
SMRT: A new, modular snow 

microwave radiative transfer model
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• Microstructure

• Model intercomparison via wrappers

• Github / website / help / documentation

• Summary
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Outline
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Are existing snow microwave

emission models so different ?

→ the different electromagnetic theories

→ the different micro-structure representation used by these models

→ the different solution of the radiative transfer equation

Context

Löwe and Picard 

(TC, 2015)

Pan et al. 

(TGRS, 2016)

SMRT: Context

32nd SMRT Training Waterloo



Main physics:

• Active / passive

• Multilayer

• Layer microstructure: 

ACF

• EM Theory: 

κs,κa, phase function, ε

• RT Solver

• Interface: Fresnel

• Substrate / atmosphere / permittivity

SMRT: Overview
MICROSTRUCTURAL ORIGIN OF 

ELECTROMAGNETIC SIGNATURES IN 

MICROWAVE REMOTE SENSING OF SNOW
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SMRT: Overview
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Picard et al. (2018), GMD

Switching modules….
• Microstructure
• EM model
• Interfaces
• Substrate
• Atmosphere
• RT Solver
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SMRT: Overview
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Picard et al. (2018) GMD

…makes model intercomparison easy!
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SMRT: Implementation

Why python?

open, object oriented (to realize “easy to use” )

Example of a model run:

SMRT: Implementation

7

Imported modules 
hide computational 
complexity
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SMRT: Structure
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SMRT: Structure
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Easy to add modules

+  Tests!
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SMRT: Microstructure representation

Layer microstructure:

represented by a two-point correlation function

Implemented models: (and reasons for them)

Exponential model (MEMLS)

Sticky hard spheres (DMRT-ML, DMRT-QMS)

Independent sphere (classic)

Teubner–Strey (empirical evidence)

(Level-cut) Gaussian random fields (full-field methods)

Why different choices?

To be flexible with non-obvious correlation functions:

SMRT: Microstructure
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Micro-CT is not the only way!
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SMRT: Legacy support

To facilitate model inter-comparison:

Shallow wrappers for MEMLS, HUT, DMRT-QMS (no code)

SMRT: Legacy
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SMRT: intercomparison

Waterloo 142nd SMRT Training

Picard et al. (2018), GMD



https://github.com/smrt-model/smrt
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git pull
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https://www.smrt-model.science
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http://community.smrt-model.science
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Online documentation
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Online documentation
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smrt.readthedocs.io
smrt.rtfd.io
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SMRT

- Why a new model ?
We don't need a new model (yet) but we need:
a repository of microwave community knowledge
= merge all RT models / theories in one code base, one framework
with extended capabilities to explore the micro-structure
with multi mode capabilities (passive, radar, altimeter)
with easier access for beginners and non-specialists
using modern and more efficient languages and programming techniques

SMRT: flexibility, python, git, forum, documentation

We hope SMRT will be taken up by the community as a joint endeavour

https://www.smrt-model.science

https://github.com/smrt-model/smrt

http://community.smrt-model.science

smrt.readthedocs.io
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