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High-resolution SMAP Retrievals 
▶ A physical or a data-driven problem? 

SM = f (x) 

clearly capture the spatial heterogeneity of soil parameters with high spatial correspondence to the original
SMAP soil moisture data.

The accuracy of downscaled soil moisture product in this study appears to be very good as compared to, for
example, Mishra et al. (2018), who reported the CONUS average correlation between the thermal-infrared
downscaled SMAP (passive) and SCAN is around 0.54, while in this study, the correlation between the
downscaled SMAP product and SCAN networks is 0.65. However, it is noted that the successful use of a
downscaling approach may be restricted to its certain characteristics and needs of a user, knowing that each
method may have certain strengths and weaknesses (Chakrabarti et al., 2015, 2018; Chakrabarti, Judge, et al.,
2016; Colliander, Fisher, et al., 2017). For example, in the work by Colliander, Fisher, et al. (2017), the authors
proposed a disaggregation approach to downscale the SMAP soil moisture over a small domain (including
three 36-km SMAP pixels), where the surface temperature is controlled by soil evaporation, the topographical
variation is relatively moderate, and the vegetation density is relatively low.

4.3. Validation of Downscaled SMAP Soil Moisture Product

In these subsections, we evaluate the accuracy of downscaled SMAP soil moisture against two densely instru-
mented watersheds located in two different geographical zones in CONUS. In addition, in order to fully assess

Figure 8. (a) Land cover distribution over the western Continental United States, (b) original SMAP soil moisture at 36-km spatial resolution, and (c) downscaled
SMAP soil moisture at 1-km spatial resolution on 27 April 2015. SMAP = Soil Moisture Active Passive.
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Constrained Multi-Channel Algorithm (CMCA) 

▶ Accounting for slow changes of VOD in time 

K TXX −1/2 pψ ∗ 
t = argmin ∥E [e − fτ −ω (ψt )]∥22 + S(ψt ) subject to ψl

t ⪯ ψt ⪯ ψt
u 

kt kt 
ψt k=1 t=0 

nX 
∥2S(ψt ) = λ0∥θt

p 
2 + λi ∥Di τt ∥22 

i=1
▶ Porosity at 1 km (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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▶ 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 TXX −1/2 pψ ∗ 
t = argmin ∥Ekt [ekt − fτ −ω (ψt )]∥22 + S(ψt ) subject to ψl
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▶ NLDAS 2006–2015 (12.5 km) and MODIS VOD data from 2000–2016 (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 
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Soil-Snow-Canopy Radiative Transfer Model in L-band 

(1) (2) (3) z }| { z }| { z }| { 
Tbp = Tg e

pγv + Tc (1 − ω)(1 − γv )+ Tc (1 − ω)(1 − γv )r
pγ 

ep : efective emissivity of soil-snow system 

rp : efective refectivity of soil-snow system 

Tg : ground temperature 

Tc : canopy temperature. 

γv : vegetation transmissivity. 

ω: vegetation single scattering albedo. 

(1)

z = 0

z = -d

Snow

Ground

𝝰i

𝝰s
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(2) (3)

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 

ξp ξp −2γsds cos αs 
2 

ξ̃p −2γsds cos αs 
2 

p cs + ˜ 
sg e p cs esg + ξp 

r = and e = 1 − ,coh ξ̃p ds cos αs coh ξ̃p ds cos αs1 + ξp 1 + ξp 
cs sg e−2γs cs sg e−2γs 

|ξcsp |2 + |ξ̃  
sg
p |2 − |ξcsp |2|ξ̃  

sg
p |2 − 1p ξpr = 1 + sgn(|ξp ||˜ | − 1)inc cs sg |ξp |2|ξ̃p |2 − 1cs sg 
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Retrieval of High-latitude VOD and Ground Permittivity 
▶ SMAP Orbit: 23 Jan 2017 X� �2∗ p p 2

ϕ =argmin y − f (ϕ) + µ(τ − τ0) 
ϕ 

TB 
p 

subject to ≤ ϕ ≤ ϕ ,ϕl u 
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Retrieval of High-latitude VOD and Ground Permittivity 
▶ VOD retrievals X� �2∗ p p 2

ϕ =argmin y − f (ϕ) + µ(τ − τ0) 
ϕ 

TB 
p 

subject to ≤ ϕ ≤ ϕ ,ϕl u 
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Retrieval of High-latitude VOD and Ground Permittivity 
▶ Soil permittivity retrievals X� �2∗ p p 2

ϕ =argmin y − f (ϕ) + µ(τ − τ0) 
ϕ 

TB 
p 

subject to ≤ ϕ ≤ ϕ ,ϕl u 
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Retrieval of High-latitude VOD and Ground Permittivity 
▶ Boreal forests with continuous (Region A) and sporadic permafrost (Region B) X� �2∗ p p 2

ϕ =argmin y − f (ϕ) + µ(τ − τ0) 
ϕ 

TB 
p 

subject to ≤ ϕ ≤ ϕ ,ϕl u 



Previous Research Current Research Future Research 

Retrieval of High-latitude VOD and Ground Permittivity 
▶ FLUXCOM NEE in 01/23/17 and VOD. 

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 
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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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Arctic Freeze-Thaw Dynamics 
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Methane Ebullition Flux 

reflected raysair

water

sediments

ice +
bubbles

3vb ϵi (ϵb − ϵi )
ϵm = ϵi + (Tinga-Voss-Blossey) 

(2ϵi + ϵb ) − vb(ϵb − ϵi ) 
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Methane Ebullition Flux 
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Summary 

▶ Key ancillary variables that directly inform the RT model (e.g., clay 
fraction) can improve retrieval resolution. 

▶ Not accounting for the efect 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 10×10 km resolution, we can estimate the ice phenology of 
Arctic lakes greater than 3×3 km. 

▶ Methane ebullition fux 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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