. Cq (@l 2Viar AR vers
A U (I;/EMGM r R .L?M AR “Eﬁglr%eational

N VARNED University

|IOCCG Summer Lecture Series 2026
Frontiers in Ocean Optics and Ocean Colour Science

Past, present and future of satellite OCR

Vittorio E. Brando
CNR-ISMAR, Rome, Italy

Ocean Colour
Coordinating Group

with material by D. Antoine, B. Loveday, J. Concha, C. Giardino

Venice, Italy - 9 July 2026
MERCATOR BIODIVERSITY

e EUMETSAT @ eSa @ OCEAN 2 GATELAY

INTERNATIONAL




Ocean Colour missions: past, present and future You are here!

https://ioccg.org/resources/missions-
instruments/ocean-colour-sensor-timeline/

| S ———— g |
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How has ocean colour evolved?

More than 20 satellites with ocean colour have flown and/or

continue to fly.

What have we learned from them?
What has changed?

Do we need to do more?



How has ocean colour evolved?

The proof-of-concept era OCM [OcRatast-] TSR0 oo ——"————

SeaWiFs {Drb‘view::_', NAS,I‘:",:I e e e e e e e e

OCTS/POLDER (ADEOS, NASDA/CNES) e w—

CZCS (Nimbus-7, NASA) e m—

‘ .

Can we do this? 78186195 96 97 98 99 00 01 02 03
® How well can we do this?
® What can we do with this?
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The proof-of-concept era
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The proof-of-concept era
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Abstract.

Spectra of sun and skylight backscattered from the sea were obtained from a low-
flying aircraft and were compared with measurements of chlorophyll concentration
made from shipboard at the same localities and at nearly the same times.
Increasing amounts of chlorophyll were found to be associated with a relative
decrease in the blue portion of the spectra and an increase in the green.
Anomalies in the spectra show that factors other than chlorophyll also affect the
water color in some instances; these factors include other biochromes, suspended
sediment, surface reflection, polarization, and air light.

Last sentence of the paper:

If such interference can be eliminated, or identified and allowed for, spectrometric
procedures from aircraft (and perhaps from satellites) will be of great value in the
rapid investigation of oceanic conditions, including conditions important for
biological productivity.
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MIMBUS-T CLZCS

COASTAL ZOME
COLOR SCANMER IMAGERY

https://archive.org/details/NASA NTRS Archive 198800130
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The proof-of-concept era Ittt e s g
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The proof-of-concept era

MIMBUS-T CLZCS

_ COASTAL ZOME
COLOR SCANMER IMAGERY
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The proof-of-concept era

https://oceandata.sci.gsfc.nasa.gov/showima
ges/CZCS/L3BRS/1978/1114/NIMBUS-
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Gordon et al. Phytoplankton Pigments from the Nimbus-7 Coastal Zone Color
Scanner: Comparisons with Surface Measurements.Science210,63-66 (1980).
DOI:10.1126/science.210.4465.63
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The proof-of-concept era
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The proof-of-concept era

CZCS was launched on Nimbus 7 and was a prototype mission to demonstrate that ocean
color can be retrieved from space. Therefore, CZCS did not routinely or continuously collect
global data because it had to share power and tape recorder capacity with other sensors

During the CZCS era, scientists learned about the importance of continuous sampling to
achieve global coverage, of making in situ measurements throughout a mission’s lifetime to
assess changes in the sensor’s gain over time and to validate the data products, and of
atmospheric corrections.

In particular, the need for near-infrared (NIR) measurements to improve atmospheric
correction was recognized during the CZCS experience and led to the SeaWiFS band-set.

National Research Council. 2011. Assessing the
Requirements for Sustained Ocean Color
Research and Operations. Washington, DC: The
National Academies Press.
https://doi.org/10.17226/13127.
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How has ocean colour evolved?

The proof-of-concept era OCM [OcRatast-] TSR0 oo ——"————

SeaWiFs {Drb—"u'iew?l N;‘:'I,'S,n‘:'u,:l el 1 o — 1 —— 1 —

OCTS/POLDER (ADEOS, NASDA/CNES) e m—

CZCS (Nimbus-7, NASA) e —

‘ .
Can we do this? 78 186195 96 97 98 99 00 01 02 03
® How well can we do this?

