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& Detection of phytoplankton concentrations from space is not eas

, v sat.int

Water colour depends on concentrations of phytoplankton, coloured dissolved material and sediments ﬁ
. : Remote sensing reflectance NN YT L I
Northsea Waddensea Lakewater complex waters, case-2 (8 .

Atlantic Northsea Northsea
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Ocean coastline by with 0 —r
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Sentinel-3 OLCI Mission Requirements

Remote sensing reflectance in Parameter Requirement
. threshold, |§oal|
phytoplankton-dominated waters (case-1) _
0.020[ T ' ] Marine reflectance@442nm | 5.104
chl = 0.01 mg/m3
i - _ Detection of phytoplankton concentrations Water-leaving radiance 5%
R with 30 % uncertainty in case-1waters Chlorophyll-a - 30% [10%] (case 1 waters)
- 0 Yy phytoplankton concentration | 70% [10%)] (case 2 waters)
% 0.010 . Photosynthetically Active 5%
o _ = requires to estimate water-leaving radiance Radiation
0005 Chi = 10.0 _' or reflectance with the uncertainty of 5 % in the Water turbidity - 5%
il ] diffuse attenuation coeff.
il blue and greenrange of the spectrum Sediments — 30% [10%] (case 1 waters)
0.000 . e ~ total suspended matter 70% [10%] (case 2 waters)
300 400 500 600 700 800 Coloured Dissolved 50% [10%] (case 1 waters)
wavelength 4 [nm] Organic Material 70% [10%] (case 2 waters)

Mobley 2021, Ocean Optics Web Book
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" the Ocean Colour

& Ocean Colour measurement - ocean is dark from space!
Satellite measurement, Lo, [MW/m?2/sr/nm] In-depth
Water-leaving radiance, L, ~ 10% USR] O
._ % and sea surface ~ 90% Ii——
; y . “ "'
&

Clear water chl-a = 0.05 mg/m?, clear sky, tropicafmarine atmosphere
Water-leaving radiance ~10% in the blue and green spectral range

Sunlight reflected off 1.01 i
the sea surface 09| ]
_ _ 0.8 1 Rayleigh
Water—leaving radiance s 0.7 A -; abrciol
5 UOf 4 surface
w 8 0.5 L | | ] water
- T 041 - -
| B ol o 7 P A
Particulate and dissolved = 03[ AV N 1
matter absorb and 02+ {Y W/ \ H
backscatter light i 4 \/ 1_ e
01F v '; Y]
0.0 ] | R, e ] et .\'\ l../“ll. )
Dierssenand Randolph, 2012, Earth System Monitoring 400 600 800 1000 1200 1400
wavelength [nm] Mobley 2021, Ocean OpticsWeb Book

Ocean appears black from space

Water-leaving radiance is a small fraction of the total radiance measured by the satellite
Satellite instrument calibration and algorithms require the lowest possible uncertainties
The uncertainties are magnified 10-fold for water-leaving radiances
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& Ocean Colour requires System Vicarious Calibration (0C-SVC)

But the satellite sensor

which measures Ly, has

an uncertainty of 2%
(e.g. S30OLCIMRD)

—6—Case 1,C=0.1mg/m*
—B— Case-2, Sediment Dominated | J
—¢— Case-2, Dissolved Material

40 F

Water-leaving Sensor TOA

Chlorophyll : . : radiance required t
requirement 30% lt:dlj]i::r?\::t 5% Lioa « 0.5%

w
=3

M80 model, t,(865)=0.1 4
6,=60° 6=45° Ap=90° ]

o

Percentage of Loa
S
o

T . :
500 600 700 800 900
Wavelength (nm)

System Vicarious Calibration is a Giuseppe's seminal

work on System

requirement for all Ocean Colour missions p Jicarious

Calibration
0OC-SVC is the Fiducial Reference Measurement Gold Standard in Ocean Colour

and the only way to meet the uncertainty requirements

OC-SVC relies on in situ water-leaving radiance / reflectance measurements, which require Sl b
traceability and the lowest achievable uncertainties of the complete OC-SVC ‘system’ process

