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Abstract. During the Tara Europa Expedition, the HyperBOOST (Hyperspectral Bio-Optical
Observations Sailing on Tara) team, part of the larger research program TREC (TRaversing European
Coastlines), carried out the collection of discrete and continuous measurements to explore the bio-
optical properties of water at the land-sea interface. During the 409 days of the expedition between
April 2023 and August 2024, 202 HyperBOOST stations were sampled along the European coastlines,
including the Baltic Sea, the North Sea and the Mediterranean Sea. Discrete biogeochemical samples
were collected in triplicate at all stations using Niskin bottles, including dissolved and particulate
organic carbon, suspended particulate matter, chlorophyll a and other biologically relevant pigments, as
well as samples for dissolved and particulate absorption. Along-track continuous AOP measurements
were carried out using a So-Rad (solar tracking radiometry platform), while IOPs were collected and
processed through the automated In-line system/software. After binning and quality control, 236,567
one-minute binned particulate absorption and attenuation spectra, 26,589 five-minute binned back-
scattering spectra, and 7001 five-minute binned So-Rad reflectance spectra were available for further
analyses and colocation with the station data. Overall, the Tara Europa expedition allowed to
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systematically sample European coastal waters at unprecedented temporal and spatial coverage,
crossing regions characterized by a wide range of optical and biogeochemical conditions. The combined
use of different instruments or measurements approaches also provided the opportunity to assess the
internal consistency of the dataset by performing several optical closure assessments. The
HyperBOOST dataset provides a valuable resource for advancing and evaluating existing and devising
novel bio-optical models in optically diverse waters, enhancing satellite ocean-colour applications and
product validation.

1 Introduction

A key requirement for validating satellite-derived ocean products is the temporal and spatial overlap
between in situ and satellite observations, which is essential for accurately quantifying the performance
and limitations of these data streams. The development and refinement of ocean-colour algorithms
similarly rely on high-quality in situ measurements, both as independent references and in combination
with satellite observations. Notably, since the pioneering COASTLOOC program introduced by Babin
et al. (2003), no coordinated initiative has systematically measured optical properties across the full
extent of the European coastal domain. Although logistically demanding and costly, oceanographic
cruises remain an essential means of collecting and analysing biogeochemical and optical data and are
indispensable for both research and long-term monitoring of marine ecosystems. In this context, the
Tara Europa Expedition provided a unique opportunity to address this gap, and to enable the
deployment of novel optical sensors.

Specifically, the Tara Europa Expedition was conducted in 2023 and 2024 as part of the Traversing
European Coastlines Project (TREC), led by the European Molecular Biology Laboratory (EMBL). A
defining feature of the Tara Europa-TREC campaign was the coordinated sampling of terrestrial and
marine stations designed to investigate land—ocean connectivity. To this end, the project integrated
ocean exploration with parallel sampling of soils, sediments, shallow waters, and selected model
organisms across a broad range of terrestrial and aquatic habitats, and several imaging and -omics
measurements were collected though discrete sampling or using the Tara the in-line system (De Vargas
et al., 2015; Sunagawa et al., 2015, 2020). This integrated approach enabled the systematic
characterization of environmental and biogeochemical gradients along European coastlines.

The Tara Europa-TREC expedition was conducted between April 2023 and July 2024. During this
period, researchers aboard the schooner Tara sampled 188 coastal stations. Within this framework, the
Hyperspectral Bio-Optical Observations Sailing on Tara (HyperBOOST) project expanded the in-situ
sampling to include a comprehensive suite of bio-optical and biogeochemical measurements relevant to
current and forthcoming satellite ocean-colour missions (e.g., NASA PACE, Copernicus Flex and
CHIME). This sampling effort provided broad spatial coverage across diverse coastal environments, as
well as targeted observations in offshore blue waters on 14 stations in August 2024, thereby
strengthening the representativeness of the dataset. This paper describes the data collected during the
2023-2024 period as part of the HyperBOOST research project conducted aboard the schooner Tara.
Measurements were acquired both at discrete stations and continuously.
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Consistent with previous Tara expeditions (e.g., (Boss et al., 2013; Chase et al., 2017; Sunagawa et al.,
2020; Werdell et al., 2013a), inherent optical properties (IOPs) were obtained using the in-line system
and associated software, while discrete biogeochemical samples, including dissolved organic carbon
(DOC), total organic carbon (TOC), suspended particulate matter (SPM), and chlorophyll a (Chla),
were collected at all stations using Niskin bottles, and hyperspectral remote-sensing reflectance (Rs)
was measured at selected stations with a Hyperspectral Tethered Spectral Radiometer Buoy (HTSRB)
system. Aiming to meet the in situ observation requirements for planktonic ecosystems and for aquatic
carbon studies detailed in Dierssen et al., (2020) and Lombard et al. (2019), additional samples for
particulate absorption were collected at all stations using Niskin bottles, and hyperspectral above-water
R,s was measured continuously using the Solar-tracking radiometry platform (So-Rad) (Jordan et al.,
2022; Wright and Simis, 2021).

Owing to its extensive temporal and spatial coverage, the HyperBOOST dataset provides a valuable
resource for advancing and evaluating novel bio-optical models in optically diverse waters.
Accordingly, the primary aim of this paper is to describe the HyperBOOST dataset that is relevant for
satellite ocean-colour applications.

