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Problem statement and Hypothesis

» Motivation: Soil beneath the snowpack is unfrozen 30% of the time (Gao et al., 2022)
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Problem statement and Hypothesis

» Motivation: Soil beneath the snowpack is unfrozen 30% of the time (Gao et al., 2022)

» Problem Statement:
@ The omission of snow in the retrieval of soil moisture typically result in 30%
underestimation of soil dielectric constant (Schwank et al., 2015).
(2) There are no global observations of SM and VWC in the presence of snow cover at
the moment.
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Problem statement and Hypothesis

» Motivation: Soil beneath the snowpack is unfrozen 30% of the time (Gao et al., 2022)
» Problem Statement:

@ The omission of snow in the retrieval of soil moisture typically result in 30%
underestimation of soil dielectric constant (Schwank et al., 2015).

(2) There are no global observations of SM and VWC in the presence of snow cover at
the moment.

» Hypothesis: Soil moisture below dry snow-cover can be sensed in L-band. The rationale
is the dry snow is a low-loss medium in L-band, however affects the propagation phase.

Research Questions

Question 1: How does snow cover affect soil emission in L-band?
Question 2: How can we account for the reflected downwelling canopy emission?

Question 3: What are the effects of snowpack physical properties including depth and
density?

Question 4: Which SMAP channel is more robust to the induced uncertainties?
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Forward Model

(1) (A2) (3)
TP =T 7+ To(l—w)(1 =)+ Te(l — w)(1 — )Py

T/’j‘: bottom soil emission translated through
snow (Mironov + DMRT)

rP: snow surface reflectivity
Tc: canopy temperature.
7: vegetation transmissivity.

w: vegetation single scattering albedo.
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Reflectivity of the downwelling vegetation temperature

» We use wave approach to model the reflectivity of the downwelling brightness

temperature.

p cp  o—27sdcosa
es + gsg'e ° °

PP
1+§cs§sge 27ysd cos as

P _
re =

h 7)s COS C¢j — 1); COS Qs h
écs = £sg =
7)s COS &¢j + M) COS (v

7)g COS Ots — 7)s COS Qg

T)g COS (ts + 7)s COS Qrg

v 7)s COS (s — 1); COS (¢} v T)g COS Qg — T)s COS Qs
&6 = gsg =
7)s COS (s + 1); COS v}

7)g COS (g + 7)s COS (s

where 7);, ns and 7); are the intrinsic impedance of incident medium, snow and ground.

» Reflectivity is a function of dielectric constants of snow, soil and depth of the snow
layer.
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Reflectivity of the downwelling vegetation temperature

» Variation of the effective snow reflectivity r? with respect to depth of the snowpack at
density 100 and 400 kg m—3 for soil moisture values 0.1 and 0.6 cm3cm—3.
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Sensitivity: density, soil moisture and vegetation optical depth

» The shaded region represents the minimum and maximum bounds of the brightness
temperatures in response to changes in snowpack depth.
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Inverse Model

The retrieval scheme searches for the minimum of the weighted sum of squared
differences between the observed yf}b and simulated T['j = fP(¢) brightness
temperatures as follows:

¢* = argminy_ [wP (y3, — FP(¢))]°  subjectto ¢y < ¢ < u,
4 P

where ¢ =(6, 7), fP(.) denotes a functional representation of the forward model, w” is
a weight characterizing the relative precision of each channel, and ¢, and ¢, encode the
lower and upper bounds for the retrieved variables.

w'[—]
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Orbital retrieval

The blue colored area indicates where the ground temperature was above 0 C but SMAP was
unable to recover owing to snow cover.

SMAP product
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Orbital retrieval

Panels (c) and (d) shows the retrievals of SM and VOD over SMAP orbit using the proposed
approach.

SMAP product

bias = 0.041 )
RMSE = 0.129

retrievals below snow
cover

RMSE = 0.059

0 0.2 0.4 0.60 0.5 1
0 [cm®.cm ™) [



Introduction Methodology Results References
o 0000 oe

Time-series analysis using ISMN gauge data

We chose four sites across the United States for our study, each with a different land cover
type.
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Time-series analysis using ISMN gauge data

This algorithm is capable of bridging the retrieval gap over
snow-covered terrain.
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