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

OUTLINE
* HyperCP a brief introduction

e Uncertainty evaluation what is different from the lab
calibration

* Uncertainties in HyperCP

Measurement uncertainties
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eoe HyperCP Main v1.2.1 g A H g p e rC P
/# HypercP

Raw Ancillary
- A
L1A

Select/Create Configuration File Translate Optional
o sample_SEABIRD_pySAS.cfg Raw LO

New Edit Delete m
% 4
Input Data Parent Directory /Users/daurin/Projects/HyperCP/Sample_Data /

Key

AA~A Mimic Input Dir. vwv L1AQC
Output Directory [Users/daurin/Projects/HyperCP/Sample_Data/M99SS/v12/pySAS_Factory | st
nge
Y
Ancillary Data File (SeaBASS format; MUST USE UTC) ) Anci"ary
[Users/daurianrojec(slHyperCP/Sample_Data[FICE22_pySAS_AnciIIary.sb| m
Add Remove Mmuth
Level O (Raw) --> Level 1A (HDF5) F“ter
Rotator Abs
L1A --> L1AQC
Azimuth
Single-Level Processing L1AQC --> L1B Fllte
L1B --> L1BQC
L1BQC --> L2
Multi-Level Processing Raw (BIN) ----- >> L2 (HDF5)

Suppress pop-up window on processing fail?

Updat.e
https://github.com/nasa/HyperCP Uncertainty
* See README for instruction/description Dark Corvect =

* See Discussion for support s

* See Issues for reporting characterizations

Match Match
Timestamps @@ Wavebands

Measurement uncertainties
in processing field data with
HyperCP.
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Methodology and resources

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

N N-1 N
== 2 — 2,,2
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N oy fuK, . X)) The Law of Propagation of Uncertainties

- AN
S — Measurement model

Output quantity

A* \ AHUDEI‘CP

rroreffects Inputquantities M onte Carlo Method

Bureau
RRRRRRRRRRR II"Ii"EI"I"IUfIUHﬂl dES - the intergovernmental organization through which Member States act together
. P EEEEEEEEEEEEEE OoemlCUS PGidS et on matters related to measurement science and measurement standards.
http://www.bipm.org/en/publications gwdes/
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WMet
CoMet Toolkit

The CoMet Toolkit (Community Metrology
Toolkit) is an open-source software project to
develop Python tools for the handling of error-
covariance information in the analysis of

measurement data.
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https://www.comet-toolkit.org/

About Tools¥ Examples News People Q

import xarray as xr
import obsarray
from punpy import MeasurementFunction, MCPropagation

# read digital effects table
ds = xr.open_dataset("digital_effects_table_gaslaw_example.nc")

# Define your measurement function inside a subclass of MeasurementFunction
class IdealGasLaw(MeasurementFunction):
def meas_function(self, pres, temp, n):
return (n *temp * 8.134)/pres

# Create Monte Carlo Propagation object, and create MeasurementFunction class

# object with required parameters such as names of input quantites in ds

prop = MCPropagation(10000)

gl = IdealGasLaw(prop, xvariables=["pressure", "temperature", "n_moles"],
yvariable="volume", yunit="m"3")

# propagate the uncertainties on the input quantites in ds to the measurand
# uncertainties in ds_y (propagate_ds returns random, systematic and structured)
ds_y = gl.propagate_ds(ds, store_unc_percent=True)

)
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GUM Methodology applied in COME

v
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random systematic
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JCGM100:2008. Evaluation of measurement data - Guide fo the expression of uncertainty in measurement
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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.