2 Study area and measurement overview
2.1.1 Sampling strategy

Overall, 202 stations were sampled aboard Tara during the 2023-2024, spanning 21 European countries
(Figure 1). Sampling was conducted from 30 March to 9 November 2023 along the coasts of the Baltic
Sea, North Sea, and Atlantic Ocean; from 29 February to 30 July 2024 along the Mediterranean Sea
coasts; and in Mediterranean Sea open blue-water environments from 31 July to 22 August 2024. In
addition to discrete station sampling, optical measurements were continuously acquired along the ship’s
track.

The Tara Europa in situ sampling strategy was designed to complement the TREC land transects, which
focused on soils, intertidal zones, and shallow coastal waters. To ensure consistency across the land—sea
continuum, marine stations were systematically chosen within the coastal biogeochemical domain in
proximity to the corresponding shoreline sites sampled by the EMBL land teams. These marine stations
were usually placed about 1 km offshore at depths of roughly 15 m, allowing safe deployment of
oceanographic equipment while still representing nearshore biogeochemical conditions. Additional
stations were set up in estuaries and similar transitional environments to create inshore-offshore
transects, enabling the sampling of biogeochemical and optical property gradients across coastal
systems (Marchese et al., 2024). Station selection was based on high-resolution Chla climatology
derived from multi-year regional satellite products (Brando et al., 2024), providing information on the
most probable spatial patterns and fine-scale coastal variability at each target site. Interactive Leaflet-
based maps were used to facilitate data sharing and real-time visualization among the Tara Europa
sampling strategy team and the scientific crew aboard Tara (Marchese et al., 2024). When available
under cloud-free conditions, near-real-time satellite imagery of Chla and suspended particulate matter
(SPM) was also used as situational “snapshots” to identify departures from climatological conditions or
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to detect transient features such as fronts, eddies, or upwelling events. In such cases, updated Leaflet
maps displaying near-real-time data and proposed station locations were shared with the scientific crew
aboard Tara, enabling adaptive refinement of sampling plans in response to evolving oceanographic
conditions (Marchese et al., 2024).
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Figure 1. Map of the sampling stations of the Tara Europa Expedition. Ninety-nine stations were
sampled during 2023, from April to November. In 2024, eighty-nine stations were sampled along the
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Mediterranean coasts. Finally, the HyperBOOST leg in August 2024 covered blue waters by sampling
fourteen stations. The top panel reports the sampling stations of the Tara Europa Expedition for 2023
and 2024 and the HyperBOOST leg, colour coded by regions. Then the four smaller panels provide the
spatial coverage of data collected continuously with the In-line system for IOPs (ACS and HyperBB)
and using the So-Rad and HTSRB for Rs.

3 Measurements methods and data reduction
3.1 Measurement overview

The HyperBOOST dataset encompasses in situ data collected at discrete stations and continuously, as
well as laboratory measurements performed on discrete samples collected in the field (Table 1).

At all the 202 stations (Figure 1), discrete samples were collected in triplicate from Niskin bottles
deployed on the rosette, which also hosted a conductivity-temperature-depth (CTD) profiler (Seabird
SBE911). All sampling protocols were provided to the Tara sampling team and water was filtered on
board accordingly (Guillam et al., 2026). Water samples for DOM analyses were shipped to the lab
within two weeks, while all filters were shipped to EMBL in Heidelberg (Germany) at every major stop
and, where they were stored and then sent to LOV only at the end of each year.

Several of the parameters reported in Table 1 have been collected in previous TARA expeditions (Boss
et al., 2013; Chase et al., 2017; Sunagawa et al., 2020; Werdell et al., 2013b); new observations
collected for the first time in TARA, within the ESA HyperBOOST project included the discrete
samples for particulate absorption (a,), suspended particulate matter (SPM) and particulate organic
carbon (POC) , inline hyperspectral back scattering (5:,) with the HyperBB and automated above-water
radiometry using the So-Rad (Jordan et al., 2022; Wright and Simis, 2021) and HSR-1 (Hyperspectral
radiometer) (Wood et al., 2017).

This section provides an overview of the methods for laboratory measurements on discrete samples and
continuous measurements.

Table 1 Summary of variables collected during Tara Europa. (d) derived

Data Quantity Acronym / Units Instrument
category Symbol

AOP Remote-sensing Rys st So-Rad and
reflectance HTSRB
Normalized water- Lyn uW cm? So-Rad and
leaving radiance sr ! HTSRB
Spectral Downwelling Eq uW cm 2 So-Rad, HTSRB,
Irradiance nm! HSR-1
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Spectral Downwelling Eq uW cm2 HSR-1
Diffuse and Direct Eua nm !
Irradiance

I0OP | CDOM absorption acpom m! samples
coefficient
Phytoplankton Qphy m! samples
absorption coefficient
Particulate absorption ap m! samples
coefficient
Non-algal particles anap m! samples
absorption coefficient
Non-water absorption Anw m! Samples (d)
coefficient
Particulate absorption ap m! AC-S
coefficient
Particulate scatter ¢ m! AC-S
coefficient
Particulate backscatter by m! HyperBB
coefficient
Phytoplankton phy m! AC-S (d)
absorption coefficient
CDOM absorption acpom m’! FDOM (d)
coefficient
Non-algal particles an4p m! AC-S (d)
absorption coefficient
Non-water absorption Qnw m! AC-S (d)
coefficient

