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Sentinel Ocean Colour Radiometry requirements

« Call/val aims to fulfill the mission requirements

« Cal/val planning ensures traceability to the mission requirements [S3 Mission

Requirements Traceability Document, 2011; S2 Mission Requirements Document, 2007]

DOCUMENT

Sentinel-3 Mission

esa

estec

(MRTD)

Preparedty

Referanee.

Craig Donton
FOP-SM/ 384/l

T D
[(eesa_m= ........ _____"".'.::'.‘."E’.':'.?\

SENTINEL-3: MISSION
REQUIREMENTS DOCUMENT

e/t Mack R Drinkwater
& Helge Rebhan

e/ EOP-SMOVIISUMD-md

e/ 2

e, s 0

ol Fidten 19 February 2007

- Pubic Lasuc

Dot /e e docomen Mission Reguremments Document

DPOCUMENT

ot ] 0

GMES SENTINEL-2

MissiIoN
REQUIREMEN1
DOCUMENT
vy mass
et eyt
Lol :

et o
el et i 3001200
ot Finsl
Duasmst e/ b desme MED
Do/t Esa

Forepren tpac Agracy
agencs peals Sorspisans

2 I0CS’17 Lisbon, Portugal

Name Description Units Resolution | Range - . Sl Delivery
Marine Reflectance (R) | Surface directional reflectance, corrected for | - 0.3 — 1L2|0.001 |5x10-|5x10-|L2 NRT
atmosphere and Sun specular reflection, at all —0.04 |4 4
channels except those dedicated to atmosphere
absorption measurements, and associated error
estimates. (atmospherically corrected)
Photosynthetically . pmol
. - Quantum energy flux from the Sun in the spectral 03 - 1.2|0 - NRT and
:(1]\;3 Al]l:)b]'e radiation range 400-700 nm and associated error estimates. glu:?sta/ km 1400 5% 5% NTC
Diffuse attenuation Diffuse attenuation coefficient for downwelling ot 0.3 - 1.2|0.001 ” % NRT and
coefficient (Kd) irradiance, and associated error estimates km - 0.1 5 5 NTC
Thresh. | Thresh.
Chlorophyll-a concentration, and associated error 03 - 1.2[0.001 (30 % |70 % NRT and
Chlorophyll (Chl) estimates in coastal and open ocean waters. meg/ms km —150 | goal 10 | goal 10 L2 NTC
% %
Thresh. | Thresh.
Total Suspended Total suspended matter concentration, and /ms 0.3 - 12 0-100 | 3° % |70 % |, NRT and
Matter (TSM) associated error estimates & km goal 10 | goal 10 NTC
% %
. Thresh. | Thresh.
8012122%};153:{&1 Absorption of Coloured Detrital and Dissolved m 03 - 12(001 —|50 % |70 % |, NRT and
( Cr]g)OM) Material, and associated error estimates, at 443 nm. km 2 goal 10 | goal 10 NTC
% %
Global coverage of total amount of water vapour
Integrated Water integrated over an atmosphere column, and kg 03-12 0-50 a2 NRT and
vapour column (IWV) | associated error estimates over land and ocean " km 5 NTC
(global).
Aerosol Optical Depth | Global coverage over water of aerosol load, 0a-12 50% NRT and
(AOD (1)) over water at | expressed in optical depth at 865 nm, and |- -3 1 0-3 [RD- 10% | L2 NTC
865 nm associated error estimates. 118]
Aerosol Angstrom Global coverage over water of spectral dependency 03—13 NRT and
exponent (A) over of the Aerosol Optical Depth with associated error | - k‘ﬁ ' 0-3 L2 NTC

water at 865 nm

estimates.
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Sentinel-3 cal/val and Mission Performance Framework

