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Summary

• FIDUCEO Project Uncertainty Analysis Methodology

• Application to OLCI L1 product

• Comments & Questions



Aims

FIDUCEO brings insights from metrology to the observation 
of Earth’s climate from space.

New versions of four key Fundamental Climate Data Records 
(FCDRs) will be created that include state-of-the-art 
information about observational uncertainty. We will 
demonstrate how to propagate that information to derived 
geophysical datasets — i.e., five important climate data 
records (CDRs) will be developed with traceable uncertainty 
and stability estimates.



Methods

• Measurement Function Centred Analysis
• Effects Table Reporting
• Consistent File format



Measurement Function Analysis



Uncertainty Tree

• Given the measurement equation we then need to investigate all the 
possible sources of uncertainty that feed into the final total

• Involves thinking about each term in the measurement function and 
breaking it down into all sub-processes down to the originating 
process for uncertainty

• We represent this process by an Uncertainty Tree Diagram
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+0 Term

• Appears in a number of places 

• Intended to force investigation of assumptions 
• To think about and characterize known unknowns
• Mostly via Type-B uncertainty estimates 

• Not measured but via expert knowledge (including modelling) 





Effects Table Reporting



Table descriptor Comments

Name of effect A unique name

Affected term in measurement function Name and standard symbol

Instruments in the series affected Identifier
Correlation type and form Pixel-to-pixel [pixels] One of the types

from scanline to scanline
[scanlines]
between images
[images]
Between orbits [orbit]
Over time [time]

Correlation scale Pixel-to-pixel [pixels] As needed to define type

from scanline to scanline
[scanlines]
between images
[images]
Between orbits [orbit]
Over time [time]

Channels/bands List of channels / bands affected Channel names

Error correlation coefficient matrix A matrix

Uncertainty PDF shape Functional form

units Units
magnitude

Sensitivity coefficient Value, equation or parameterisation of 
sensitivity of measurand to term



Error-Correlation – Why do we care?



Consistent File Format – Full & Easy FCDR



• Measurement Function Centred Analysis
• Effects Table Reporting
• Consistent File format

Methods



Application to S3/OLCI L1 



𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚 =
1

𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚
𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚

−1 𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑆𝑆 + 0

OLCI Level 1 Uncertainty Tree Diagram



𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚 =
1

𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚
𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚

−1 𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑆𝑆 + 0

𝑢𝑢(𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚)

Detector noise

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚
per pixel

OLCI Level 1 Uncertainty Tree Diagram



𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚 =
1

𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚
𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚

−1 𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑆𝑆 + 0

𝑢𝑢(𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚)

Detector noise

per calibration𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚
per pixel

𝑢𝑢(𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚)

Dark Scene Detector Noise

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

𝑢𝑢(𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚
−1 )

Non-Linearity Characterisation Error

Discretisation Error

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑁𝑁𝑁𝑁𝑔𝑔,𝑚𝑚
−1

per mission

Stability

𝑢𝑢(𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚) Smear Correction Error

OLCI Level 1 Uncertainty Tree Diagram



𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚 =
1

𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚
𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚

−1 𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑆𝑆 + 0

𝑢𝑢(𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚)

Detector noise

per calibration𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚
per pixel

𝑢𝑢(𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚)

Dark Scene Detector Noise

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝜕𝜕𝜕𝜕

𝑢𝑢(𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚
−1 )

Non-Linearity Characterisation Error

Discretisation Error

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑁𝑁𝑁𝑁𝑔𝑔,𝑚𝑚
−1

per mission 𝑆𝑆𝑆𝑆 = 𝑓𝑓 𝑋𝑋 , 𝑎𝑎 + 0

𝑢𝑢(𝑋𝑋)

𝑢𝑢(𝑎𝑎)

Neighbouring Pixel 
Detector noise

𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝑎𝑎

Straylight Model 
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Error

𝑢𝑢(0)

Straylight Model Error

𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

Stability

𝑢𝑢(𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚) Smear Correction Error
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𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚 =
1

𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚
𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚

−1 𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑆𝑆 + 0

per calibration𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚
per pixel

𝑢𝑢(𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚)

Dark Scene Detector Noise

𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚 =
𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚

−1 𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚
cal − 𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

𝐸𝐸𝜌𝜌SD cos 𝜃𝜃s + 𝑆𝑆𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚
cal + 0

per calibration
𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚
𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝜕𝜕𝜕𝜕

𝑢𝑢(𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚
−1 )

Non-Linearity Characterisation Error

Discretisation Error

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑁𝑁𝑁𝑁𝑔𝑔,𝑚𝑚
−1

per mission 𝑆𝑆𝑆𝑆 = 𝑓𝑓 𝑋𝑋 , 𝑎𝑎 + 0

𝑢𝑢(𝑋𝑋)

𝑢𝑢(𝑎𝑎)

Neighbouring Pixel 
Detector noise

𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝑎𝑎

Straylight Model 
Characterisation

Error

𝑢𝑢(0)

Straylight Model Error

𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

Stability

𝑢𝑢(𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚) Smear Correction Error