® What can we do with this?

In this era we realised that:

— ocean colour from space was possible

— it could reliably quantify open ocean chlorophyll

— there was a lot of potential to derive other information
— spectral and spatial resolution were particularly critical
— it would be good to do this long term
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how does an ocean colour sensor work?

Steps to make an OCR “imagery”: .hﬂh_:ﬂ EM—E’PJ'F'“E;E::“’ E:‘E?F'“_’“E’_'H!]_ 2

1) Collect light (photons): telescope, lenses, mirrors ’i | Separaticn Focsl Plang  Crecuonics
2) Make this insensitive to the polarisation state Z f i o] 7 msing -
. . o/\. . . -l--. f=— i | ¥ | ﬁ j‘l

(within a few %): design, coatings, scramblers R T ! N
3) “Sort” this in a number of spectral bands: | Se—— s = *:

: : . L ' . Opmosst Cochr 8-

filters, beam splitters, gratings . e
4) Convert collected photons in an electric signal: \

detector(s) \ - 5 Atrnasphers
5) Convert this signal into bits: e ———— — TJfT

analog-to-digital conversion

6) Send those bits to the ground:
transmission capability

7) Inverse path from bits to radiances:
calibration (pre-launch + onboard devices such as
diffusers)

8) Locate these information on the ground:
satellite orbit / attitude control (precise orbit
determination, gyroscopes, star trackers)

&CCG 7th IOCCG Summer Lecture Series, Venice 5-19/7/2026 @RS ‘N

National Research Council. 2011. Assessing the
Requirements for Sustained Ocean Color
Research and Operations. Washington, DC: The
National Academies Press.
https://doi.org/10.17226/13127.




how does an ocean colour sensor work?

Steps to make an OCR “imagery”: . CZCS was a cross-track scanning radiometer
1) Collect light (photons): telescope, lenses, mirrors

2) Make this insensitive to the polarisation state
(within a few %): design, coatings, scramblers

3) “Sort” this in a number of spectral bands:
filters, beam splitters, gratings

4) Convert collected photons in an electric signal:
detector(s)

5) Convert this signal into bits:
analog-to-digital conversion ‘ e

6) Send those bits to the ground: g
transmission capability

7) Inverse path from bits to radiances:
calibration (pre-launch + onboard devices such as
diffusers)

8) Locate these information on the ground:

Development of the Coastal Zone Color Scanner for Nimbus 7.
_ . _ . _ Vol. 1: mission objectives and instrument description. Final
satellite orbit / attitude control (precise orbit report F78-11, Rev A, May 1979. NASA-CR-166720-Vol-1. Ball
determination, gyroscopes, star trackers) Aerospace Systems Div., Boulder. 76pp.
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how does an ocean colour sensor work?

To improve the derivation and ensure the high
quality of water-leaving radiance from multiple
satellite sensors a single group needs to be
responsible for the following:

e conduct sensor pre-launch tests,

® ensure that the sensor’s stability is monitored Lty
throughout.the.mlssmr.\, | B ImpronK

e perform a vicarious calibration, Al

® collect in situ data for product and algorithm
validation,

e perform the validation, and

e routinely process and reprocess the data to m

improve the products.
Once the high-quality water-leaving radiance is
produced, users can develop and derive primary
and secondary products that satisfy specific National Academies Press.
requirements of their research or operations. https://doi.org/10.17226/13127.
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National Research Council. 2011. Assessing the
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Research and Operations. Washington, DC: The




how does an ocean colour sensor work?

