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Quality control of WATERHYPERNET measurements using AERONET-OC data

Presented by Kevin RUDDICK (RBINS)

Data from WATERHYPERNET/AERONET-OC sites:

Acqua Alta/AAOT [PI V. Brando + G. Zibordi/B.Bulgarelli]
La Plata/RdP-EsNM [Pl A. Dogliotti]

Chesapeake Bay [Pl K. Turpie + D. Aurin]

WATERHYPERNET support from:

Q. Vanhellemont (PANTHYR processing)

D. Vansteenwegen, M. Beck and F. Ortenzio (PANTHYR system)
P. De Vis and C. Goyens (HYPSTAR processing)

J. Kuusk and K. Laizans (HYPSTAR instrument)

A. Corizzi and D. Doxaran (HYPSTAR system)

(c) HYPERNETS Consortium, 2024 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET, VLIZ)
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AERONET-OC success story

A data users perspective
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The Aerosol Robotic Network (AERONET). developed to sustain atmospheric studies at various scales with
measurements from worldwide CE-318 distributed autonomous sun-photometers has been extended to
support marine applications. This new network component called AERONET — Ocean Color (AERONET-
OC). provides the additional capability of measuring the radiance emerging from the sea (ie., water-
leaving radiance) with CE-318 sun-photometers Installed on offshore platforms like lighthouses.
oceanographic and oil towers. AERONET-OC is instrumental in satelite ocean color validation activities
through standardized measurements a) performed at different sites with a single measuring system and
protocol, b) callbrated with an identical reference source and method, and c) processed with the same
code

+Read More

NEWS

« The AERONET-OC data (Normalized Water Leaving Radiance) procedure of raising from Level 1.5
to Level 2.0 changed starting on July 2023. Previously expert-based quality control procedure
(Zibordi et al. 2021) was applied to the qualified data (with final calibration and corresponding
Level 2 AOD). Now the automated quality control procedure (Zibordi et al. 2022) is applied to al
data not formerly quality controlied by March 2022 and upcoming data.

Zibordi, G.. Holben, B. N., Talone, M., D'Alimonte, D.. Slutsker, I Giles, D. M., & Sorokin, M. G. (2021).
Advances in the ocean color component ofthe aerosol robotic network (AERONET-OC). Journal of
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+Download Tool
+ Download Al Sites
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AEROSOL INVERSIONS (V3)
+ Data Display
+Download Tool

and Oceanic Technology, 38(4), 725-746

Zbara, 6., D/ANTonte: D., & Kalyama, T (2022). Aufosteted sy Conro of AERONET-OC LN Deta
Journal of Atmospheric and Oceanic Technology, 39(12). 1961-19:

19 April 2022
« AERONET-OC reaches the 20-year milestone!

10 March 2020
« In addition to the AERONET-OC LWN data corrected for bidirectional effects relying on the method
proposed by Morel et al. (2002, identified as LWN_{/Q), Version 3 data include alternative LWN
products are determined based on the correction scheme for bi-directional effects proposed by
Lee et al. (2011, identified as LWN_IOP). While LWN_7/Q data are generally recommended for
applications related to Chia-dominated waters (ie.. Case 1), the alternative products LWN_IOP
appear more suitable for optically complex waters i.e.. Case 2)

André Morel, David Antoine, and Bernard Gentil, “Bidirectional reflectance of oceanic waters: accounting
for Raman emission and varying particle scattering phase function.” Appl. Opt. 41, 6289-6306 (2002)

Zhong Ping Lee, Keplng Du, Kenneth J.Voss, Gluseppe ZbordL Bertrand Lubec, Robert Amane, and Alsn
Weidemann, "An inherent-optical-property-centered approach to correct the angular effects in water-
Ieavmg iance.” App Opt. 50, 3155-3167 (2011)

6 March 2019
Recent implementations/revisions:

= Capabilitv to handle and process data from the CE-318T 12-channel instrument data in addition to_

Multispectral
Public data distribution

Very reliable data quality =

as motivation for HYPERNETS

€2 WATERHYPERNET =

WATERWYPERNET

Identifier

Country

Hyperspectral !
NOT YET Public data distribution

» NEED TO REACH Very reliable data quality

I Data comparison AERONET-OC vs WATERHYPERNET !