BGC | Total chlorophyll-a TChla mgm> HPLC
concentration
Phytoplankton pigments mg m> HPLC
concentration
Total suspended matter SPM mg L! gravimetry
concentration
Particulate Inorganic PIF % gravimetry
Fraction
Particulate Organic POF % gravimetry
Fraction
Fluorescence FChl RFU
Chlorophyll
Dissolved Organic FDOM RFU Seapoint sensor
Fluorescence
Dissolved Organic DOC uM Discrete samples
Carbon concentration
Total Organic Carbon T0C uM Samples and (d)
concentration
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Particulate Organic POC uM samples
Carbon concentration
Total chlorophyll-a TChla(AC-S) mgm> AC-S (d)

derived from AC-S

Turbidity Turb FNU samples

3.2 Laboratory measurements on discrete samples
3.2.1 Dissolved organic matter

All the samples for dissolved organic carbon (DOC), and chromophoric dissolved organic matter
(CDOM) were filtered directly from the Niskin bottles, using a portable filtration device implemented at
CNR-IBF and a 0.2 mm Sterivex filter (SVGV010RS), washed with 200 ml of MilliQ water. Unfiltered
samples were also collected for the analyses of total organic carbon (7OC). Samples for DOC and TOC
were immediately acidified to pH < 2 using ultrapure 2M HCI. All the samples were immediately stored
on board in the dark and at 4°C and analysed within 2 weeks from the sampling to minimise problems
associated with the long storage.

DOC and TOC measurements were carried out with a Total Organic Carbon analyzer (TOC-L,
Shimadzu), by high temperature catalytic oxidation, following (Santinelli et al., 2015). Measurement
quality was assessed twice daily by comparison of data with DOC Consensus Reference Materials
(CRM batch #23/02, measured concentration: 41.4 + 1.6 uM, n =55) (Hansell, 2005).

CDOM absorbance spectra (acpon) were measured throughout the UV and visible spectral domains
(230-700 nm) using a UV-visible spectrophotometer (Shimadzu, uv-2600i), with a 10 cm quartz cell,
following (Galletti et al., 2019). Milli-Q water is used as a reference, and its spectrum is subtracted from
each sample. The absorbance data were converted into an absorption coefficient by using Eq. (1):

2.303 (1)
L

al:Al

where A is the absorbance at the wavelength A and L is the cuvette pathlength expressed in m.
3.2.2 Water turbidity, suspended particulate matter, particulate organic and inorganic carbon

Samples for turbity (TU) and suspended particulate matter (SPM) were transferred directly from the
Niskin to a Nalgene container, which was regularly gently mixed to maintain a homogeneous
concentration of suspended particles. Following the protocol defined by Dogliotti et al. (2015), the
water turbidity (in Formazine nephelometric unit (FNU)) was measured in triplicate on Tara. The mean
turbidity value measured was used to determine the optimal volume of water sample to be filtered (in
triplicate) through pre-combusted and pre-weighed glass-fibre filters (Whatman GF/F, 25 mm)
(Neukermans et al., 2012). These filters were rinsed with Milli-Q water, then immediately stored at -
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80°C, and shipped to the laboratory at the end of each campaign. They were dried and reweighed in the
laboratory first for PM determination (in g'm™?), then for measuring POC content and associated stable
isotopes (Blasco et al., 2021). Based on the triplicates throughout the expedition, the mean propagated
standard deviation associated with SPM measurements was 0.29 g m3, resulting in a mean relative
uncertainty averaged across the dataset of 13.9%.

Another set of pre-combusted and pre-weighed glass-fibre filters (Whatman GF/F, 25 mm) was used to
filter (in triplicate) the same volume of water for subsequent determination of the particulate organic
and inorganic mass fractions (POF and PIF in %) by ashing (4 h at 450°C), then reweighing of
filters(IOCCG, 2021). It should be noted that in some cases, the total mass of particles retained on
filters disappeared, i.e., we retrieved the initial mass of dry filters before filtration of water samples. In
these cases, we assumed that particles were 100% organic, i.e., POF = 100% and PIF = 0%.

3.2.3 Light absorption coefficient (PA) of suspended particles

The same volume (or up to 20% less if the water was highly turbid) of the water sample was filtered
through new GF/F filters in subdued light, with the regular face of the GF/F filter up on the filter holder.
The filter was rinsed with 250 ml of pure (milli-Q) water, removed from the filter holder, and put on a
circular petri-dish, which was stored at -80°C until laboratory analyses. The light absorption coefficients
of total, non-algal, and by difference of algal particles (ap, anspand apiy, in m'') were measured using a
Perkin-Elmer Lambda 650 UV/Vis Spectrophotometer equipped with a 150 mm Spectralon integrating
sphere. Filters were taken out from the freezer one by one and left for a few minutes at ambient
temperature, under subdued light conditions, then placed in the centre of the integrating sphere using a
specifically designed filter holder. Light absorbance or optical density (OD) was measured from 350 to
800 nm with a spectral resolution of 1 nm. The absorption coefficients (in m™) were computed from
the measured OD (ODsample) values as (IOCCG protocol, 2021):

a(A) = In(10) ODs(A)/L ?2)
With the optical pathlength L = V/A, the volume of water sample filtered and A the filter clearance.
The optical density of a blank filter (ODblank) saturated with pure water was measured every 6 sample
filters analysed, before and after staying 1 h in methanol, so that the absorption coefficient of total
particles (a, ) was computed as:
ODf = ODsample — Odblank A3)
a,(A) = In(10) (ODf — ODblank)(A)/L “

Finaly a correction was applied to take into account amplification of the optical pathlength within the
filter, according to:

Integrating sphere (IS) mode: ODs = 0.323 (ODf)1.0867 Q)



212
213
214
215
216

217

218
219
220

221

222

223
224
225
226
227
228
229
230
231
232
233

234

235

236
237
238
239
240
241
242
243
244
245
246

https://doi.org/10.5194/essd-2026-623 @ Earth System ©
Preprint. Discussion started: 21 August 2026 § Science ¢
(© Author(s) 2026. CC BY 4.0 License. é D a ta %

The filter was placed back on the filter holder, face up, for one hour with the filtration funnel filled with
100 ml of methanol for the removal of phytoplankton pigments. The methanol with dissolved
phytoplankton pigments was aspirated through a filter, which was then re-saturated with pure water and
placed back in the centre of the integration sphere to measure light absorption by non-algal particles
(anap). The light absorption coefficient of algal particles was then determined as:

Aphy \ = ap (A) — ayap ) (6)

Significant apn, residual values obtained from 700 to 750 nm were assumed to be measurement errors,
and the offset estimated as the average an(700-750 nm) value was subtracted from the whole apny
spectrum (Babin et al., 2003b; Babin and Stramski, 2004).