i iviti & EUMETSAT
« Sentinel-3 OLCI cal/val activities
5.22 Cal/Val data storage and di 53
- - 6 Cal/Val Task 54
* based on joint ESA and EUMETSAT Cal/Val Plan ‘
6.1 Constraints and 56
6.1.2 Error Analysis 57
" . . 6.3 Task Definitions for OLCI Level 1b Product s
6131 Pn-pumhun(mm mbﬂ(.d/\ralndl\mu(()lll I.IH'\' 100)... 59
« Sentinel-3 Mission Performance Framework PR S 2
Radm-tlmCl.hhrllmn (OLCI-L1B-CV-200). 61
1 In-flight verification of instrument i (0L Cl LIB-C\ -210). 64
- . 2 Deriving first m—mxhl i ic cali B-.C\ 0 CI-L1B-CV-220). :
. lity Working G OLCI-SYN QWG ‘ :
Quali orkin roups e 2
Updllmg (I‘a.hbnlhll ADP (Oll‘l LiB-CV-260)... 66
tions for sun azimuth ang) 1 LiB-CV-270).........67
- - f C .R Yaw maneuvers ﬁ)rSohr Diffuser on-orbit r(\hanﬁenn“ﬂll (UIC[ L1B-CV-280)........67
¢ Mission Performance Centre T e .
.2 Radiometric Validation with Level 3 products (OLCI-] LIB-C\ j20). 75
- - - Spectral C'lllhnlmn (OLCI -L1B-CV-: "m:i,,l,,ddm oo 82
¢ (OLCT-Lal V-410). 83
« Sentinel-3 Validation Team e i
‘ Correction for the smile effect (Ol.(l -L1b-CV-440). 87
- - - e - Validat /mhm );de rml l[luh-l:\
1 tion /Calibration at ground cont pamu(o -510)..
« Mission Performance activities in-house e
.4 Geometric Verification RR\Bsm FR (OLCI-Lib-CV-540)
mlgt'Qlll‘llvﬂml(OlLl -L1B-CV-600)
hluvlu(hl mm‘r:( (OlAI IlM‘\'-h 30).
B-CV-640)
dysis ”“Cl LlB—C\-AmI
.6 Fr noise LCI-L1B-CV-660).
' .7 Delectu rldlulllﬂnc(qulllnlum (OLCI- I.lb—CV-é?u) ome
Resampling 6.4 Task Definitions for OLCI Level 2 Product
" 1 G vy 6.1.41  Preparation for Level-2 Cal/Val (OLCI-L2-CV-100) ..
® oS«
. 6.1. 424 Ocean Cdm:?)‘“:‘vg:::;h?m%{gﬁ:&%‘" 200)
Straylight correction :’:'2::; e (OLO-L2-CV-220)
Non linearity correction | | OiCkLB, :
—_— .
Dark signal correction Radiometric processing .3 Traces #‘“ﬂ:‘ :\‘:.ln:mmg.lg\.g? v{gll‘\m-as
Smear correction LA onr
Calibration coefficient correction .
Atmospheric Correction Error I_ﬁ_‘ Attitude control uncertainties/errors . Se':'tlnEI"s qLCI cal/val tasks
Pixel identification error/uncertainty [ GNSS error (1) . Radlomgtr}c calibration
e — | /” DORIS error M) o Monitoring of dark offsets
Look up table generation error B Processing errors | Orbit error 5) - — — o Quantifying of aging of solar diffusers
Wrong configuration . r'—{ LRR error (1) o Monitoring of instrument response and degradation modelling
Wrengancillarydata | g m § {artickeraneil. +  Radiometry validation
e : s s Grors ) | Data format error () o Verification with Level-1B and Level-3 products
S - iegH | Kbend Tlenmetryenor €. -+ Spectral calibration
M | Datation error (S o Erbium_doped diffuser ) ) o
wl - Ancillary data uncertainty o Campaigns: Fraunhofer line and O2 absorption band calibration
Cli data J oLCl o Correction for the smile effect
Modelling assumptions Error T R Erbium diffuser errors »  Geometric calibration and validation
Empirical relationship uncertai - Ocean Colour Algorithm Errors (P) . o — . e
== °, ."" ! . Analysis \1 - Spectral band position errors + L1 product quality verification
error/uncenainty - LA SR -, Diffuser BRDF modelling error q a q .
oy J - | DTuser T Mot e« System vicarious calibration
to be corrected/extended ULl |  pointing model errors o NIRand VIS band system vicarious calibration
Absolute vicarious calibration 4 = Validation with in situ measurements
Band-to-band i \e OLET mountieg 1€ o Acquisition of in situ measurements, measurementarchiving
- } R Coupling Errors . o Traceability of in situ measurement quality
Sensor intercomparisons | o Extraction of OLCI data over validation sites, extract archiving
GCPs o Generation of matchups and trend results
MTF assessment *  Validation with Level-3 products
Detector m ~\© Image quality | o Evaluation of algorithm performance over time and space
o _ f [<} Evaluation of consistency with other missions
Vicarious spectral calibration using the 02-A absorption band | o Monitoring of the processing chain and implementation