To improve the derivation and ensure the high MERIS: Calibration degradation
quality of water-leaving radiance from multiple
satellite sensors a single group needs to be

responsible for the following: el e i

BMuraor aorig wal launch [aP carrei |

s i Rl
e conduct sensor pre-launch tests, g 4 | —— — "
e ensure that the sensor’s stability is monitored 5 ag | g
throughout the mission, am -
e perform a vicarious calibration, am | o
e collect in situ data for product and algorithm 2 |
Va||dat|0n, B : | - 1 d - 3 i T i N (E- | :
. . years sincp laanck L
e perform the validation, and
J P LT B T el [0 e T A i DN D G Ay e Tl e i e

e routinely process and reprocess the data to
improve the products.

Ref.: MER4RP Validation Report

Once the high-quality water-leaving radiance is 4th MERIS data reprocessing Version: 1.0

. . Evolutions and Validation report Date: 01/04/2019
produced, users can develop and derive primary bage: i
and secondary products that satisfy specific https://earth.esa.int/eogateway/documents/20142/37627/
requirements of their research or operations. MERIS4RP-Evolutions-and-Validation-Report-V1.0-public.pdf
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how does an ocean colour sensor work?

To improve the derivation and ensure the high MERIS: Vicarious Calibration

quality of water-leaving radiance from multiple L4y Vicarious gain as a function of wavelength
satellite sensors a single group needs to be i ';f;‘;"“‘“
responsible for the following: i | —Final

e conduct sensor pre-launch tests,

® ensure that the sensor’s stability is monitored
throughout the mission,

e perform a vicarious calibration,

® collect in situ data for product and algorithm

validation, 1

e perform the validation, and e
. &= b - = -] Bl ) -0

e routinely process and reprocess the data to Warewiargftines)

H figary F-FF. i’ vicarisot goes Tpeved: BOCHSTHE, bhavs MOEF, black Eepi]

Improve the prOdUCtS' Ref..  MER4RP Validation Report
Once the high-quality water-leaving radiance is 4th MERIS data reprocessing Version: 1.0

. . Evolutions and Validation report Date: 01/04/2019

produced, users can develop and derive primary Page: i
and secondary products that satisfy specific https://earth.esa.int/eogateway/documents/20142/37627/
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how does an ocean colour sensor work?

To improve the derivation and ensure the high MERIS: Validation
quality of water-leaving radiance from multiple aaiil? '
satellite sensors a single group needs to be
responsible for the following:
e conduct sensor pre-launch tests,
e ensure that the sensor’s stability is monitored 3
throughout the mission, 3
e perform a vicarious calibration, E.l
® collect in situ data for product and algorithm :
validation,
e perform the validation, and
e routinely process and reprocess the data to
improve the products.
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Ref.: MER4RP Validation Report

Once the high-quality water-leaving radiance is 4th MERIS data reprocessing Version: 1.0

. . Evolutions and Validation report Date: 01/04/2019
produced, users can develop and derive primary bage: i
and secondary products that satisfy specific https://earth.esa.int/eogateway/documents/20142/37627/
requirements of their research or operations. MERIS4RP-Evolutions-and-Validation-Report-V1.0-public.pdf
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how does an ocean colour sensor work?

To improve the derivation and ensure the high MERIS: Validation
quality of water-leaving radiance from multiple _ ___ AROT. water case 12 REF
satellite sensors a single group needs to be

responsible for the following: :

e conduct sensor pre-launch tests, £ Tk e : *
. . . ¥ '

® ensure that the sensor’s stability is monitored S k

throughout the mission,

Sd L e i

e perform a vicarious calibration, "R
® collect in situ data for product and algorithm R ol —

Validation, - s M3IRP ISHE

H . é =L 00 | —i MEERP

e perform the validation, and |+ -+ e isuE |
e routinely process and reprocess the data to " e e o e

Improve the prOdUCtS' Ref..  MER4RP Validation Report
Once the high-quality water-leaving radiance is 4th MERIS data reprocessing Version: 1.0

. . Evolutions and Validation report Date: 01/04/2019

produced, users can develop and derive primary bage: i
and secondary products that satisfy specific https://earth.esa.int/eogateway/documents/20142/37627/
requirements of their research or operations. MERIS4RP-Evolutions-and-Validation-Report-V1.0-public.pdf

@CCG 7th |IOCCG Summer Lecture Series, Venice 5-19/7/2026 Q2 =~ ...

s
VIARNE rsity

i



How has ocean colour evolved?

