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UNCERTAINTY EVALUATION
> GUM - Law of propagation of uncertainty
> GUM supplement 1 — Monte Carlo Methods

GUM MCM
Ty, u(r)) —¢ 9x,(&1)
To, u(xs) Y = f(X) =y, uly) A —  dY=f(X) b A
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GUM ASSUMPTIONS AND RESTRICTIONS
> Output value has Normal distribution
> First order approximation applies to linear models

> Symmetric distribution of inputs Bureau
Infﬂ“fnﬂﬁﬂnﬂl dES - the intergovernmental organization through which Member States act together
. . . . H an matters related to measurement science and measurement standards.
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GUM Methodology applied in COMET tool WMet
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JCGM100:2008. Evaluation of measurement data - Guide fo the expression of uncertainty in measurement
JCGM101:2008. Evaluation of measurement data - Supplement 1 fo the Guide fo the expression of uncerfainty in measurement - Propagation of distributions using a Monte Carlo method.



Instrument Characterization:
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*  Dark current noise

*  Linearity of response

»  Calibration/stability

»  Straylight response

*  Angularity of response
*  Thermal response

*  Polarization response
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* The Seventh SeaWiFS Intercalibration Round-Robin Experiment (SIRREX-7), March 1999.
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Radiance, L;, L, Sea-surface reflectivity constant, p

Srad = DNLight — DNpark Psun — f(‘]" v, WS'AOD'LWWLSFW) +0 m et }

CoMet is a python toolkit, developed at
NPL, which is used to propagate

uncertainty using Monte Carlo
Propagation.

Psiy = f(4,6,w,, AOD, Ly,) + 0

—

Cstab = f (Ecall Ccal,t) +0

SCOT"?"

= Srad ClinCstray

P(A) = Paiey(@) + Peun(A)+ 0

Sea surface reflectance (p) —the
uncertainty of p comes from

Lear = ScorrCeal stab‘CTCpol +0

model error and uncertainty from

Instrument characterization - the
uncertainty contribution of non-
linearity, temperature, polarisation,

stray-light, & cosine response

the ancillary data it relies upon.
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Model error— Other sources
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for the processor.
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Default branch measurements equations

* [rradiance

Eq (A) = Eq (4) - Ccal (1) Cstab (4) Clin (4) Cstray (Der (A)fcos

* Radiance
Li(A) = Le(A) - ccar(D Cstap (D crin (A)Cstray (Der (A)Cpol(/u




Approach

Table 3. Summary information about each uncertainty component values for class-based approach (blue branch, Fig. 5)

Exemplary uncertainty magnitude for PDF Correlation Correlation between
class-based characterisation shape ‘coIT._ X 'corr__between'
. Variable
Variable symbol e/description
TRIOS HyperOCR
Mean wvalue of DNs
(Dﬂlighmx - DNdark.Lx) measured by a single Standard deviation calculated per Normal Random N/A
(DMighess — DNggyaess) | Instrument at a measurement from data statistics
“station”
Absolute  radiometric Uncertainty values from calibration
Ceal . ali . certificate divided by 2 to convert them back Normal Systematic Between all three instruments
calibration : .
into standard uncertainty, k=1
Absolute calibration .
Cotaly stability 1% Rectangular Systematic N/A
Clin Detector non-linearity 2% Normal Systematic Between all three instruments
Vary spectrally and per instrument due to
€ Spectral stray light difference in spectral shape of the Signql, Normal Systematic Between all three instruments
stray should come from the class-based stray light
file
fe Vary spectrally come from the class-based . .
cr Temperature sensitivity temperature sensitivity file Normal Systematic Between all three instruments
Vary spectrally and Vary spectrally and
Polarisation sensitivity per 1n ent to use per instrument triple . Between two radiance
Cpal . published data from Normal Systematic .
(Radiance only) . . values for TRIOS, as instruments
(Talone and Zibordi, shown in [AD-1]
2016)
Cosine response L. .. .
Cens (Irradiance only) Directional 3.5% Directional 2% Normal Systematic N/A




Approach

Table 3. Summaryv information about each uncertainty component for sea surface reflectance factor (o) estimation
using Mobley method to estimate the sea-surface reflectance factor (p).

