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» Neutron interaction with water
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» CRNS Overview

Soil Water Content (cm®/cm®)
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[1] T. Franz et al., Practical Data Products From Cosmic-Ray Neutron Sensing for Hydrological Applications,
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» Stationary and Roving

In collaboration with Martin Schrén, UFZ Leipzig
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» Roving across scales

In collaboration with Martin Schron, UFZ Leipzig

Regional roving Soil moisture [Vol-%] 0 20 30 40 50 Footprint area .
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Two-days measurement campaign with the mobile detection system on Aug
18th (a) and Aug 27th (b), 2021. Credit: Martin Schron, UFZ Leipzig, Germany.
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» Stationary and Roving Instruments
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» CRNS Networks




» CRNS Networks
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H.R. Bogena et al., COSMOS-Europe: a European network of cosmic-ray neutron soil moisture sensors,

Earth Syst. Sci. Data, 14, 1125-1151, 2022
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CRNS-based monitoring technologies
as solutions for climate-resilient agriculture

B S,

o soil moisture monitoring

B i

CRNS
o irrigation challenges

O pivot irrigation real-time monitoring

O pivot irrigation hybrid data fusion




» Motivation for Smart Agriculture
| ——————

Physikalisches Institut, Universitat Heidelberg @




» Motivation for Smart Agriculture

Average field area [ha] Other
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[1]J. Zin “Average size of enclosed agricultural fields by townland in the Republic of Ireland”,
Ordnance Survey Ireland Government of Ireland, 2012 Physikalisches Institut, Universitat Heidelberg
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» Motivation for Smart Agriculture

Average field area [ha] Other
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v" One sensor per field

v Large measured volume

v" No removal during management

v" Low maintenance



» Motivation for Smart Agriculture

COSMOS Santa Rita (8 = 7 +3 %, h = 7 + 4 g/cm?), daily resolution

3400 — measured neutrons, Np;
—— N(8)/Cp, (Desilets & Rosolem) KGE 0.598, NSE 0.742, RMSE 130
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M. Kohli et al. “Soil Moisture and Air Humidity dependence of the above-ground cosmic-ray neutron intensity”,
Front. Water, 2, DOI: 10.3389/frwa.2020.544847
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» Challenges: Sprinkler Irrigation 'J

See poster by C. Brogi:

Potential and limitations of cosmic-ray
neutron sensors for irrigation
management in small fields
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» Challenges: Sprinkler Irrigation 'J

See poster by C. Brogi:

Potential and limitations of cosmic-ray
neutron sensors for irrigation
management in small fields
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» Challenges: Sprinkler Irrigation 'J

B Censze_Fruit_Trees
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See poster by C. Brogi:

Potential and limitations of cosmic-ray
neutron sensors for irrigation
management in small fields
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» Timeseries of irrigation (Agla) 'J
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In collaboration with Cosimo Brogi, FZ Jilich

Before irrigation, the CRNS soil moisture match the reference data.
With irrigation, only temporal dynamics are partially represented.
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» Agia Neutron Simulation 'J

In collaboration with Cosimo Brogi, FZ Jilich

I Cenze_Fruit_Trees
Setup of the actual scenario simulations: [ Sparse_Fruit_Trees

. 600x600 meters domain (center CRNP) :l::;ejrees
. Irrigation area coincident with field S10 [ Grass
. 8 layers covering 1000 meters of air and 1.6 meters of soil. [ Bushes
. 4 layers of air (with source/detector) [ Baresoll
. 3 layers of vegetation/air [1White_Road
. 3 layers of soil (0-0.125, 0.125-0.35, 0.35-1.6) [ Azphalt_Road
I Euilding
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» Pivot Irrigation Hybrid CRNS
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Finkenbiner et al. ,Integration of hydrogeophysical datasets and empirical orthogonal functions for improved

irrigation water management”, Precision Agric (2019) 20:78-100 o . . - .
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» Cosmic SWAMP R FAPESP VDuthum

In collaboration with Patrick Stowell, University of Sheffield
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» Cosmic SWAMP A FAPESP VDuhan

In collaboration with Patrick Stowell, University of Sheffield
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» Cosmic SWAMP A FAPESP VDuhan

