| MMC 2025, Vienna SOMMet

' Sood ' !

Multiscale soil moisture (SM) comparison and
fusion in the SoMMet project

Anna Balenzano!, Francesco Mattia', Giuseppe Satalino’, Davide Palmisano’, Francesco P. Lovergine', Sascha E.
Oswald?, Elodie Marret-Sicard?, Gabriele Baroni3, Sadra Emamalizadeh3, Michele Rinaldi4, Francesco Ciavarella?,
and Miroslav Zboril

)
screa  [EPIB

TNational Research Council of Italy (CNR), Institute for Electromagnetic Sensing of the Environment (IREA),Italy
2University of Potsdam, Institute of Environmental Science and Geography, Germany

3University of Bologna, Department of Agricultural and Food Sciences, Italy
4Consiglio per la Ricerca in agricoltura e I'analisi dell’Economia Agraria, Cerealicoltura e Colture Industriali (CREA-CI), Italy

5Physikalisch-Technische Bundesanstalt (PTB), Neutron Radiation Department, Germany

0{\\\r Crsy 4?‘“

Lo AL

@ ' :g% @ug

m
* L]

2N




| MMC 2025, Vienna so"MMet
Operational SM products from satellites

ESA/SMOS SM, 1-7/06/2015 NASA/SMAP SM, 1-7/06/2015 JAXA/AMRS2 SM on 20/05/13
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Context

The European Radar Observatory Sentinel-1 (S-1), the
forthcoming S-1 Next Generation and ROSE-L satellites
have motivated the development of operational land
surface monitoring at high spatial resolution, such as
surface soil moisture (SSM) monitoring.

Significant efforts have been made to define protocols,
identify reference measurements (RMs), and address the
spatial mismatch between Earth Observation SSM
products and RMs, which are typically point-scale (PS)
measurements from hydrologic networks.

Interest is increasing for other soil moisture
measurements methods, such as the cosmic ray neutron
sensors (CRNS) with wider support (~ 0.1 km?).

SoMMet
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SoMMet project
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SoMMet
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 SoMMet project aims to establish a metrological basis, harmonization in SM
measurements across scales, from point scale to remote sensing, through CRNS,

and data fusion.
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% to present the comparison of SM measurements from a cluster of CRNS
and Tkm S-1 SSM at the Potsdam test site in Germany

% to provide an example of data fusion
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Potsdam site

SoMMet
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S-1 SMOSAR SSM product

Physical approximations: Short Term Change
Detection Retrieval Model

1 surfaces dominated by soil attenuated scattering
(Satalino et al., GRSL, 2014)

, 2
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d o, temporal change depends solely on
SSM (Balenzano et al., EuJRS, 2013)
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S-1 SMOSAR SSM at Potsdam site
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precipitation

—soil_temp

SoMMet
CRNS cluster and S-1 SMOSAR SSM @1km’

Lt

3/8/19 2/10/19 1/12/19 30/1/20 30/3/20 29/5/20 28/7/20 26/9/20 25/11/20 24/1/21 25/3/21 24/5/21 23/7/21 21/9/21 20/11/21 19/1/22 20/3/22 19/5/22 18/7/22 16/9/22 15/11/22

O S-1 SSM from S-1 IW ASC 146 (17:00 UTC)

( CNRS daily average and a deeper
penetration depth (e.g. 26.3+7.7 cm on
average, Kohli et al., 2015; Bogena et al,

2022)

N of bias rmse | ubrmse
dates |[m3/m3]|[m3/m3]|[m3/m3] R
154 -0.046 | 0.067 0.049 0.7

 Data filtering -> dates with frozen soil removed
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Cluster of CRNS and cluster of PS sens
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SoMMet

Impact of spatial representativeness error on validation of

high resolution SM
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Combining LWF with IDW interpolation
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CRNS cluster and S-1 SMOSAR SSM @1km
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N of bias rmse | ubrmse
dates |[m3/m3]|[m3/m3] | [m3/m3] R
154 -0.046 | 0.067 0.049 0.7
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....after data fusion ’

m3/m3 oC
0.5 ——CRNS ——S-1SSM —— precipitation —sc')il_temp 0
| °
0.3 ’ “x 2
0.2 j |ﬂ "‘ T J;/ 4, 1 \\ / ;\ /\' -3
0.1 | T ) w14 B, )

0 h‘ m ihiinia i

3/8/19 2/10/19 1/12/19 30/1/20 30/3/20 29/5/20 28/7/20 26/9/20 25/11/20 24/1/21 25/3/21 24/5/21 23/7/21 21/9/21 20/11/21 19/1/22 20/3/22 19/5/22 18/7/22 16/9/22 15/11/22

N of bias rmse | ubrmse
dates |[m3/m3]|[m3/m3] | [m3/m3] R

154 -0.034 | 0.049 | 0.035 0.89
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Perspective for precision farming
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Summary

dSoMMet project: harmonisation in soil moisture measurements
across scales, from point scale to remote sensing, through CRNS.

dThree years (2019-2022) comparison between  CNRS
measurements and S-1 SMOSAR SSM products at 1 km resolution
(bias=-0.034 m3/m3; rmse=0.049 m3/m3; R=0.89).

1 Characterization of spatial representativeness error: CNRS vs PS.

dIntegrating CRNS and S-1 SM results in very accurate SM maps at
high resolution (~ Tha) and local scale (e.g., ~1000-5000 ha), which is

promising for precision farming and landslide monitoring
| 15
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Thank you!

Metrology for multi-scale monitoring of soil moisture (SoMMet)
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