
Waterloo 12nd SMRT Training

Photo: Søren Rysgaard

Soil, atmosphere, sea and lake ice

https://www.astrobio.net/also-in-news/arctic-
sea-ice-helps-remove-co2-atmosphere/



Outline

• Atmosphere

• Soil

• Sea ice

• Lake ice

• Ocean
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Atmosphere
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http://maxpixel.freegreatpicture.com/Blue-Atmosphere-Space-Clouds-Flying-Milky-Way-2295189



Atmospheric Opacity
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Credit: Chawn Harlow

Grey bands: observation 
channels from AMSU-A 
and MHS

Blue: example 
atmospheric opacity

Basic atmosphere in SMRT for 
higher transparency 
frequencies
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Atmospheric Opacity
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• MACSSIMIZE@TVC
• IBAEXP ,DORT
• 3-layer
• SSA -> pex



Atmospheric Contribution
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Nadir observations!



SMRT Basic Atmosphere
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(NASA image by 
Marit Jentoft-
Nilsen.)

tbup

tbdown

+ transmissivity

Non-scattering



Atmospheric Contribution
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No Atmosphere

Basic Atmosphere



SMRT Basic Atmosphere
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If no atmosphere specified: tbup = 0, tbdown = 0, trans = 1

Idea:

medium = make_atmosphere(...) + make_snowpack(...) + make_ice(...) + make_ocean(...) 
m.run(sensor, medium)



Types of substrate
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A way to specify the lower boundary: what is underneath the lowest layer

Specialist materials: reflector 
plate, absorber….

It’s a 
choice!

𝜕𝑇

𝜕𝑧
? λ?



Generic, flat surface (Fresnel)
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• SMRT layers are numbered from top = 0
• No cross-pol terms!! 

Use law of refraction: n1 sin θ1 = n2 sin θ2 



Modification for effect of roughness
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Modification for effect of roughness
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Wegmüller and Mätzler, 1999

SMRT: Passive only



Generic, flat surface (Fresnel)
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Need to define soil permittivity. Depends on:
• Soil moisture
• Soil type
• Bulk soil density



2nd SMRT Training

Empirical models of 
soil dielectric constant

Note: lots of assumptions here; eg. 
SAND=60%, CLAY=20%, 
solid DC= 5.5, ice DC=3.2, but 
common across models.

Slide credit: Ian Davenport

Need help to 
implement these in 
SMRT!!!
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SMRT substrate: soil
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This way of specifying soil 
available in DMRT-ML



Reflector
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SMRT substrate: reflector
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MEMLS uses this 
approach

Useful for SMRT evaluation…



SMRT substrate: active reflector
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Sea Ice
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• 1st year ice: brine trapped in grooves of pure ice plates. Electromagnetically lossy
• Multi year ice: air bubbles in saline ice. Relatively transparent

Figures from 
Tucker et al. 1992



2nd SMRT Training Waterloo 21



2nd SMRT Training Waterloo 22



Sea ice: implementation
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Lake ice

• Make ice column as for 
sea ice, with 

ice_type = ‘fresh’

• Medium is spherical air 
bubbles in pure ice 
background

NB current 
incompatibility: doc says 
‘lake’, code says ‘fresh’
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Photo: N. Rutter



Water substrate

• Optional parameters: water temperature, 
salinity, permittivity model

• Default below lake ice: salinity = 0, T = 0oC

• Default below sea ice: salinity = 0.032 kg/kg, 
T=-1.8oC
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