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Introduction
Objectives:

• Provide end-to-end uncertainty budget calculation for Ocean Colour Radiometry

• Finalise the uncertainty budget evaluation started  in FRM4SOC project (Bialek et al. 2020)

• Apply uncertainty evaluation in community processor

• Provide an easy to follow user guide, so everybody can propagate their own uncertainty.
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https://jcgm.bipm.org/vim/en/2.26.html
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Methodology and resources

• The International Vocabulary of Metrology (VIM)
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“a non-negative parameter 
characterizing the dispersion of the 
quantity values being attributed to a 
measurand, based on the information 
used.”

“the measured quantity 
value minus a reference 
quantity value.”
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Methodology and resources

• the Guide to the expression of Uncertainty in Measurement (GUM) 
and its supplements  

06.12.2022 5FRM4SOC Workshop

𝑢2 𝑦 =  𝑐𝑖
2𝑢2 𝑥𝑖 + 2   𝑐𝑖𝑐𝑗𝑢 𝑥𝑖 , 𝑥𝑗  

𝑁

𝑗=𝑖

𝑁−1

𝑖=1

𝑁

𝑖=1

 , 

The Law of Propagation of Uncertainties 

Monte Carlo Method



Funded by the European Union

Copernicus – Fiducial Reference Measurements for Satellite Ocean Colour – FRM4SOC Phase-2

Resources – Uncertainty tree diagrams 
FIDUCEO (FIDelity and Uncertainty in Climate data records from Earth Observations)
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Resources – Effects tables
FIDUCEO (FIDelity and Uncertainty in Climate data records from Earth Observations)
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Antoine at al, ROSACE, 2020

Not considered yet

Correlation between effects, 
added 
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Uncertainty processing instrument aspect
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Interesting point raised at S3VT, 
how to deal with patrial instrument
characterisation cases.
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GUM Methodology applied in CoMET tool 
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Default branch measurements equations 
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• Irradiance 

• Radiance 

𝐸𝑑 𝜆 = 𝐸𝑑 𝜆 ∙ 𝑐𝑐𝑎𝑙 𝜆 𝑐𝑠𝑡𝑎𝑏 𝜆 𝑐𝑙𝑖𝑛 𝜆 𝑐𝑠𝑡𝑟𝑎𝑦 𝜆 𝑐𝑇 𝜆 𝑓𝑐𝑜𝑠

𝐿𝑡 𝜆 = 𝐿𝑡 𝜆 ∙ 𝑐𝑐𝑎𝑙 𝜆 𝑐𝑠𝑡𝑎𝑏 𝜆 𝑐𝑙𝑖𝑛 𝜆 𝑐𝑠𝑡𝑟𝑎𝑦 𝜆 𝑐𝑇 𝜆 𝑐𝑝𝑜𝑙 𝜆
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Default processing (branch) contains class based 
instrument characterisation files 
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Variable symbol Variable name/description
Uncertainty

TRIOS HyperOCR

ഥ𝐿𝑡 , ഥ𝐿𝑖 , 𝐸𝑑
Mean value of radiometric quantity

measured by a single instrument
Random noise calculated from the cast statistics

𝑐𝑐𝑎𝑙 Absolute radiometric calibration
Uncertainty values from calibration certificate divided 

by 2 to convert them back into standard uncertainty, 

k=1

𝑐𝑠𝑡𝑎𝑏 Absolute calibration stability 1%

𝑐𝑙𝑖𝑛 Detector non-linearity 2%

𝑐𝑠𝑡𝑟𝑎𝑦 Spectral stray light
Vary spectrally and per instrument due to difference in 

spectral shape of the signal, should come from the class-

based stray light file

𝑐𝑇 Temperature sensitivity
Vary spectrally should come from the class-based 

temperature sensitivity file, 

𝑐𝑝𝑜𝑙 Polarisation sensitivity (Radiance only)

Vary spectrally and per 

instrument to use 

published data from 

(Talone and Zibordi, 2016)