® Our capability to develop applications is influenced by SEAWIFS
the characteristics of our sensors and programmes

® Key characteristics that are important to consider for
an ocean colour mission:

O Spatial resolution

O Temporal revisit - Coverage, Signal to Noise
O Spectral resolution

O Timeliness

O Operations and continuity

jCCG 7t IOCCG Summer Lecture Series, Venice 5-19/7/2026
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Spatial resolution




Spatial resolution

You are
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Spatial resolution




Spatial resolution

You are
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Temporal revisit

How often the satellite measures
your area of interest

Influenced by:

® Orbit (LEO (various), GEO)
Swath width/scan rate
Number of satellites

o
o
® Operating modes

1370 b= DLEI

T .
1 e
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http://www.youtube.com/watch?v=6CXRlXlB_Dw

Spectral resolution

® Ocean colour specific sensors x G S —
always designed to capture key ;i,: b L= e aniseantys
& Ii. === W M L1
parts of ocean colour spectral i \
variability. £ 5 Clarke, G. L. et al , 1970.
kS

y L W = et al, 2023
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Spectral resolution -
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Spectral resolution

° o
Ocean coIo.ur specific sensors ek Ok Blstioa - P AR Nl
always designed to capture key MOOH Vil o0 NS ouws 0
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Signal:Noise

® Sensors come with noise and this is influenced by the way they are
built and the ways that they measure.

® |mpact affected by how much signal they are capturing (spectral, . 3 e
space, and time dependent) and how strong the signal is from the =y
thing you’re interested to measure. I.'-.\ i

® Typically easier when you are measuring a larger area for longer, if f.'.: S | ,,_::__."'_— =
your target is dark....if your target is bright, you have the opposite . . e
problem of saturation. . +

® Specific OC sensors are designed for the typical dark ocean target, T ey —
other sensors for land which is much brighter. :

® \What does this mean in practice? = b = e —

@® Consider the sensor characteristics vs the target of interest
O E.g. a land sensor might well be ok over a bright target - .
O Highly absorbing targets benefit from sensor with low SNR
® Can also bin data to improve SNR.
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Timeliness (and time series)

Timeliness is how quickly you can get the

data after the satellite has made its : _:._r.-:l'-"i
measurements. i p"'"LIF* >
o 9)( o
Some trade-offs have to be made with quality o & g
e.g. you can’t always get all ancillary data .,l:i'-"' 2

i
Similarly with merged and reprocessed time %
series:

— You can’t take advantage of the high
quality of a climate data record approach,
in NRT (uses intersensor calibration/bias
correction etc).

— Advancements vs too much change

— Compromises wrt to processing/bands
used etc.

s = 3 e
o
Ces = 10 daps
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Processes scales and observation

T, ey © Bl Shvuer Soaness 00 - 40 fIRA S48

Time-horizontal space scale diagram illustrating several

physical and biological processes in ovals.
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Processes scales and observation

Time-horizontal space scale diagram illustrating several

physical and biological processes in ovals.
1000 0
4000 e Rectangles indicate the approximate horizontal
vser | i e and temporal sampling domain capabilities of several
1o =3 195 o platforms at in 2002
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m Remate Sensing of Environment o
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Aquatic color radiometry remote sensing of coaszal and inland waters: |- o
Challenges and recommendations for future satellite missions
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Processes scales and observation

Hyspiri

Liveggth etaks
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Aguatic colar radomery remole sensing ol coastal and inland warers: |I:| - Measuring freshwater aquatic ecosystems; The need for a hyperspectral

Challenges and recommendations for Future satellite missions global mapping satellite mission
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Processes scales and observation: focus on inland/coastal processes

Time-horizontal space scale diagram illustrating several
physical and biological processes in ovals.

