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fiducial reference \
measuremen ts for ;
satellite ocean colour

FRM4SOC (Phase 1) 2016 - 2019

« Initiated, funded and coordinated by ESA
 In a series of several other FRM projects
« https://frm4soc.org

FRM4SOC Phase 2

* Project kick-off 8 April 2021

 Funded by the EU and coordinated by EUMETSAT

« Project end March 2023 (24 months)

« Two optional 12 month extensions may be granted
« https://frm4soc2.eumetsat.int/
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Fiducial Reference Measurements for Satellite Ocean Colour

% remote sensing
a Andrew Clive Banks, Christophe Lerebourg, Kevin Ruddick,

Gavin Tilstone and Riho Vendt (Eds.)

The results of the FRM4SOC project are published as a special

issue of the MDPI journal Remote Sensing.

Fuduaal Reference
Measurements Open Access
for Satellite Book (Hard Cover): ISBN 978-3-03943-064-2 (Hbk)
PDF: ISBN 978-3-03943-065-9 (PDF)
https://doi.org/10.3390/books978-3-03943-065-9
Andrew Clive Banksxchristo%haevitneﬁt;f:nrg,a‘;e;;ni:zgéi{i Individual papers (web page of the special issue)
© 2020 by the authors; CC BY licence

Printed Edition of the Special lssue Published in Remote Sensing
. messurcment c ¢CSa
www.mdpl mm.‘]r-.lrr\nL'remn-!v.;n:An[z || t

FRM450C Phase 1

Ocean Colour
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Goals of the FRM4SOC Phase 2

Ensure the adoption of FRM principles across the Ocean Colour community.

« FRM4SOC-2 builds on the outcomes from earlier studies in the field
and the first FRM4SOC study managed by ESA
« Will establish a network of radiometric measurements with the FRM certification.

\ bz - L
Measurements q

for Satellite

Ocean Colour

Guidelines to obtain FRMs must be clear and as straightforward as possible.
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FRMOCnhet (network of radiometric measurements with FRM certification)

(

FRMOCnet Entity Relationship Model (ER model) FRM4SOC Phase 2
gl H5 : MOCnet focus on two most common
S| <§__f_,_> : Measurement | | =
Crroocol > Scientist(s) | | OCDB Ocean Colour Radiometer (OCR) types
‘0 S ; : \ metadata
@acidm f Acquisition : ‘ |
[ Calibration Lab ‘ ' Protocol .
{ Measurement . - - .
| Platform | TriOS-RAMSES Sea-Bird HyperOCR
: Rad|ometer } < acquire data ;{T-—MR;-\NM(;;(:-—-‘- OCDB EXU::tzous , . ‘ : l y :

TN
hﬁi‘/ [ Data Processor ]
@iai N@ [
Cal data
"‘> Reflectance @tava’ue EOCDB

measurements — ' —» USERS

...':‘ ' aner(al—nt FR;M
fa 2 | s | o
museum

Roya [{rlg‘,i:‘m Institute of Natural Sciences

5

— 0 e c= 0 - I W = 1] D — IS . BB NI " i2 E1 B o= i 1%l



7t Sentinel 3 Validation Team Meeting 2022 o

EUROPEAN UNION ‘ OngHICU§ G EUMETSAT
18-20 October 2022 | ESA-ESRIN | Frascati (Rm), Italy

OCR Calibration and characterisation (presentation following)

1. Absolute calibration for radiometric responsivity Example of the calibration hIStOFy 5@\ .”“. g
2. Long term stability 11 _ * &
3. Stray light and out of band response TriOS RAMSES —e—35970m