Traceability of radiometric measurements is jeopardized in the field...

copernicus.eumetsat.int

Calibration NPL

Mational Physical Laboratory

‘operation that, under specified conditions, in a first step, establishes a

relation between the quantity values with measurement uncertainties

provided by measurement standards and corresponding indications with .
associated measurement uncertainties and, in a second step, uses this |
information to establish a relation for obtaining a measurement result

from an indication.”
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http:/fjcgm_bipm.org/vim/en/index._htm
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' Radiance, L;, L, Sea-surface reflectivity constant, p "

* Sraa = DNiight — DNpari Psun = [(A,6,Ws, AOD, Loy, Lsky) + 0 et -
CoMet is a python toolkit, developed at

Psky = f(2,6,w,, AOD, Lgy.,) + 0

NPL, which is used to propagate

uncertainty using Monte Carlo
,0(‘;[) = psky(‘l) + psun(l)'l' 0

Cstab = f (":r:a!! Ccu!,t) +0

Propagation.

Scorr - Sradclincstray

Sea surface reflectance (p) —the
uncertainty of p comes from
model error and uncertainty from
the ancillary data it relies upon.

Lw(ﬂ, A¢'r gs) = Lt (61 A¢! Bs) — P (61 ﬂ(f), 60! Wsti (9 ,, ﬂ.¢, 65)

Lear = SecorrCeal stab‘CTCpol + 0

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

stray-light, & cosine response

Model error — Other sources
of uncertainty can be
+ 0 included as a model error

for the processor.

Ly (6,A9,6,,60, W)
Ed (95)

Rrs(Bl ﬂ¢, 95) =

Irradiance, .
E; Cstap = F(Ceats Cear,e) + 0 Eq (Bs) = deETTECaI(HS)-I_ (1 - fdirr) Ecar cgs)fhcas +0 feos = f- +0
[ 1 |
1§ = DNLight - DNDark ; B
E— -
S = 5S¢y, C E I:S CBJC' b‘CT_I_O fhcas:J’ 7_SHI(ZB)dB_I_ﬂ
corr Iin“stray ca corr-cal-sta fdirr _ f ( A0 D, Aerosol mode 1) +0 0
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[nput Data (L1AQC)

Yes
Y
/ Full FRM / Factory
. . IELEMENVED BY Z&> UNIVERSITY o TARTU - Consighio
Measurement uncertainties B st (opemics @ EumETSAT O tanuObservatory v, 2oSlence g NPLBE 20-21.05.2025

in processing field data with
HyperCP.



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

HyperOCR

TriO5

3

Class-specific
uncertainties

propagated

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 ‘oot X 'corr between'
. Variable
Variable symbol name;deseription
TRIOS HyperOCR
( ) Mean value of DNs
DMighery — DNgari1y) | measured by a single Standard deviation calculated per
(DMNighes = DNaarkzs) ir::xt'illmsnt at a measurement from data statistics Homal Bande A
on
) ; Uncertainty values from calibration
o Absolute | FadioMetTic | certificate divided by 2 to convert themback | Normal | Systematic | Between llthree instruments
into standard uncertainty, k=1
sk ;\t:ioﬂl::‘te catbration 1% Rectangular |  Systematic N/A
Qin Detector non-linearity 2% Normal Systematic | Between all three instruments
Vary spectrally and per instrument due to
o difference in spectral shape of the signal, . ‘
Gy Spectral stray light kil i T i e hesed ki Bt Normal Systematic | Between all three instruments
file
cr Temperature sensitivity Vary smﬁfggs%t‘gfvcg?m Normal Systematic Between all three instruments
Vary spectrally and
| perinstumenttouse | VoD Spectallyand |
c Polarisation sensitivity ublished data from | PET instrument triple Nosil Systematic Between two radiance
2 (Radiance only) (er alone and Zibordi, | Y210es for TRIOS, as instruments
* | shownin[AD-1]
2016)
Cosine response T — ’
Gooi (ki) Directional 3.5% Directional 2% Normal Systematic N/A
fmon (opericus @ EUMETSAT M Tartu Obsenvatory o, mosdene  @gms~ NPLE 201052025

