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Soil moisture is Essential Climate Variable

Upper-air Atmosphere
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WMO Global Climate
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Soil Moisture 4
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Soil moisture is Essential Climate Variable

Upper-air Atmosphere

&\ o O\{ i ‘ ‘® Atmospheric Composition
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Progressing climate change
Changing soil moisture trends s
Extreme events: droughts, floods, heat waves, wildfire
Water scarcity

Soil erosion @
Agriculture: water overuse and pollution
Food security ——

WMO Global Climate
phere Observing System

Anthroposphere

Weather and climate monitoring and modelling
Water management strategies
Precision farming

Soils as CO, sink

Soil Moisture
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Soil moisture — problem of scales

Satellite-based remote sensing

Point-scale sensors [ESA Sentinel-1]
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[https://soilsensor.com]
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Soil moisture — problem of scales

Satellite-based remote sensing

Cosmic-lgz neutron sensing (CRNS)
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Main goal of SoMMet

Cosmic-lgz neutron sensing (CRNS)

Satellite-based remote sensing

Calibration establishes
traceability which in turn
improves comparability
of different methods
across scales.
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Organisational EURAMET

* European Partnership on Metrology, 2021 Green Deal Call

WP1: Traceability
WP2: Validation

» 21GRD08 SoMMet: 10.2022 — 09.2025 WP3: Harmonization

WP4: Data fusion
WP5: Impact
WP6: Coordination

* 18 Funded partners: 9 NMI/Dl's + 9 Research institutions

 Coordinated by Neutron Radiation Department of PTB

"

www.sommet-project.eu

* Total budget 2.5 M€
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CRNS: measurement methodology

Radial Sensitivity [arb. units]
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Neutron fluxes calculated by PARMA at Tokyo with different water mass densities
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v Evaporation neutron fluxes decrease with increase of water density

v" Thermal neutron fluxes have peak around water density = 5%

PARMA: PHITS-based analytical radiation model
in the atmosphere [T. Sato et al., Radiat. Res. 170(2):244-259 (2008)] 11
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CRNS: measurement methodology

[Schron et al. 2015, ICRC PoS(231)]
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&E‘Z Cosmic Ray Neutron Sensor (CRNS): From cosmic rays to soil ...
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the cosmic ray neutron sensor fills the gap:

Watch on 3 Youlube
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CRNS: measurement methodology

Calibration* in real world conditions: from albedo neutrons count rate to soil moisture

O CRNS " "
0° (N) i a Relative observed b Soil moisture 6 [%,]
@ Sample location ™ neutrons N/N; 100 -
O Sample location ] — Desilets et al, 2010
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Fig. 3.6: From neutrons to soil moisture and back. a Two different approaches,
DesiLeTs et al. (2010) and simulations with URANOS (by M. Kéhli, private commu-

——Q@— nication), both normalised to Ny at 50 %,, and compared with approaches from
I [H.M.C1oor;er et "1’”" 5021 space science (Juw et al. 2013). b Soil moisture as a function of neutron counts,
180° ESSD, 13, 17371757, 2021] including an error band for signal uncertainty ¢(/N) and propagated uncertainty
. . . e(0) (see section 3.7.2).
Field sampling of CRNS footprint: Y

Point-scale soil moisture measurements and neutron modelling
[M. Schron, PhD Thesis Uni Potsdam, 2017]
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CRNS: time series

f
M,M

Corrected Neutron Counts Raw Neutron Counts

Exemplary 3-years time series of CRNS
data and comparison to point-scale
soil moisture measurements
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ESSD, 13, 1737-1757, 2021]

(e)

L l ] Jl | m'leu A JMLM m " M L ﬂm ML M b

ep 17 Dec17 Mar 18 18 Sep18 Dec18 Mar19 n19 Sep19 Dec19 Mar 20 J 20 Sep 20




M. Zboril | EURADOS AM 2023
SoMMet

Wﬁ

RNS: typical instrumentation ... ..

Neutron pulse module (NPM)

Data logger and cell modem

Bare *He tube
(thermal detector)

Moderated *He tube
(epithermal detector)

; ; Charge controller
= Temperature

oarometer [ | O

sensor “ ¢ ¥ g Maintenance-free battery (12 V)

.......

o/ i : Connection to
external sensors (7, h),
Povie | [ bk rain gauge, solar panel

(b) Pulse height spectrum

Data logger
and modem

Upper
discrim.

. Lower
discriminator

Wall effect p\@teau

Counts

' 200 D'ept;sit'ede[ne;'gy'ink'eVI 700 800
20 30 IBin n'umbelr (art;.scalé) 90 100

Buried soil

moisture, ‘ Figure 1. (a) Inside view of the cosmic-ray neutron sensor (CRNS)
‘ ‘ / ) 77\ ! \ of type “CRS1000”. The moderated tube (surrounded by a white
temperature, \ g7 S~ D WINCATAN \ 2N % N V(¢ . polyethylene block) mainly detects epithermal neutrons and is thus
and heat flux |/ 100108 | 7208 2 / s Nt o | X sensitive to water in the environment. (b) A typical, measured pulse
sensors ‘ ‘ A \ “ height spectrum (PHS) shows the deposited energy in the gas tube.
Upper and lower discriminators (orange) delimit the region (grey)
in which events are interpreted as neutron counts N. Illustrated dis-
criminator positions are examples. The internal representation of

released energy as bin numbers is a specific feature of the sensor.

15
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CRNS: open problems

Neutron detectors: instrumental effects, stability, response functions
Measurand definiton: sensing domain (,footprint”) & penetration depth
Site-specific calibration procedure of CRNS detectors

Influence of hydrogen-rich volumes in footprint on CRNS signal

CRNS relies on neutron transport calculations =» benchmarking needed
Systematic effects (air pressure, humidity, incoming neutron flux intensity)

N o bk wn =

Reliable estimates of uncertainties

Metrology of temperature

d humidit
= Needs for metrology and traceability and numicity

Metrology of neutron radiation

16
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Neutron metrology in SoMMet

 Characterisation of CRNS detectors in metrology labs
« Benchmarking of MC codes for neutron transport calculations
* Neutron spectrometry in real world with Bonner sphere spectrometers

* Traceability scheme for CRNS methodology,
from laboratories to the real world

17
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Neutron metrology in SoMMet

 Characterisation of CRNS detectors in metrology labs

=» Examples of instruments:

Hydroinnova, USA
r|<— Antenna (GSM)
<«————— Air passage

Datalogger
Bare tube
Moderated tube

(PE shielded)
Solar Charger

Battery

StyX Neutronica, DE

*He(n,p)
10B(n,a)
6Li(n,x)

FINAPP, IT
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Figure 1: (left) typical PSD vs. integrated charge plot for a FINAPP3 detector. Red and blue ovals indicate the neutron and
muon region respectively: (right) scintillator-based sensor FINAPP3 with board, photomultiplier, and the two main detectors.

[S. Gianessi, under review]
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Summary & Outlook

We are interested in Collaborators!

- Addressing the needs for metrological basis and harmonization in soil
moisture measurement across the scales and communities

* Development of primary & secondary standards for calibration
of point-scale soll moisture sensors

» Metrologically establishing the CRNS method in labs & real world

* New calibrated data from comparison campaigns =» the aim is:
point-scale + CRNS + drone-borne hyperspectral methods
+ satellite-based microwave remote sensing

19
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