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High-resolution SMAP Retrievals

» A physical or a data-driven problem?
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SM = f(x)

USA NLCD 2011 I Dcciduous Forest
Class Name - Evergreen Forest
I Open Water [ Mixed Forest
[ Perennial Snow/ice [ Shrub/Serub

[ ] Developed, OpenSpace || Herbaceous
[ Developed. Low Intensity [ | Hay/Pasture
I D cloped, Medium Intensity [l Cultivated Crops
I D cloped, High Intensity [ | Woody Wetlands
[ Barren Land I weilands
Service Layer Credits: Sources: Esri, GEBCO, NOAA, National
Geographic, Garmin, HERE, Geonames.org, and other

contributors.
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Abbaszadeh et al., 2019, Downscaling SMAP ..., https://doi.org/10.1029/2018WR023354.

Soil Moisture (m*/m")
I 0.02-0.05
I 0.05-0.09
[009-0.12
[Joa2-01s
[ Joi5-019
[]019-024
[ 024-030

I 039- 046
I 0.46-055

Rescaled SMAP

Future Research
000


https://doi.org/10.1029/2018WR023354

Previous Research Current Research Future Research
00000 0000 000

Constrained Multi-Channel Algorithm (CMCA)

» Accounting for slow changes of VOD in time

K T
Vi =ar§pmin22||5;:/2[ez— (Wl + S(3,) subject to bt < b, <

t k=1t=0

n
S(#e) = ollZ1I3 + > MilIDime 13

» Porosity at 1km (Miller and White, 1998)

Gao L., M. Sadeghi, A. Ebtehaj (2020), https://doi.org/10.1016/j.rse.2020.111662


https://doi.org/10.1016/j.rse.2020.111662
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Constrained Multi-Channel Algorithm (CMCA)

» Accounting for slow changes of VOD in time
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K T
¢ = argmin SO TIEL 1€l — fr—w (I3 + S(3;) subject to b < b, < Y

t k=1t=0

n
S(e) = MollOF 113 + > AillDimel3
i=1

» Clay fraction at 1 km (Miller and White, 1998)
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Constrained Multi-Channel Algorithm (CMCA)

» Accounting for slow changes of VOD in time

K T
%} = argmin SOS TIEL el — fr—w(W)lII3 + () subject to W} < b, < 1Y

t k=1t=0

S(e) = AollOF 113 + > AillDimel3
i=1
» NLDAS 2006-2015 (12.5km) and MODIS VOD data from 20002016 (1 km)
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SMAP Retrievals

» SM snapshot retrievals — Feb 15, 2016
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SMAP Retrievals

» SM monthly retrievals in 2016
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SMAP Retrievals

» SM monthly retrievals in February 2016
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Soil Moisture below Snowpack

(a) Gauge-based pyi (b) PDF of ST for Different Snow Types
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Soil-Snow-Canopy Radiative Transfer Model in L-band

(1) (2
f_/\“ - N ™~
TbP = Tgepﬂ/’v+ TC(]' —w (1 - 7v)+ Tc(l - w) 1- A/v)f'pA//

~

—
w

~

eP: effective emissivity of soil-snow system
rP: effective reflectivity of soil-snow system
Tg: ground temperature

Tc: canopy temperature.

7v: vegetation transmissivity.

w: vegetation single scattering albedo.

Kumawat D., M. Olyaei, L. Gao, A. Ebtehaj, Passive Microwave Retrieval of Soil Moisture below Snowpack at L-band using
SMAP Observations, IEEE Trans. on Geosci. and Remote Sens., DOI:10.1109/TGRS.2022.3216324.
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Soil-Snow-Canopy Radiative Transfer Model in L-band
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Retrieval of High-latitude VOD and Ground Permittivity
» SMAP Orbit: 23 Jan 2017
e :arggninz (y’;B — fp(¢))2 + p(r — 7—0)2
P

subject to ¢ < ¢ < &,
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Retrieval of High-latitude VOD and Ground Permittivity
» VOD retrievals
o =agmin 3 (v, — (@) + u(r — 7)?
B

subject to @ < ¢ < @,
(a) VOD (TO model)

(b) VOD (TO-snow model)
T A
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Retrieval of High-latitude VOD and Ground Permittivity
P Soil permittivity retrievals
¢* =arg(r;in Z (y?—B - f"(¢))2 + p(r — -,—0)2
p

subject to ¢ < ¢ < @y,
(b) VOD (TO-snow model)
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Retrieval of High-latitude VOD and Ground Permittivity
» Boreal forests with continuous (Region A) and sporadic permafrost (Region B)
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Retrieval of High-latitude VOD and Ground Permittivity
» FLUXCOM NEE in 01/23/17 and VOD.
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A new dataset, all SMAP daily orbits (2015-2020) at https://github.com/aebtehaj/SM-Snow-L-band


https://github.com/aebtehaj/SM-Snow-L-band
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Arctic Freeze-Thaw Dynamics
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Arctic Freeze-Thaw Dynamics

TE, = Twel = TbP = fo, ThY, + (1 — £,,) THE
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Arctic Freeze-Thaw Dynamics
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Arctic Freeze-Thaw Dynamics
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Arctic Freeze-Thaw Dynamics
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Input Time Series )
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Methane Ebullition Flux

reflected rays
7

3Vb€,'(6b — E,')
€m = € +
" (2¢j + ep) — vp(en — €i)

(Tinga-Voss-Blossey)
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Methane Ebullition Flux
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» Key ancillary variables that directly inform the RT model (e.g., clay
fraction) can improve retrieval resolution.
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» Key ancillary variables that directly inform the RT model (e.g., clay
fraction) can improve retrieval resolution.

» Not accounting for the effect of snow will lead to an overestimation
of soil relative permittivity and VOD over the Arctic lands.
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» Key ancillary variables that directly inform the RT model (e.g., clay
fraction) can improve retrieval resolution.

» Not accounting for the effect of snow will lead to an overestimation
of soil relative permittivity and VOD over the Arctic lands.

» Quantify NEE in wintertime when snow and ice cover the ground
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» Key ancillary variables that directly inform the RT model (e.g., clay
fraction) can improve retrieval resolution.

» Not accounting for the effect of snow will lead to an overestimation
of soil relative permittivity and VOD over the Arctic lands.

» Quantify NEE in wintertime when snow and ice cover the ground

» With 10x10 km resolution, we can estimate the ice phenology of
Arctic lakes greater than 3x3 km.

» Methane ebullition flux to better understand the contribution of
thawing permafrost on global warming.

» L-band PMW retrieval of active layer ice and carbon content?
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