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GUM Methodology applied in CoMET tool 
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* The Seventh SeaWiFS Intercalibration Round-Robin Experiment (SIRREX-7), March 1999.

• Dark current noise

• Linearity of response

• Calibration/stability

• Straylight response

• Angularity of response

• Thermal response

• Polarization response

Instrument Characterization:
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Default branch measurements equations 

• 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 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.



Using Monte Carlo

• First, we need to identify our 

measurement function, 𝑓

• We need our inputs to the 

measurement function with their 

associated uncertainties

• Then we build samples of 𝑀 draws, 

based on known input correlation

• We run those samples through 𝑓

• 𝑢𝑐 𝑦  can be found from the statistics of 

the output



How FRM Uncertainties are Propagated

• We combine and process samples 

directly

• We calculate uncertainty (in theory) 

alongside the processor

• Correlations are engendered within 

the samples

• L2 uncertainties (𝑅𝑟𝑠, 𝐿𝑤, 𝑁𝐿𝑤), are 

calculated using distributions of Es, 

Li, Lt, & Rho which contain 

information of uncertainty and 

correlation



FRM Uncertainties – an example



HyperCP
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Variable Symbol Variable Name Uncertainty Source Class Based FRM

Correction Applied

𝐷𝑁light,𝐿𝑋
− 𝐷𝑁𝑑𝑎𝑟𝑘,𝐿𝑋

 

𝐷𝑁light,𝐸𝑆
− 𝐷𝑁𝑑𝑎𝑟𝑘,𝐸𝑆

Mean value of DNs measured 

by a single instrument at a 

“station”

Standard deviation calculated 

from statistics of filtered 

measurements

NA NA

𝑐cal Absolute Radiometric 

Calibration

Instrument specific 

characterisation
NA NA

𝑐stab Absolute Calibration Stability Instrument specific 

characterisation
NA NA

𝑐lin
Detector Non-Linearity Instrument specific 

characterisation
No Yes

𝑐stray
Spectral Stray Light Zong stray light correction 

method
No Yes

𝑐𝑇
Temperature Sensitivity Instrument specific 

characterisation
No Yes

𝑐pol
Polarisation Sensitivity 

(Radiance)

Class specific characterisation No No

𝑐cos Cosine Response (Irradiance) Instrument specific 

characterisation
No Yes



Uncertainty Results – PySAS sample data



Uncertainty Results – PySAS sample data
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/wind_speed=4.29

SZA =59.5



Cumulative Uncertainty breakdown
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Cumulative Uncertainty breakdown
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Cumulative Uncertainty breakdown
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Congratulation!

I finished and you survived ;-)
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