3.2.4 HPLC analyses for phytoplankton pigments determination

For phytoplankton pigments determination, the same volumes of water samples as for TU and SPM
were filtered through 25 mm Whatman GF/F filters that were placed in vials, immediately frozen in
liquid nitrogen then stored at -20°C onboard and -80°C on land until laboratory analyses at LOV.
The determination and quantification of up to thirty pigments, when present, was carried out by the
SAPIGH, the French National Analytical Service dedicated to HPLC (High-Performance Liquid
Chromatography) following the protocol defined by (Ras et al., 2008).

In this work the total chlorophyll-a (TChla, mg.m™®) concentration was defined as the sum of
chlorophyll-a (chla), divinyl chlorophyll-a (DVchla) and chlorophyllide-a (chld-a). Throughout the
expedition, triplicate measurements of TChla were performed at 15 stations: the resulting mean standard
deviation associated with TChla measurements was 0.12 mg.m3, resulting in a mean relative
uncertainty of 4.67%.

3.3 Continuous measurements
3.3.1 IOP inline system

In-line optical system instruments (AC-S, HyperBB, Seapoint UV fluorometer) were recorded on Tara
using the Inlinino software datalogger(Haéntjens, 2026; Haéntjens and Boss, 2020) and were processed
using the Inline-Analysis software package (https://github.com/OceanOptics/InLineAnalysis). In
addition, a thermo-salinograph (SBE 45) was installed, providing temperature and salinity data. All in-
line instruments were logged on the same computer which was synchronized with the ship’s GPS
date/time and latitude/longitude over the NMEA.

The dissolved organic fluorescence (FDOM) was collected with a Seapoint UV fluorometer (ex 370 em
440) within the in-line system in units of volts. The data showed a significant correlation with the
CDOM and DOC discrete samples, allowing for an interpolation of DOC and CDOM between stations.
It was also used in the correction of the AC-S and HyperBB data, so that high frequency changes in
IOPs between filtered events could be accounted for.
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Hyperspectral absorption and attenuation were measured continuously on board the R/V Tara during the
Tara Europa Expedition using a WetLabs AC-S spectrophotometer. The AC spectrophotometer was set
after a switching system running 0.2 um filtered seawater through the instrument for the first 10 minutes
of every hour, and total (“normal”) seawater was flowing the rest of the time. This setup allows for the
retrieve of particulate absorption (a,) and attenuation (c,) independently from the instrument drift and
the biofouling effect (Dall’Olmo et al., 2009; Slade et al., 2010). Every 5-7 days the AC-S and FDOM
sensors were cleaned and the filter was changed.

AC-S data was processed following Boss et al. (2019) as modified in Bourdin et al. (2026), using a
custom software for in-line optical data processing (https://github.com/OceanOptics/InLineAnalysis/ ).
Total and filtered data were first separated according to flow data of the in-line data. The processing
followed the description on Bourdin et al., 2026, and is briefly described below.

Particulate spectra were computed as the difference between total and interpolated dissolved spectra
from the periods before and after the ‘total’ measurement periods using the FDOM fluorometer. All a,
and ¢, spectra were unsmoothed following the method in Chase et al. (2013). Additionally, temperature
and salinity corrections were carried out based the AC-S specific temperature and salinity tables of
(Sullivan et al., 2006). Finally, all spectra were inspected by a trained operator and unreasonable spectra
were removed. This resulted in a total of 236,567 a, and ¢, binned spectra available for further analysis.
The scattering correction applied is based on a blend of the proportional correction method (Zaneveld et
al., 1994) and an offset in red inspired from (Rottgers et al., 2013), and was found to perform best when
compared with discrete measurements collected throughout the Tara Europa two-year expedition:

Cprcorr(715) @
%Cp,ﬂ:orr (4) +0.0854agc_s,m-
p,Tcorr

Where Tecor- corrected for temperature changes relative to factory calibration.
The hyper-spectral backscattering coefficient bb,(A) was derived from continuous measurements of
Volume scattering function (VSF) acquired using a HyperBB (Sequoia Sci.) set in 2L specially
constructed container. The VSF B, cqsured (8o, 1) measuremetes near 135° from 430 to 700 nm at 10
nm resolution were acquired using the same switching system as the AC=S, running 0.2 um filtered sea
water through the box during the first 10 minutes of every hour, and total (non-filtered) seawater the
rest of the hour. This setup allows to retrieve particulate VSF (Bp) independently from instrument drift,
box effect, biofouling, and particle accumulation happening in the box.
The details on the derivation of the particulate VSF (Bp(6y, 1)) from B easurea (8o, A) are provided in
Zhou et al. (2026) and in Boss et al. (2026). Then, the hyper-spectral particulate backscattering
coefficient bb,(A) can be retrieved as:

bby(M)=2**x(135°)*B ,(135°,1). ®

Ay corr W = ap,Tcorr(/D -

where x(135°)=1. 177 is the weighted mean of the data in table 6.1 in (Sullivan et al., 2013) and
consistent with (Boss and Pegau, 2001; Zhang et al., 2021).
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3.3.2 Above-water reflectance from So-Rad

