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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 

Satellite data products 

Product validation 

Information services 

Use in decision making 

Sensor calibration 

Mission design and operation 
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Drought declaration 

absolute SSM not 
of interest 



Fire danger rating 

Focus on existing scoring scheme, 
absolute SSM not of interest (it’s 
about litter moisture) 



The on-ground hydrometric network is sparse 

Rainfall 
gauging 
network 

Hydrological 
model 

Soil moisture 



1) Model 
formulation

2) Model 
configuration

3) Model 
calibration

4) Model 
selection

5) Model-
data 

assimilation

6) Model 
evaluation

Model-data fusion:  
using observations to improve models in 6 easy steps 

Van Dijk, A.I.J.M., 2011. Model-data fusion: Using 
observations to understand and reduce uncertainty in 
hydrological models, MODSIM 2011, 12-16 December 2011. 
MSSANZ, Perth. 



Australian Water Resources 
Assessment (AWRA) model  

capacity in 
mm not vol% 



Higher NSE, 

better model performance
Lower WBE, 

better model performance

Higher R2
L, 

better model performance
Higher R2

SM, 

better model performance

(2a) (2b)

(2c) (2d)

R2 of daily soil moisture 

NSE of streamflow  

R2 of monthly leaf area 
index  

streamflow water balance 
error (%) 

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, LAI and SSM 
 
 

Step 3) Model calibration 

Zhang, Y.Q., Viney, N.R., Chiew, F.H.S., Van Dijk, 
A.I.J.M. and Liu, Y.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 benchmarking system 
 
Designed to assist in performance 
assessment, version acceptance 
and operational testing 
 
Includes automated reporting 
against: 
• Streamflow from 786 small 

catchments 
• Recharge estimates from several 

100s sites 
• Remotely sensed LAI (MODIS) 
• Remotely sensed soil moisture 

(AMSR-E, NASA/VUA LPRM) 
• ET from flux towers 
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AMSR-E 
Descending ~1.30 am local time 

pass only 

ASCAT 
Average of descending  ~9pm  

previous day and ascending  
~9 am current day 

Renzullo et al. (2014) Continental satellite soil moisture data assimilation 
improves root-zone moisture analysis for water resources assessment. Journal 
of Hydrology (revised) 

Step 5) Data assimilation 

Continental satellite soil moisture 
assimilation for Australia: 
• Perturbed meteorological forcing 
• ensemble Kalman filter 
• AMSR-E and ASCAT-derived NSSM 

products  
• Australian Water Resources Assessment 

system (AWRA-L) model 
• ensembles of daily top-layer and 

shallow root-zone soil moisture analyses 
for Australia at 0.05°  

 
 Evaluated against in situ moisture measurements in 

southeast Australia (OzNet), as well as against a 
new network of cosmic ray moisture probes 
(CosmOz).  

AMSR-E 
Descending ~1.30 am local time 

pass only 

ASCAT 
Average of descending  ~9pm  

previous day and ascending  
~9 am current day 



AWRA root-zone moisture estimates 
correlation against in situ probes 
increases (ra) as a result of assimilating 
ASCAT soil moisture data  
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CosmOz 

AWRA-L (ensemble interquartile range) 
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AWRA root-zone 
moisture 
comparison 
with cosmic-ray 
probe 



Ω 𝑗2  

𝑦𝑡
𝑜 − 𝑦𝑡

𝑏  

𝛿𝑦𝑡 𝑗2  

-140

-120

-100

-80

-60

-40

-20

0

20

k k
 

ˣ 

k 

0                             0.5                             

1 

𝑦𝑡
𝑏  

𝑦𝑡
𝑜  

𝛿𝑦𝑡  

Δ𝑠𝑡
𝑏 𝑖 + 𝛿𝑠𝑡 𝑖  

Γ 𝑗2  

σ𝑡  𝑖, 𝑗2  

Δ𝑠𝑡
𝑏 𝑖 + 𝛿𝑠𝑡 𝑖  

σ𝑡 𝑖  

Step 6) Model evaluation 

Calculate analysis increment 
for GRACE-like values 

Disaggregate increment  in 
space to stores based on 

uncertainty estimates 

Satellite altimetry &  
 model ensemble: 
4 GLDAS + W3RA 

GRACE ensemble: 
(4 Tellus + GRGS) 

Stores: 
• Oceans 
• Lakes & Dams 
• Rivers 
• Ice & Snow 
• Sub-surface 

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 





What does satellite soil moisture represent exactly? 



What does satellite soil moisture represent exactly? 





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 