T i Rectangles indicate the approximate horizontal
decade 1 oping appi g and temporal sampling domain capabilities of several
Water quality: Phytoplankton platforms at In 2002
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Processes scales and observation: focus on inland/coastal processes

Land Imagers (< 2014)

Small-medium
pixels (10-30 m)
Just a few spectral
bands

Lower fidelity
Low revisit time
(16 days)

(SOOI, o /7 /2026




Processes scales and observation: focus on inland/coastal processes

Land Imagers (S2+L8/9)

v Small-medium
w® 7 pixels (10-30 m)
;Y Dbetter revisit time

(5 days or less with
S2+L8/9)

v" improved fidelity

X Limited spectral
bands

(SOOI, o /7 /2026




Sentinel-2 Mission Key Features
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Spectral Response for the Sentinel-2
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Sentinel-2 Images Q

e
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Sentinel-2 coverage

Sun-synchronous orbit: Maintains consistent sunlight angle on
Farth - minimizes shadows & illumination variability - ensures

- reliable time-series data.
" T Orbit characteristics:
e Altitude: 786 km
e . e Inclination: 98.62°

e Period: 100.6 min

e Repeat cycle: 10 days

e [ocal Time at Descending Node (MLST): 10:30 am - balances
solar illumination & cloud cover; aligns with Landsat & SPOT-5

18

o 4

[=C CF AL i

Dy 203

W0 diys (152 oycle) for long-term time series integration.

L e e !; = =4=L=1 Constellation configuration:
f f i e Sentinel-2B and Sentinel-2C separated by 180°

e [xtended scenario: Sentinel-2A 36° from Sentinel-2B

BCCG 7th IOCCG Summer Lecture Series, Venice 5-19/7/2026 @Q\Z: 57 Wiz,
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Systematic coverage over the following areas:

baseline scenario of MSI acquisitions (two satellites in orbit).

_ane T T T
all continental land surfaces (including - -"'“n.. *-.1"' F :':'H ,
o . _.I:'I..I_I_.- [ &
inland waters) between latitudes 56° South " : - i, 3
n 4. £
and 82.8° North - y =L ' LY

all coastal waters up to 20 km from the

shore -L :

-.1 -
all islands greater than 100 km2 . it ) 3 =
all EU islands il

" N E T T

the Mediterranean Sea

all closed seas (e.g. Caspian Sea).
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Systematic coverage over the following areas:

all continental land surfaces (including

inland waters) between latitudes 56° South
and 82.8° North

o all coastal waters up to 20 km from the
shore

o all islands greater than 100 km2

Water masses observed by Sentinel-2 are 37% since 2022

« all EU islands
o the Mediterranean Sea

o all closed seas (e.g. Caspian Sea).

CNR u
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Spectral resolution

® Ocean colour specific sensors
P v Current Gdohal Mrsicn B NS, Bl Ladis

always designed to capture key % e e T e g
parts of ocean colour spectral - sywms L s B P e Pp—
Va”ablllty. 3 i 5 2 i = - :- = i i e bl e e
! ——. ey
® Other “non-0C” sensors have : P o : - f = e
. —_— 4
fewer/wider bands that can =0 § == = v =t - S
. — - - - _— :— il
make their usage more =l = : gl =4 iy p—
E— E = 5 e ’
challenging : = £ = f :--:-m:a:::wﬁ
: = = B B =i i
"'!-:.‘:H — n - - - = T — ey ¥ :_. E g P e P g
_:.l'.:'-i'-l-l-'.l'-'lu ! é L] — . : 'I_ v A, airmed oo T v
— e i B e ; = .|
| = dmpregres Evgrapainees L g aEa ] = g Pl 1" - | ; L drmrr iy brari =
E. | = E B =i =t Pk
3 s — —-— E gty
: E
" i} [ ¥ AT AR [ TR
g =53 = - r
v — S TR ]
E l : = - = o R Y
§ - = [ s AITRCLE N §O TR | Tl
g T

Dierssen et al., 2023
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Processes scales and observation: focus on inland/coastal processes

New “observation class”:

Landsat-8+9/0LI + Sentinel-2AB/MS

Liveggth etaks
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Aguatic colar radomery remole sensing ol coastal and inland warers: |l|. .

