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SMRT Basic Atmosphere s
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SMRT Basic Atmosphere

In [1]: £from smrt import make snowpack, make model
from smrt.inputs.sensor list import passive
from smrt.atmosphere.simple isotropic atmosphere import SimplelsotropicAtmosphere

In [2]: # Create snowpack, sensor and model
snowpack = make snowpack([10], 'independent sphere', temperature=260., density=320., radius=0.5e-3)
rad = passive(21e9, 35)
model = make model('rayleigh', 'dort')

In [3]: atmos = SimplelsotropicAtmosphere (tbdown=30., tbup=6., trans=0.90)
model.run(rad, snowpack, atmosphere=atmos) .TbV

Out[3]: 149.5455044014¢€¢71

Idea:

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

2nd SMRT Training Waterloo 9



Types of substrate

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

Specialist materials: reflector
plate, absorber....

2nd SMRT Training

choice!
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Generic, flat surface (Fresnel)

mifien d incidence | = .Jlé-'_.,

Use law of refraction: n, sin 8,=n, sin 6,
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e SMRT layers are numbered from top =0
* No cross-pol terms!!
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Modification for effect of roughness



Modification for effect of roughness

Wegmuller and Matzler, 1999
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Fig. 1. Rough bare soil reflectivity model. Simulated incidence angle depen-

dence of rough bare soil reflectivity at H- (solid) and V' —polarization (dotted)
for different standard deviations of the surface height s.

SMRT: Passive only

2nd SMRT Training

The new rough bare soil reflectivity model is defined by

Tih, mod ('m"Ua kS, 9) = Th, Fresnel *€XP { —(k‘fg) U-10cos 6} ( 1 2)

# < 60°:
Ty, mod (m’u, kSa ‘9) = Th, mod (m{Ua kS? 6) : (COS 9)0-655 (13a)
60° < ¢ < 70%

Tv mod (MU, k8,0) =1} med(mu, ks, )
(0,635 — 0.0014 - (8 — 60°)). (13b)

The range of validity is restricted to the 1-100-GHz range
at H- and V-polarization and incidence angles between 0°
and 70°. The range of validity with respect to the standard

Waterloo 13



Generic, flat surface (Fresnel)

2
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Need to define soil permittivity. Depends on:
* Soil moisture

* Soil type

* Bulk soil density
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Empirical models of
soil dielectric constant

— Wang and Schmugge

| — Dobson et al

Hallikainen
— Topp
— Roth
—— Deloor

| — Birchak

- - - Friedman, 1997
Malacki

Note: lots of assumptions here; eg.
SAND=60%, CLAY=20%,

solid DC= 5.5, ice DC=3.2, but
common across models.

0.2 0.3 0.4
Soil moisture content {cubic metre per cubic metre)




SMRT substrate: soil

Make a soil substrate with Wegmiiller and Matzler (1999) model

In [1]: £from smrt import make soil, make snowpack
In [2]: soil = make soil('soil wegmuller', 'dobson85', temperature=265, roughness rms=0.25,
moisture=0.25, sand=0.01, clay=0.7, drymatter=1300)
In [3]: snow with soil = make snowpack([1], "exponential", temperature=[265], density=[280], corr length=[5e-5], substrate=soil)
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Reflector

2nd SMRT Training



SMRT substrate: reflector

from smrt.substrate.reflector import make reflector
refl = np.arange(0, 1.1, 0.1)

reflector = [make reflector (temperature=265, specular reflection=r) for r in refl]
snowpacks = [make snowpack([l], "exponential", temperature=[265], density=[280],
corr length=[5e-5], substrate=r) for r in reflector]

# Run model on snowpacks

results = m.run(rad, snowpacks)
# Plot results IBA, DORT
plt.plot(refl, results.TbV (), 'bx-")
plt.xlabel ('reflectivity")
plt.ylabel('19V Tb [GHz]"') 250 +
plt.title('IBA, DORT'")
200 H
N
I
MEMLS thi -
uses this 5 150
approach 3
100 4
50 4
0.0 0.2 0.4 0.6 0.8 1.0
reflectivity
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SMRT substrate: active reflector

from smrt.inputs.sensor list import active
from smrt.utils import dB
from smrt.substrate.reflector backscatter import make reflector

# Need to define an active sensor
scatt = active(13e9, 45)

# Make active reflector
reflector = make reflector (temperature=265, specular reflection=0.,
backscattering coefficient={'VV': 0.1, 'HH': 0.1})

# Make snowpack
snow_active = make snowpack([1l], "exponential", temperature=[265],

density=[280], corr length=[5e-5], substrate=reflector)
dB (m.run (scatt, snow_active) .sigmaVV())

active model is not yet fully implemented, need modification for the third component

array ([-12.23784209])

2nd SMRT Training Waterloo



Sea lce

Figures from
Tucker et al. 1992

Snow
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* 1styearice: brine trapped in grooves of pure ice plates. Electromagnetically lossy
* Multi year ice: air bubbles in saline ice. Relatively transparent

2nd SMRT Training Waterloo 20



Modeling sea-ice

First year sea-ice

lce Brine pocket Air bubbles

Scattering, absorption, refractive index




Modeling sea-ice

Multi year sea-ice

lce Brine pocket Air bubbles

- no scattering by brine pockets, but their
effect on the absorption is taken into account

- no ‘continuity’ between first year and multi
year sea-ice, except for low frequencies (if
Eff permittivy uses the same formula at both
levels)

- but no better solution has been proposed in

Scattering, absorption, refractive index the past (to our knowledge)




Sea ice: implementation

# create the snowpack

Ak Koy ::**** e Kk
snowpack = make_snowpack (thickness=thickness_s, ‘;** ak KKK K it
microstructure_model="exponential”, : :*******: **:*** L
density=density_s, e L il
- * BT % K
temperature=temperature_s, Fe¥u b ad xxx

corr_length=p_ex_s)

# create the sea-ice I

ice_column = make_ice_column(ice_type=ice_type, Ith.i ckness=thickness,
temperature=temperature, o
microstructure_model="exponential”, e
brine_inclusion_shape="spheres", A b
salinity=salinity, I T
porosity=porosity,
corr_length=p_ex,
add_water_substrate="ocean"

)

# add snowpack on top of ice column:
medium = snowpack + ice_column

= sea-ice

2nd SMRT Training Waterloo
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Photo: N. Rutter

2nd SMRT Training

Lake ice

e Make ice column as for
sea ice, with
ice_type = ‘fresh’

e Medium is spherical air
bubbles in pure ice
background

NB current
incompatibility: doc says
‘lake’, code says ‘fresh’

Waterloo
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Water substrate

* Optional parameters: water temperature,
salinity, permittivity model

* Default below lake ice: salinity =0, T = 0°C

* Default below sea ice: salinity = 0.032 kg/kg,
T=-1.8°C