—8—601,3 nm

799,3 nm

o
v

5. Angular response of irradiance sensors in air
6. Response angle (FOV) of radiance sensors in air

7. Non-linearity ‘ o
8. Accuracy of integration times \:-

0,95

9. Dark Slg nal 01.01.2015 31.12.2016 31.12.2018 30.12.2020 30.12.2022
10. Thermal sensitivity Calibration Date

11. Polarisation sensitivity v Sea-Bird Hvber OCR
12. Temporal response P

4. Immersion factor (irradiance) n ﬁf}j
4b.Immersion factor (radiance) ' %
‘\W

[

Relative change

—8—398,7 nm

—8—599,5 nm

13. Wavelength scale - l Jos0m
14. Signal-to-noise ratio
15. Pressure effects

1 | P
« Characterisation of instruments \<\/\/ >
e Guidelines for laboratories

Relative change

0,95

° Laboratory Comparison ‘/IOCCG Protocol Series 2019 0201.2016  01.01.2017 01012018 01012019 01012020  31.12.2020

Calibration Date
Vabson, et al. 2019
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¢CCG | A Measurement Procedure for shipborne el

operation of the TriOS RAMSES and 64
Oce‘“foptics&Biogeochemistfyl_,rot‘_’colsfor SeaBirdlsatIantic HyperOCR radiometers \1/ Lo A'n:ﬁ'\‘
Satellite Ocean Colour Sensor Validation to obtain Fiducial Reference Measurements . I

0. Radiometer { 0. Radiometer 0. Sunphotometer
1. Tile 3} 1 q il i nd BRDF = 1. ic mods
Volume 3: Protocols for Satellite Ocean Colour Data M P Ro C by S ' s
Validation: In Situ Optical Radiometry (v3.0) 4. Unstableillumination 4. Shading | 4. Shading
5. Foulin, " i 5. Fouling
6. Unstable illuminat ! 6. Unstable illumin

T
Measurement uncertaint
Atithors easureme certainty
Giuseppe Zibordi, Kennetls |. Vass, B. Carol Johmson and James L. Mueller Hiducial Keterence Measurements of water-leaving radiance
i

« Elaboration of the IOCCG and FRM4S0OC-1

F remote sensing (MDPY) fixed depths profiling
L\, = Edl)

Reviewo I: r : t I N% fe.. -L "
. — . . . . - S .
e e e G iy « In form of clear and prescri ptlve gu idelines | i o | ‘_‘\_{;:\;{'1

[ 1
Above water ° Skylight blocked

Measurements of Water-Leaving Radiance for

Validation of Satellite Remote-Sensing Data . Examp|es of Comp|ete uncertainty ana|ysis Lt

over Water . ) . T ort e o apolation. . T i
. " . skylig ading
ST ‘ following FRM principles
Kevin G Ruddick % ,.l\en.neth Vofs. % Wmuel Boss *, Alexandre Castagna ‘: Robert Frouin ¥, 3. Shading 3. Shading 3. shading 3. Fouling
Alex Gilerson 8 Martin Hieronymi 7, B. Carol Johnson %, Joel Kuusk ’, Zhongping Lee 10, 4. Fouling 4, Fouling 4. Fouling 4. Unstable illuminati
Michael Ondrusck ™, Viktor Vabson ” and Riho Vendt * 5. Depth 5. Depth 5. Unstable illumination
6.7 i 5. ittance 6. BROF
P l?. Unstable i ination'7. Unstable illuminationi7, ic path
. T T
E remote sensing MDP1) Measurement uncertainty

Review
A Review of Protocols for Fiducial Reference

Measurements of Downwelling Irradiance for the Te rmino I Og y
Validation of Satellite Remote Sensing Data
over Water

OC Community Metrological community / VIM
b e o i o |0 NASA Ocean Optics Protocols « Measurement principle
« TOCCG Protocols e Measurement method m
museum

« FRM4SOC Protocol Reviews « Measurement procedure

Royal Belgian Institute of Natural Sciences
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Community processor for in situ data processing and uncertainty budget calculation

Latest updates: Sl traceable measurement data from
calibrated and characterised radiometers

