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➔ Microwave RTMs

➔ The Snow Microwave Radiative Transfer (SMRT)

➔ Questions



Radiative Transfer Model

• Radiation transfer refers to the physical process of electromagnetic radiation

transferring through a medium, which involves absorption, transmission, emission,

and scattering processes.

• Radiative Transfer Models (RTMs) calculate the energy reflected, absorbed,

emitted or transmitted as a function of other influencing factors in a plant canopy or

planetary atmosphere.

• RTMs can be used to predict the spectral transmission of the atmosphere, the

light reflected or emitted from a plant, and the amount of energy absorbed or
emitted at different levels.



Radiative Transfer Equations - how to describe the variation of the radiance L

per unit distance along 𝟂? The equation of radiative transfer simply says that as a beam of radiation travels, it loses energy

to absorption, gains energy by emission processes, and redistributes energy by scattering.



In-scattering - How to describe radiation directional properties? BRDF



Out-scattering & absorption - How to quantify attenuation? Beer’s Law



Solving Radiative Transfer Equations - Derive Integral form of RTEs

All RTMs follow 

this general form.

The differences 

however, are 

essentially due to 

the various forms 

for the emission 

and absorption 

coefficients.



SMRT - The Snow Microwave Radiative 

Transfer (SMRT)

https://smrt-model.science/documentation.html



Why Northern ice/snow monitoring is important?



SMRT assumptions:

1. A stack of plane-parallel, 
horizontally infinite, homogeneous 
layers.
2. Layers are isotropic media at the 
microstructure scale as well as at 
the scale of the snowpack.

3. Microstructural anisotropy of 
snow is neglected and that 
structures formed by wind (sastrugi, 
dunes) are not taken into account 
yet.

Bubbly ice 
covered with 
a seasonal 
snowpack 
(different 
grain size).



Snow Microwave Radiative Transfer (SMRT) Model

Some RTMs address the total backscattering coefficient from a multilayered snowpack (DMRT-QMS, MEMLS, 

etc.) in various angular and polarimetric configurations, well adapted for high-frequency radar (Ku band and 

higher frequencies) due to multiple scattering implementations.

SMRT addresses both backscattering and emission with targeted validity range of 1-200 GHz (not fully valid yet 

for the upper frequency range, and validity at Ku and Ka bands).

SMRT was developed to unify and inter-compare different RTMs, offering the capability of switching between 

different electromagnetic theories, representations of snow microstructure, and other modules involved in 

various calculation steps.

https://www.polarmonitoringproject.org/snow-model-radiative-transfer-

smrt/



SMRT - Model 
Input & Output?



Radiative Transfer Equations - how to describe the variation of the radiance L

per unit distance along 𝟂? The equation of radiative transfer simply says that as a beam of radiation travels, it loses energy

to absorption, gains energy by emission processes, and redistributes energy by scattering.



In this RTE, how 
to express 
reflection, 
transmission and 
emission?



Solving this RTE 
requires knowing 
phase function, 
scattering, 
extinction and 
absorption 
coefficient. How?



In-scattering - How BRDF is defined by micro-sctructure & dielectric constent of snow and ice?

I.e., snow contains two 
materials

I.e., ice  contains two materials 
(but is usually simplified to just 
contain two. 



Attanuation - How scattering/absorbtion is defined by micro-sctructure & dielectric constent of heterogeneous

mixtures (i.e., air, water, brine and ice)?

Higher frequency (shorter wavelength) → more heterogeneity



Interface/surface scattering/refraction - How are they defined by micro-sctructure & dielectric constent



SMRT simulation (Fan et. al., 2023)



Questions? 
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