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Fiducial Reference Measurements (FRM)

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 (QA4EO)

Goryl, P.; Fox, N.; Donlon, C.; Castracane, P. Fiducial Reference 
Measurements (FRMs): What Are They? Remote Sens. 2023, 15, 5017.

“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.”
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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/

2016 – 2019 FRM4SOC Phase 1
• Funded and coordinated by ESA
• Foundations to achieve FRM quality in the 

Ocean Colour (OC) domain
• https://frm4soc.org

FRM4SOC – Fiducial Reference Measurements 
for Satellite Ocean Colour

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

FRMOCnet



Measurement protocols and procedures

Raw field
measurements

Radiometer calibrations
and characterisations
following laboratory
guidelines

FidRadDB

Radiometer calibration
& characterisation database

Copernicus OC database

▪ https://ocdb.eumetsat.int

FRMOCnet - A network for radiometric 
measurements with FRM quality

HyperCP
▪ Process hyper AWR (SeaBird, TriOS)

▪ Obtain Rrs, nLw, OC parameters +

uncertainties

▪ Determine FRM quality

SeaBASS files HDF files

Processed in situ Rrs
measurements

In-situ database

▪ Field measurements database
(FRM and non-FRM)

▪ Match-up datasets (ThoMaS)

ThoMaS
▪ Process match-ups with satellite data

▪ Propagation of the insitu and satellite uncertainties to validation metricsSeaBASS
seabass.gsfc.nasa.gov

Interoperability

In situ OC
SeaBASS files

from other sources

Comparison 
measurements

Comparison 
measurements

Training
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Laboratory comparison of OCR

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

The relative difference from CCV of L and E sensors. Agreement among participants within ±3%

TriOS Ramses
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Seabird HyperOCR
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FRM4SOC 1 & 2. Field inter-comparison results.

Differences between TriOS RAMSES were <3.5%, <2.5%, <7.5%; 

for Sea-Bird HyperSAS were 3.5%, 1%, 3% at 443, 560, 665 nm.

FRM4SOC 1. 

Percent residuals of Rrs for above- and in-water systems.

Tilstone et al. 2020, Remote Sens. MDPI, 12, 1587.

Differences in Ed(𝜆), 𝐿𝑠𝑘𝑦(𝜆), 𝐿t(𝜆) & Rr𝑠(𝜆) between instrument 

systems was <2.5% using Sensor-specific characteristics.

Lsky

Ed

Lt

Rrs

FRM4SOC 2. 

Percent residuals compared to the mean of all systems.

Tilstone et al. 2025, Optics Express, 33, 15756-15781.
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Instrument pool – fully operational, 
calibrated and characterised system 
(TriOS Ramses) kindly provided by JRC,
• (Free) short-term rental for

• 2  campaigns in 2024.
• 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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• FRM4SOC Phase-2 – EUMETSAT project no. EUM/CO/21/460002539/JIG
• ESA Estonia research infrastructure funded by the Estonian Research 

Council grant TARISTU24-TK3.
• Estonian Research Council grant PRG2646 “Methods, Traceability and 

Validation of the In-Water Ocean Color Measurements”.

Contact: https://frm4soc2.eumetsat.int/
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