Challenges and recommesndations for future satellite missions
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Processes scales and observation: focus on inland/coastal processes

New “observation class”:
Landsat-8+9/0LI + Sentinel-2AB/MSI
—————

Hyspiri

yoa

Submersed
habitats change
detection

Revish Fiequeency |days)

Temporal Resolution
=]
:

Seagrass
phenology,

10 e 1 M e Wl M0 =0 O 000
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Commmn e gt a1 Soerealbopcr
hour & 1 ﬂ Remaote Sensing of Environment
A i A i i
(T L] ] ']

lj.1 m 1 m 1n m 1m m I ..m 1“hm W ROoEApEkie wEw SIIEFIr. comICCETRTE
Soalial Fasolutian

Measuring freshwater aquatic ecosystems; The need for a hyperspectral
global mapping satellite mission

Focus on inland/coastal processes
Giardino and Brando, based on Hedley

Enn Lee Hestir *™*, Vittoris E, Brano *, Mariano Bresclani ©, Claudia Grardinn ©, Erca Macta ©,
Paodo Vilka ©, Aamold G, Delcloer *
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How has ocean colour evolved?

The operations era S | —
REHRIS _——
. (T a2 e ————————————————————————————————————————
Let’s do this...all the R re e ,

time...consistently...with redundancy! s

AL E T vl 1 IR
B R P st T

PACE science missions P E———

. R Ve nined 30 i i i [

In this era we: e | OPorationalmissions | | | ==
1 F00 HOS 30 Pyra ) rynrcn 004 7000

— Linked up with agencies typically
responsible for operating ‘weather’
satellites

— Developed long-term programmes to
maintain the ocean colour record

— Developed approaches to merging
records from multiple sensors towards
ECVs, EOVs, CDRs.

Series of consistent mission/sensor

— USA: 4 VIIRS to cover 2015-2038

— EU: 4 OLCI to cover 2016-2036

— constellations of at least two sensors in
orbit at the same time

fCCG 7t IOCCG Summer Lecture Series, Venice 5-19/7/2026 @@ gmm “3:?



The operations era

Eh ] 1 i
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The operations era

- B ERSs e R = mE = r IR I R I im n

S3/0OLCI A+B
Rrs(443)
4/7/2026

0.005 0.01 0.015 sr*-1
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The operations era

We could design the best sensor/mission in the world but if it doesn’t
have:

- Reliable data production and serving
- Continuous data quality analysis and improvement

- Explodes on launch/gets hit by space junk etc and has no replacement
....then the value of our ultimate applications will be limited

Many elements have evolved to make ocean colour more operational. E.g.

- Sentinel-3 mission has 2 satellites operating, with two more in
development and NG underway

- Initiatives supporting calibration, validation,

Moves towards better data serving (including online archives and cloud)
Consistent user support, training, and community engagement

:’CCG 7t I0CCG Summer Lecture Series, Venice 5-19/7/2026
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How has ocean colour evolved?

Continuity era vs advancement era?...

® \Where next?
In this era we:

— Maintain continuity

perspectives

7t IOCCG Summer Lecture Series, Venice 5-19/7/2026

— Advance the technology from
spectral, temporal and spatial

— Drive towards downstream impact
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Then...
® Chlorophyll-a

® |n the open ocean
® Science

® For how long?

How have ocean colour applications evolved?

Now...
® Chlorophyll-a, Carbon, HABs,
debris, ecosystem mapping...
® Open ocean, coastal, (inland)
® Science, business, policy
® For the foreseeable future!
WSz



Hyperspectral sensors

“continuous” observations from the UV to NIR at a high spectral resolution

10K}
= g
oy w1
m
-H
o i
C
&
3
¥
=
IJ. l_ll"."" MEASELE .
. e
5 dn B
o L IOCCG Report 22 (2026)
- A Scientific Roadmap of Aquatic
1 o T Hyperspectral Remote Sensing:
! R L Overview of Status, Challenges and
i . Future Perspectives. Version 1.0. Edited
Speciral Bands (#) uture Perspectives. Version 1.0. Edite
. . _ by Astrid Bracher, Ana I. Dogliotti, and
Multispectral missions are in grey, and Jeremy Werdell. pp.102.
hyperspectral missions are coloured. https://doi.org/10.25607/OBP-2062
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Hyperspectral sensors

