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Soil Moisture m?.m-

« What are Fiducial Reference Measurements (FRMs)?
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Reference measurements that are independent, well-characterized, g
and traceable ground-based measurements used to validate f y
satellite data

Follow QA4EQ guidelines from GEO/CEQOS (https://qa4eo.org/)
Purpose: assess satellite data products and estimate uncertainties
Example in the case of SMOS uncertainty estimation :
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@ « FRM4SM: Fiducial Reference Measurements for Soil Moisture
« QObjective:
|dentify and provide in-situ soil moisture measurements, with full traceability, to be used as a
reliable reference for satellite-based EO products validation
«  Website:
earth.esa.int/eogateway/activities/frm4dsm-fiducial-reference-measurements-for-soil-moisture
« Overseen by Scientific Advisory Group (SAG): 10 independent experts
«  Phase 1: May 2021 — December 2024
« Phase 2: March 2025 — Feb. 2027
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« ISMN: International Soil Moisture Network
Harmonized and quality controlled in situ soil moisture measurements
— scientific usage for free
Website : https://ismn.earth
Ref.: Dorigo et al. 2021
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https://ismn.earth/
https://doi.org/10.5194/hess-25-5749-2021
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: Quality Indicators

Development of a new QI : spatial representativeness (triple colocation)
Implemented in the validation plateform QA45M

Ref: Gruber et al. 2013 and Dorigo et al. 2021
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https://doi.org/10.2136/vzj2012.0170
https://doi.org/10.5194/hess-25-5749-2021
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FRM Protocol and procedure
|dentifying uncertainty components
Establishing traceability and building upon community agreed standards

(QA4EO, CEOS frame work) - FRM protocols and procedures (https://qadeo.org/)
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parameters

Unit conversion
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Sensor reading

Traceability diagram
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Temporal alignment
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Spatial sealing

SM change
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Figure 2: Traceability Diagram: 0=no uncertainty attached (assumtion); Effects table: R=Random, S=Systematic;
Correlated: Y=Yes, N=No, P=Potentially; 1=Estimates only; 2: Some analysis performed to evaluate; 3: Rigorous analysis
performed. Magnitudes are given in m
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S Representativeness
a ) Scaling function

- Scaling parameters

3

Effects table
Effect Type  Correlated | Magnitude Confidence
Sensor noise R N
Sensor drift S N
Calibration parameters S P
Calibration funetion S P
Sensor installation S P
Environmental factors RS P
Conversion parameters ] P
SM definition S P
Matching parameters ] P
Scale difference R+S P
SM decorrelation R+S p
Scaling parameters R4S P
Spatial representativeness = R4S |
Scaling function R4S P

FRM4SM aims at obtaining
reliable estimates for all
sources of uncertainties
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@ « |dentification of FRM subset from ISMN

« Select sites most suitable for validation
« Use of indicators : level of representativeness, representative of a committed
areas class, the SNR level.

Quality
Indicator

) Sites identified as favorable for

evaluation of low resolution SM

BOSNAT e sl g e,
o

BOONE creorscrsssssssssssorso (IR M BITELL L rrepren

80° i




-RMA4SM |

. Application : Validation of SMOS SM Ret: Gibon et al. 2024

« Improve the validation uncertainty understanding
« Investigate SMOS performances sensitivity to : the SMOS footprint content, the
reference features, the data filtering, the colocation strategies
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«  SMOS Validation

Improve the validation uncertainty
understanding by investigating the
SMOS performance sensitivity to:

- « The SMOS footprint content
Indicator « Surface Conditions at reference sites
(@) « Data filtering
« Colocation strategies

Satellite -

model data

SMOS %%
satellite

soil
moisture

ISMN

in situ soil

moisture

SMOS soil  moisture
compared to in situ
ISMN show a large range
of uncertainty value

- ___SMOS vs. ISMN
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. Validation good practices

Develop and maintain the validation platform Quality Assurance for Soil Moisture (QA4SM)
httos://godsm.eu

International Suite of reference data

Suite of input data (in situ, model)
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Framework for product intercomparison and validation as
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https://qa4sm.eu/
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« EO uncertainty budget

|dentify recommendations to better decompose the uncertainty budget

a)

Total combined uncertainty

SMOS ubRMSD at ISMN sites
= R P W
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Thank you for your attention

Gy For more information on the project:
(any
« FRM4SM:
https://earth.esa.int/eogateway/activities/frm4sm-fiducial-reference-measurements-for-soil-moisture
« ISMN:
https://ismn.earth
Validation * QA4S M
good https://qadsm.eu

practices

EO
uncertainty
budget
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« SMOS performance wrt in situ (ISMN)

* Metrix =R

» by Quality Indicator as can be selected in
QA4SM plateform
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Fiducial Reference Measurements (FRMs) are defined as a suite of independent, fully characterized, and
traceable ground measurements that follow metrological principles as described in the guidelines from the
GEQ/CEOS Quality Assurance framework for Earth Observation (QA4EQ). In recent years, ESA has funded
several FRM-related activities, aiming at establishing independent reference measurements suitable to derive
satellite validation results and retrieval uncertainty estimates over the entire mission duration, to provide users

the required confidence in satellite data products.

ESA's "Fiducial Reference Measurements for Soil Moisture" (FRM45M) project, which was launched in May
2021, is one such activity aiming to establish the FRM concept in the soil moisture community. By developing
new quality indicators and quality control procedures for in situ soil moisture measurements, in particular
estimates of spatial station representativeness, a first "soil moisture FRM" dataset has been drawn from
the International Soil Moisture Network (ISMN; https:/ /ismn.earth/), which is currently the most extensive
public SM reference data base holding in situ measurements from networks all around the world. At the
same time, FRM4&5M actively collaborates with other researchers, stakeholders, projects, and initiatives to
lay out guidelines and protocols for the installation, calibration, operation, and maintenance of future in situ
measurement networks to be compliant with the recently-developed CEOS-FRM principles.

The FRM4SM project also mantains and evolves the Quality Assurance for Soil Moisture (QA45SM; https:/ /qadsm.eu/)

framework, which is a cloud-based online validation service that provides user access to the latest available
soil moisture FRM dataset (and other state-of-the-art satellite and model-based soil moisture products), and
implements the validation good practice guidelines that are developed by the SM community and are endorsed
by the CEOS Working Group on Calibration and Validation. QA45M allows users to quickly and effortlessly
obtain independent, openly-accessible, archived, and citable estimates of the uncertainties in their soil mois-
ture data products. Lastly, FRM4SM builds on several SMOS-based science case studies, which have helped
to identify limitations and shape requirements for “FRMs" for soil moisture by addressing various questions
related to sampling, representativeness, and scale errors while improving our understanding of soil moisture
retrieval quality across the globe, especially over organic soils.

In this talk, we will present how FRM4SM and QA4SM have benefited the scientific community thus far, and
provide an outlook on planned future activities, both through FRM4SM and other joint efforts, to address
the most pressing needs of the satellite soil moisture community.
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