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ESA’s Earth Observation Missions
Satellites

Heritage 04
Operational 15
Developing 41

Preparing 22

Total 82
+ Third Party Missions
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Sentinel-6 -
dedicated to 
Sea Level 
Rise

Sentinel-6A 2019-

Sentinel-6B 2025-
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Sea-Level rise is a societal threat

Low-lying coastal zone is 

home to 680 million 

people

3 million extra people at 

flooding risk for every cm 

of sea level rise

IPCC predictions for 

2100 show 0.43 - 0.84 

meter increase of 

average sea levels

Sentinel-6 will maintain the 
satellite Reference altimeter 
time Series
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Operational status of GLOSS tide guages

GLOSS provides reference measurements for satellite 
altimetery measurements of sea level rise

Because there is overwhelming global quasi-synoptic coverage 

over the ocean from Earth Observation Satellites

it is fundamental to ensure that these data are traceable to 

Metrology standards (the foundation of Interoperability)

This is essential if Earth Opbservation and in situ observations 

are to be used with confidence.

Likewise, in situ observations must also be traceable to 

Metrology standards…

10 days of Copernicus Sentinel-3 
and Sentinel-6 data
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Core principles of metrology

STABILITY
Century scale

INTEROPERABILITY
equivalence world wide

COHERENCE
Combining different measurements

TRACEABILITY UNCERTAINTY COMPARISON

20 May 1875 20 May 2019



Steps to a FRM Uncertainty 

budget

Define the 
measurand 

and 
measurement 

function

Establish the 
traceability 

with a 
diagram

Evaluate each 
source of 

uncertainty 
and fill out an 
effects table

Store 
relevant 

information 
for future 

users

TRACEABILITY
02

Calculate the 
product and 

its 
uncertainty

Guidance documentation and training 
materials available at www.qa4eo.org

MEASURAND
01

UNCERTAINTY
03

STORE 
05

CALCULATE
04



11



12



13

(E. Wooliams)
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Fiducial Reference Measurements (FRM)

http://www.obs-vlfr.fr/Boussole

Fiducial Reference Measurements (FRM) are a suite of independent, fully characterized, and traceable ground measurements 
that follow the guidelines outlined by the GEO/CEOS Quality Assurance framework for Earth Observation (QA4EO).

https://www.pandonia-global-network.org/

https://frm4doas.aeronomie.be/

https://frm4veg.org/https://frm4soc.org/https://ships4sst.org/ http://www.frm4sts.org/ https://www.frm4alt.eu

http://www.obs-vlfr.fr/Boussole
http://qa4eo.org/
https://www.pandonia-global-network.org/
https://frm4doas.aeronomie.be/
https://frm4veg.org/
https://frm4soc.org/
https://ships4sst.org/
http://www.frm4sts.org/
https://www.frm4alt.eu/
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ESA supports sustained FRM networks 

of SSTskin observations
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Lab comparison

13th -17th June, 2022, @ NPL, Teddington, UK

Radiometer comparison Blackbody comparison
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Currently active DBCP assets – used for (non FRM) 
satellite validation
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• Earth Observation is a global ocean activity. Through calibration and 

validation activities ESA Unites the ocean observing community through 

the use of in situ observations for calibration, validation and advanced 

synergy applications (a few examples shown today)

• ESA is pioneering Fiducial Reference Measurements (FRM) with full 

traceability to SI in space and in the ocean (the foundation of 

interoperability). ESA requires the highest quality FRM ocean 

observations.

• ESA is a user of in situ observations and requires FRM quality data for 

the last 40 years to support climate applications (EOV).

• ESA requires FRM ocean observations for many EOV in near real time 

(3 hours) for the foreseeable future to support new and flying missions

• ESA is an EOOS Actor since sustainability of ocean observations is a 

fundamental element of Earth Observation

• Space cannot (yet!) see inside the ocean – only EOOS can do that!
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MAKE SPACE FOR EUROPE

www.esa.int

Thank you Any Questions?

Contact:

Craig.Donlon@esa.int

mailto:Craig.Donlon@esa.int
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