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soil moisture products using Cosmic-Ray Neutron Sensing



via

satellite remote sensing
(optical, microwave)

via 

local techniques
(electrical resistivity, capacitance, etc)
(even neutrons…)

[1][2]

~ 1 km< 10 m

[1] ESA SMOS (http://www.esa.int/Our_Activities/Observing_the_Earth/SMOS/Horn_of_Africa_drought_seen_from_space)

[2] The Clay Research Group (http://www.theclayresearchgroup.org/images/ert.jpg)
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[1] Image by A. Chantelauze, S. Staffi, and L. Bret, https://www.theverge.com/2017/9/21/16335164/pierre-auger-observatory-cosmic-ray-galaxies-air-shower-particles
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[1] Image by A. Chantelauze, S. Staffi, and L. Bret, https://www.theverge.com/2017/9/21/16335164/pierre-auger-observatory-cosmic-ray-galaxies-air-shower-particles



Neutron imaging

Courtesy: PSI
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The Birth of CRNS
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Intensity Function

Data from T. Franz, Santa Rita, Arizona
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Intensity Function Revised

Data from T. Franz, Santa Rita, Arizona
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Road Simulations
The Road Effect

In collaboration with

Martin Schrön

UFZ Leipzig



Road Experiments
The Road Effect



COSMOS Probe Deployment
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Large CRNS Detectors

Heidelberg Rover:
Standard Sensor: 



Examples and Recent Studies

CRNS



RS upscaling
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[1] J. Huang, et al. „Retrieving Heterogeneous Surface Soil Moisture at 100 m Across the Globe via Fusion of Remote Sensing and Land Surface Parameters”, Front. Water 28(2) (2020)

250 m upscaled 100 m upscaled Difference between both

Wisconsin, USA



RS upscaling
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[1] J. Huang, et al. „Retrieving Heterogeneous Surface Soil Moisture at 100 m Across the Globe via Fusion of Remote Sensing and Land Surface Parameters”, Front. Water 28(2) (2020)
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Roving

Rover (car)Gyrocopter



Roving on Rails
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CRNS is an emerging technology

• Bridges the scale between remote sensing and local probes

• Provides an area-averaged soil moisture estimate on 10 ha and around 50 cm depth

• Stationary: real-time data

• Roving: snapshot of km2 scale

Mobile CRNS campaigns can provide high quality data sets 
for RS data assimilation and ground truthing 
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