L2 product quality verification
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OLCI in-flight calibration concept

[Exmrma] —

Calibration
" Mechanism
Camera Optical Sub Assemblies (COSA SHE TV

Baseplate & Fixation |~
UF to Platform /
VAM Radiator A
& Heat pipes

Focal Plane Assemblies (FPA)
Video Acquisition Modules
Scrambling Window Sub-Assembly (SWSA)

OLCI Electronic Unit (OEU) managing all
instrument functions

Calibration mechanism (CM) allowing
radiometric, spectral and dark calibration

West

5 OLCI| cameras i
Calibration wheel ———— = {_:"9
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OLCI Calibration Wheel
Radiometric
cal. diffuser Shutter

Earth observation

Sun light

' Scrambling window
Degradation Spectral cal. ) COSA
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Earth light =HI >
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SWSA CcCD Diffraction
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ﬂ calibration type | ____measurements __| _frequency | _conditions _

Radiometric calibration

S02  Spectral calibration with diffuser
Orbit n

S03  Spectral calibration with diffuser
Orbit n+1

S04 Diffuser 1 ageing
Orbit n

S05 Diffuser 1 ageing
Orbit n+1

S06 Orbital stability

S07  Spectral calibration using solar
Fraunhofer lines

S08 Radiometric calibration for
observation of atmospheric
absorption lines

S09 Observation of atmospheric

absorption lines

Dark Shutter calibration
Radiometric calibration w Diffuser 1

Dark Shutter calibration
Radiometric calibration w Diffuser 1

Dark Shutter calibration
Spectral calibration w Diffuser 3

Dark Shutter calibration
Radiometric calibration w Diffuser 1

Dark Shutter calibration
Radiometric calibration w Diffuser 2

Dark Shutter calibrations operated
over an orbit

Dark Shutter calibration
Spectral calibration w Diffuser 1

Dark Shutter calibration
Spectral calibration w Diffuser 1

Observations, particularly over
deserts

About every 2
weeks

About every 3
months

Same as S02

About every 3
months

Same as S04

Specific calibration
campaigns

Specific calibration
campaigns

Same as S02

Same as S02

South Pole
Nominal band set

South Pole
Erbium band set

South Pole
Erbium band set

South Pole
Nominal band set

South Pole
Nominal band set

Nominal band set

South Pole
Fraunh. band set

South Pole
Atm. absorption
band set

Atm. absorption
band set



S3A OLCI spectral calibration

* OLCIis fully compliant with spectral requirements
» spectral misregistration << 1.4nm (OL-DE-020)

» pre-flight SRF confirmed on-orbit < 0.4nm << 1nm (OL;

* OLCI spectral calibrations on orbit

* OLCI is programmable and can observe up to the
highest spectral sampling of 1.25nm

» Erbium-doped diffuser, Diffuser 3
* Fraunhofer lines, Diffuser 1
. atmospheric absorption lines (O,A), Earth targets

829 10 nmyj

# OLCI nominal spectral bands A center Width
1 Aerosol, in-water property 400
2 Yellow substance/detrital pigments 412.5
3 Chlorophyll absorption max 442.5
4 Chlorophyll and other pigments 490
5 Suspended sediments, red tide 510 10
6 Chlorophyll absorption min 560 10
7 Suspended sediment 620 10
8 Chlorophyll absorption & fluorescence 665 10
'I'Q'H.nn\ Fluorescence retrieval 673.75 7.5
\CAZY) Chlorophyll fluorescence peak 681.25 7.5
11 Chlorophyll fluorescence ref., atm. corr. 708.75 10
12 Vegetation, clouds 753.75 7.5
13 0, R-branch absorption 761.25 2.5
14 Atmospheric parameters 764.375 3.75
15 Cloud top pressure 767.5 2.5
16 0, P-branch absorption 778.75 15
17 Atmospheric correction 865 20
18 Vegetation, water vapour reference 885 10
19 Water vapour, land 900 10
20 Atmospheric/aerosol correction 940 20
21 Atmospheric/aerosol correction 1020 40

