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CosmOz Australian cosmic-ray soil moisture observing network 

Potential synergies between the CosmOz network and OzFlux 



Exploding stars and cosmic rays 

ÅCosmic rays are produced by the blast 
waves from exploding stars (super nova) 
 
ÅPieces of atoms are accelerated and 

energised as they bounce around in the 
expanding cloud of gas  
 
ÅEventually they reach a high enough 

speed to break away and escape to the 
galaxy as cosmic rays 
 
ÅTravelling at close to the speed of light 

some of these cosmic rays eventually 
reach the earths atmosphere 
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/ƻǎƳƛŎ Ǌŀȅǎ ŀƴŘ ǘƘŜ ŜŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ 

ÅCosmic rays collide with atmospheric nuclei and 
initiate a cascade of secondary cosmic rays 
(spallation) 
 

ÅEach collision reduces cosmic ray energy 
ωHigh energy neutrons Ą fast neutrons Ą thermal 

neutrons 
 

ÅHydrogen is the most effective element in 
reducing cosmic-ray neutron energy 
 

 

ÅMost variable form of hydrogen is usually soil 
moisture stores 
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The cosmic-ray probe 

ÅThe cosmic-ray probe is a device that measures 
fast neutrons above the soil surface 

 

ÅMeasurements above the surface represent those 
in soil as neutrons travel between air and soil very 
ǊŀǇƛŘƭȅ όмлΩǎ ς млллΩǎ ƪƳκǎύ 

 

ÅThe more hydrogen there is in the soil the less fast 
neutrons will be measured (inverse relationship) 
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The cosmic-ray probe 
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Satellite link 
~$500 pa 

Rain gauge 

Solar panel 

Data logger 

Pressure, 
temperature, 

humidity sensors 

Small concrete 
pad 

Total cost: ~$18000 

Neutron tube 
Neutron collision causes 

electron cascade 



The cosmic-ray probe measurement footprint 

Not sensitive to soil moisture 

content 
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600m (~35ha!!!) 

WET 

DRY 

HORIZONTAL VERTICAL 

Measurement depth ~10 cm 

in wet soil,  ~70 cm in dry soil 

 



Calibration of the cosmic-ray probe 
ÅA universal calibration function has been developed which is 

shifted to match site data 
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The CosmOz network 

Å2010 CLW funded 11 probes  
 

ÅDeveloped collaborative network 

with 4 CSIRO divisions and 5 

Universities 
 

ÅCo-located with other 

measurements e.g. flux towers (4), 

water balance, CalVal, crop growth 

 

ÅLooking for more members/uptake 
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http://cosmos.hwr.arizona.edu/Probes/australia.php


The COSMOS network : USA 

ÅCOSMOS run out of University of 

Arizona 

ÅNearly all with AmeriFlux sites! 

 

ÅOther networks: 

ωGermany - 70 Probes 

ω Smaller networks of instruments in UK, 

France, Switzerland, Brazil and Kenya 
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Existing COSMOS network ς 60 probes 

COSMOS network in 2 years ς 500+ probes 



What can OzFlux offer CosmOz? 

Complementary measurements to 
explain process!!! 

 

ÅSoil moisture data on its own is 
pretty dull 

 

ÅCombining with other process 
measurements (ET & CO2 fluxes, 
crop growth, satellite data) brings 
out the true value 
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What can OzFlux offer CosmOz? 
Complementary measurements 
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EXAMPLE 1 

Rain ET 

Depth 
=Z* 

Varying 
soil  

moisture 
content 

Runoff 

Drainage 

EXAMPLE 2 

Rain ET 

Depth 
=Z* 

Varying 
soil  

moisture 
content 

Runoff 

Drainage 

Saturated 
soil  

moisture 

Saturated 
soil  

moisture 



What can OzFlux offer CosmOz? 
Fluxes from cosmic-ray probe ς early results 
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What can CosmOz offer OzFlux? 
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Eddy covariance 

Cosmic ray probe 

TDR 

Soil moisture at a meaningful scale 

ÅSpatially commensurate with eddy 
covariance method 

 

ÅMost variation in soil moisture is at 
the small scale 

 

ÅCosmic-ray probe operates at 
scales above this 

 



What can CosmOz offer OzFlux? 
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Soil moisture at a meaningful scale 

Most of the variability is at small scale 

Bogena et al. (2010) 



What can CosmOz offer OzFlux? 
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High quality, low maintenance soil moisture 

Å90%+ high quality data from CosmOz network  

ÅSite visits 1-2/year 

ÅNot a big investment of resources for good return 


