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Need a lower boundary!
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Types of substrate

3

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

Specialist materials: reflector 
plate, absorber….

It’s a 
choice! 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
?  λ? structure? 
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1827

Simplest case: 
flat boundary

- Specular reflection
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Use 
• continuity equations across boundary
• Relationship between electric and magnetic field
• law of reflection: θi = θr
• Snell’s law of refraction: n1 sin θi = n2 sin θt
• n2 = ε

Fresnel
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Soil permittivity
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Need to define soil permittivity. Depends on:
• Soil moisture
• Soil type
• Bulk soil density
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A rough surface?
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Modelling roughness
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Geometric roughness vs Dielectric roughness

Variation in surface height
 - analytical models of surface scattering 
  (e.g. IEM, Geometrical Optics)
 - semi-empirical 
  (e.g. Wegmüller and Mätzler, 1999 - passive)  

Dielectric discontinuities
 - numerical solution of Maxwell’s equations



Including substrate in SMRT
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or
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Atmosphere
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Lawrence et al., 2019

https://www.eumetsat.int/amsu-a
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SMRT Basic Atmosphere

tbup
tbdown

+ transmissivity

Non-scattering

medium = atmosphere + snow
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Sandells et al., 2023 (pre-print)

Blue: ARTS simulation (Atmospheric Radiative Transfer Simulator)
Grey: Observed (airborne)



ARTS+SMRT
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Sandells et al., 2023 (pre-print)



SMRT+ARTS
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• Field campaign 14-22nd March 2018
• Pits classified as plateau / valley / 

slopes
• 3 airborne flights @ ~500m

Sandells et al., 2023 (pre-print)



SMRT+ARTS
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• Underlying topography
• Difference between flights

Sandells et al., 2023 (pre-print)



Summary

• Need substrate unless semi-infinite
• Can specify soil / reflectivity / rough interface model
• Argument when creating snowpack or additive

• Needed at higher frequencies
• SMRT has basic atmosphere (TB does not depend on θ)
• For more complicated – couple with ARTS
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Schaufenster Fischereihafen
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