17 19 20

21
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OLCI on-orbit spectral information

« Sentinel-3 OLCI-A spectral response functions (SRF),
Sentinel 3 CalVal Team, S3-TN-ESA-OL-660, 2016

* centre wavelength, bandwidth, solar irradiance, RSF x200

» three SRF definitions available (section 7):
o 21 bands x 5 cameras x 740 CCD columns
o 21 bands x 5 cameras x 3 CCD columns (start, centre, end)
o 21 bands average

=  OLCI Smile correction is accomplished at L2 processing
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S3A OLCI geometric calibration

* OLCIis fully compliant with geolocation requirements
» Accuracy << 0.5 SSD rms with GCPs (SY-OB-210)

« Operational performance monitoring: periodic assessment using
Ground Control Points from Landsat land cover

* Initial analysis 12.10-17.10.2016
o AC -0.15 £ 0.06 pix; AL: -0.05 + 0.06 pix |
« Latest analysis 29.04-03.05.2017 | -

20761012_20161017_534.0L1_EFR__ GCP diglacament in pixels fcallr laf: N24483: SNA>10.0
2

: 12 10 17 10 2016

Cals displacement [pix]
377025 rma 1 335135 (24464/24458) 24485x1: [29.500000 104.000000]
. & -

o
FRow displacement Ipix)
o AC: -0.25 £ 0.07 pix; AL: -0.16 + 0.08 pix (robust statistics)
20170429 20170506 S3A 0L 1 EFFl GCL_! NR . REF: GCF‘dspIacamenllnpxa\s (scatter p\nt} N28749 : SNR>10.0 . . .
g8 Location of used GCP and associated along track differences
g8 70
E§ 29 04 03 05 2017 20170429_20170503_S3A_OL_1_EFR_GCL_NR_REF Lin diff: 20170429_20170503_S3A_OL_1_EFR_GCL_NR_REF:N:28743 SNR>10 :NAD
2 15- 9 “—
(L) a8 50
5 £39 o5
2583
[} 5%g
po EE w
o fpg °
o L
<C Set ..l 30
ggos
22
@
T o
E§:
ﬁ g} -15F 10
e
g E . L i [ . .
1
-2 15 - -0.5 4] 05 1 15 2
Row displacement [pix]
rob :bs:-0.158013 std:0.077597 rms:0.176037 (14374/28749) 28749x1: [-0.322000 -0.025000]

Along track
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S3A OLCI radiometric response evolution

OLCI relative radiometric evolution since launch

AC average gain evolution [%]
AC average gain evolution [%]

|
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OLCI revised relative radiometric evolution since launch using the 2o . LR
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sensor azimuth angle

« OLCI solar diffuser assessment on-orbit performed
with a sequence of S3A yaw manoeuvres

|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIlIII

AC average gain evolution [%]
|
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v » To reproduce in a single day the annual range of
) { .. . .
; variations in solar geometry on the diffuser
i - = S3A Mission Advisory Group recommendation (S3MAG—M4-A10, 2014)
i camera l E S3 OLCI Cal/Val task (OLCI-L1B-CV-280), S3 Cal/Val Plan (S3-PL-ESA-SY-0265, 2014)
-] A T P T P S3A IOCR technical meeting recommendation (S3-MN-ESA-OL-752, 2016)
oty sl e oy see ) - Sequence of yaw manoeuvres executed 07 Dec 2016



S3A OLCI absolute radiometric calibration

» OLCI radiometric limitations . L1B TOA biases: S3A OLCI

e Absolute and inter-band radiometric calibration are not f 2490
fully compliant: 2% absolute and 1% inter-band I
uncertainty for bands < 900nm (OL-IQ-040, -050)

-

* Ocean Colour System Vicarious Calibration OC-SVC
* Modified strategy is applied to mitigate low matchup