Above-water remote-sensing reflectance (R,;) were collected by the So-Rad (, an autonomous, robotic,
system which rotates to maintain an optimal viewing geometry relative to the solar azimuth (Jordan et
al., 2022, 2023; Wright and Simis, 2021). So-Rad R, spectra are derived from near-simultaneous
measurements of sky radiance (Ly), water radiance (L;) and downwelling irradiance (Es) which are
measured using TriOS-RAMSES visible-wavelength hyperspectral radiometers at ~ 10 nm spectral
resolution and ~ 3 nm native sample spacing. The HSR-1 (Hyperspectral Radiometer) system, which
measures Fy, direct (E4) and diffuse (Es) downwelling irradiance at a higher spectral resolution (~
3nm), was installed alongside So-Rad (Jordan et al., 2022; Wood et al., 2017). The data coverage map
for So-Rad R,s collected on TARA Europa during 2023 and 2024 (including the additional
HyperBOOST-only leg from Greece-France) is shown in Figure 1. In 2023, So-Rad R,s were collected
from 04/03/2023 to 02/11/2023. In 2024 So-Rad data were collected from 22/03/2024 (approximately
three weeks into the main TREC sampling) to the end of the campaign. HSR-1 data were collected co-
incident with So-Rad from 06/06 onwards in 2023, and throughout 2024. In normal operation, So-Rad
data were collected continuously at a sample rate of ~ 15 sec, when the solar elevation angle was > 30
degrees. In 2023, there were system issues which resulted in loss of data from the northern European
coast, Norway and northern Scotland. From August 2023 onwards, and throughout 2024, there were no
significant system issues impacting on data collection.

In this deployment, the So-Rad data were processed using HyperCP; the open-source "Hyper-In-Space
Community Processor’ (Aurin et al., 2024) with a dedicated branch within HyperCP for the So-Rad
system (https://github.com/nasa/HyperCP/tree/So-Rad). HyperCP, which was developed as a validation
tool for the NASA PACE mission, provides a full above-water R, processing chain from Level 0 data
(radiance and irradiance in digital numbers) to Level 2 data (reflectance and normalized water-leaving
radiance with propagated uncertainties) (Tilstone et al., 2025).The uncertainty budget incorporates
uncertainty due to TriOS-RAMSES sensor characteristics (e.g. cosine response, stay-light, non-
linearity), calibration, environmental conditions and noise (Vabson et al., 2025). For the bulk
processing, the glint (‘rho”) correction from Mobley ef al. 1999 the NIR correction from Ruddick et al.,
2006), and the BRDF correction from (Lee et al., 2011) were selected as HyperCP Level 2 physics
options suitable for optically complex and eutrophic waters. In oligotrophic waters, such as the
HyperBOOST leg in August 2024, the NIR correction defaults to no-offset correction, enabling
processing with a single configuration for the whole deployment. Quality control was implemented
sequentially at different levels within HyperCP. At level 1A (pre-calibration) relative azimuth (between
90 and 140 degrees), tilt (< 5 degs) and windspeed (<8 m/s) filters were applied. At level 1B
(calibration to SI units) radiance and irradiance spectra were filtered for outliers, based on spectral
variability of hourly measurement bins. At Level 2 (derivation of R,s), data was binned in 5-minute
ensemble windows, and a fixed fraction of measurements with the highest upwelling radiance values
were removed within each bin (the “glint' filter). To account for the So-Rads' slower sample rate (~15
sec) than a fully continuous above-water system (< 1 sec), we relaxed the fraction of measurements to
be removed to be 50% (from a typical default of 10%). This resulted in 6-8 spectra in each measurement
bin post QC. As an additional layers of QC, the remaining anomalous spectra were identified and
removed using the QWIP score (Dierssen et al., 2022); spectra which had a negative value on the

11



321
322
323
324
325
326
327
328

329

330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

349
350
351

352
353
354

https://doi.org/10.5194/essd-2026-623 Earth System
Preprint. Discussion started: 21 August 2026 Science

© Author(s) 2026. CC BY 4.0 License. g D a t 3

Access
suoIssnasIqg

interval [380,700] nm were also removed. This resulted in a total of 7001 So-Rad R, spectra binned at 5
minutes available for further analyses.

To summarize the reflectance spectra, the apparent visible wavelength (AVW), a one-dimensional
geophysical metric calculated as the weighted harmonic mean of the reflectance spectrum across a
range of wavelengths, was used (Vandermeulen et al., 2020). Moreover, based on a simplified
classification, the AVW ranges can be used to identify blue-green waters (AVW 400 - 510 nm), green
waters (AVW 510 - 590 nm; the brown waters have R.(665)> R.s(560) AVW ranging from 555 to 575
nm, thus overlapping with the upper end of the green waters (Dierssen et al., 2022).

3.4 Reflectance from the HTSRB system

At selected stations, when the weather and sea-state conditions were favourable, hyperspectral upward
radiance (L,) and downwelling irradiance (£q) were collected with a Seabird Sci. HTSRB system.
HTSRB system data were processed as in (Chase et al., 2017) (Section 2.2). IOPs were used to estimate
the attenuation correction of Lu to extrapolate it to the surface as described below.

