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Introduction

Soill Moisture Content (SMC) of the
unsaturated zone plays a significant role
in determining the water and energy

fluxes between soil and atmosphere.
\
Key Issue Stochastic
\ Approach
Unavailability of \
large-scale,
fineresolution —1d€a_, sRem?fe
vertical SMC profile ensing
information that is
beneficial for many /
hydro-climatological soatial
: patia
studies Transferability
/

\\

Imparting Spatial

Transferability
Vegetation Topography
I-Ilyd“;'- Hydrological Soil
Precipitati climatic
recipiiation Variables Groups (HSGs) ‘
measured
Soil Spatial and Hydraulic precipitation, runoff ,
Texture Temporal Properties infiltration data soil
D's"f"bU"O“ physical properties
of SMC and hydraulic
conductivity
|
Increasing Infiltration Rate
Spatial Transferability :
is a challenge ? i3 o e -
to incorporate for |
large-scale, g
fine-resolution studies Ay Captures spatial variations

Incorporation of HSG

of soil moisture profile with
the change in soil hydraulic
properties

]




pafa Source and Study Area
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SMC monitoring stations from SCAN

SMC monitoring stations from USCRN

SMC monitoring stations from SNOTEL

> The daily soil moisture time series data is obtained from the International Soil
Moisture Network (ISMN) website (http://www.wcc.nrcs.usda.gov/ scan/)
from Soil Climate Analysis Network (SCAN), U.S. Climate Reference Network
(USCRN) and SNOwpack TELemetry (SNOTEL) networks.

> The HSG of each monitoring stations are determined from the Web Soil
Survey (WSS) (hitps://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm).

» SMC is collected from total 171 monitoring stations from these three different

networks for the depths 5, 10, 20, 50 and 102 cm.
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Back-transformation

SMC transformation to Standard Normal distribution
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Development of spatially varying Statistical Soil Moisture
Profile (§SSMP) Model by Coupling of Memory and Forcing

> Model with Spatial Transferability
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HSG-specific SSMP models are developed for 5-10 cm, 10-20 ¢m,
20-51 cm and 51-102 cm depth pairs for each station

J

Median value of different HSG-specific SSMP models orders of all )
four depth pairs across all stations is the model order of that

particular depth pair y
Mean of coefficients obtained with median model order
corresponding to each depth pair across the stations is the HSG-
specific coefficient for that particular depth pair y




Spatial Validation of SSMP Model
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»The model estimated values are
corrected for the deeper layers

02r

T T using the information of DM noticed
% N e 1 in the surface layer to maintain the
N soil moisture regime for the target
Numbers of stations for Spatial Validation from each HSG are : HSG A- station.

17; HSG B- 21; HSG C-17 and HSG D-17



SSMP Model Performance during Developing the Model
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Spatial Variability of RMSE across the Model Developing

Stations

RMSE during Development Period at 10 cm depth

RMSE during Testing Period at 20 cm depth
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SSMP Model Performance during Spatial

Validation
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a) Mean values of observed and estimated SMC data during development period; b)
Mean values of observed and estimated SMC data during testing period; ¢) Standard
deviations of observed and estimated SMC data during development period; d) Standard

deviations of observed and estimated SMC data during testing period.




SSMP Model Performance during Spatial Validation
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Time series plot of observed, estimated and DM-corrected estimated SMC of all four
depths for one station selected for spatial validation from HSG A.



Take Home

In this study, a spatially-varying Statistical Soil Moisture Profile (SSMP)
modelis developed.

The key features of the SSMP model are - 1) estimating the vertical SMC
profile using only the surface SMC; and 2) imparting the spatial
transferability by incorporating the HSG information.

During the model development the forcing components show the trend of
decreasing in the direction of HSG A to HSG D i.e. the forcing coefficients
are higher for high infiltration (HSG A) and low for low infiltration (HSG D) of
the soil.

This specific feature of the forcing components for different HSGs having
different infiliration characteristics including the effects of soil hydraulic
properties on SMC dynamics, justifies the applicability of the spatially
varying SSMP model for each HSG group to new locations.

For, both the cases (model development and spatial validation), the model
performances indicate that the proposed spatially varying SSMP model is
able to characterize the SMC at deeper layers from only the surface SMC
information for all HSG.

The model performance consistently decreases with increase in depths for
all the four HSGs but still acceptable given the complexity of the model.




Concluding Remarks

Further Reading
= Future SCOpe Pal, M., and Maity, R. (2019), Development of a Spatially-Varying
. . Statistical Soil Moisture Profile Model by Coupling Memory and
-Con5|der|ng the key Forcing using Hydrologic Soil Groups, Journal of Hydrology,
Springer, 570 (2019), 141-155,
features of the developed https://doi.org/10.1016/.jhydrol.2018.12.042.
model, future scope lies in -
the integration of remotely —— =
surface soil e ~ - E
sture content (0-5 cm) Sy T N I &
the estimation of large o

cale fine resolution,
vertical soil moisture profile
(up to root zone). It is
expected to be useful
information in several fields
of applications.
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