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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)
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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

The CAL/VAL place for HYPERNETS
MOTIVATION = 

Automated measurements for validation of water and land surface reflectance 
at all VIS/NIR spectral bands (380-1700 nm, @3 nm FWHM to 1020 nm)

...2300 nm? ... 2500 nm??



(c) HYPERNETS Consortium, 2023 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET)

[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

Why automated hyperspectral?

10 years of MERIS water reflectance validation, including a few years of AERONET-OC…

Water reflectance 490nm
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Data acquisition must be 

AUTOMATED

Instrument must be 

HYPERSPECTRAL

Sites should be

NETWORKED

+ new generation of 

hyperspectrals

(EnMAP, PRISMA, 

EMIT ... PACE ... 

CHIME, SBG, 

GLIMR and 

cubesats?)

Planetscope spectral response

[Vanhellemont & Ruddick (2018)  

https://doi.org/10.1016/j.rse.2018.07.015

Atmospheric correction of metre-scale 

optical satellite data for inland and coastal 

water applications]

https://doi.org/10.1016/j.rse.2018.07.015
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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

10 water and 10 land sites operating/ed

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, @3-10nm 

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)

2023-2027
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HYPSTAR® instrument spec (XR=land version)

[www.hypstar.eu] SR=water version

VISNIR (380-1020nm), 

2° FOV

Typically measuring every 30 mins during daytime for 

a year before recalibration

User demo video

https://www.youtube.com/

watch?v=dfUAPYxg5Cc

https://www.youtube.com/watch?v=dfUAPYxg5Cc
https://www.youtube.com/watch?v=dfUAPYxg5Cc
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CNR: Acqua Alta

CONICET: La Plata

LOV: Gironde

Water sites currently/recently running

will support 5 water sites to 

2027

RBINS: Zeebrugge

RBINS: Blankaart
CNR: Lake Garda

LOV: Etang Berre

RBINS: Thornton

VLIZ: Oostende

TARTU: Vortsjävn

+

USA Chesapeake 

Bay co-located 

AERONET-OC

July 2023 ...

+

UK Wraysbury

reservoir

July 2023 ...

+ ...
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NPL: Wytham

GFZ: DEMMIN

RBINS: PEAntarctica

(Dec-Jan)

NPL: Gobabeb

GFZ: ATB

NPL/RBINS: Barrax

(Jul 2022)

Land sites currently/recently running

TARTU: Järvselja

TARTU: Soontaga

RBINS: Lonzee

+

CNR: Jolanda di 

Savoia 2023 ...

+ ...

will support 5 land sites to 2027
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[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: Vansteenwegen)

AAOT Venice, Italy (CNR: Brando)

88 matchups 

52 different 

satellites

Interoperability?

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

NIR

https://doi.org/10.1364/OE.397456
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Land properties - angular measurements of furrowed field!

[RBINS: 

Lonzee]
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Useful for more than just satellite validation [Goyens et al, 2022]

In situ

HYPSTAR®
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Data processing and distribution - status

HYPSTAR®:

Prototype data released ZENODO June 2023

Reprocessing expected by Dec 2023 (improved QC, spectral weighting, etc.) 

PANTHYR:

Reprocessing in progress

PANGAEA/ZENODO July 2023?

In prep: WATERHYPERNET and LANDHYPERNET data portals 

FOLLOW US on https://twitter.com/Hypernets_H2020 !

SHORT TERM

LATER 2023

https://twitter.com/Hypernets_H2020
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Conclusions

Surface reflectance data is essential for water and land 
product validation
Autonomous hyperspectral network is most cost-effective 
(multi-mission context)
Zenith- and azimuth-pointing enables full HRDF for land and 
extra scenarios for water (as well as "parking" to protect)
Useful for other applications (not just sat val) ...

Early prototype HYPSTAR® data looks very useful ...

Diverse water and land HYPERNETS validation sites should 
provide good basis for validation of S2A&B, L8&9, S3A&B, 
EnMAP, PRISMA ... PACE ... CHIME, SBG, GLIMR ... and 
NewSpace and ...

[LOV]
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Questions? Comments?

FOLLOW US on https://twitter.com/Hypernets_H2020 !

https://twitter.com/Hypernets_H2020
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