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Soil Moisture Measurement Gap

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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http://www.esa.int/Our_Activities/Observing_the_Earth/SMOS/Horn_of_Africa_drought_seen_from_space


Cosmic Ray Neutron 
Sensing

.CRNS.



Cosmic Neutron Basics
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[1]

[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

Air Showers



Neutron interaction with water

Rock
Water
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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



CRNS Overview
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The Historical Channel
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[1] Hendrick, L. D. and Edge, R. D., “Cosmic-ray neutrons near the Earth”, Phys. Rev. Ser. II, 145 (1966)
[2] Kodama, M. et al., “Application of atmospheric neutrons to soil moisture measurement”, Soil Sci., 140 (1985)
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Water on Mars
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[1] W.C. Feldman, et. al „Global Distribution of Neutrons from Mars: Results from Mars
Odyssey“, Science 297 (5578) (2002), 75-78.
[2] http://exploration.esa.int/mars/48523-trace-gas-orbiter-instruments/?fbodylongid=2217

Trace Gas Orbiter

Curiosity Rover

[1]
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Stationary Instruments
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Roving

StyX Neutronica SP StyX Neutronica S1Hydroinnova CRS1000 Finapp 3
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Roving
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URANOS Buildup



Physikalisches Institut, Universität Heidelberg

URANOS Buildup

• written in C++

• linked against ENDF data bases
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URANOS Buildup

• written in C++

• linked against ENDF data bases

• Ray-Casting • Voxel Engine
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topography

URANOS Modeling
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model

simulation

topography

URANOS Modeling
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CRNS timeseries

[1] Rosolem, R. et al. “The Effect of Atmospheric Water Vapor on Neutron Count in the Cosmic-Ray Soil Moisture Observing System.” J. of Hydrometeorology 14(5) (2013)



Stationary and Roving
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Stationary Instruments
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Stationary - small Stationary - large

Roving



Instrument Development
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• Low temperature dependence
• Display: RL, p, event info
• High resolution for environmental variables
• Battery/voltage monitoring
• Multi-purpose RJ45 Connector
• SD card
• SDI-12 / RS485 implementation
• GPS Modem
• 4G Modem
• LoRa Modem



CRNS Networks

COSMOS-Europe sites (Bogena 2021, ESSD)

ADAPTER sites (Ney 2021, MetroAgriFor)
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The ADAPTER Network
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Cellular 
Network

Server

- Data processing
- Data storage
- Modelling

www.adapter-projekt.de

IoT–Provider 

Packed 
Gateway

VPN 
Gateway

VPN 
Gateway

Open 
VPN

Devices with
NB-IoT modems 

❖ transmission of the 
observation data 
via  Narrow Band 
Internet of Things 
(NB-IoT) in near 
real-time

In collaboration with

Patrizia Ney

FZ Jülich



Telemetry Integration
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air temperature -------

wind speed ------------

air pressure ------------

precipitation rate -----

CRNP
soil water content ----

SoilNet
-- soil water content

---- soil temperature

--- relative humidity

------------ wind gust

------ solar radiation
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Forecast Model

High-resolution soil moisture forecast

• Focus on soil water states and fluxes

• ParFlow hydrological model for the complete 
dynamical representation of the subsurface and 
surface hydrological processes, coupled with

• CLM (Common Land Model) for the 
interactions at the surface

• Atmospheric forcing: forecasts from ECMWF

• Assimilation of observed soil moisture 

→ Initialization closest to reality
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Model: ParFlow/CLM
Forcing: ECMWF HRES

Parflow

High-resolution soil moisture forecast

• Prototype: site specific soil moisture forecast: 

e.g., plant available water

• Ensemble accounts for uncertainty due to heterogeneity of 
soil hydraulic properties



Remote Sensing Comparison
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S. Emamalizadeh et al. (2024): „Comparison of 

SoilWater Content from SCATSAR-SWI and 

Cosmic Ray Neutron Sensing at Four Agricultural 

Sites in Northern Italy: Insights from Spatial 

Variability and Representativeness“



SOMMET: Standardization
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Multiple scales of SOMMET
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- Comparison of methods, their constraints and different spatial and temporal characteristics

- Development of an approach to harmonize point scale, field scale and remote sensing

Comparison and harmonization
of soil moisture measurement methods
at multiple spatial and temporal scales



SI-traceable measurements
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- Calibration facilities for point scale sensors

- Primary measurement methods and transfer standards

- Provide a traceability scheme to CRNS



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 max. 50 cm depth
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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 max. 50 cm depth

• Stationary: real-time data, Roving: snapshot of km2 scale

• Different Networks (COSMOS, UK, EU, Germany) - different telemetry solutions

• IoT-Integration for precision farming facilitated by
– Independent, non-invasive sensor operation and low maintenance

• SOMMET (PTB): SI-traceable standardization of soil moisture measurements
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