The data were collected in buoy mode with the HTSRB floating far from the vessel (~100m) measuring
tilt and upwelled radiance (L.) at about 20cm below the surface. A reference radiometer (E«0+)) was
also installed on the buoy.

Data were processed using the manufacturer software (SatCon,
http://www.seabird.com/software/satcon). Immersion coefficients were used in the processing of the
upwelled radiance data.

The basic processing steps completed were: 1) subtraction time-interpolated £y dark data from E, light
data; repeat for L, dark and light; i) removal of £y, E, and L, spectra that have tilt values above a 5
degrees; and iii) removal of £y, and L, spectra that fell outside the middle 50 percentile of E4 data (this
removed any outliers in Eq4, e.g. from small clouds passing over — data between the 25™ and 75%
percentiles was retained).

Computation of remotely sensed reflectance (R):
R,s (remote-sensing reflectance) is defined as the water-leaving radiance (L., i.e. the radiance
just above the sea surface) normalized by the downwelling irradiance (Eq):

L, (1,0%)
E;(1,0%)

()]
Ry (/1) =

In order to compute L,, (4, 0%) we extrapolated from the depth of the sensor (z=0.2m) and cross the air-

water interface:
N t ()]
Ly (2,0%) = L, (4, 2)exp(z - K, (D))

nSW

Where t = 0.98 is a transmission coefficient and ng,, the index of refraction of seawater that we get
from Quan and Fry (1995).
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The attenuation was computed from IOPs as follows:
A5y, (1) + ag(A) + a,(A) + by 5, (1) + by, (1) an

The equation to extrapolate L,, to just below the sea surface requires information on the absorption
properties of the surface water. The absorption by saltwater (ay,, (1)) was taken from the recent IOCCG
(2018) report augmented with temperature and salinity effects based on Sullivan et al., (2006) and
Zhang et al., (2009).

We obtained the absorption and backscattering coefficients due to particulate, a,(4) and

by, , (1) respectively, and from the inline system, within 15min of the HTSRB measurements (except
when not available, see below). For dissolved absorption, we used a relation developed between the
inline CDOM fluorescence and discrete measurements of CDOM. Value of particulate IOPs were
extrapolated to the UV assuming particulate absorption and backscattering stays at the same value as
near 400nm.

For a few dates, we did not have inline a, (1) in which case we used a chlorophyll-based relationship
from TChla to a, (1) based on Chase et al, 2013, using TChla estimated from R;s. For a few dates we
did not inlineby, ,, (1) in which case we used a relationship between TChla and by, ,(1) from (Morel and
Maritorena, 2001) using TChla estimated from R,s. During one station no TSG was available within
15min and was interpolated from measurement further away in time. During one station no DOM
fluorescence was available within 15min and was interpolated from measurement further away in time.

3.5 Data Co-location

For the IOP and AOP measurements collected in continuous during the expedition, values were
extracted for each station to generate the collocated dataset based on station duration, the CTD
deployment time and the station coordinates.

Inline measurements (a, (1), ¢,(4) and by, ,(1)), were extracted from daily files and aggregated at the
station scale using the CTD deployment time as the temporal reference. For each CTD cast (i.e., each
station occurrence), an extraction window +15 minutes centred on the CTD time was used (total
window length = 30 minutes). Within this window, the workflow was applied independently to each
inline data stream (AC-S particulate products, HyperBB backscattering, SUVF fluorescence, TSG
temperature/salinity, and AC-S derived products). For each instrument/time series all measurements
whose timestamps fall within the CTD window (15 min) were selected. To ensure that the selected
measurements correspond to the station location, the latitude/longitude span of the extracted inline
measurements was computed and compared against station coordinates from the metadata. Data were
retained only if station coordinates fell within the extracted measurement envelope, using a tolerance of
approximately +0.1° in latitude and longitude. For AC-S particulate data, quality flags were used to
remove spectra affected by known issues (e.g., bubbles). Flag logic was applied through a binary mask,
and flagged spectra were set to NaN prior to computing station statistics.

Remaining spectra were checked for physically unrealistic values, and any spectrum containing
negative a, or cp values was excluded (set to NaN). Finally, for each station and for each wavelength-
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dependent variable, the station value was computed as the median of all retained spectra within the CTD
window. Associated uncertainty is defined calculated as the standard deviation of the selected spectra.
R:s spectra from So-Rad (and similarly from HTSRB) daily files were associated with Tara stations
using station metadata (date, time, and position) through a hierarchical extraction procedure designed to
maximize temporal and spatial consistency between radiometric and in situ measurements. For each
station and date-matched R file, spectra were selected according to four successive criteria. First, when
CTD time information was available, spectra acquired within £30 minutes of the CTD sampling time
were selected. A spatial consistency check was then applied by retaining only spectra located within
+0.1° latitude/longitude of the station coordinates when such matches were available. If no spectra
satisfied the CTD-based criterion, spectra acquired within the station time window (between the station
start and end times reported in the Tara metadata) were selected, again with the same coordinate-based
refinement when possible. If no spectra were found within the station sampling period, the selection was
extended to spectra acquired within +1 hour of the station start or end times, followed by the same
spatial filtering. As a final fallback, when no robust temporal match was identified, all spectra from the
date-matched daily file were associated with the station. For each station, the selected spectra were
stored along with extraction-quality flags indicating the selection method used (CTD-centered, station-
time, extended-time, or date-only association) and whether coordinate filtering refined the final
selection. The station-associated R, spectrum was then calculated as the median of all selected spectra
at each wavelength, while the associated uncertainty was estimated as the standard deviation of the
selected spectra.

