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Cosmic-ray soil moisture sensing

e Cosmic rays lead to emission of fast neutrons into the
lower atmosphere
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Cosmic-ray soil moisture sensing

Cosmic rays lead to emission of fast neutrons into the
lower atmosphere
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Cosmic-ray soil moisture sensing

Cosmic rays lead to emission of fast neutrons into the
lower atmosphere

Fast neutrons lose energy primarily through collisions
with hydrogen mainly located in the soil
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Cosmic-ray soil moisture sensing

Cosmic rays lead to emission of fast neutrons into the
lower atmosphere

Fast neutrons lose energy primarily through collisions
with hydrogen mainly located in the soil

Continuous measurement of neutron flux to estimate
soil moisture at hourly resolution

Cosmic ray probe in the field
of Rollesbroich (May 2011)
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Cosmic-ray soil moisture sensing

Cosmic rays lead to emission of fast neutrons into the
lower atmosphere

Fast neutrons lose energy primarily through collisions
with hydrogen mainly located in the soil

Continuous measurement of neutron flux to estimate
soil moisture at hourly resolution

Large Footprint (~150-250 m radius, ~5-70 cm depth)

dry air -
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dry sail Cosmic ray probe in the field
of Rollesbroich (May 2011)

Zreda et al., 2012, HESS
Kohli et al., 2015, WRR
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Cosmic-ray soil moisture sensing

Cosmic rays lead to emission of fast neutrons into the
lower atmosphere

Fast neutrons lose energy primarily through collisions
with hydrogen mainly located in the soil

Continuous measurement of neutron flux to estimate
soil moisture at hourly resolution

Large Footprint (~150-250 m radius, ~5-70 cm depth)
Simple calibration with the NO-method:

rbd>a0

Gior = (Ncorr / No)' a " Toa ") |Gyt = Gror = Giar = Gsom :

- Total water content [cm3/cm3]

ag a;,a,  Constant parameters

g Soil density [g/cm?]
Neorr Measured and corrected fast neutrons (counts/h) _ o _
_ . Field calibration in Rollesbroich (May 2011)
No Fast neutron counts for dry soil conditions (counts/h)
vol Volumetric soil water content [cm3/cm?]
lat Lattice water content [cm3/cm3]
SOM Water equivalet of soil organic matter [cm3/cm?]
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Network of 13 cosmic-r ay soil moisture probes < 12t

Germany
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Comparison with in-situ soil moisture data
Example: grassland test site Rollesbroich

SWC [cm3 cmd)

V“ L L [ |

0.75
——NO method
——COSMIC
—— SoilNet

0.65 A MWW[\ — Neutron flux

0.55 M/jw W

0.45 -

0.35 -

RMSE: 3 Vol.%
0.25 . . :
01/01/2012 01/04/2012 01/07/2012 01/10/2012

Agrosphere (IBG-3)

o

W
o

@D
o

- 680

- 630

- 580

- 530

480

01/01/2013

Precipitation
[mm day]

Daily neutron flux [neutrons hour]

#) JULICH

FORSCHUNGSZENTRUM

Baatz et al. (2014), J. Hydrol.



Cosmic-ray data is influenced by biomass

Large uncertainty!

Calibration parameter Ng [cph]

. Calibration measurements

A Evaluation measurements
— y=-11.19x+ 1210

---- 95 % confidence interval
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Selhausen test site: Experimental setup

Seven cosmic-ray neutron probes (4 CRS1000, 2 CRS2000/B, 1 cross calibrator)
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Measured fast neutron intensities
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Experimental setup: SoilNet

SoilNet sensor unit

5cm

10 cm

20 cm

18 SoilNet sensor units each with 2 SMT100 SWC sensors installed at 5, 10 and 20 cm depth
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Comparison of Cosmic-ray with SoilNet data

Kohli et al., 2015

SWC measured by SoilNet has to be weighted
accordingly to be comparable to CRNP

Vertically depending on penetration depth,
and soil water content

Horizontally = depending on distance, soil water
content and air humidity
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Weighted soil moisture
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Biomass, LAI and interception sampling
according to ICOS protocols

LAl measurements

Interception

Biomass sampling plots
measurements
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Biomass development
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Biomass effects on cosmic-ray soil moisture

Harvest

Bare soil
conditions Max. biomass

(Winter wheat)
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Relationship between NO and biomass
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Correction of biomass effects
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Influence of interception effects on NO
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Influence of interception effects on NO
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Influence of interception effects on NO
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Influence of interception effects on NO
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Conclusions

e This study stressed the importance of biomass and
Interception effects on cosmic-ray soil moisture measurements
In agricultural environments

« The RMSE could be reduced from 0.08 m3/m3 to 0.035 m3/m3
by applying corrections for biomass and interception effects

 Remaining deviations are likely due for strong soil moisture
gradients in the top 5 cm of the soll

* Further experiments with different crops have started this year
(e.g. sugar beet)
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