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FIDUCEO

• Ambition: develop a widely applicable metrology 
of Earth observation (EO)

• Motivation: establish traceable, uncertainty-
quantified evidence for climate and 
environmental change from space assets

• Project runs March 2015 to February 2019

www.fiduceo.eu
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Why metrology of EO?

• Adopting language and tools of measurement 
science brings
– conceptual clarity

– rigorous practice

– well-tested tools

– better climate data records

• But the process is also extending the discipline 
of metrology in some ways
– EO raises aspects not present in the laboratory



FIDUCEO project timelines

Mar ‘15

Feb ’19

Year 1 Year 2 Year 3 Year 4

Beta version FCDRs -
AVHRR, HIRS, MVIRI

end Feb 2017

Workshop 1

TBC‘18

Beta version MW FCDR

Nov 2017

Workshop 2

Nov ‘18

CDRs:
• SST & LSW 
• UTH
• Albedo and 

Aerosol
• Aerosol (from 

AVHRR)

RV1
RV2

RV3

Progress:
• EO metrology framework
• Many methodologies
• Data acquisition / prep.
• User consultation
• Vocabulary
• FCDR concept
• Harmonisation concept

Extra Wkshp

TBC‘17



FIDUCEO and Copernicus

• C3S Quality Assurance for ECV Products Derived 
from Observations 
– incorporating some QA4ECV and FIDUCEO

• C3S contract to EUMETSAT on reprocessed 
satellite observations
– FIDUCEO methods on MW FCDRs propagated to CM-

SAF sounder projects
– FIDUCEO methods to be applied to Meteosat IR 

recalibration
– FIDUCEO recalibration of AVHRR (global) to inform 

stewardship of AVHRR local (hi-res) FCDR



FIDUCEO and Copernicus

• Sea surface temperature (SST) climate data to 
C3S

– The FIDUCEO ensemble SST CDR will be brokered 
through C3S once released

– first ensemble CDR from EO (to our knowledge)

– great interest in this approach from major users



FIDUCEO and Copernicus

• FIDUCEO ensemble SST likely also to comprise 
a component of future CCI+ SST CDR v3

– therefore in turn serving both C3S and the 
Copernicus Marine service, CMEMS

• FIDUCEO lake surface water temperature CDR

– potential input to CCI+ Lake ECV

– potential brokering through Copernicus Land 
Service (not yet discussed)



FIDUCEO and GAIA-CLIM

• Two highly complementary projects on 
metrology of climate observations

• Co-ordination through mutual representation 
on advisory boards

• Scientific opportunity to close the 
metrological uncertainty budget of a 
reference-network-to-satellite comparison for 
at least one FIDUCEO CDR
– first fully rigorous validation of uncertainty



FIDUCEO core concepts

Dissemination to users of traceable, 
per-datum uncertainty information in level 1 (FCDR)

Harmonisation of FCDR radiances

Propagation of FCDR uncertainty to 
uncertainty-quantified higher-level products (CDRs)



FCDR Uncertainty

• Understand the measurement equation

• Quantify the sources of error (effects)

• Quantify their error structures

• Propagate to get radiance uncertainty

• Structured approach centred on 
measurement equation



The equation used to calculated “calibrated radiance” in the FCDR

Should respect 
the laws of physics

Should reflect
the instrument

Understand sources 
of error in each term
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Quantify each error source

• Magnitude of uncertainty at parameter level

• Correlation structure of errors

– between elements

– between lines (over time)

– between measurement equation parameters

– between spectral bands

• Propagate parameter-uncertainty to radiance 
uncertainty



Value / Expression Notes

Name of effect

Affected term in measurement function 

Channels / bands

1. Correlation type 

and form 

within scanline [pixels]

from scanline to 

scanline

[scanlines]

between images/orbits

[orbits]

Across time 

[appropriate time units 

e.g. days, months, 

years]

between channels / 

bands

1. Correlation scale

within scanline [pixels]

from scanline to 

scanline

[scanlines]

between images/orbits

[orbits]

Across time 

between channels / 

bands

Uncertainty PDF shape

Uncertainty units

Uncertainty magnitude

Sensitivity coefficient

Capture in an effects table
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Traceable uncertainty

• Traceability diagram, measurement centred
– to organise

– to document

• Branching structure reflects the nature of the 
problem

• Standardised “effects table” per “twig”
– systematic documentation

– this is codified into FCDR format

• Same for deriving higher-order products (CDRs)
– uncertainty from L1 is simply one of the effects in L2
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Use of FCDR uncertainties

• For model-observation comparisons in 
“observation space”

• For data assimilation

• For proper estimation of Climate Data Record 
uncertainties across spatio-temporal scales

– FIDUCEO exemplars



FIDUCEO FCDRs (L1) 
FCDR: fundamental climate data record (calibrated radiances) 

from which climate data can be derived



FIDUCEO CDRs (L2/L3) 
CDR: climate data record, the evidence base for high-level climate

information and services



Sharing the FCDR

• Full FCDR:
– Uncertainty data by 

correlation structure

• “Easy FCDR” with 
guidance

• Ensemble of 
realisations
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Aspiration

• Normal good practice is
– every FCDR has pixel-level uncertainty (error covariance) 

information …
– … based on measurement-equation-centred analysis as routine 

part of mission development
– CDR producers also undertake measurement-equation-centred

analysis …
– ... and propagate uncertainties in CDR products at all spatio-

temporal scales
– climate scientists believe and exploit the uncertainty in climate 

data and use it when creating climate information
– decision makers are informed of uncertainty in climate 

information, and have high levels of trust based on traceability