SVsteny
BRNALE
Rﬁiuiremen "-?li};,ah»u
: Prin Sity da; forg,
a
T

« in-water radiometric measurement - the lowest calibration and OC-SVC ‘systemy’ i o
characterisation uncertainties of the radiometer r& L W CCG
~ » controlled measurement procedure - no tilting, shading or fouling; stable ' International
illumination and depth; consistent procedure implementation ; #ﬁm
* environmental conditions of the measurement - the lowest uncertainties -

from the water through the atmosphere and to the satellite sensor

Latm

&

Sentinel-3 Cal/Val Plan
OLCI-L2WLR-CV-200

PLEMENTED BY G EUMETSAT 6



& Contributions towards a potential Copernicus OC-SVC infrastructure

ppernicus.eumetsat.int

(opermicus @ EUMETSAT
Giuseppe on the

i : : L Copernicus OC-
Within the Copernicus framework, EUMETSAT manages OC-SVC infrastructure development activities for SVC Expert

the Copernicus Programme on behalf of the European Commission

Review Board

Goals - to achieve the best OC-SVC infrastructure for the upcoming 20 years for the benefit of the
Copernicus Programme and to strengthen Europe’s autonomy for the calibration of the relevant Sentinels

G EUMETSAT IMAGES SATELLITES ABOUT US NEWS & EVENTS

Immediate target - to secure the Roadmap (subject to EC decision at each Phase)
Copernicus OC-SVC capability and 1. Scientific, Technical, Operational Requirements

C 0) p ern i CUS ocean expertise for Sentinel-3 OLCI and the (completed)

corresponding Next Generation sensors 2. Preliminary Design, Project Plan and Costing

colour vicarious (completed

3. Infrastructure Location (completed)

Secondary targets - to support other

Ca I i b ra ti 0 n current and planned Copernicus Sentinels 4.  Engineering Design, Detailed Technical Definition,
and Expansion missions such as Sentinel- Specifications
i n fra S t r'U CtU r‘e 2, CHIME and other European and 5. Development, Testing and Demonstration in the Field

international missions with ocean colour (RS EEIEIS
goals R pOSSIbIlItIeS https://www.eumetsat.int/0C-SVC

bpem(!(cgs: IMPLEMENTED BY G EUMETSAT 7
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& AERONET-0C is the major validation source for <3 OLCI

0.030

0.025

0.020

0.015

0.010

OLCI RRS [sr-1]

0.005

0.000

0.040

0035

OLCI-A

0.030

0.025

0.020

OLCI RRS [sr-1]

0.015

0.010

0.005

Band at 412.5 nm

Band at 442.5 nm

Band at 490.0 nm

Points: 1041
ODR slope: 1.12999:
MAD: 0. 0013779310 00111795
Ranclom error: 0.001284
MAPD: 80.71 { 40.86
MPD: 12.50 / -4.58

1|+}0‘

0.035

Points: 1053 0,040 { Points: 1009
ODR slope: 0.980157 ) ODR slope: 0.935041

VAD: 0000968139 10.000769184 MAD: 0.000750976 / 0,000580857
0.030 | Random error: 0.0003. Rancom error: 0.000443 {
MAPD: 40.96 / 26.02 { N 0035 1 mapp: 1975/ 14.22
f MPD: 621 /-2.20 MPD:-2.89 /7.7
. a.025 N 0030
i 7 T o
oo 5 ooz
n n
4 % 0020
Casablanca_Platform (64) 015 Casablanca_Platform (64) =
Galata_Platform (255) 9 Galata_Platform (255) ]
Gloria (201) s} Gloria (213) © 0015
Gustay_Dalen_Tower (115) eo10 Gustav_Dalen_Tower (115)

section-7_Platform [43)
USC_SEAPRISM (159)
Venise (204) 0.005

412.5nm

Section-7_Platform (43)
USC_SEAPRISM (159}
Venise (204)

