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Soil moisture
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Soil moisture

MMC2023 soMMet
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Example: Total soil column 1.8 m, raster of 4 km size
- Soil moisture measurements by DWD German Weather Service
- Simulations via meso-scale hydrological model mHM,
UFZ Helmholtz Centre for Environmental Research, Leipzig, GermarIy 3
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Soil moisture is Essential Climate Variable

WMO Global Climate
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Soil moisture is Essential Climate Variable

Upper-air Atmosphere

X o o"{ i ‘ ‘S Atmospheric Composition
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RISKS & CHALLENGES

Progressing climate change : @ GCOS

Changing soil moisture trends ey
Extreme events: droughts, floods, heat waves, wildfire """ | 7 QO me z UNe
Water scarcity - ’
Soil erosion

Agriculture: water overuse and pollution

Food security

RISKS MITIGATION & CHANCES
Weather and climate monitoring and modelling
Water management strategies

Precision farming
Soils as CO, sink
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Soil moisture — problem of scales

Satellite-based remote sensing

[ESA Sentinel-1]

[https://soilsensor.com]

(107 = 10") m Horizontal scale ~ (10°—= 109 m
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Our approach

Satellite-based remote sensing

[ESA Sentinel-1]

Radial Sensitivity [arb. units]

Point-scale sensors
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Primary Cosmic Rays

Electromagnetic
Shower
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Our approach

Satellite-based remote sensing

[ESA Sentinel-1]

Point-scale sensors
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SoMMet: Main goal

Cosmic-lgz neutron sensing (CRNS)

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

Point-scale sensors
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Satellite-based remote sensing

Ry,

[ESA Sentinel-1]

WP1: Traceability
WP2: Validation
WP3: Harmonization
WP4: Data fusion
WP5: Impact

WP6: Coordination

(1007= 10" m (102- 103 m

Horizontal scale ~ (10°= 109 m
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Exemplary datasets

Point-scale sensors
Example: Single sensor data series

Datawiewer Slation: Lochheim from: 2010¢11/18 to: 20111118

2091705722 06:00.
ol _moisture{m3m.3 * 100)_0.05m MKO TOR 2 136
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[International Soil Moisture Network]

(107-= 10") m

Cosmic-ray neutron sensing (CRNS)

[Heistermann et al., HESS 25 (2021) 4807]

(102- 103 m

MMC2023

SoMMet
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Satellite-based remote sensing

Example: Sentinel-1 surface soil
volumetric water content at 1 km
spatial resolution

© mean
0.05 m¥m? 0.5

[Balenzano et al., Data in Brief 38 (2021) 107345]

Horizontal scale ~ (10°= 109 m
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SoMMet: Objectives

» Establishing Sl-traceability for point-scale soil moisture sensors

* Establishing Sl-traceability for CRNS instruments in laboratories
& standardised on-field-calibration practices under outdoor conditions

* New calibrated data from joint comparison campaigns

* Good practice guides for harmonisation and interdisciplinary data
fusion practices for soil moisture measurements on lateral scales
10"m-103m
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CRNS # Neutron scatterin method
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CRNS: Measurement principle

[T. Sato, COSMOS Workshop, 2020]

Consideration of Water Density
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CRNS: Time series

Exemplary 3-years time series
of CRNS data and comparison
to point-scale soil moisture measurements

[Cooper et al.,
ESSD 13, 1737, 2021]
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CRNS: Instruments in SoMMet

Selected instruments are
based on typical neutron
detection reactions:
*He(n,p)
10B(n,a)
5Li(n, )

e Labs: Monte Carlo
particle transport codes
=» detector models =»
characterisation in neutron
reference fields

e Outdoor: Simultaneous
neutron measurements with
reference neutron detectors

» Outdoor: Studies of systematic
effects

rk— Antenna (GSM)

w<«———— Air passage

NPM

Datalogger
Bare tube
Moderated tube

(PE shielded)
Solar Charger

— Battery

| MMC2023
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SoMMet: Organisation  gyraMeT;

* European Partnership on Metrology, 2021 Green Deal Call

* 21TGRDO8 SoMMet: 10.2022 — 09.2025 www.sommet-project.eu

* 18 Funded partners: 9 NMl's/DI's + 9 Research institutions
 Coordinated by Neutron Radiation Department of PTB

* Total budget 2.5 M€
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