow, land,
suggested method :

1) Build a large satellite-derived emissivity database

2) Select potential predictors for the parameterization of the emissivities

3) Statistically relate the satellite-derived emissivities to the relevant
geophysical parameters available at global scale

4) Derive a physics-aware statistical parameterization of the surface emissivity

=> Here, the example of the sea ice parameterization              

Geophysical parameters 
& 

Emissivity climatologies

Neural Network 
Multi-Layer Perceptron

Microwave emissivities

Geophysical parameters

Neural Network 
Multi-Layer Perceptron

Microwave emissivitiesGeophysical parameters Microwave emissivities



A NN parameterization of the sea ice emissivity

21-31 December 2018  

Satellite-derived emissivity Geophysical inputs from neXtSIM and ERA5

Snow Depth (m) neXtSIM Sea Ice Thickness (m) neXtSIM

Sea Ice Age (years)  neXtSIM Tskin (K) ERA5

1.4 GHz V (SMAP)           6 GHz V (AMSR2)            18 GHz V (AMSR2)       36 GHz V (AMSR2)

1.4 GHz H (SMAP)           6 GHz H (AMSR2)            18 GHz H (AMSR2)       36 GHz H (AMSR2)

21-31 December 2018  

Training dataset: one arctic winter of satellite-derived emissivities (SMAP, SMOS, AMSR2) 
and collocated ERA5 and neXtSIM outputs

Details analysis of the training dataset to select the relevant predictors:

High correlation obtained with unexpected parameters

Sea Ice Thickness (m) neXtSIM
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1.4 GHz H 6 GHz H 18 GHz H 36 GHz H

Kilic et al., ESS, 2025  



A NN parameterization of the sea ice emissivity

Results:

Kilic et al., ESS, 2025  



A NN parameterization 
of the global emissivity

SURFEM-Ocean
(in RTTOV, from 0.5 to 700 GHz, 
for all angles and polarizations)

SURFEM-SeaIce
(available, from 1.4 to 90 GHz, 
for all angles, V and H polarizations)

SURFEM-Snow 
(available, from 1.4 to 90 GHz, 
for all angles, V and H polarizations)

SURFEM-Land 
(a preliminary version available, 
including deserts, from 1.4 to 90 GHz, 
for all angles, V and H polarizations)

Similar structure of the parameterization for all surface types, for an easy use by the community

de Gélis et al., in preparation



A NN parameterization 
of the global emissivity

SMAP 
Tb 1.4 GHz H (K)

WINDSAT 
Tb 37 GHz H (K)

Observations Simulations

Using: 
SURFEM-Ocean, 
SURFEM-SeaIce,
SURFEM-Snow, 
SURFEM-Land 2017/12/17

Calculations for the End-2-End simulator of CIMR



Conclusions

Over ocean
• Physically-based emissivity models are robust.
• Fast emissivity models derived from physical model, using NN, for all angles, 

polarizations and from 0.5 to 700 GHz.

Over sea ice, snow, and land
• Physically-based emissivity models still very challenging for large scale 

applications, under multiple observing conditions. 
• Physics-aware NN parameterization of the surface emissivity from 1.4 to 90 GHz 

anchored to satellite-derived emissivity.

Underway
• Extension of the parameterization to higher frequencies over sea ice, snow, and 

land (with e.g., ATMS, MHS, AWS observations). 
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