Added value of hyperspectral: Multispectral in situ can spot most A/C problems BUT

Only hyperspectral in situ data can validate the new capabilities of hyperspectral satellites (phytoplankton species, etc.)
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HYPERNETS in a single slide

INSTRUMENTS NETWORK DATA PROCESSING
RBINS (BE, coordinator) and ANALYS'S

+ VLIZ (BE), CNR (IT), LOV (FR),
NPL (UK), GFZ (D), TARTU (ES),
ONICET (ARG), UMBC (USA)

Automated hyperspectral measurements

e.g. one
matchup

one band s
(82/704nm), many <
matchups
PANTHYR system HYPSTAR® system U - 2 o spectral stats
[Vansteenwegen et al, 2019] [Kuusk et al, 2024] 11 water and 5 .Iand sites currently operating i \;——f‘v P tch '
Slow expansion expected in 2024-25 ... Sl many matchups
\ 400-900nm, 10nm FWHM 380-1700nm, 3-10nm T
FWHM T o W }

|

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-182,.. 5 JECTIVE: To validate all VIS/NIR spectral bands (400-1700nm, @3nm

. _ FWHM) for all satellite missions measuring water or land surface reflectance
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, ...)

[Ruddick et al, 2024; https://doi.org/10.3389/frsen.2024.1372085]

(c) HYPERNETS Consortium, 2024 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET, VLIZ)



https://doi.org/10.3390/rs11111360
https://doi.org/10.3389/frsen.2024.1347507
https://doi.org/10.3389/frsen.2024.1372085
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Water sites currently/recently running for satellite validation

VLIZ: Oostende CNR: Lake Garda
R} . CNR: Acqua Alta UMBC: Chesapeake

T

AERONET

OCEAN COLOR

AERONET

OCEAN COLOR

TODAY: - Y
HYPSTAR+PANTHYR TODAY: PANTHYR

TODAY: HYPSTAR
RBINS: .Zeebrugge

NPL: Wraysbury

RBINS: Thornton
M

"AERONET

OCEAN COLOR

[WATERHYPERNET: Ruddick et al, 2024; https://doi.org/10.3389/frsen.2024.1347520]

(c) HYPERNETS Consortium, 2024 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET, VLIZ)



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

~ AHYPERNETS

Method and suggested terminology

Water-leaving  \water-leaving

radiance radiance
reflectance \
L (/1, 0, ¢) Ly = Lu,_\ Ly
pw(4,0,¢) = V;;O ) Model L,=p’ /(1 }* Ly
d
wavelength
Nadir Downwelling Wind
viewing | irradiance
angle Relative
azimuth
angle to

sun

(c) HYPERNETS Consortium, 2024 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET, VLIZ)
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HYPSTAR QC and work in progress

. HYPSTAR processor v2.0 already has maaaany QC checks [De Vis and Goyens et al, 2024]
 Ed clear sky test is particularly useful
* E.g. clouds, birds on sensor, severely fouled Ed sensor, etc.
 Currently set at Ed_measured > 0.5*Ed_ClearSky (need to tighten to 0.8...)

. "site-specific" QC consists of:

» |dentification of bad pointing azimuth angles by analysis of 2023 data
* e.g. Lu (or Ld) pointing at structure

* |dentification of bad deployments dates/periods by site PI
* e.g. known wrong azimuth pointing or fouling

+

» High SimSpec epsilon (self-consistent NIR reflectance spectral shape)
* |[dentifies most non-water targets, e.g. boats, sunglint, floating vegetation, etc,
« Il Causes false negatives for extremely turbid waters (site-specific threshold or refinement of SimSpec... ?)

