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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
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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 -

[ Footprint radius, R _ Probe

air

ground
Measurement dapth, D

dry soil 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:

_ Pra "%
0, = ( N /N )_ = Pra 4 evol - etot o Hlat o ‘950M
corr 0 al
Oyt Total water content [cm3/cm?]

a, a; a,  Constant parameters

Pbd Soil density [g/cm3]
Neorr Measured and corrected fast neutrons (counts/h)
, . Field calibration in Rollesbroich (May 2011)
N, Fast neutron counts for dry soil conditions (counts/h)
O,u Volumetric soil water content [cm3/cm3]
Ot Lattice water content [cm3/cm3]
Osoum Water equivalet of soil organic matter [cm3/cm3]
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Network of 13 cosmic-ray soil moisture probes = v

Germany

Study area
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Comparison with in-situ soil moisture data o JUF s

Example: grassland test site Rollesbroich
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Baatz et al. (2014), J. Hydrol.
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Cosmic-ray data is influenced by biomass

Calibration parameter Ng [cph]

Large uncertainty!

. Calibration measurements

A Evaluation measurements
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Selhausen test site: Experimental setup

i f* _'.?'T_:‘,_.\_':"-,;

ss calibrator)

VL

S ‘
¥ W

2 oS N "‘»\)., N W N A R
ron probes (4 CRS1000, 2 CRS2000/B, 1 cro

Seven cosmic-ray neut

Agrosphere (IBG-3)



#) JULICH

FORSCHUNGSZENTRUM

Measured fast neutron intensities
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Experimental setup: SoilNet

Legend

©  SoilNet box
[ test field

background: Google Satellite

™ it o | Pkl o Bl b i

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

Intensity dN/dr of detected neutrons [arb. units]
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Kohli et al., 2015
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Weighted soil moisture
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Biomass, LAl and interception sampling

according to ICOS protocols
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Biomass development
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Biomass effects on cosmic-ray soil moisture

soil moisture content [%]
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Relationship between NO and biomass
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Correction of biomass effects

Calibrated ND'1 in counts per hour (cph)
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— SWC from SoilNet data

— SWC from CR*

---------- corrected SWC scenariol

— — — corrected SWC scenario2
corrected SWC scenario3
corrected SWC scenariod
corrected SWC scenariod

— — —corrected SWC scenariot
corrected SWC scenario?
corrected SWC scenario8

RMSE (uncorrected): 0.0B0328
RMSE (corrected with bestfit scenario 6): 0.039203
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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

NO in counts per hour (cph)
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Influence of interception effects on NO
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Conclusions

 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/ms3 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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