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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 various applications.



Summary of Our
Past/Ongoing/Planned Activities

Field Campaigns (SGP97..., SMEX..., CLASIC...)
Temporal Stability Studies

Physical Controls for Soil Moisture
Up/Downscaling Rules of Soil Moisture
Land Surface Parameter Estimation / Scaling

Multi-Scale Data Assimilation for Soil
Moisture and Surface / Subsurface Hydrologic
HIINES




Soil Moisture / Brightness Temperature
Measurement Platforms and Scales

Remote Sensing

Space-borne

Air-borne

Ground-based

In situ




Temporal Stability of Soil Moisture and
Physical Controls at Different Scales
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Soil Moisture and Physical Controlsat Different
Scales

OKLAHOMA

Little Washita Watershed Vegetation/
Precipitation

Watershed




Soil moisture variability is dominated by

Climate
Forcings

Land Cover
Patterns

Topographic
Features

Soil Texture
and Structure

Coarsening
Scale

— 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




One Example - When upscaling to large extents
e hill-slope scales and beyond

e topography plays a significant role, can no longer be
ignored

e |ateral flows occur within the vadose zone; surface run-
off/run-on also occurs
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Deep Drainage Boundary Flux - Gentle slope Deep Drainage Boundary Flux - Steep slope
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Soll Moisture states at
end of simulation at
different resolutions

n(p-p;)°
SJp(pi’ pj):e -
(zm—zm - ij_zjmm) 2*%/()g—xj)2+(yi—yj)2+(zi—zj)2
4 -1 S

240 m

Soil Molisture states at
different resolutions and
times
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 The validation problem necessitates identification of ‘time
stable’ locations within a field/footprint that can estimate
the field/footprint mean soil moisture and can maintain
being stable over a long period of time

e Advantages of TS locations
- reduce the number of in-situ sampling points in
designing hydrology experiments for RS validation
- downscaling the RS soil moisture products
- determining physical controls affecting soil moisture
spatio-temporal variability at different scales
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Study Areas

Little Washita watershed

Walnut Creek watershed
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PhYSical attributes (LW watershed, OK)
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Results (Field-scale) M | SRRSO
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+ 10 of the 14 TS locations (~ 71%) from SGP97 were TS during CLASIC 2007 within + 10% VSM
+» WC11 has higher TS characteristics & lower temporal variability than WC12 field in a 3-year period

* In WC11, 18 of the 32 TS locations (~ 56%) from SMEX02 exhibited TS features during SMEX05 within + 10%
VSM

+» 6 of 18 repeated TS locations (~ 33%) captured the field mean within + 5% VSM, during both SMEX02 and
SMEXO05, in WC11 field

¢ In WC12, 14 of the 64 TS points from SMEX02 were TS during SMEX05 within + 10% VSM

¢ 36% of these repeated 14 TS points (i.e., 5 out of 14) captured the field mean within + 5% VSM
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Results (Watershed-scale)
a ) 10% clay, 60% sand A

(sandy loam)

15% clay, 37% sand
(loam)

DEM {m)
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. Low : 321
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(loam) .

TS footprints (ESTAR) within
+ 10% VSM during SGP97 &
SGP99 in LW watershed, OK.
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DEM (m)
High : 459

. Low: 321

SGP97

SGP99

TS footprints (ESTAR) within £ 1 % VSM during SGP97 & SGP99.
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EOF Analyses Lol
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EOF2 (13.8%)

EOF4 (2.1%) EOF5 (1.6%)
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Soil Hydraulic Function Scaling Hypothesis
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Remote sensing data

e Airborne: ESTAR (SGP97)
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Inverse Problem Formulation
Obs

Soil moisture

1. Noisy Monte Carlo Genetic Algorithm

j
PICSRAN A
NN o\%
SM o3 H\G\@ ‘N
SN
o

\
\
\\
-\ pCI*
AP
\\
-
-

N

1O O . Mean Sim(k)
pCl -~ ey pr e e
. > DOY N
Tlme Nremmple
. ) 1 T 1 Nresample ) Z Slm(kr)tl
Obj(k), =Min| => > Sim(k"), |-Obs|| Vi =
T t=1 resample r=1

Constr(k), =(Obs, <PCI*(Sim(k")), JAND(Obs, > PCI" (Sim(k")) |

ti ti

\vA 1(={O(, n, eres’ esat’ Ksat’ )\}
Vv t (wheret <T), Vi (stochastic variables)

Ines and Mohanty, 2008 WRR




PSR)
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Air-borne RS scale (Polarimetric Scanning
Radiometer
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2. Pedo-Topo-Vegetation-Transfer Function

‘ Coarse Scale Data ‘

W
O
O
=4
%
N
=
Q
©
=4
S
Q

% Sand

% Silt

% Clay

Bulk Density
NDVI or LAI
DEM
INPUTS

9Obar

915bar
90.3bar

‘ Fine-scale Soil Data ‘

\/

% Sand

% Silt

% Clay

Bulk Density
NDVI or LAI
DEM
INPUTS

Non-linear
bias correction

Fine-scale

9Obar
915bar
90.3bar

m NEURAL NETWORK EEEE;> OUTPUTS

Bayesian NN

Jana et al., 2008 WRR




3. Markov Chain Monte Carlo approach

Multivariate
distribution
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B vadose zone / groundwater research sites
O surface water monitoring

@ Meteorology / ET stations

S Watershed boundary

3 §Recharge

New sampling strategies
to be developed based on
the dominant physical
controls and TS concepts
at different scales

Nested sampling to
capture variations in
scale, soil type,
topography, land cover,
and hydroclimate is
necessary



