Using satellite soil moisture in large-scale
water resources estimation

an Australian perspective

Albert van Dijk?, Luigi Renzullo?

1 Fenner School of Environment & Society, Australian National University, Canberra, Australia

2 CSIRO Land and Water, Canberra, Australia w

THE AUSTRALIAN NATIONAL UNIVERSITY



Australia: the largest country without an
earth observation program

13) Australia
14) Mexico *
35) Colombia*™
50) Qatar

“.. the Australian Government does not see an
Australian satellite manufacturing or launch
capability as an essential element of its
approach to assured access to critical space-
enabled services.

Australian Government Space Policy Unit



From satellite to product to decision
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Water Resources Account & Assessments
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Map 9 Lower layer soil moisture, January 2014
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The on-ground hydrometric network is sparse
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Van Dijk, A.l.J.M., 2011. Model-data fusion: Using
observations to understand and reduce uncertainty in
hydrological models, MODSIM 2011, 12-16 December 2011.

MSSANZ, Perth.

Model-data fusion:
using observations to improve models in 6 easy steps
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Australian Water Resources
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NSE of streamflow

streamflow water balance
error (%)

R? of leaf area index

Probakility of non-exceedance

R? of monthly leaf area
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Step 3) Model calibration

AWRA-L model parameter
calibration against multiple
observation types simultaneously
helps find the overall ‘best behaved’
parameter set

Experiments:

1. against daily recorded runoff (Q)

2. against Q and monthly NOAA-
AVHRR leaf area index (LAI)

3. against Q and daily TRMM-TMI
surface soil moisture (SSM)

4. against Q, LAl and SSM

Zhang, Y.Q., Viney, N.R., Chiew, F.H.S., Van Dijk,
A.l.J.M. and Liu, Y., 2011. Improving
hydrological and vegetation modelling using
regional model calibration schemes together
with remote sensing data, MODSIM 2011.
MSSANZ, Perth, Australia.



Step 4) Model selection

. AWRA Model Evaluation: ET
AW RA b e n C h m a r kl n g Syste m Evaluation against flux tower based monthly evapotranspiration estimates (King et al., 2011)
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Step 4) Model selection

AWRA BENCHMARK REPORT AWRA Model Evaluation: ET
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AW RA b e n C h m a r kl n g Syste m Evaluation against flux tower based monthly evapotranspiration estimates (King et al., 2011)
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Step 5) Data assimilation
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Step 6) Model evaluation

Satellite altimetry &
model ensemble:
\_4 GLDAS + W3RA

GRACE ensemble:
(4 Tellus + GRGS)
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van Dijk, A. I. J. M., Renzullo, L. J., Wada, Y., and Tregoning, P.: A global water cycle reanalysis (2003—2012) reconciling satellite
gravimetry and altimetry observations with a hydrological model ensemble, Hydrol. Earth Syst. Sci. (in press)



R between monthly changes in sub-surface water storage
(reanalysis) and in NASA/VUA LPRM AMSR-E soil moisture

change in R for monthly SSM changes
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Sub-surface storage (mm)

Est. sub-surface storage (mm)
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What does satellite soil moisture represent exactly?
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Conclusions

Several good potential applications for SSM

Most require a harmonised historic record at least a
decade or two

So far no application requires absolute accuracy

Data continuity, consistency, and latency data supply is
the main barrier to uptake

Most applications do not really need higher spatial
resolution

Unidentified contamination (open water, ocean, salt, RFI,
topography, vegetation dynamics) remain issues.

There is no obvious need for new missions (just more of
the same please!).

‘Validation’ tends to be biased towards favourable
environments

Cosmic ray sensors are taking off as a means of bridging
scales




