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“It is critical that data and derived products are easily accessible in an 

open manner and have associated with them an indicator of their quality 

traceable to reference standards (preferably SI) to enable users to 

assess its suitability for their application, i.e. its fitness for purpose.”
Principle



QA4ECV 
Project
J. Nightingale et al., Remote 
Sens., vol. 10, no. 8, Aug. 
2018.

C3S EQC Project
J. Nightingale et al., Remote 
Sens., vol. 11, no. 8, Aug. 2019.

QA Framework Heritage
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Generate metrologically-rigorous data products

Resources at (www.qa4eo.org)
• Documents summarising the

framework, and how it can be
applied to your projects

• Introductions to metrology and
uncertainty analysis

• Software tools for applying the
QA4EO approach

• Case studies

http://www.qa4eo.org/


Uncertainty tree diagram

Earth observation metrology 
techniques developed within the 

H2020 FIDUCEO project 
(www.fiduceo.eu)

Metrological concepts 
for EO

Effects tables

Error-covariance 
structure

uncertainty distribution

http://www.fiduceo.eu/


An analysis phase: 
collection of the 
Cal/Val 
requirements for 
current and future 
Sentinel missions 
and survey of 
existing or planned 
sources of 
calibration and 
validation data

A synthesis phase: 
Recommendations 
and Solution for the 
Copernicus program 
and elaboration of 
reference scenario 
for the
implementation of 
this solution.

To define a holistic 
solution for all 
Copernicus Sentinel 
missions (op. or pl.) 
to overcome current 
limitations of Cal/Val 
activities.

https://ccvs.eu

https://ccvs.eu/


Identified gaps in Cal/Val Methods
Standards
o Definition of a standard for classification confidence, to allow for full product compatibility and

comparability.
o Development of a community accepted standard for geo-spatial uncertainties for regrided/reprojected

products.
o Define standard for thematic classification uncertainties.
Uncertainties
o Propagation of per-pixel radiance uncertainty (at L1/L2) to the final derived product (GUM).
o Uncertainty propagation needs to consider the assumptions made by retrieval algorithms and all

uncertainties from input products (metrological approach)
intercomparisons
o For the inter-comparisons, comparisons need to be done in the context of their associated uncertainties and

the need for the development of robust statistical comparison methods for non-simultaneous products
(FRP)

Roadmap
o Develop a framework for the generation of FRM fire data by establishing protocols to ensure full traceability

– a CEOS approved good practice guide?
o Define a community-based roadmap for FRP products to achieve CEOS Level-4 validation status.



Uncertainty characterization of the Sentinel 3 L2 FRP product 
by expanding the metrological concepts developed in the FIDUCEO project to L2 and L3 products 

SLSTR Level 1 
Uncertainty Tree 
diagram

C3S FRP Level 2 Uncertainty Tree diagram

C3S FRP Level 3 Uncertainty Tree diagram

Courtesy of 
S. Hunt (NPL)



C3S BA Level 3 product 
Uncertainty Tree diagram

Courtesy of J. Fahy (NPL)

Uncertainty characterization of the Sentinel 3 L3 BA product 
by expanding the metrological concepts developed in the FIDUCEO project to L2 and L3 products 

OLCI Level 1 Uncertainty 
Tree diagram
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RMS – root mean squared error of unmixing
𝑓𝑓𝑖𝑖 – abundance of an endmember in pixel 𝑖𝑖
𝑁𝑁 – total number of pixels in the scene
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Framework to 
characterize the 
impact of 
uncertainty on 
LC abundance

The scenarios are run for a
range of random (x axis in
the RMS plots in the
Results section) and
systematic (different line
types in the RMS plots in
the Results section)
relative uncertainties for
reflectance.

Other effects to consider:
• Inter-class variability
• Geometric uncertainty
• PSF
• Atmosphere



‘rollover’

min

Probability density distribution function of MSG – SEVIRI FRP
detection (red) and associated power law fit (black dash) and
MCD14 (blue) for the period of (2009-2013) for a 3 by 3 MSG pixel
size area over Central African Replublic.

Mota et al., 2016

‘rollover’

p-l exponent

(temporal context)

Landcover type dependent?

Angular effects?

FRP inter-comparison 
Framework

“FRE”Mota and Wooster., 2018

In Polar mission products 
detections capture snapshots 
of the daily cycle -> lack of  
spatial consistency

• Relation between the high-medium-low 
energy releases is the same, 
independent of #detections

• Area under the curve is Fire Radiative 
Energy (FRE) -> model for L4 FRP 
products

(spatial context)



Northern Africa Western Africa

NH South America Southeast Australia

(0.5 degree cells using only 3 month of outdated processing S3 FRP product)

Ex: S3 L2 FRP evaluation

PDF based on an 
Inverse gamma 

distribution



BIPM-WMO Workshop 



THANK YOU



MEASURAND

TRACEABILITY

UNCERTAINTY

STORE 

CALCULATE

generate metrologically-rigorous data products
applicable to:

Resources at (www.qa4eo.org)
• Documents summarising the

framework, and how it can be
applied to your projects

• Introductions to metrology and
uncertainty analysis

• Software tools for applying the
QA4EO approach

• Case studies

The Quality Assurance framework for Earth Observation (QA4EO) was established by the Committee on
Earth Observation Satellites (CEOS) to define processes and procedures to achieve the QA4EO principle.

“Fundamental Data Records (FDRs)
is a record, of sufficient duration for its application, of 

uncertainty-quantified sensor observations calibrated to 
physical units and located in time and space, together with all 

ancillary and lower-level instrument data used to calibrate 
and locate the observations and to estimate uncertainty.”

“Thematic Data Products (TDPs)
is a record, of sufficient duration for its application, of 

uncertainty-quantified retrieved values of a geophysical 
variable, along with all ancillary data used in retrieval and 

uncertainty estimation.”

“Fiducial Reference Measurements (FRMs)
are a suite of independent, fully characterised, and traceable 

sub-orbital measurements that follow the guidelines outlined by 
the GEO/CEOS Quality Assurance framework for Earth 
Observation (QA4EO) and have value for space-based 

observations.”

http://www.qa4eo.org/


L2 L3

L4

Identified 52 fire products (BA, AF, FRP), 
global or hemispherical cover), analysis 
focused only the operational (NRT, NCT)
• Documentation (PUM, ATBD, QA)
• Service Architecture
• Format, resolutions and metadata
• Uncertainty
• Validation
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