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‘Fiducial Reference Measurements (FRM)
. B

QA4E9 @ GROUP ON

EARTH OBSERVATIONS

“Earth Observation data without proper calibration and uncertainty
assessment has little value for most applications, because if the data
cannot be trusted, no reliable information can be derived from them.”

FRM - A suite of independent, fully characterised, and traceable (to a community agreed reference, ideally

SI) measurements of a satellite relevant measurand, tailored specifically to address the
calibration/validation needs of a class of satellite borne sensors, and following the guidelines outlined by

the GEO/CEOS Quality Assurance framework for Earth Observation (QA4EQ)
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Goryl, P.; Fox, N.; Donlon, C.; Castracane, P. Fiducial Reference
Measurements (FRMs): What Are They? Remote Sens. 2023, 15, 5017.
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fiducial reference
measurements for
satellite ocean colour

2016 — 2019 FRM4SOC Phase 1 @esa
» Funded and coordinated by ESA
« Foundations to achieve FRM quality in the

Ocean Colour (OC) domain

 https.//frm4soc.org

& EUMETSAT

2021 - 2026 FRM4SOC Phase 2

Funded by the EU Copernicus Program and

coordinated by EUMETSAT

Promote the adoption of FRM principles across the

OC community

Develop foundations for operational implementation of the
FRM principles by the OC community

(in situ hyperspectral radiometry)

Verify and demonstrate the operations of the FRM in the
community framework

[ https.//frm4soc2.eumetsat.int/

9t Sentinel-3 Validation Team Meeting | 30 March — 1 April 2026 | ESA-ESRIN | Frascati, Italy


https://frm4soc2.eumetsat.int/
https://frm4soc.org/
https://frm4soc.org/

’.
PROGRAMME OF THE Op?rni'g};{sh G EUMETSAT co-funded with @ e S a

FRMOCnet
F o -

FRMOCnet
* Joint outcome of the FRM4SOC-2 project tasks.

* Network of FRM quality instruments and measurements.

* Implements the FRM principles in the Ocean Colour domain and
empowers collection of quality field data.

* Joins and supports the OC community via training, workshops
Instruments, and calibration. PO Anevorformdametic | s s

eeeeee mentswvth FRM q Irty

. Radiometer calibration
& characterisation database
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FRMOCnet - A network for radiometric
measurements with FRM quality

Copernicus OC database
®» https://ocdb.eumetsat.int

~ FidRadDB

Radiometer calibration
& characterisation database

Radiometer calibrations
and characterisations

BrockMANN
ConsuLt GmaH

Comparison
measurements

I_r_1-situ database

= Field measurements database
(FRM and non-FRM)

= Match-up datasets (ThoMaS)

In situ OC
SeaBASS files

Measurement protocols and procedures

Comparison
measurements

NPLE
HyperCP ® e @ umersar
E . .
roce.ss hyper AWR (SeaBird, TriOS) HEETI Gpﬁmi%
* Obtain Rrs, nLw, OC parameters + 3R Uriversity IS
uncertainties afvicara Gy

= Determine FRM quality
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Processed in situ Rrs

fiducial reference
measurements for
satellite ocean colour

Interoperability I

PROGRAMME OF .
THE EUROPEAN UNION opgrpmcg§

IMPLEMENTED BY

@& EUMETSAT

SeaBASS

seabass.gsfc.nasa.gov

measurements

HDF files

ThoMaSs
* Process match-ups with satellite data

* Propagation of the insitu and satellite uncertainties to validation metrics
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National Physical Laboratory.

7 National
Physical
Laboratory
(UK)

10 NOAA NMFS

https://github.com/nasa/HyperCP

[ ] @ HyperCP Main v1.2.1

AngerCP

Select/Create Configuration File

New Edit Delete

Input Data Parent Directory /Users/daurin/Projects/HyperCP/Sample_Data
AAN Mimic Input Dir. vvv

Output Directory /Users/daurin/Projects/HyperCP/Sample_Data/M99SS/v12/pySAS_Factory

Ancillary Data File (SeaBASS format; MUST USE UTC)

o sample_SEABIRD_pySAS.cfg

Add Remove

Level 0 (Raw) --> Level 1A (HDF5)

L1A --> L1AQC
Single-Level Processing L1AQC --> L1B

L1B --> L1BQC

L1BQC --> L2
Multi-Level Processing Raw (BIN) ----- >> L2 (HDF5)

Suppress pop-up window on processing fail?