Vary spectrally and per 

instrument triple values 

for TRIOS , as shown by 

Tartu

𝑓𝑐𝑜𝑠 Cosine response (Irradiance only) Directional 3.5% Directional 2%



Funded by the European Union

Copernicus – Fiducial Reference Measurements for Satellite Ocean Colour – FRM4SOC Phase-2

Default Branch CP Implementation Example
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𝐸𝑠 = 𝐷𝑁𝑙𝑖𝑔ℎ𝑡 − 𝐷𝑁𝑑𝑎𝑟𝑘 𝑐𝑐𝑎𝑙𝑐𝑠𝑡𝑎𝑏𝑐𝑙𝑖𝑛𝑐𝑠𝑡𝑟𝑎𝑦𝑐𝑡𝑒𝑚𝑝𝑐𝑐𝑜𝑠

Source of 
Uncertainty

Input 
Uncertainty

𝐷𝑁𝑙𝑖𝑔ℎ𝑡 Std (k=1)

𝐷𝑁𝑑𝑎𝑟𝑘 Std (k=1)

𝑐𝑐𝑎𝑙 Tartu file

𝑐𝑠𝑡𝑎𝑏 1%

𝑐𝑙𝑖𝑛 2%

𝑐𝑠𝑡𝑟𝑎𝑦 FRM4SOC-1

𝑐𝑡𝑒𝑚𝑝 Tartu file

𝑐𝑐𝑜𝑠 2%

• Occurs at L1B during dark correction, 𝑐𝑐𝑎𝑙 is taken from Tartu file.
• Time average 𝐷𝑁𝑙𝑖𝑔ℎ𝑡 & 𝐷𝑁𝑑𝑎𝑟𝑘 .

• Remaining coefficients are set to 1.
• Measurement function is defined in python.
• Punpy generates samples from inputs and uncertainties.
• Runs M=10000 Monte Carlo uncertainty propagation according to 

the GUM.
• Output is divided by signal to generate relative uncertainty.
• Saved in the uncertainty budget group.
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Example results per pixel 
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Example results per pixel Li and Lt
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S3 band integrated values 
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•
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FRM processing (branch)
Under construction 
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New calibration files 

• Include lamp irradiance and reflectance standard data

• Dark corrected DNs at two international times for - non-linearity 
correction

06.12.2022 17FRM4SOC Workshop



Funded by the European Union

Copernicus – Fiducial Reference Measurements for Satellite Ocean Colour – FRM4SOC Phase-2

06.12.2022 18FRM4SOC Workshop



Funded by the European Union

Copernicus – Fiducial Reference Measurements for Satellite Ocean Colour – FRM4SOC Phase-2

Cosine correction 
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For bad cosine diffuser maybe 
recommend modelling Ed
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Sun and sky glint removal
uncertainty effects of 𝜌
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Comparisons of three 𝜌 models
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Wind speed 0.5 m/s
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Zhang models uncertainty only as input to Rrs
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Next steps

• Focus on FRM processing and application of correction for individual 
instrument characteristics

• Run CP thought various data sets and perform “Magnitude  of error 
study” for example of the impact Temperature effects for a wide 
range  0-40 degrees

• Implement BRDF correction in to CP
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Conclusions
• We have a tool to propagate uncertainties that is incorporated into a community 

processor we still working on uncertainty estimation for some contributors
• We have a growing knowledge base and test results of instrument 

characterisation tests, that are use to robustly estimate instrument related errors
• We work on developing an instrument based corrections for majority of 

instrument related effects (FRM branch in community processor), sometimes we 
have to change our approach due to test results 

• We did some simulation on inputs components of  𝜌 factor and comparison of 
different models Mobley and Zhang to try to estimate uncertainty associate with 
𝜌

• We work toward a practical guide for the user community. Please talk to me, if 
you have any suggestions on how to make easier for you.
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Thank you 
Agnieszka Bialek

agnieszka.bialek@npl.co.uk
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