“continuous” observations from the UV to NIR at a high spectral resolution
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Hyperspectral sensors

“continuous” observations from the UV to NIR at a high spectral resolution
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crossing time of 13:00 at an
altitude of 676.5 km

20° tilt maneuver in the track
direction away from the sun to
avoid glint from the ocean
surface

maps more than 95% of the
sunlit Earth daily

mission is designed to last at
least 3 years; spacecraft fuel is
sufficient for 10 years
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PACE: Ocean color instrument (OCl)

The primary science instrument for
PACE is the Ocean Color
Instrument (OCI) which measures
ocean colour from ultraviolet to
shortwave infrared.

PACE includes two polarimeters:

T v i ey the Spectro-polarimeter for
Planetary Exploration (SPEXone)
and

B ThACTRRS (3 GINTHNT, 445 MR TN GRS . . 20 thsa the Hyper Angular Research
The Ocean Color Instrument (OCI) on the Plankton, Polarimeter (HARP2).

Aerosol, Cloud, ocean Ecosystem (PACE) Mission;
System Design and Prelaunch

Radiometric Performance

Cethued Meisin ™, Joseph L Knuble, Ui Ghicse, Bebenl Bouwpe, Lelod H Clemaga Hysengu Clas,
Eihirs b Egke, Horir H Ralep &, By T, Cenmsan, S Kachana Ml Kinley, Duvid Kubalsk |
Slehpen Lo Cranles MeClaia, Jeffcy W Meloire ©, Frederck & Pum, Zakk Bhides, il B lerisn Wiidsll
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PACE: Ocean color instrument (OCl)

ol L - ‘m

® two hyperspectral and six SWIR channels

® In the hyperspectral channels, the light is split into blue and red channels by half angle mirrors

® The blue hyperspectral channel captures between 320-600 nm and the red captures 600-890 nm

® Blue and red hyperspectral channels have a grating optimized for the wavelengths of that channel, and a lens
assembly that focuses the wavelength-dispersed slit image onto a CCD-> 200+ wavelengths UV-NIR

® 5 nmresolution, 2.5 nm steps (with 1.25 nm steps in several spectral regions)
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Eesa

upd. 07/26

S3NGO (Sentinel3 Next Generation Optical) and AOLCI
(Advanced OLCI)
Context and plans

slides provided by
Paolo Cipollini, Simon Proud
Sentinel-3 Next Generation Optical Mission Scientists

08/07/2026
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Copernicus Context for SSNGO

Eesa

upd. 07/26

CURRENT GENERATION
SENTINELS

NEXT GENERATION
SENTINELS

Sentinel-1 +C+D
C-Band Radar

Sentinel-1 NG A +B
C-Band Radar

Sentinel-2A+B +C
High Res Optical

Sentinel-2 D
High Res Optical

Sentinel-2 NG A +B
High Res Optical

Sentinel-3 NG Topo A + B

Sentinel-3 C + D P> | Altimeter

Sentinel-3A +B
MR Optical + Altimeter

MR Optical + Altimeter
Sentinel-3 NG Opt A + B
MR Optical

Sentinel-4 B
Atm. Chemistry (GEO) Atm. Chemistry (GEO)
Sentinel-5P + Sentinel-5 A
Atm. Chemistry (LEO)

Sentinel-5B +C
Atm. Chemistry (LEO)

Sentinel-6 A +B
Altimeter

Sentinel-6 NG A
Altimeter

COPERNICUS EXPANSION

ROSE-LA +B

L-Band Radar for Arctic and
Cryosphere Monitoring, Land and
Emergency Mapping, Ground
Motion, Soil Moisture

CO2MA+B +C
Carbon Dioxide Monitoring

CRISTALA +B
Polar Ice & Snow Topogr. Altim.