L1

A
Translate
Raw LO

M | L1BQC

L1AQC

Ingest
Ancillary

Azi

Rotato

Delay Azl
Filter

L1B

Default cals or fu

instrument
characterizations

Match Match
Timestamps | Wavebands am—
m ______________________ Process
Report
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THE UNIVERSITY OF
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8 University of
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8 University of Tartu

Q Gybe

° Gybe Inc.

Funding from NASA PACE Mission and Copernicus FRM4SOC-2 Initiative


https://github.com/nasa/HyperCP
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The second

FRMA4SO0C-2
Project Workshop

04.12.2022

5-7 December 2022
EUMETSAT,
Darmstadt, Germany

At this workshop, we present the most important
outcomes from the FRM4SOC phase project and
seek for agreement in the community through
discussions.

FRM4S0C-2 WO

on Calibration and Characterigisne
- b Workshop on

Ocean Color Field RadiometerSRe et Bl
Characterisation
of Ocean Colour

20 - 22 May 2025 Field Radiometers

@ Tartu Observatory, University of Tartu, S

Estonia Click here for the
details and agenda.

-
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I Tarty Observatory 333%%
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BRocKMANN
ConsuLt GmeH

Consiglio
Nazionale delle
Ricerche

EOScience \z: @&
NPLE PwL

National Physical Laboratory

FRMA4SOC Phase 2

laboratory
comparison

14.03.2022

The absolute radiometric calibration
comparisons will be implemented through a
round-robin comparison of each participant’s
irradiance and radiance calibration capability
using ocean colour transfer radiometers.

Short-term use of
Ocean Colour
radiometric
system. Free
calibration of your
own radiometers.

1.04.2024

The application period has ended.

Opprotunity to apply for the

Short-term (free)

rental of an Ocean
Colour
radiometric
system. Free
calibration of your
own radiometers -

SECOND CALL

27.01.2025

SECOND CALL (closed)

Field InterComparison Exercise (FICE)

11-20 July 2022,

at Acqua Alta Oceanographic Tower (AAOT), Venice, Italy.

Comparison of L, Ly, L., Eg4, R, Lun

Critical review, testing, and feedback on

* Measurement protocols/procedures
* Community processor

FRMOCnet

* Application of instrument characterisation

Participants: CNR-ISAC, Helmholtz Center Hereon,

Instruments:

Above water (7): TRIOS RAMSES, TriOS RAMSES G2 sun tracker (SoRAD), Seabird

In-water (2): Sea-Bird HyperPro Il, TriOS RAMSES floating buoy.

NASA, NOAA, PML, RBINS, UT

HyperOCR HyperSAS with PySAS robot,
HYPSTAR, PANTHYR.

Validation of
» Sl traceability;
* Uncertainty budgets;
* Aimed uncertainty levels.

e
Plymouth Marine
Laboratory

Unlocking the
Seas: First
Copernicus
FRM4S0C-2024
Training

27.08.2024

The training was held at the Italian Research
Council's Institute of Marine Sciences and at the
Acqua Alta Oceanographic Tower (AAOT) in the
Adriatic Sea.

Advanced training
to support the use
of fiducial
reference
measurements for
satellite ocean
colour validation

07.01.2026

The Second EU Copernicus FRM4SOC Training
for in situ Ocean Colour Above-Water
Radiometry towards Satellite Validation was
held in Venice from 6 to 20 July 2025.
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Laboratory comparison of OCR

Vabson, et al. 2025, Remote Sens. MDPI, 17, 3692.

TriOS Ramses Seabird HyperOCR
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The relative difference from CCV of L and E sensors. Agreement among participants within =3%
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FRM4SOC 1 & 2. Field inter-comparison results.

FRM4SOC 1. FRM4SOC 2.

Percent residuals of Rrs for above- and in-water systems. Percent residuals compared to the mean of all systems.
Tilstone et al. 2020, Remote Sens. MDPI, 12, 1587. Tilstone et al. 2025, Optics Express, 33, 15756-15781.
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Differences between TriOS RAMSES were <3.5%, <2.5%, <7.5%; Differences in Ed(A), Lsky(4), Lt(1) & Rrs(1) between instrument
for Sea-Bird HyperSAS were 3.5%, 1%, 3% at 443, 560, 665 nm. systems was <2.5% using Sensor-specific characteristics.



Instrument pool - fully operational,
calibrated and characterised system
(TriOS Ramses) kindly provided by JRC,
* (Free) short-term rental for

* 2 campaignsin 2024.

e 2 campaigns in 2025

* New call expected in 2026
* Project-supported calibrations

* 4 sets of radiometers in 2024.

* 4 sets of radiometers in 2025

* New call expected in 2026
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