Satellite Soil Moisture Data Assimilation into the Australian Water Resources
Assessment modeling system

Luigi J. Renzullo®, Brent Hendersonb, Warren Jinb, Jean-Michel Perraud?, Matthew Stenson®,
Albert van Dijk®

*CSIRO Land and Water, Australia, Luigi.Renzullo@csiro.au, ° CSIRO Mathematics, Informatics and
Statistics, Australia, © Australian National University, Australia.

Many researchers over the last decade have demonstrated how the assimilation of satellite soil
moisture data can improve the accuracy of soil water representation in land surface models, and
result in improved estimates of evaporative flux, drainage and runoff [1,2,3]. In this study we
investigated whether similar benefits are achievable for the Australian Water Resources
Assessment Landscape (AWRA-L) model through the assimilation of the soil moisture products
derived respectively from the Advanced Microwave Scanning Radiometer — Earth Observing
System (AMSR-E) on NASA’s Aqua satellite and the Advanced Scatterometer (ASCAT) on
EUMETSAT’s Metop-A satellite.

The AWRA-L model was co-developed by Australia’s CSIRO and Bureau of Meteorology
researchers as the landscape component of the larger AWRA system (that includes river and
groundwater modeling components), which supports the Bureau's mandated reporting
requirements on national water accounts and water resource assessments. AWRA-L represents
the soil column as three conceptual storage layers: a top-layer (equivalent to the emitting soil
layer for C- or L-band microwave radiometry); and separate layers for shallow- and deep-rooted
vegetation respectively. Field capacity values are ascribed to each soil layer a priori through
independent calibration activities. The model is run cell-wise (i.e. no lateral flows) across the
continent at 0.05-degree steps providing estimates of daily fluxes and stores of landscape water.

We used perturbed meteorological forcing (specifically rainfall, shortwave radiation and air
temperature) and the ensemble Kalman filter (EnKF) to assimilate AMSR-E and ASCAT soil
moisture products into AWRA-L. Evaluations to-date have focused on the Murrumbidgee area
of southeastern Australia because of the OzNet network of in situ moisture sensors, but will be
extended to other parts of the continent via the cosmic ray probes and (indirectly) through
evaluation against independent satellite soil moisture retrievals (e.g. SMOS). Currently results in
the Murrumbidgee clearly show an improvement in AWRA-L top-layer soil moisture estimation
compared to open-loop simulations, as well as improved runoff estimation in some catchments.
The results of assimilation on root-zone soil moisture estimation are mixed, but appear to be
linked to a combination of satellite product error specification or the strength of vertical coupling
of the soil layers. Further investigations will identify where and when the assimilation of satellite
soil moisture benefits AWRA-L estimation in terms of soil water status and runoff estimation.
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