CHIMEA +B
Hyperspectral Imaging

LSTMA+B
Surface Temperature

CIMRA+B

Imaging Microwave Radiometer

68
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Sentinel-3 Next Generation Optical (NGO) - Objectives > esa

of observations of the current Sentinel-3 mission
(excluding the topographic component)

In particular: follow-on of Sentinel-3 OLCI and SLSTR -
, ensuring continuity of operational data to feed
the downstream Copernicus applications/services and to serve evolving user
needs by enhanced continuity

The European wide-swath mission providing:

observation data in routine, long term and continuous fashion with
consistent quality and a very high level of availability.
optical observation products and land hydrology products.

...but also improved and fully operational products AOD and FRP used by
atmospheric Services 70
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AOLCI: The future of Ocean Colour for Copernicus esa

& EUMETSAT
Sentinel-3 Next Generation Optical (S3NGO): European wide-swath mid-

resolution reference. Two satellites to be launched in mid-2030s

» Advanced OLCI (AOLCI) instrument : 150 m resolution, supporting detailed
oceanic, coastal and inland water observations.

» High signal-to-noise ratio and frequent revisit maintained

+  Spectral capabilities dramatically expanded: currently looking at feasibility of
408 hyperspectral bands (340 —1040 nm), enabling new ocean colour products
(e.g., phytoplankton types, primary production).

* Improved synergy with ASLSTR dual-view VIS/IR radiometer

e

408 bands ¢ 2-day”

(proposed) revisit

71
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Processes scales and observation
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Future: Geostationary OCR
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Future: Geostationary OCR

proofs of concept with MSG/SEVIRI
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Future: Geostationary OCR

proofs of concept with MTG/FCI
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Future: Geostationary OCR

proofs of concept with MTG/FCI
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Future: Geostationary OCR

L I LN BN RN R . B &-=-  The Geostationary Littoral Imaging and
Monitoring Radiometer (GLIMR)
instrument is a hyperspectral ocean color
sensor launching after 2026 that targets
the Gulf of Mexico and other coastal and
ocean waters of North and South
America.

With its vantage point from geostationary
orbit, GLIMR will be the first hyperspectral
ocean color sensor in the Western
Hemisphere to study ocean processes at
the diurnal timescales required to observe
the dynamic ecological, biogeochemical
and physical processes typical of coastal
and ocean waters.
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Future: Satellite-borne ocean LIDARSs

® Passive ocean colour allows accessing a signal whose 90% comes from depths < ~1/Kd (Gordon and
McLuney, 1975, Applied Opitcs 14(2)).

® In the clearest waters, this is about 20 m in the blue; otherwise, just a few meters

® The vertical structure in the upper layers is important and not necessarily uniform

® Hence the idea that LIDARs could help, because they are precisely designed to resolve vertical
structures

¢ Satellite LIDARs have been essentially used for atmospheric purposes, however ocean LIDARs have
been deployed from ships or aircrafts as proofs of concept.

® The Cloud-Aerosol LIDAR with Orthogonal Polarization
(CALIOP) on CALIPSO (Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observation) was used as a proof of
concept for satellte-borne ocean LIDARs:

* two-wavelength (532 and 1064 nm) elastic Hostetler et al., 2018, Spaceborne Lidar in the
backscattered signals with polarization channel Study of Marine Systems, Annual Review of
* Measurements are taken 3° off-nadir Marine Science, 10:121—47. |
https://doi.org/10.1146/annurev-marine-121916-
063335
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Satellite-borne ocean LIDARs

Convergence of CALIOP
ground tracks yields the
most dense spatial
sampling at high latitudes
(Figure 5a), providing 1o
binned spatial coverage
comparable to that of
MODIS in both the north
and south polar regions
during late-spring to early
autumn months and better
coverage from the late-
autumn to early-spring
period (Figure 5d).

: o e Y8 Hostetler et al., 2018, Spaceborne Lidar in the
PR Sabon g Study of Marine Systems, Annual Review of
Marine Science, 10:121-47.
https://doi.org/10.1146/annurev-marine-121916-
. 063335 o
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Future: Satellite-borne ocean LIDARSs
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