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local techniques

<10m e (electrical resistivity, capacitance, etc)
Sl st 14 (even neutrons...)

mmmwe e
=48 32 24 <16 -12 -8 -6 -4 +4 +8 +12 +16 +24 +32 +48
Resistivity Change [2]

é . —— e T Trr———
MELMNELYE - Iry . > — , ) -
| CONTRE POR I L —— [11ESA SMOS ( —the_ral 00l = )

i - 4 i [2] The Clay Research Group (http://www.theclayresearchgroup.org/images/ert.jpg)


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

@ The Measurement Gap
2

Scales of soil moisture

measurements
[Im]horizontal 10 10 10 10° 10° 10° 10 10 10
I : >
Y |[TDR,TDT, % i L SAR, Radiometer, Scatterometers
> a i :
c| GNS‘S R GRACE
o= |
10 23|
©C :
NMR DTS |
SoilNet | |
10
GPR
=
]
E
10 O
Y
7 =T SR ——

CINTEL FOR LI —
ovoncamental U [ O
wnesgancy - ooz IS de 1






@ Neutron Response to Water

Rock Water




@ The Cosmic Neutron Spectrum
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The Cosmic Neutron Spectrum
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m The Cosmic Neutron Spectrum

Elastic Scattering
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Neutron Flux

Thermalized
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Water Resources Research, 51, 5772-5790 DOI: 10.1002/2015WR017169
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@ The Cosmic Neutron Spectrum
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The Footprint
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The Footprintin 2015
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Footprint characteristics revised for field-scale soil moisture monitoring with cosmic-ray neutrons
Water Resources Research, 51, 5772-5790 DOI: 10.1002/2015WR017169
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Precipitation Events
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Mobile CRNS
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URANOS
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Recent Studies




Drip Irrigation in Valencia
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Schematical segment of the URANOS setup, total extent: 500 m
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Glacier landscapes and snow cover
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The Equipment




The CRNS Sensor
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neutron pulse module (NPM)

datalogger and cell modem

bare *He tube
(thermal detector)

moderated *He tube
(epithermal detector)

charge controller

maintenance-free battery (12V)

connection to
external sensors (7, A),
rain gauge, solar panel

- e

Intercomparison of cosmic-ray neutron sensors and water balance monitoring in an urban environment
Geosci. Instrum. Method. Data Syst. 7, 83-99 DOI: 10.5194/gi-7-83-2018



https://www.geosci-instrum-method-data-syst.net/7/83/2018/
https://www.geosci-instrum-method-data-syst.net/7/83/2018/
https://www.geosci-instrum-method-data-syst.net/7/83/2018/
https://www.geosci-instrum-method-data-syst.net/7/83/2018/
https://www.geosci-instrum-method-data-syst.net/7/83/2018/
https://www.geosci-instrum-method-data-syst.net/7/83/2018/
https://www.geosci-instrum-method-data-syst.net/7/83/2018/
https://www.geosci-instrum-method-data-syst.net/7/83/2018/

The CRNS Sensor
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- charge controller

M. Zreda et al. (CRNS Website)
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connection to
external sensors (7, A),
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The CRNS Sensor Response
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The new Heidelberg CRNS Sensor




Arduino Nano
J - ADC: pulse height measurement

- Time over threshold: pulse length measurement
- Communication with data loggers possible via I>°C

Analog ouput and
serial
communication
allows for read-out

HV unit (prior) and control
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(I) Open Hardware Readout Electronics

Data logger
Arduino Due

Sensor Units

Slow
Control

&

Detector

Communication + Data Units

bata SD-Card WLAN
Processing (Flash)

nCatcher
(Preamp+Digitizer)
Arduino Nano
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New:

- upgrade to Due (larger)
- GSM Modem

- shielded design for
nCatcher



Webinterface

Live-Display for Webbrowser
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GSM-Modem

+

MQTT-Server
(Internet of Things)
+

Influx-DB

(Time series data base)
+

Grafana
(Frontend)




CRNS Sensor tests
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Summary
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@ The Measurement Gap
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And now here




[] Cosmic-Ray Neutron Sensing

[] New CRNS Sensor

[l Outlook >




[] Cosmic-Ray Neutron Sensing
e provides an average soil moisture measurement
over several hectares and 0.5 m in depth

e can be understood by Monte Carlo transport modelling

e small scale variations, inhomogeneous soil moisture patterns
can now be understood

[] New CRNS Sensor

[l Outlook
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e First prototypes based on boron coatings and Open Hardaware readout

electronics developed and successfully tested

e Outperforms existing systems by approx. factor 3
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e provides an average soil moisture measurement
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e First prototypes based on boron coatings and Open Hardaware readout
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e Outperforms existing systems by approx. factor 3

[l Outlook >

e development of larger detectors for mobile sensing