442.5nm o

0.010

0.000

0000 0005 0010 0015 0020 0025 0030 0000 0005 0010 0015 0020 0025 0030 0035

OLCI-A previous sta

Casablanca_Platform (64}

* Residual water re

Gloria (201)
GustaV_Dalen_Tower (101}

section-7

USC_SEAPRISM (150)
Venise (201)

490nm ‘

0005 0010 0.015 0020 0025 0030 0035 0.040
AERONET-OC RRS [sr-1] AERONET-OC RRS [sr-1] AERONET-OC RRS [sr-1]
Band at 510.0 nm Band at 560.0 nm Band at 665.0 nm
Points: 995 Points: 984 0.010  Points: 984

ODR slope: 0.92204!
MAD: 0.000672982 ft) 000513581

ODR slope: 0.95140:
MAD: 0.000515176 f0000373531

ODR slope: 090181
MAD; 0,000312707 10 00024857

Collection-3 status

+ Significant imp
bands with more accurate

spectral shape

Casablanca_Platform (64)
Galata_Platform (226)

Gustav_Dalen_Tower (101}
Section-7_Platform (43)
USC_SEAPRISM (159}

Band at 412.5 nm

Paints:
ODR slopg: 1.386102

MAD: 0.04144429 / 0.00115339
Random drror: 0.001066

MaPD: 218,74 ) 36,50 4
MPD: -30.24 / 7.96

Casablanca_Platform (54)
Galata_Platform (54)

Random errer: 0.000377 0.035 1 Random errer: 0.000224 Random error: 0.00005]
WAPD: 16.48 /1291 WAPD. 13,98 1065 AP 44,63 /37,65
0.030
7 0025 5
5 & 0.006
P »
5 0.020 5
Casablanca_Platform (64) — * Casablanca_Platform (64) —
Galata_Platform (226) 3 « Galata_Platform (226) 3 0.004
Gloria (204) o oS « Gloria (193) s} Gloria (193)
Gustav_Dalen_Tower (101} » Gustav_Dalen_Tower (101)
Section-7_Platform (43) 0.010 « Section-7_Platform (43)
USC_SEAPRISM (159} o USC_SEAPRISM (159) 0.002
. ‘Venise (198) ® Venise (198) ‘Venise (198)
0.005 ¢
J 510nm ' 560nm 665nm
AERONET-OC RRS [sr-1] AERONET-OC RRS [sr-1] AERONET-OC RRS [sr-1]
o.014
B H B o012
AERONET-0C data courtesy of AERONET-OC Pls, JRC Giuseppe Zibordi,and NASA
H H - 0.010
Sentinel-3 OLCI Collection-3 Report: ( ) =
5
== o.008
4]
a
o
- 0.006
[¥)
g
o

previous status

* Water reflectance full non-compliance, no
OC-SVC applied

Collection-3 status
* Significant reduction of positive biases which
were observed before

* Performance of OLCI-A and OLCI-B is now
highly consistent
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& AERONET-0C contributions Collectionia(OLCITAY
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& Ocean Colour continuous processing improvement

With OC-SVC: OLCI-A 490 nm vs AERONET-OC
Blue/green bands within Mission Requirements or
just above (complex waters, case-2) < 8%
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S3 OLCI-A and OLCI-B: With OC-SVC, OLCI Collection-3 reprocessed and operationalg

»llp  Copernicus Marine
- Service

CMEMS: Merged OLCI-A and OLC/-B Ocean Colour
300 m products are distributed from May 2021
(Collection-3) thanks to the excellent consistency
between OLCI-A and -B as a result of the OC-SVC

With 0OC-SVC: Merged OLCI-A and OLCI-B chlorophyll concentrat

P s
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Giuseppe’s support -
to OLCI algorithm
and processing
validation