(Presentation following) &
VT

. y o 4 f e 4
«  Now 2 instruments supported: i g
> Seabird HyperOCR (initally) = e
> Tri0OS RAMSES (added) Ay = Lame | 222 [
« End-to-end uncertainty budget computation ' = EE
following GUM recommendation. ‘Wy
« GUI + CLI + batch processing under Linux. 1 mu
& nitos://github.com/nasa/HyperinsPace 4 ACRI B
b ST ~
m =y ::;;*
N. Vandenberg, M. Costa, Y. Coady and T. Agbaje, "PySciDON: A python ;
scientific framework for development of ocean network applications," 2017 - -
IEEE Pacific Rim Conference on Communications, Computers and Signal Sl traceable remote sensing reflectance R, with related
Processing (PACRIM), 2017, pp. 1-6, measurement uncertainty g
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Uncertainty budgets (presentation following)

Nmu—{ u(DNyighes) | W{DNpyrges) |—N-m OLCT spactral resoon No«.e~| u{D'-L.,n a) | | u(DNpyena) |~Nmse
Sy = DNsghtss — DNparie chara:t:gsalio« ml:m. Sa = D\L ightd = DNpa ‘ o “:Im“ o
Elaboration of the FRM4SOC Phase 1 uncertainty budgets gmm L + m:,:'::“; ) o
. . Hiru\.e] e b
* Developing end-to-end uncertainty budgets for . o]
: | Leat = SuCealn Ginuoralds +0 km)= E:(cunl —{ Lmld = qfcmalt! G nld Cr.d Cstrayad § u]a‘+0 l |
* remote sensing reflectance, e e
Calibraticn ermor -
 fully normalised water-leaving radiance. s m—la_nl—- — | el
ertor Lotcru = Zn Lmt K(ﬂ) +0 Loscra = Za Lﬂlti.d -K(n) +o characterisation emror

* Implementing uncertainty calculations oot W) S L = =)

. . . —1 o\
in the CP processing chain. [ | ( ) | (
Lw(ﬂ-ﬂ¢'60):LO‘LCF.U(B-"!¢'»30) p(ﬂ,ﬂ¢,ﬁn,W) LCLd(errﬁ‘ﬁaﬂn) O
° ST . . . . e /

Temperature dependence

Cakibration error characterisation ermoe

Maodel errar

Providing easy and practical guidelines for uncertainty -
calculation.

o=
=)

Wind speed error

FRM4SOC-2

Water leaving radiance uncertainty tree
diagramm.
Adapted from (Bialek et al. 2020).

NPLE

Mational Physical Laboratory
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Ocean Colour In-Situ Database (OCDB) (presentation yesterday)

Community Processor AERONET-OC MOBY BGC Argo
Gt e 2

R

https://ocdb.eumetsat.in

Ocean Colour In-Situ Database

BrockMANN
ConsuLT GMmeH

Data users 10
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Field InterComparison Exercise (FICE)

11-20 July 2022,
at Acqua Alta Oceanographic Tower (AAOT), Venice, Italy.

Comparison of L, L,, L,, E4, Ry, Ly TN\
Critical review, testing, and feedback on  Validation of ]
* Measurement protocols/procedures Sl traceability;
¢ Community processor * Uncertainty budgets;
* FRMOCnhet « Aimed uncertainty levels.

* Application of instrument characterisation

Participants: CNR-ISAC, Helmholtz Center Hereon,
NASA, NOAA, PML, RBINS, UT

Instruments:
Above water: TRIOS RAMSES, TriOS RAMSES G2 sun tracker (SoRAD),

Seabird HyperOCR HyperSAS with PySAS robot,
HYPSTAR, PANTHYR.

In-water: Sea-Bird HyperPro II, TriOS RAMSES floating buoy.

G

4 ) vk Ak = 5 & pee ? \
vw M Al : If 4‘“ [ 23
R sl I , B b EP” A,
;,‘x\ A P M L Plymouth Marine
= Laboratory
LA E———

— 0 e c= 0 - I W = 1] D — IS . BB NI " i2 E1 B o= i 1%l




7t Sentinel 3 Validation Team Meeting 2022 B e — @esa

' -20 October 2022 | ESA-ESRIN | Frascati (Rm), Italy

Fiducial Reference Measurements
for Satellite Ocean Colour Phase 2

FRM4S0C-2
Project Workshop

Save the date!
Registration open at https://frm4soc2.eumetsat.int/
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