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Network Quiz!

aerosol properties ... water 
reflectance (multispectral)

surface ... TOA reflectance 
(vicarious cal)

surface flux of
CO2, CH4, H20 ...

BSRN: surface radiation flux

water and land surface 
reflectance 

(hyperspectral)



© RBINS 2023

BEOday
9 Mar 2023
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A network of autonomous hyperspectral radiometers 
measuring water and land surface reflectance for 

satellite validation ... and more ...

Coordinated by Kevin Ruddick,
Royal Belgian Institute for Natural Sciences (RBINS)

HYPERNET-OCWCHYPERNETS

(c) HYPERNETS Consortium, 2022 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET)
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Intense near-shore bloom observed by Sentinel-2A/MSI in Belgian waters
(red-edge Chl-a absorption – see Vanhellemont & Ruddick 2017) 

But the quality and usability of all these products 
depends on "level  2" water reflectance validation

Chlorophyll a (µg/l)

0 100

Sentinel-2 sees many new processes
e.g. for EU Water Framework Directive monitoring
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MOTIVATION = 
Automated measurements for validation of water and 
land surface reflectance at all VIS/NIR spectral bands 

(400-1700nm, @3nm FWHM)

Top Of 
Atmosphere (TOA)

Bottom Of 
Atmosphere (BOA)

WATER LAND

1. TOA radiance

3W. Chlorophyll a, Suspended 
particle conc. etc.

Calibration by 
space agencies

Water/Land
Product Validation

2. Surface Reflectance

Radiometric 
Validation

3L. Vegetation, LAI, FAPAR, 
snow/ice, etc.

HYPERNETS
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HYPERNETS in a single slide

INSTRUMENTS NETWORK DATA PROCESSING 
and ANALYSIS

PANTHYR system
[Vansteenwegen et al, 2019]

400-900nm, 10nm FWHM

HYPSTAR® system 
[https://hypstar.eu/]

380-1700nm, 3-10nm 
FWHM

Automated hyperspectral measurements

8 water and 4 land sites currently operating
+7 water +3 land by April 2023

Many international requests to join in 2023 ...

e.g. one 
matchup

one band 
(S2/704nm), many 

matchups

spectral stats,
many matchups

Prototype network has provided validation data and information to:
Sentinel-2A&B, Sentinel-3A&B/OLCI, Landsat-8&9, Planetscope Doves and Superdoves, PRISMA, Pléiades, 

ENMAP, MODIS-A&T, VIIRS-1&2,... 

and preparing for:
ACIX, DESIS, MTG and SEVIRI, EMIT, CHIME, LSTM, PACE, GLIMR, SBG, PROBAV-CC, GOCI, 

SABIAMAR, various Newspace, ... (national hyperspectral imagers from Canada, Norway, Australia, ...)

OBJECTIVE: To validate all VIS/NIR spectral bands (400-1700nm, @3nm 
FWHM) for all satellite missions measuring water or land surface reflectance 

RBINS (BE, coordinator)
+ VLIZ (BE), CNR (IT), LOV (FR), 
NPL (UK), GFZ (D), TARTU (ES), 

CONICET (ARG)

STEREO inside!!!
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CNR: Acqua Alta

CONICET: La Plata

LOV: Gironde

Water sites currently running

will support 2*PANTHYR + 
3*HYPSTAR sites to 2027

RBINS: Zeebrugge

RBINS: Blankaart
CNR: Lake Garda

LOV: Etang Berre
RBINS: Thornton (soon)

+ USA trial
co-locating 

AERONET-OC
June 2023

VLIZ: Oostende
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NPL: Wytham

GFZ: DEMMIN

RBINS: PEAntarctica
(Dec-Jan)

NPL: Gobabeb

GFZ: ATB

NPL/RBINS: Barrax
(Jul 2022)

Land sites currently running
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"One month of automated HYPSTAR® = 5 years of shipborne matchups"

La Plata
[CONICET/A.Dogliotti]

