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Overarching Objectives

* Evaluate the dominant physical controls (soil properties,
vegetation types, topographic indexes, and precipitation
intensity/duration) for soil moisture evolution and resultant
vadose zone fluxes (evapotranspiration, infiltration, shallow
ground water recharge) at different spatial scales (hill-slope,
remote sensing footprint, landscape, watershed, region) in
the selected hydro-climatic conditions.

Develop aggregation/disaggregation rule(s) for determining
scaled soil moisture and “effective” hydrologic parameters
(related to the physical control representing the ensemble
vadose zone flux behavior) at different spatial scales (hill-
slope, remote sensing footprint, landscape, watershed,
region) and platforms in the selected watersheds/hydro-
climatic regions and test their mutual transferability for SMAP
cal/val and various applications.




So1l Moisture / Brightness Temperature
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Soil Moisture & Landscape Heterogeneity
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Soil Moisture Physical Controls at Ditferent Scales
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Soil moisture variability is dominated by

Climate
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Land Cover
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Features

Soil Texture
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— Modified sampling strategies to better assist development of
algorithms for scaling of land surface parameters (e.g., soil hydraulic
parameters) and soil moisture state is necessary
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Study Areas

Little Washita watershed

Walnut Creek watershed
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Tem POra | Stabil Ity (Watershed-scale)
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Deep Drainage Boundary Flux - Gentle slope Deep Drainage Boundary Flux - Steep slope
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Effective Root Zone Soil Hydraulic Functions
at Multiple Scales
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Remote sensing Time Series data

e Airborne: ESTAR (SGP97)

LW21 Soil moisture, cm3/cm?3
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Pixels Selected for Analysis

Pixel 2

Pixel 4 Pixel 8 Pixel 12



Air-borne RS scale (Polarimetric Scanning

Radiometer: PSR)
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Markov Chain Monte Carlo approach
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MCMC Scaling Algorithm

Correlation structure
of un-scaled parameters

Likelihood

Markov random

Posterior distribution
of upscaled hydraulic
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Analysis of change in
correlation structure
w.r.t. variability in
physical controls




Entropy

* Shannon Entropy- Also known as informational entropy

* Concept- Higher the entropy of a random variable,
higher the ‘information content’

* Maximum entropy = Maximum uncertainty

il N
H(pi, pyropy) ==, Pi108 P, where Y p =1
=l i=I



Walnut Creek, lowa

Mean VSM v/s Entropy (WG, lowa)
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Precipitation, 2002

Precipitation, Walnut Creek, 2002
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Precipitation, 2005

Precipitation, Walnut Creek, 2005
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Time Series of Entropy

Time Series of Normalized log Entropy of Soil Moisture (WC, lowa, 2002)
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Time Series of Entropy

. Time Series of Normalized log Entropy of Soil Moisture (WC, lowa, 2005
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Evolution of physical controls

* Jowa:

- Soil type and Vegetation were ‘equally’
heterogeneous

- Higher root zone soil moisture leads to reduced
effect of vegetation on surface soil moisture

- Towards saturation of all layers competing
dominance of vegetation and soil moisture

- Entropy of surface soil moisture may serve as an
indicator of root zone soil moisture status



Ongoing work!

* Analyze across different
hydro-climatic regions
in USA and worldwide

— w.r.t. sail,
topography,
vegetation,

climatic patterns

Regional sites
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