&+

] ] Exemplary ] Correlation
Variable | Variable o uncertainty PDF shape {Curre}}atmn betwean
symbol name/deseription . COIT_X : :

magnitude corr_between
Caleulated for each |
< ok cast depends on all

o ca SUMtat® | jnput components, | Normal Random N/A

reflectance : .
especially wind
speed

W, Wind speed 2 ms! Normal Random N/A

Adh Relative azimuth 3° Normal Random® N/A

g, Solar zenith angle 0.5° Normal Random N/A

Difference between

+0 Model error Mobley and Zhang | Rectangular Systematic N/A

method




Default Branch CP Implementation Example NPL

Source of Input
Uncertainty Uncertainty
DNyignt Std (k=1)
DN a1k Std (k=1)

Ceal Tartu file » Occurs at L1B during dark correction, c.,, is taken from
c 19 Tartu file.
stab 0° - Time average DNy n: & DNgqry.
Clin 2% - Remaining coefficients are set to 1.
CR— FRM4SOC- « Measurement function is defined in python.
1 * Punpy generates samples from inputs and uncertainties.
Cromn Tartu file Runs M=10000 Monte Carlo uncertainty propagation

according to the GUM.
Ccos 2% - Output is divided by signal to generate relative uncertainty.
« Saved in the uncertainty budget group.

Progress Meeting 6 21.09.2022 11



Using Monte Carlo

 First, we need to identify our
measurement function, f

 WWe 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

* u.(y) can be found from the statistics o

the output

(o}

GUM Methodology applied in COMET tool ®@mMet
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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 (R,5, Lw, NLw), are
calculated using distributions of Es,
Li, Lt, & Rho which contain
information of uncertainty and
correlation

Noise—{ u(DNLight.t) u(DNpark,Lt)

— Noise

35, 351
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characterisation

error
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Non-linearity I
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aL,
JClin1q)

Model error,
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calibration

error

u(0)

L. = SLthal,LtCstab,LtClin,LtCT
1 1

LtCstray,Lt Cpol Lt +0

Calibration error —{u(ccq) )

Stability error —— u(ﬂ'stab,u)

Temperature
dependence OLicq)
. : u(CT.u) )
characterisation cr,
error
Polarisation dependence
characterisation error u(CPOLH)




FRM Uncertainties — an example

L.,(6,Ap,6,)=L;(68,Ap,60,) —p(6,Ap,8,, W)L;(6', Ag,6,) + 0

aLy

)

Model error,

u(0)

— Environmental

effects




HyperCP

Variable Symbol Variable Name Uncertainty Source

DNlIghtL — DNaari LX
(D N lightes — DN dark,Es)

Ccal

Cstab

Clin

Mean value of DNs measured
by a single instrument at a
“station”

Absolute Radiometric
Calibration

Absolute Calibration Stability
Detector Non-Linearity
Spectral Stray Light
Temperature Sensitivity
Polarisation Sensitivity

(Radiance)
Cosine Response (Irradiance)

Standard deviation calculated
from statistics of filtered
measurements

Instrument specific
characterisation

Instrument specific
characterisation

Instrument specific
characterisation

Zong stray light correction
method

Instrument specific
characterisation

Class specific characterisation

Instrument specific
characterisation

NA

NA

NA

No

No

No

No

No

Class Based m
Correction Applied

NA

NA

NA

Yes

Yes

Yes

No

Yes




Relative Uncertainty (%)

Uncertainty Results — PySAS sample data

Uncertainty_with_Zong_Correction -

Full Correction for ES

Seabird HyperOCR

NPL
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Uncertainty Results — PySAS sample data

Rrs Uncertainty (%)
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ES Class Based Uncertainty Components at 441.86nm
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Cumulative Uncertainty breakdown

Relative Uncertainty (%)

Class-Based branch Breakdown of ES Uncertainties
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LI Class Based Uncertainty Components at 441.86nm
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Cumulative Uncertainty breakdown

Relative Uncertainty (%)

Class-Based branch Breakdown of LI Uncertainties
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FICE2025
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LT Class Based Uncertainty Components at 560.32nm
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Cumulative Uncertainty breakdown

Relative Uncertainty (%)

Class-Based branch Breakdown of LT Uncertainties
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Rrs Class Based Uncertainty Components at 441.86nm
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Congratulation!

| finished and you survived ;-)
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