11



Default ; for Satellite Ocean Colour — FRM4SOC Phase-2

regime

HyperOCR. Tri0s

Sirrex-7*
RadCal
uncertainties

Class-specific
uncertainties
propagated

Non-FRM-compliant

* The Seventh SeaWiFS Intercalibration Round-Robin Experiment (SIRREX-7), March 1999.
with large uncertainties

N

I UNIVERSITY of TARTU . EOScieII(’e @ﬁ‘onwhu
Y Tartu Observatory SmocKuANN S————

e NPLEl 70-21.05.2025
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¥
Full FRM
regime Characterisation file for each instument
¥ 41
HyperOCE Tri0s
—| ® angular 04/04/2023 17:05 File folder
l o linearity 0470472023 1705 File folder
Instrument o pol 04/04/2023 1705 File folder
based @ radcal 04/04/2023 17:05 File folder
correction
@ stability 04/04/2023 1705 File folder
. v o straylight 04/04/2023 17:.05 File folder
' Instrument-specific o thermal 0470472023 1705 File folder
uncertainties —
propagated
v
FRM-compliant with
small uncertainties
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Input Data (L1AQC)

/ Full FRM / Factory

HyperOCR Trios HyperOCR Trios HyperOCR Trios

Sirrex-7*
RadCal
uncertainties

Instnument
based
correction

Residual Class-specific 01355‘513.3’:_‘&.
uncertainties uncertainties uncertainties

propagated propagated

vrovg‘gaed

FRM-compliant Non-FRM
with small compliant with
uncertainties large uncertainties
Full characterisation FRM Class based Non-FRM Class based Factory

(SeaBird only) (TriOS only)

20-21.05.2025 * The Seventh SeaWiF§ Intercalibration Round-Robin Experiment (SIRREX-7), March }9499
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_ Improved Precision and Uncertainty Estimation.
' . ,
o .

vl.1l:

Full-FRM Instrument Characterization
T T I

—_— v No instrument-specific characterizations,

corrections, or uncertainty

v Only environmental variability and
uncertainty course estimate for the glint
correction (Mobley 1999).

v1.2 Class-based:

v’ Class-based (Sea-Bird, TriOS)
characterizations and uncertainties (no
corrections) in addition to environmental
variability.

v' Monte Carlo estimates of uncertainty for
glint correction.

v1.2 Full-FRM:

550 600 650 . g . .
Wavelength [nm] v’ Instrument-specific characterizations,
corrections, and uncertainties applied in
addition to environmental variability.

v' Monte Carlo estimates of uncertainty for
glint correction.

EARTH SCIENCES Slide in courtesy of Dirk Aurin
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K’:’broved Precision and Uncertainty Estimation.

P st " " .‘
2

.

Measurement Measurement Uncertainty

——v1.1
——v1.2 Class-FRM

Ry R

550 600 350 400 450 500 550 600

% Unc.

2l bsuirend Shighateseaokifistran e hinaotd izatiertion;

most accurate (and precise)

550 600 450 500 550 600 700 750

% Unc.

4
o I
0
3
8
6
4
2

e

0 e
550 600 350 400 450 500 550 600
v1.1 overestimates; glint uncertainty poorly parameterized

500 550 600 650 350 400 450 500 550 600 650
Wavelength [nm] Wavelength [nm]

EARTH SCIENCES Slide in courtesy of Dirk Aurin
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- Uncertainty Breakdowns for Class-based

P *
” L

X

L 4

Ll

Lw Class Based Uncertainty Components at 443.05nm Lw Class Based Uncertainty Components at 559.98nm Lw Class Based Uncertainty Components at 673.47nm

tho Cal rho

Lw Class Based Uncertainty Components at 440.78nm

rho

pol

‘
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Key message to remember

* No absolute radiometric calibration uncertainty —
no uncertainty in is situ data

* For TRIOS and SeaBird radiometric calibration files with two
dark — corrected DN values recorded at two integration time
allow us to apply non-linearity correction
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