3.6 Optical closure assessments

As presented above and reported in Table 1, several variables were acquired with different instruments
and methods. Some of these quantities were measured in the lab by using water samples, as well as by
the line instruments, such as the absorption coefficients measured and derived with AC-S and from
discrete measurements. Similarly, above and in-water radiometry were collected with So-Rad and
HTSRB. This provides an opportunity to assess the internal consistency of the whole dataset by
performing several optical closure assessments.

To this aim the agreement between the reference spectrum (x; (1)) and the comparison spectrum
(v;(A4)), where i denotes the station number, was evaluated for each wavelength (1), using the signed
percent difference (SPD ), absolute percent difference (APD), coefficient of determination (r2), and the
type-I1I regression slope (S ) with 1-sigma uncertainty bounds.

B yi() — x; (1) a2
APD;(}) = 100-‘W

B yi() — x;(1) a3
SPD;(1) = 100-<W>

14
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2 14
r2(1) = (6 ) — ) (W) — T W)
JZ (e - X)) - JZ n () - yW)*
5@ as)

s(d)

S

Sy (4) and S, (1) represent x(1) and y(4) standard deviations. For each wavelength, the distributions of
APD;(A) and SPD;(A) across stations were summarized using the median and the interquartile range.

4 Dataset overview

The HyperBOOST hyperspectral dataset acquired in 2023 and 2024 during the Tara Europa Expedition
across the major European seas is available at https://doi.org/10.5281/zenodo.18340674 (Costanzo et
al., 2026b) in tabular form and contains collocated in situ data collected at discrete stations and those
acquired continuously. The number of available measurements for each variable is reported in Table 2,
POC, DOC, apiy, anap, and acpom were available at all 202 stations. After co-location to the 202
stations, continuous HyperBB (bs,) and AC-S data (a, and c¢,) were available for 171 and 164 stations,
respectively. Concerning radiometric data, a total of 128 R, spectra were available for the So-Rad and
45 for the HTSRB. The spatial coverage of the continuous IOPs and radiometry data is presented in
Figure 1. In all tables and figures, the regions will be presented in chronological order of sampling.

Table 2 Number of samples collected for the bio-optical and hydrographic variables of the
HyperBOOST collocated dataset.

POC, DOC, appy, Ris Rys
N sal | TChla SPM, POF | anap, acoom by a, lc, AC-S So-Rad | HTSRB
All 201 | 198 197 202 164 171 128 45
English Channel 9 9 9 9 7 8 4 2
North Sea 22 |22 22 22 20 21 5 0
Skagerrak-Kattegat 16 16 16 16 15 16 4 1
BalticSea 23 |23 23 23 21 23 15 0
Atlantic Coast 28 | 28 29 29 20 18 18 10
Western Mediterranean
Sea 19 |19 19 19 17 15 2 7
Gulf of Lion 8 8 8 8 5 7 6 1
Tyrrhenian Sea 25 125 25 25 22 21 24 4
Adriatic Sea 21 19 17 21 19 16 21 10
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Table 3 reports the summary statistics of the quantities describing bio-optical and hydrographic
characteristics of the HyperBOOST collocated dataset. Table 4 presents the median and inter quartile
ranges for the main bio-optical quantities to highlight the biogeochemical variability within and across
the sampled regions.

Figure 2 presents the distribution of the CDOM, SPM and TChla for the stations sampled during the
whole expedition. The SPM concentration ranged ~0.04—200 mg L' (median 0.88 mg L', Table 3), the
maximum concentrations were found inside the macrotidal estuaries along the French Atlantic coasts
(off the Loire and Gironde Rivers) while the lowest values were sampled in the offshore oligotrophic
waters of the Tyrrhenian and Ionian Sea during the return leg. The highest regional median SPM values
were observed in the Atlantic Coast and Baltic Sea (1.74 and 1.72 g m3, respectively), while the lowest
were found in the Eastern Mediterranean Sea (0.24 g m, Table 4). The organic fraction varied from
8.7% in estuaries to 100% in offshore oligotrophic waters (Table 3). acpom(443) ranged ~0.01-2.1 m™,
with the higher median values sampled in the Baltic Sea and North Sea (0.51 and 0.27 m™, respectively,
Table 4). Overall, the aCDOM(443) values sampled in the Mediterranean in 2024 showed a lower range
across all sub-basins, with an absorption consistently lower than ~0.2 m™, with the only exception of
the Adriatic Sea and a couple of stations in the Gulf of Lion. TChla ranged ~0.03—24.2 mg m3, with the
higher values occurring in the English Channel, where a spring bloom was sampled in April 2023,
reflected also in the largest interquartile range across all regions (18.61 mg m3, Table 4). The highest
median values were sampled in the Baltic Sea and North Sea (5.19 and 2.27 mg m3, respectively),
while the lowest median values were observed in the Eastern Mediterranean and Tyrrhenian Seas (0.12
and 0.25 mg m3, respectively, Table 4). The acpom(443), SPM and TChla ranges reported for this
dataset were comparable to those reported within European waters in the BiOMaP, COAST{OOC and
COASTCOLOUR datasets (Babin et al., 2003b, a; Nechad et al., 2015; Zibordi and Berthon, 2024).