(c) HYPERNETS Consortium, 2024 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET, VLIZ)


https://doi.org/10.3389/frsen.2024.1347230
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E.g. Wraysbury reservoir (UK) [Pl A. Bialek]

Cyanobacteria bloom with
floating scum! [QCfail]

Flagged PSD-OK coloured by epsilo/ Flagged FullQC-OK
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NIR similarity spectrum test ("epsilon")
identifies bad non-water spectra

(c) HYPERNETS Consortium, 2024 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET, VLIZ)
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Check for bad pointing angles (QC from L2A to L2B)

Rhow800 radius (centre=0, outside=1)
Vs
Polar pointing azimuth angle (0°=to North)

All L2A L2B All L2A _LZB L
(colour=SZA) (blue=OK, other=reject)  (colour=SZA) (blue—ooOK, other=reject)

270°

180° 180° 180° 180°
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Ed (downwelling irradiance) time series - compared to clear sky model

. _ LPAR__v2—1__20240319_20240803 ' _
In QC-reject (rlgE%s%se_JBRe=anomaly, e.g. outlier; “gh(SEI#EIT_)I—ESIPOt clear sky; grey=bad epsnl%E_f'ye?gQ{a=unknown
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(c) HYPERNETS Consortium, 2024 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET, VLIZ)
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HYPERNETS vs AERONET-OC comparison methodology

. AERONET v3 lev15 data, downloaded 2024-09-04
HYPERNETS v2.1 processing (2024-09-04) with GDAS winds and SimSpec epsilon<0.01 QC

. Analysis by site and deployment period
Using only HYPERNETS 90° and 270° relative azimuth (not 135° or 225°)
Acqua Alta HYPSTAR collocated and pointing same relative azimuth (PANTHYR opposite corner/direction)
Chesapeake Bay and La Plata different corners sometimes opposite relative azimuth (so no BRDF diff)

. Matchup
. Time difference <60 mins

HYPERNETS temporally interpolated to AERONET-OC if 2 bounding measurements, otherwise NN
HYPERNETS spectrally interpolated to AERONET-OC band

(c) HYPERNETS Consortium, 2024 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET, VLIZ)
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Acqua Alta/PANTHYR
2023-01-01 to -12-31
HPI: Brando

API: Zibordi/Bulgarelli
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and uncertainties
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Analvsis of differences between HYPERNETS and AERONET-OC

Radiometry

Upwelling radiance, Lu Calibration

Downwelling (sky) radiance, Ld Characterisation

Downwelling irradiance, Ed (HYPSTAR thermal

Modellin Ed angular...)
_Windspeed, W - - - - - - - _-_-_-_C - Some differences
:. Modelled Air-water interface reflection, pr ' AERONET vs

HYPERNETS

Matchup protocol

Pointing azimuth +/-90° (platform effects)

Wavelength matching (esp 400nm?)

Temporal matching (e.g. linear interpolation <60 mins)

Deployment _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______
| Platform perturbations (optical, hydrodynamic wakes), :tilt, pointing

Processing
| Replicate filtering | - Min/mean
| QC strictness + NIR SimSpec Oultliers! scatter

Other
Hardware failures (pantilt, radiometer)

Foreoptics contamination Some bad periods ... clear sky Ed and Ld monitoring!

Ly =L, — Ly,
Model L,=p’ (W) * Ly

esa
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CONCLUSIONS

« HYPERNETS aims to measure water (and land surface) reflectance 380-1040 nm
(-1680 nm) hyperspectrally for validation of all optical satellite missions with water
reflectance (OLCI, S2, L8/L9, Planet, ENMAP, PACE ... CHIME, etc.

« Added value of HYPERNETS is hyperspectral (essential for validating added value of
hyperspectral satellites)

Current status: 11 water + 5 land sites, transitioning from R&D to pre-operational

Comparison with AERONET-OC extremely valuable for identifying problems ...
validating measurement uncertainties

Some sites/periods satisfactory, some not ...
NEXT:

all available sites/periods

(... systematic differences?)
« HYPERNETS

analysis
e THANKS TO AERONET-OC staff for amazing work!
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