One site validating 9 missions (S2VT/Mar 2022) ...
sa

te
llit

e

in situ

S3/OLCI-A&B VIIRS-S&J MODIS-A

S2-A&B L8&9



[Vanhellemont (2020)  https://doi.org/10.1364/OE.397456
Sensitivity analysis of the dark spectrum fitting atmospheric correction for metre- and decametre-
scale satellite imagery using autonomous hyperspectral radiometry]

Validation of 
Planetscope/Doves
with 2019-2020 
HYPERNETS/
PANTHYR data from two 
sites

RT1 Oostende, Belgium
(VLIZ)
AAOT Venice, Italy
(CNR)

88 matchups 
52 different 
satellites

Interoperability?
Red+Green usable for turbidity! (but not NIR)

sa
te

llit
e

in situin situ

sa
te

llit
e Red

Blue Green

NIR

https://doi.org/10.1364/OE.397456
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Outliers are interesting too...

=> cloud shadow detection 
needs to be improved (difficult)

Aqua Alta,
Adriatic Sea

[V. Brando, CNR]

Oostende
[D. Vansteenwegen, VLIZ]

[Sentinel-2 data processing and analysis by
Q. Vanhellemont, RBINS; presented at S2VT/Apr2022]
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[Lavigne et al, 2022; 
https://doi.org/10.1016/j.rse.2022.113270] 

BONUS: hyperspectral radiometry is not just sat val

Spring bloom
(Phaeocystis globosa)

Summer bloom
(not Phaeocystsis)

Phytoplankton pigments could also be seen from spaceborne hyperspectral missions
BUT second derivative algos have interband cal reqt, e.g. 0.1% for 470-490nm 
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THE END

Spare Slides
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The Radiometers

Land!

PACE!
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Fiducial Reference Measurements and  uncertainties

[Banks et al. "Fiducial Reference Measurements for 
Satellite Ocean Colour (FRM4SOC)". Remote Sens. 2020, 
12, 1322. https://doi.org/10.3390/rs12081322
and https://frm4soc.org]

[Ruddick et al. "A Review of Protocols for ... Water-
Leaving Radiance". Remote Sens. 2019, 11, 2198. 
https://doi.org/10.3390/rs11192198]

[Ruddick et al. A Review of Protocols for ... 
Downwelling Irradiance. Remote Sens. 2019, 11, 1742. 
https://doi.org/10.3390/rs11151742]

(also relevant for land)

https://doi.org/10.3390/rs12081322
http://www.frm4soc.org/
https://doi.org/10.3390/rs11192198
https://doi.org/10.3390/rs11151742


© RBINS 2023

[MERIS 3rd reprocessing data validation report, ACRI, 2012]
Data courtesy of PIs (D. McKee, K. Ruddick, D. Siegel, S. Kratzer) and AERONET-OC PIs (G. 
Zibordi, G. Schuster, S. Kratzer, B. Gibson), matchup using MERMAID

In situ

The Motivation for automated hyperspectral
10 years of MERIS water 

validation, including a few years of 
AERONET-OC…

Water reflectance 490nm

Sa
te

llit
e 

(M
ER

IS
)

Data acquisition must be 
AUTOMATED

Instrument must be 
HYPERSPECTRAL

Sentinel-2A/B spectral response

Sites preferably
NETWORKED
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Overview of data flow

Key User Reqts
H/S 400-900nm @10nm
... 380-1100nm @5nm
High data quantity
"High" data quality 
Easy mass download

+link to BRDF tool 
[EUM]?
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BE Antarctica base (IPF) - example matchup, HYPSTAR® prototype

RBINS HYPSTAR® deployment and S2 processing
Also to be used for validation of L8, L9, OLCI, ...
Jan-Feb 2022 (and redeployed Dec2022-Jan2023)

TOA

ACOLITE

In SITU

Sen2COR

Good site for snow properties, HDRF, cloud detection over 
snow, vcal?, user interest ...

~3km

Collaboration with U.Maryland skycams ...
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