- [=-bcc
0.9 || =m=Desert-MERIS

Measured / Simulated
=
o

numbers early in the mission : ::::.gel:;: (cnes
* NIR - Franz et al., 2007, and unconstrained all-NIR fit 0.8 -
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Development of operational Copernicus SVC capabilities

Development of Copernicus OC-SVC is require
» for Sentinel-3 and Sentinel-2 missions
» for decades of upcoming ocean colour operations A/B/C/D [S3 MRTD’11; S3 Cal/Val Plan’14]
« based on international cooperation and harmonization

L I0CCG Working Group

« ESA FRM4SOC OC-SVC workshop, Feb 2017
« need for MOBY-like development, while supporting BOUSSOLE

« EUMETSAICopernicus OC-SVC studies, Oct 2016 —

Step 1:JScientific, Technical and Operational Requirements (pre-phase A) 0OC-SVvC “System"
o Step 2. Preliminary Design, Project Plan and Costing (phase-A)
o Step 3: Technical Definition, Specifications, Detailed Design (phase B)

« Step 1: OC-SVC Scientific, Technical and Operational Requirements

Deliverables: requirements document and review process

Development of a complete OC-SVC “System” measurement uncertainty budget

OC-SVC uncertainty budget is the justification for the requirements

Review process: two review meetings by the international Review Expert Team and the community

O O O O

Lp ath

S512*512
<CD
Detector



Validation: Sentinel-3 Validation Team — Ocean Colour

« Sentinel-3 Validation Team (S3VT) — international group of expert users

« S3VT provides independent validation evidence on the quality of OLCI products

« S3VT is based on a rolling announcement of opportunity, ESA AO call is continuously open

Institution Project Title:

for more information on S3VT-0OC ) | o T oty f i e e

4o oo BOUSSOLE

o

i | ‘ Undversité Laval, UMI Talawi OLCI deta validation In the Canadian Arciic
marc'bouvet@esa'lnt L | et Offce Valkintion of Sertine-3 Sea Oceen Colour data n Met OfMoe global carbon Cycke modsls
Cound for Sclentiic and Industrisl Resesrch Valdation and Development of OLCI Products for Southam African Btrophic Waters

ewa.kwiatkowska@eumetsat.int ! n |GHc: Qaty et o i

Y| USTthe Arctic Univasslty of Noremy { Velkdation of Surttnet 3 for Arctic oo wabess b the Masgial los Zone
Afred-Wegener-Lrstiute for Poler and Marte Ressarch Validetion of OLCI ocean colowr products with focusing on high istitudes (OCVAWT)

Ocean

. 28000 Of Racier Altimeters (LIVE-SY)
\ \‘Nw

B stalwetars of the Westem Englsh Comnel |



https://earth.esa.int/web/guest/pi-community/apply-for-data/ao-s

Sentinel-3 Validation Team meeting Feb 2017

MIMB@

» Detailed evaluation of OLCI products

Iberian peninsula
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« Recommendations towards product improvements for OLCI L2 public release R
inish coast

25
- - - N=5
« Recommendations towards improved ocean colour user services .
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Fiducial Reference Measurements FRM4SOC

fiducial reference
measurements for
satellite ocean colour

To establish and maintain Sl
traceability of FRMs for satellite
ocean colour

To consolidate and further
develop FRM protocols

To federate the community
validating satellite ocean colour
radiometry

Web: https://frm4soc.orqg
Contact: riho.vendt@to.ee

“ TARTU OBSERVATORY
Q

CEDS

Dates

WKP-1

LCE-1

LCE-2

FICE AMT

FICE AACT

WKP-2

' space resedrch centrs {%ﬁcﬁ! PML ‘

Plymouth Marine i‘N P L

Laboratory

Workshop on Vicarious Adjustment

Sl-traceable L aboratory infer-comparison
experiment for FRM OCR and reference

iradiancefradiance calibration targets.

