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EO provides unequivocal evidence and facts in 

climate reports
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S3A: 2016-

S3B: 2018-

S3C: 2025 (TBC)

S3D: 2027 (TBC) Copernicus Sentinel-3
Visible, Thermal Infrared and radar 
altimetry measurements for 20 years  
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Our challenges…
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Cpomplexity…and importance

(S. Castro)
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Measuring the SSTskin

ISAR
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People… and many more…
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New Approaches
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SI traceability

• Climate data records from satellites are a fundamental at ESA – we are committed to deliver 

Climate Space

• Metrology is essential due to the overwhelming volume of data from space: small errors have 

major impacts on climate time series

• We are embedding Metrology (uncertainty and traceability) into all of our satellite engineering 

and scientific processes:

• In our satellite designs and data processing

• Via Fiducial Reference Measurements (FRM) for validation

• For our flying constellations using tandem flights

•By implementing QA4EO uncertainty modelling techniques

ESA recognises the essential role of the International System of Units (SI) in 

providing confidence in the accuracy and global comparability of 

measurements needed for protection of the environment, global climate studies 

and scientific research including the use and future development of UTC
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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
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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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Maintaining quality

Essential challenge – we knew there were challenges to the validation data we had 
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Lab comparison

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

Radiometer comparison Blackbody comparison
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Field comparison

Preparation After set-up
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Standards based measurements
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EWt = time displacement error

EWr =spatial displacement error 

EWt = time displacement 
error, 

mismatch in time, tdif 
between the in situ sample 
and the satellite overpass. 

It can be estimated as 
EWt = tdif . ∂V/∂t 

EWr = spatial displacement 
error 

when the in situ sample is 
displaced from the 
matched image pixel by a 
distance r.  

It can be estimated as 
EWr =  r . ∂V/∂r

r = 0

Tdiff=0

EWt=0

EWr=0

r  0

Tdiff=0

EWt=0

EWr>0

r = 0

Tdiff 0

EWt>0

EWr=0

r  0

Tdiff 0

EWt>0

EWr>0



21

In situ measurement uncertainties

In order to estimate ES it is necessary to estimate Ew and if possible to 
minimise it.  It can be broken down into several different types of error: 

 EW = EWt + EWr + EWm + EWs + EWz. (5)

Time 
mismatc
h error 

Location 
mismatch 

error

In situ 
Instrument 

measuremen
t error

Point-in-area 
sampling 

error

Sampling 
depth error
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ISFRN The scope of the ISFRN activity can cover all aspects of the 

science and technology of shipborne radiometers used to 

measure SST. 

This includes

• exchange of operating advice and information that promote 

best practice for radiometer deployments,

• establishing protocols for shipborne radiometry including the 

validation of observations traceable to NMI reference 

standards,

• agreeing formats for skin SST data retrieved from ship 

radiometers,

• setting procedures for quality control in order to meet 

agreed standards of accuracy, and

• provide a single access point of the data collected around the 

world.
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ISFRN Archive Map
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Validation results – statistics 
▪ 2020 – S3 A vs B – WST CV5

BA

Day

Grade MDif f RSD No Overpass Min TempMax Temp

1 -0.05 0.26 96 19 281.83 302.56

2a 0.17 0.42 538 44 279.12 304.09

2b 0.03 0.30 403 31 281.83 302.56

3 0.22 0.45 2005 57 279.12 304.14

4 0.20 0.48 5528 103 279.12 304.98

Night

Grade MDif f RSD No Overpass Min TempMax Temp

1 0.08 0.20 297 32 277.93 301.45

2a 0.01 0.32 686 49 276.62 301.45

2b 0.03 0.23 1037 43 276.56 301.57

3 -0.01 0.34 2656 62 276.55 301.75

4 -0.02 0.34 6908 106 275.67 303.42

Day

Grade MDif f RSD No Overpass Min TempMax Temp

1 -0.12 0.22 167 19 283.30 299.22

2a 0.02 0.36 530 42 278.64 300.63

2b -0.09 0.28 646 31 283.30 299.48

3 0.02 0.38 1978 54 278.64 303.02

4 0.03 0.40 6163 107 278.64 304.17

Night

Grade MDif f RSD No Overpass Min TempMax Temp

1 0.02 0.19 192 28 280.73 301.07

2a -0.04 0.23 580 54 279.80 303.63

2b -0.02 0.22 732 43 276.69 303.05

3 -0.07 0.25 2386 65 276.64 303.93

4 -0.08 0.30 6448 109 276.64 303.93

(W. Wimmer)



25

What did we achieve?

• We wanted a dream: a cost-effective fleet of SSTskin radiometers operating on ships around the world

• We saw a lack of a low cost ocean-going solutions -  we had space industry designs for ships which was 

(and remains) inappropriate: more emphasis on practical solutions that can be maintained at sea were 

needed.

• We focus on L2 comparisons: we are not measuring the same thing from a ship as we measure from 

space (HPBW &Emissivity):

• We had a strong drive from the outset for collaborative approaches

• We had a strong emphasis on excellent performance so that we could trust the data in validation work

• We recognised the need and Importance of an SI standards-based approach to improving knowledge of 

radiometer calibration

• We learned from the ocean colour community that data processing software could be a source of 

uncertainty and took steps to compare code bases and approaches

• We maintain the need for field experience: these are scientific instruments and need care and attention! 

• “Fixing bad design” was an early red herring – yet bad design persists: When 1 molecule of water 

covers your window you measure the temperature of that molecular water layer…

We have the ISFRN in place for many years and we are here to celebrate 25 years of activity!
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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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