OLCI Level 1 Uncertainty Tree Diagram

𝑢𝑢(𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚)

Detector noise



𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚 =
1

𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚
𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚

−1 𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑆𝑆 + 0

𝑢𝑢(𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚)

Detector noise

per calibration𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚
per pixel

𝑢𝑢(𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚)

Dark Scene Detector Noise

𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚 =
𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚

−1 𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚
cal − 𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

𝐸𝐸𝜌𝜌SD cos 𝜃𝜃s + 𝑆𝑆𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚
cal + 0

per calibration
𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚
𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝜕𝜕𝜕𝜕

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝜌𝜌SD

BRDF Model Error

𝑢𝑢(𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚
−1 )

Non-Linearity Characterisation Error

Discretisation Error

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑁𝑁𝑁𝑁𝑔𝑔,𝑚𝑚
−1

per mission

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑆𝑆𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚
cal 𝑢𝑢(𝑆𝑆𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

cal ) Calibration Straylight Error

𝑆𝑆𝑆𝑆 = 𝑓𝑓 𝑋𝑋 , 𝑎𝑎 + 0

𝑢𝑢(𝑋𝑋)

𝑢𝑢(𝑎𝑎)

Neighbouring Pixel 
Detector noise

𝜌𝜌SD = 𝑓𝑓 𝜃𝜃s, 𝜙𝜙s, 𝜃𝜃v, 𝜙𝜙v, 𝑐𝑐 + 0

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝜕𝜕

𝜕𝜕𝜌𝜌SD
𝜕𝜕𝑐𝑐 𝑢𝑢(0)𝑢𝑢(𝑐𝑐)BRDF Characterisation Error

𝑢𝑢(𝐸𝐸)Solar Irradiance 
Error

𝑢𝑢(𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚)

Dark Scene 
Detector Noise

𝑢𝑢(𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚
−1 )

Non-Linearity Characterisation Error
Discretisation Error

𝑢𝑢(𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚)

Detector noise

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑁𝑁𝑁𝑁𝑔𝑔,𝑚𝑚
−1

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝑎𝑎

Straylight Model 
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𝑢𝑢(0)
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𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚 =
1

𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚
𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚

−1 𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑆𝑆 + 0

𝑢𝑢(𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚)

Detector noise

per calibration𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚
per pixel

𝑢𝑢(𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚)

Dark Scene Detector Noise

𝑢𝑢(0) Ageing?

𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚 =
𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚

−1 𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚
cal − 𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚 − 𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

𝐸𝐸𝜌𝜌SD cos 𝜃𝜃s + 𝑆𝑆𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚
cal + 0

per calibration
𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚
𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝜕𝜕𝜕𝜕

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝜌𝜌SD
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𝑢𝑢(𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚
−1 )

Non-Linearity Characterisation Error

Discretisation Error

𝜕𝜕𝐿𝐿𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑁𝑁𝑁𝑁𝑔𝑔,𝑚𝑚
−1

per mission

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑆𝑆𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚
cal 𝑢𝑢(𝑆𝑆𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

cal ) Calibration Straylight Error

𝑆𝑆𝑆𝑆 = 𝑓𝑓 𝑋𝑋 , 𝑎𝑎 + 0

𝑢𝑢(𝑋𝑋)

𝑢𝑢(𝑎𝑎)

Neighbouring Pixel 
Detector noise

𝜌𝜌SD = 𝑓𝑓 𝜃𝜃s, 𝜙𝜙s, 𝜃𝜃v, 𝜙𝜙v, 𝑐𝑐 + 0

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝜕𝜕

𝜕𝜕𝜌𝜌SD
𝜕𝜕𝑐𝑐 𝑢𝑢(0)𝑢𝑢(𝑐𝑐)BRDF Characterisation Error

𝑢𝑢(𝐸𝐸)Solar Irradiance 
Error

𝑢𝑢(𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚)

Dark Scene 
Detector Noise

𝑢𝑢(𝑁𝑁𝐿𝐿𝑔𝑔,𝑚𝑚
−1 )

Non-Linearity Characterisation Error
Discretisation Error

𝑢𝑢(𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚)

Detector noise

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑁𝑁𝑁𝑁𝑔𝑔,𝑚𝑚
−1

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑋𝑋𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐶𝐶𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝐴𝐴𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚

𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝑎𝑎

Straylight Model 
Characterisation

Error

𝑢𝑢(0)

Straylight Model Error

𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

𝑢𝑢(𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚)

Speckle

Diffuser Alignment

Stability

Ageing

𝑢𝑢(𝑆𝑆𝑏𝑏,𝑘𝑘,𝑚𝑚) Smear Correction Error

Smear Correction Error

OLCI Level 1 Uncertainty Tree Diagram



Comments & Questions
• Focus prelaunch on requirement compliance not scientific understanding

• Much, if not all, the work required scientifically is completed prelaunch but 
important information can be trapped in commercially sensitive documents

• Metrological consultation in early phase of mission can save a lot of work 
later – FIDUCEO-style analysis can help organise and prioritise work

• How to disseminate to users – file formats etc.
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