Verification of reference irradiance and

radiance sources

Sli-traceable | aboratory inter-comparison

experiment for FEM OCR and reference

irradiance/radiance calibration targets.
VMerification of FEM OCR

Field Inter-Comparison Experiment in the

Atlantic Meridional Transect (AMT)

Field Inter-Comparison Experiment in the

Acqua Alta Oceanographic Tower (AAOT

Final Workshop

21— 23 February 2017

3 =T April 2017

08 — 13 May 2017

August-September 2017

July 2018

August 2018

Location
ESRIN, Italy

NPL, UK

TO, Estonia

AMT

AAOT

NPL, UK


https://frm4soc.org
mailto:riho.vendt@to.ee
mailto:riho.vendt@to.ee

Satellite validation international workshop

Validating Copernicus Sentinel
data using Fiducial Reference Measurements

20-21 June 2017, Plymouth, UK

The workshop will focus on the performance of Sentinel -1, -2 & -3 at retrieving ocean colour, sea surface
temperature and upper ocean dynamics, in the open ocean and coastal environments and will identify
potential strategies for the validation of Sentinel missions in the future.

Sessions include:

(&) Fiducial Reference Measurement methods and protocols
(&) Ocean colour validation

@Sea. sur'face temperature valldatlgn ] ‘:._-n“ “n,,“.,y; =T
(&) Validation of upper ocean dynamics d R S ;:él -

Y 1
The workshop should be beneficial to anyone with L
an interest in the validation of satellite data.

ictrati inas Keep up-to-date with ]
Registration deadline: workshop activities: é i\

31 May 2017 @amt4sentinelfrm
Limited space available -

www.amt4sentinelfrm.org
L ]

@amt&sentinelfrm
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MERMAID Level 2 match-ups:

Time series, scatter plots and statistics
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Inter-sensor time series and scatter plots
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Operational validation tools and activities

15

EUMETSAT

Running Level 3 inter-comparisons with contemporaneous global missions and
cIimatoIogies (L3 binning for validation and monitoring)
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Oligotrophic areas: Pairwise Comparison ratios (490nm.)
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METIS-OC Home

Data Sources
Plots

References
Quickstart Guide

MONITORING WEATHER AND CLIMATE FROM SPACE

Cal/Val website

1S-0C  EUMETSAT WEBSITE
UR

METIS-OC, the OC of of Tl ion from Space (METIS), provides near-real time
dlagnosncs of EUMETSAT operallonal level-2 (L2) and level-3 satellite Ocean Colour products.

Current » llite OC Products
Suomi-NPP VIIRS.

in METIS-SST are from: Sentinel-3A OLCI, Aqua (AQ) MODIS, Seabird SeaWifs, Envisat MERIS and

in near future.

The satellite OCs are monitored in state space (for now). » Reference fields will be emp against MOBY OCs will
be as tinel-3A

the Si

Partners &
opernicus

esa
oo

» CONTACT US
» LEGAL INFORMATION

All y are based on different levels of pigment concentration into » 9 Regions of interest (ROI).

Latest available Sentinel-3A OLCI OC data:

Ocean Colour, 412.5nm, Deep Water (> 200m depth)
— OLC| — S| — MODIS — VIIRS — MEF
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|_Sentinel-3A OLCI OC (click on image to enlarge). For more maps, » click here. | NRT of satellite Ocean Colour. For more time-series,  click here.
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Sentinel-3B commissioning phase in tandem with S3A

* Ocean colou_r scientific justification for S3A and S3B Commissioning COEI)\?:CF))U
tandem configuration
» Assuring stability, accuracy, and homogeneity of OLCI missions [MRTD, Clouds
2011; GCOS 2016]
« Joint instrument calibration and characterisation Sunglin
» Overlapping coverage in support of sensor inter-comparisons and product
validations
* Planned activities
» Inter-satellite comparisons over target surfaces using the vicarious PICS
methods will benefit of Desert
* minimized ocean geophysical space and time variability
* minimized atmospheric space and time variability _
» identical observation and solar geometries Rayleigh
» Inter-satellite comparisons of calibration and characterization will benefit of
» direct inter-comparisons of instrument responses, including diffuser
and straylight
: : - PICS
« absolute and relative comparisons between the in-flight OLCI-A and o

the more pristine OLCI-B units
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« Sentinel-3A OLCI instrument is in excellent shape

« Ongoing Cal/Val activities to understand and model
instrument behaviour and validate L1 products

 Ongoing Cal/Val activities to validate and improve
L2 products