In collaboration with Patrick Stowell, University of Sheffield
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» Cosmic SWAMP A FAPESP VDuhan

In collaboration with Patrick Stowell, University of Sheffield
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» Cosmic SWAMP A FAPESP VDuhan
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» Cosmic SWAMP

ﬁ () —

3_ Mist & SWAMP Cloud
Fog Platform
S

WAMP Probe

" SWAMP Fog Hub __ \
N > (@) Fog . Drone
' iFi AP Analytics ¥ Platform
- * ,
G GERRE X . ‘Irrigation 4
QFIWARE | d e o
loT Agent R _Interface , .w
- / y > 5 . . \
| ' LoRa ‘ <—= | EIWARE . [ FIWARE | ——
< ‘ > 4 Quantum «
‘. "] . Server Orion Leap |
'LoRa GW A : ' /
B
Internet
s
rrigation | FIWARE " Drone
odels ~ Cighus NGsI « Platform
A ' > 7S g ) g -~
. 4 v » v
A Irri atlon [
CIOI.I(? le » NGSI< FIWARE ,,,,,, »NGSI< > S I’ "
Analytlcsv . Orlon J . Inte /v ‘ 8
: : { : .
External ’
" NGSI. & FIWARE @ Y “FIWARE
" Mapper ~ Cosmos Quantum
Nzt SWAMP Cloud '

Plot #2

C. Kamienski et al., ,Smart Water Management Platform: loT-Based Precision Irrigation for Agriculture”,
59”50f5 2019, 19(2) 276 v Phy3|kallscheslnst|tut Universitat Heldelberg




» Cosmic SWAMP (Bahia Pilot)
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» CRNS Networks
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» The ADAPTER Network

Devices with
NB-loT modems

< transmission of the
observation data
via Narrow Band
Internet of Things
(NB-10T) in near
real-time

In collaboration with

Patrizia Ney
Fz Julich
Physikalisches Institut, Universitat Heidelberg




» The ADAPTER Network ‘9
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»» The ADAPTER Network ‘9
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» Telemetry Integration
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» Forecast Model 'J
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High-resolution soil moisture forecast s ECMWF
* Focus on soil water states and fluxes w» W Atmospheric Forcing

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

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

* Atmospheric forcing: forecasts from ECMWF ! Vadose Zone

Tog ] |

* Assimilation of observed soil moisture ParFlow

= Ground Surface
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- Initialization closest to reality
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» Parflow ’

Assimilation Forecast
Sun Mon Tue Wed
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: ) . ‘ oz
Model: ParFlow/CLM £
Forcing: EEMWF HRES °%
20 40 60 80 100
Q
;g 0-30cm
High-resolution soil moisture forecast s8]
* Prototype: site specific soil moisture forecast: Sin g T e
e.g.’ plant available water — Ensemble mean Ensemble spread M Interquartile range

* Ensemble accounts for uncertainty due to
heterogeneity of soil hydraulic properties
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CRNS-based monitoring technologies

"I I as solutions for climate-resilient agriculture
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" © CRNS-based monitoring technologies
as solutions for climate-resilient agriculture
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CRNS-based monitoring technologies
MI I as solutions for climate-resilient agriculture

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

Land
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CRNS-based monitoring technologies
MI I as solutions for climate-resilient agriculture

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 km? scale

Land
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CRNS-based monitoring technologies

MI I as solutions for climate-resilient agriculture

CRNS is an emerging technology

Land

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 km? scale

Different Networks (COSMOS, UK, EU, Germany) - different telemetry solutions
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CRNS-based monitoring technologies

MI I as solutions for climate-resilient agriculture

CRNS is an emerging technology

Land

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 km? scale

Different Networks (COSMOS, UK, EU, Germany) - different telemetry solutions
loT-Integration for precision farming facilitated by

— Independent, non-invasive sensor operation and low maintenance
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CRNS-based monitoring technologies
MI I as solutions for climate-resilient agriculture

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 km? scale

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

e loT-Integration for precision farming facilitated by

— Independent, non-invasive sensor operation and low maintenance
* Forecast models based on weather station data in development, possible combination
with scheduled irrigation

Land
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