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Hyperspectral is not just multispectral with lots of bands -

Use of WATERHYPERNET for validation of hyperspectral satellite missions

presented by Kevin Ruddick (RBINS)

with Q.Vanhellemont, A.Bialek, V.Brando, A.Corizzi, P. de Vis, A.Dogliotti, D.Doxaran, 
C.Goyens, J.Kuusk, D.Vansteenwegen and M.Beck, I.Farace, K.Flight, A.Gammaru, 
L.Gonzales Vilas, K.Laizans, H. Lavigne, F.Ortenzio, D.Pailler, P.Perna, E.Piegari, 

L.Rubinstein, M.Sinclair, D.Van der Zande, P.Goryl
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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 

[Kuusk et al, 2024]

380-1680nm, 3-10nm 

FWHM

Automated hyperspectral measurements

11 water and 7 land sites currently operating,

Slowly expanding internationally (but currently 

limited by hardware manufacturing).

2025: + Australia + South Korea

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&C, Sentinel-3A&B/OLCI, Landsat-8&9, Planetscope Doves and Superdoves, PRISMA, 

Pléiades, ENMAP, MODIS-A&T, VIIRS-1&2, (ACIX), PACE... 

and preparing for:

         ACIX, DESIS, MTG and SEVIRI, EMIT, CHIME, LSTM, GLIMR, SBG, GOCI, SABIAMAR, various Newspace, 

TRUTHS ... (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), UMBC (USA)

NEW: Since 2 years we are seeing many more Newspace and  

hyperspectrals …
[Ruddick et al, 2024; 

https://doi.org/10.3389/frsen.2024.1372085]
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CNR: Acqua Alta

CONICET: La Plata

LOV: Gironde

will support 5 water sites to 

2027

Water sites currently/recently running

RBINS: Zeebrugge

RBINS: Blankaart
CNR: Lake Garda

LOV: Etang Berre

RBINS: Thornton

VLIZ: Oostende

TARTU: Vortsjävn

X✓

✓

✓

✓

✓

✓

✓

✓?

✓?

✓= suitable for validation

UMBC: Chesapeake

✓

NPL: Wraysbury

✓
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Data Distribution - first releases (beta)
⚫ LANDHYPERNET beta-testing by externals in progress

● See poster Monday 23 June, session C.06.09

● 17:45-19:00 Pieter De Vis, “LANDHYPERNET Data Distribution and Science Results” 

⚫ WATERHYPERNET beta-testing by externals in progress
• QC-approved 2023 and 2024 data from 7 sites

• Will be expanded to 4 more sites and up to June 2025 then NRT

• Access via https://waterhypernet.org/data/

https://waterhypernet.org/data/
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Oostende

PI: D. Vansteenwegen

Acqua Alta

PI: V. Brando
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ACOLITE 

glint 

correction 

reduces 

difference 

in NIR

Difficult to 

explain: 

Rayleigh, 

aerosols, … Water 

vapour?

Wavelength (nm)

Sentinel-2 validation [Processing Q. Vanhellemont]

[Ruddick et al, 2024;

https://doi.org/10.3389/frsen.2024.1347520]

155 

matchups
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155 matchups - plenty to learn from individual matchups …

Some good Some not so good
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Validation diagnostic sheets for each of 155 matchups (3km*3km)

e.g. S2A 2022-11-21 Acqua Alta e.g. S2A 2022-06-12 Oostende

Retrieved AOT 

too low (S2 noise 

=> ACOLITE 

bias, SZA 66°)

Cloud 

shadow over 

validation site

RHOs RGB

RHOs865RHOs443

RHOt2202RHOt1377

RHOs RGB

RHOs865RHOs443

RHOt2202RHOt1377
[Ruddick et al, 2024;

https://doi.org/10.3389

/frsen.2024.1347520

Supplementary]

https://doi.org/10.3389/frsen.2024.1347520
https://doi.org/10.3389/frsen.2024.1347520
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S2 pixels binned up to simulate 

coarser res sat data => extra 

spatial difference uncertainty

Spatial difference in situ/satellite adds uncertainty

[Dogliotti et al, 2024; 

https://doi.org/10.3389/frsen.2024.1354662]

One day, many missions matchup
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What can be done with HYPERNETS that is not possible with multispectral 
(AERONET-OC) data ?

OR hyperspectral satellite

OR multispectral satellite
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Multispectral data can be band-shifted (just adds uncertainty?)
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[Lavigne et al, 2022, 

Phaeocystsis globosa 

detection]

Reflectance
2nd derivative

Reflectance

NO for algorithms using spectral anomalies/curvature/derivative

(PACE and CHIME still need us)

Can we band-shift AERONET-OC data to validate hyperspectral sats?

YES will show most spectrally smooth atmospheric correction problems (aerosols, glint)

YES for most multispectral algorithms ("just" adds to reflectance uncertainty)

Phaeocystis globosa
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PACE matchup (V3 processing)

UMBC/NASA: Chesapeake

[K. Turpie]

[D. Aurin]
PACE

Water reflectance, ρw

Wavelength (nm)
2nd derivative, 

∂2ρw/∂λ2

(nm-2)

Sat reflectance ≈ in situ

Sat 2nd deriv >> in situ

Dominated by "wiggles"
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Conclusions

• The HYPERNETS network measures hyperspectral water (380-900 nm) and land 
surface (380-1680 nm) reflectance for satellite validation

 inc. multiple viewing angles for land HDRF

• Diverse water (~11) and land (~7) surface types

 International expansion in 2025-26 inc more Southern hemisphere (Argentina, Australia) + USA, S. Korea

• Demonstration validation studies for Sentinel-2, Sentinel-3/OLCI, Landsat-89/OLI, 
VIIRS, PRISMA, ENMAP, Pléaides, Planet/Doves+Superdoves, PACE

 =>useful for determining fitness-for-purpose and identifying where improvements can be made esp 

Atmospheric Correction, Cloud and Cloud shadow masking, sunglint over water, …

• Validation site coordinates useful for cal/val acquisition planning:

    https://www.hypernets.eu/network/validation_sites

• Study of additional uncertainty from spatial difference (in situ/sat)

• New paradigm for radiometric validation of hyperspectrals (2nd deriv!)

https://www.hypernets.eu/network/validation_sites
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More info
● Details of instrument, processing and demonstration studies at:

https://www.hypernets.eu/network/publications

● Data access: https://waterhypernet.org/data/

● Check out our ESA-LP posters!

https://www.hypernets.eu/network/publications
https://waterhypernet.org/data/
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