With OC-SVC: OLCI-A and
490 nm time series, oligotrophic waters
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With OC-SVC: OLCI-A and chlorophyll
concentration time series, mesotrophic waters
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AERONET-0C data courtesy of AERONET-OC Pls, JRC Giuseppe Zibordi,and NASA
Robust OC-SVC process: 0C-SVC gains were derived independently for both sensors (
Good agreement with third party missions, e.g. MODIS-Aqua courtesy of NASA

Sentinel-3 OLCI Collection-3 Report: (

)
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& Community’s capacity to collect FRM-quality measurem 2nts

Ideas from the meeting discussions
MERIS Validation Team meeting
Tartu Observatory, EST, 2015

50K is the cost of the in situ matchups - from the ships
Old protocols: mix of methods and protocols - review the protocols

* Use one instrument - do it just for this instrument, create a standard, do not accommodate
everybody

*  Protocols include in situ data processing protocols, consider which raw data are needed to be
delivered to enable future reprocessings

* Instrument characterization - needs to be peer-reviewed (critical)

Community processor — to include all the new findings for the class, low level data, quality
control and uncertainties, characterisation of instruments from this class, specific data format

Calibration database - information about individual instruments
*  What needs to be characterized for all instruments in the class?
What needs to be characterized for each instrument individually?
E.g. Network for TRIOS
For each network one needs a leader, someone who can take a long-term commitment

Need to involve the metrology institute — quantum leap in absolute calibration and
characterization

Manufactures should calibrate their instruments to a specific factor, e.g. ISO international
standard, so that when people get their sensor have the certainty they are calibrated -
enforce this on the manufacturers

Create the framework and structure for the activity and start filling the gaps

European Space Agency

FRM4SOC Phase1 2016 - 2019
. Funded and coordinated by ESA esa
. In a series of several other FRM projects, https://frm4soc.org

.‘HC‘@TI— BROCKMANN
ConsuLt GmeH °

Plymouth Marine m
Laboratory museum .

National Physical Laboratory

EUM/RSP/REP/22/1322844, v1 Draft, 15 August 2022

B FRM4SOC Phase 2 2021 - 2023, options for 2024 and 2025
Funded by the EC and coordinated by EUMETSAT
https//frm4soc2.eumetsatint/ ¢ EUMETSAT

‘ A\ 4 -
Discussions with
Giuseppe are
always inspirational:
origins for
FRM4S0C-2

FRM4SOC Phase 2 objective

Develop foundations for operational
implementation of the FRM principle
by the Ocean Colour community

PROGRAMME OF

THE EUROPEAN UNION (C)F)(?[QL(:L;[Sh IMPLEMENTED BY G EUMETSAT ”
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9. ReV|ew and test the developed procedures
guidelines and tools: a field experiment, ag
internationaNgagkshop, ExpgiRevie

8. Adapt and ma|nta|n . Giuseppe’s contributions
Database| - -3 are fundamental to

OCDB | FRM4S0C-2: I0CCG
®  protocols, lab cal/char,
___ data processing

1. Develop a complete end-t#*nd
uncertainty budget for the instrumé
and the measurements, include the i TR g
uncertainty calculations in th -
community processor

o ap@e m)( g i 2 42

Py () = 'F’)

mJ( ml man

6. Develop a community processor for
in situ radiometric measurements

(cooperating with NASA on HyperinSPACE)
(opernicus @ EUMETSAT HyP é I‘t 'I) SPAQE
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5. PrOV|de preSCrIptIVe Fiducil Reference Measuremer
and detailed FRM in situ “

measurement
procedures

(following from the IOCCG protocols
and FRM4S0C-1experience)

1. Initially focus on the two most

common Ocean Colour
hyperspectral radiometer classes

a. Giuseppe on
the Copernicus

FRM4S0C-2
Expert Review

Fiducial Reference Measurements for

Satellite Oecan Colour Phase-2

2. Fully characterise the two Ocean lour

radiometer classes
(issue recommendations to instrument manufacturers)

Parameter Scope

52|57 \5 (5| |2 |- |5|5|7

elop radiometer cal/char
guicdelines for laboratories,
include an international lab

exercise to test the guidelines

and inter-compare results

PROGRAMME OF 5 . |
THE EUROPEAN UNION opernicus
e yeron o

adiometer cal/char schedules

Fiducial Reference Measurements for
Satellite Ocean Colour Phase-2



https://frm4soc2.eumetsat.int/
https://frm4soc2.eumetsat.int/
https://ocdb.eumetsat.int/
https://ocdb.eumetsat.int/

& Contributions to international cooperation

L]

International

Coordinating Group

- EUROPEAN COMMISSION
Joint Research Centre

Capacity building:

training courses, on-line resources

Scientific working arowe==

copernicus.eumetsat.int

forces: 20 Reportt

$CCG

Ocean Colour

Climate

OCR is Essential Climate Variable defined by GCOS
OCR Climate Data Records contribution to the WGClimate ECV inventory

Carbon

Aquatic Carbon is a major component of the Earth System with respect to carbon cycling and
carbon sequestration (carbon stocks, sources/sinks, fluxes; methods and uncertainties)
“Aquatic Carbon From Space” — international workshop (ESA), Earth Science Reviews special
issue in December 2022, development of CEOS Aquatic Carbon Strategy White Paper

Water Quality

OCR provides major EO variables for Water Quality applications + Hyperspectral OCR
10CCG report ‘Earth Observations in Support of Global Water Quality Monitoring’ coordinated
with “CEOS Feasibility Study on Satellite Missions/Instruments Focused on Water Quality

& EUMETSAT KIO?]'\’\ W @ﬂd;ﬁ w @ I*

Measurements” in the frame of “CEOS Strategy for Water Observations from Space”

Ocean Colour Radiometry - Virtual Constellation

Cooperations: WGClimate, WGCV, WGCapD
CCG - associate member of CEOS

OCR-VC Deliverables

CEOS INSITU-OCR
White Paper
implementation

New
Technologies

* Geostationary OCR

* Polarimetry, Lidar

s M
d); gl L.L/—J@/g/

® GCOS

{ fax

Ocean Colour

ESSENTIAL CLIMATE VARIABLE (ECV)
FACTSHEET

C GLOBAL CLIMATE

EUM/RSP/REP/22/1322844, v1 Dt
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Goryl: Pl B0 Al o owska@eumEEE
e nghua Wang@rOm.55%
Lb/r‘F//M

ESSENTIAL CLIMATE VARIABLE (ECY)
FACTSHEET

OBSERVING SYSTEM
KEEPING WATCH OVER OUR CLIMATE
PRODUCT DEFINITION FrequEncY (S
i ——

WATER LEAVING -
RADIANCE Ly Lakes
CHLOROPHYLL-A Weekly BN
CCONCENTRATION averages &

F
THE EUROPEAN UNION

Giuseppe's
leadership: always
provides
measurable and
tangible benefits to

the communi
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https://iocs.ioccg.org/
https://iocs.ioccg.org/
https://ioccg.org/
https://ioccg.org/

&  Into next generation operational Ocean Colour, climate and services

copernicus.eumetsat.int

Copernicus Sentinel-3 Next Generation Optical £r/anced Continuity:
potential enhanced spectral

_ , , Qapernious

Relevant Ocean Colour Copernicus Next  Eci .
o  Sentinel-2 Next Generation _ _ o s el e e S a
*  CHIME (Copernicus Hyperspectral Imaging Mission) Generation and Expgnsion Missions g— '

o FLEXESA's Earth Explorer

Giuseppe’s
contributions are
B (oeros impactful and leave

' |
e a lasting legacy!

& EUMETSAT

= “*--‘mﬁahnaﬁnnae Obserya o Hssion
| SGLI Chl-a concentration -~
on 9 Oct. 2021

s e GeoXO Constellation

Preliminary, pending program approval )

Ocean Color > Ocean Color

o= i
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