DOC covered a wider range than POC (51-679 uM and 1-80 uM respectively, Figure 3 and Table 3).
Overall, POC showed relatively low variability across most regions, with the notable exception of the
Baltic Sea, which had the highest median value (33.51 pM, Table 4), and the Skagerrak-Kattegat, which
showed the lowest median (5.44 uM). Notably, the Eastern Mediterranean showed a comparatively
elevated POC median (22.34 uM) despite its oligotrophic character. These POC values were
comparable to the ranges and spatial distribution reported for the European in the COASTLOOC dataset
(Babin et al., 2003b; Massicotte et al., 2023). DOC displayed large variability across regions, with the
highest median concentrations observed in the Baltic Sea and the Skagerrak-Kattegat (398 and 226 uM,
respectively), while the lowest median values were found in the Western Mediterranean and Tyrrhenian
Seas (61 and 67 uM, respectively, Table 4). The DOC ranges observed during the expedition were
comparable with global observations: the CoastDOM dataset (Lenborg et al., 2024) reported average
+standard deviation of 182 +£314 pM and a median values 103 uM and noted that DOC ranging between
300 and 600 uM were predominantly collected in eutrophic and river-influenced coastal waters of the
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477 Northern Hemisphere, such as the Baltic Sea. Moreover, the DOC ranges observed in 2024 across the
478 five sub-basins were comparable with the mean concentrations ranging between 57 and 101 uM
479 reported for the Mediterranean Sea by Santinelli (2015).
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Figure 2. Overview of the SPM, acpoum(443) and TChla distribution for the stations sampled during the
Tara Europa Expedition. In the three panels, the regions are colour coded consistently with Figure 1.
The violin plots report the measurements as dots; the bold black bars mark the median values; the
distribution of data is represented by the shape of the violin.
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Figure 3. Overview of the POC and DOC distribution for the stations sampled during the Tara Europa

Expedition. In the two panels, the regions are colour coded consistently with Figure 1. The violin plots
report the measurements as dots; the bold black bars mark the median values; the distribution of data is
represented by the shape of the violin.
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495 Table 3 Summary statistics of the quantities describing bio-optical and hydrographic characteristics of the
496 HyperBOOST collocated dataset

497

N avg std min 25th | median 75th max | IQR
sal 201 30.3 10.7 4.1 28.1 349 37.7 40.8 9.6
TChla 198 2.12 3.26 0.03 0.27 0.99 2.38 24.18 2.12
SPM 197 4.38 20.07 | 0.04 0.51 0.88 1.84 200.28 | 1.34
POF 197 5827 12519 |873 37.26 | 56.48 78.73 | 100.00 | 41.47
POC 202 20.46 15.27 1.24 7.61 17.83 30.03 | 80.06 22.42
DOC 202 135.14 | 11091 | 51.33 | 68.44 | 89.21 142.18 | 678.77 | 73.74
anw(443) 202 0.3826 | 0.6671 | 0.0187 | 0.0736 | 0.1823 | 0.4172 | 5.3789 | 0.3435
apin(443) 202 0.0581 | 0.0695 | 0.0008 | 0.0133 | 0.0358 | 0.0740 | 0.4239 | 0.0607
acpom(443) 202 0.1924 | 0.2803 | 0.0134 | 0.0440 | 0.0878 | 0.2406 | 2.1467 | 0.1966
anar(443) 202 0.1321 | 0.5041 | 0.0011 | 0.0090 | 0.0294 | 0.0762 | 4.3433 | 0.0672
bip(560) 164 0.0527 | 0.2654 | 0.0003 | 0.0025 | 0.0061 | 0.0144 | 2.0387 | 0.0120
¢»(660) 171 2.2245 | 3.7891 | 0.0808 | 0.3933 | 1.0618 | 2.2993 | 31.4885 | 1.9060
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4.1 Inherent optical properties

Figure 4 provides an overview of the IOPs continuous measurements collected during the expedition
and the results of the co-location procedure of the IOPs at the station locations. The temporal variability
of the inline a,(443), byy(560), and c,(660) captured by the dataset reflects the sampling strategy, which
typically involved offshore, mid-distance, and near-shore transects within each region. The values
extracted at the station locations are often within the daily box-plot of the continuous measurements
presenting the daily medians, 25th and 75th percentiles. In several instances the extracted values lie
above or below the boxplot; this occurred when higher values were measured in the near-shore stations
(or lower values for the offshore stations) compared to transects acquired during the rest of the day.

For 2023, a,(443) spanned approximately 0.01 to >1 m™, with the North Sea transects showing
intermediate values with high variability, followed by a decrease in the Skagerrak-Kattegat, and an
increase in the Baltic Sea where consistently high values and relatively low daily box-plot spread were
observed. After the Baltic Sea, intermediate and more variable values were recorded again in the North
Sea, with the oscillating pattern and high variability maintained throughout the Atlantic Coast transects.
Here, values started to be generally lower compared to the Baltic Sea and English Channel. The
bpp(560) ranged from ~0.005 to >0.1 m™! and followed a broadly similar pattern across regions; three
distinct and prominent peaks were observed in late September during the Atlantic Coast transect,
standing out clearly from all other values. The ¢,(660) ranged from ~0.1 to >10 m™ and showed a
behaviour broadly similar to a,(443), with intermediate values and high variability in the North Sea, a
decrease in the Skagerrak-Kattegat, consistently high values in the Baltic Sea, and an oscillating pattern
with high variability in the subsequent North Sea and Atlantic Coast transects, though with an overall
somewhat narrower dynamic range compared to a,(443).

In 2024, the temporal coverage extended from February through August, and the overall dynamic range
of all three parameters was reduced compared to 2023. The a,(443) spanned ~0.01 to ~0.4 m™, the
bpp(560) ranged from ~0.001 to ~0.03 m™, and ¢,(660) reached at most ~2—3 m™!, with the latter
showing the largest relative drop compared to 2023 where values exceeded 10 m™. The a,(443) showed
lower values (~0.01-0.05 m™) in the Western Mediterranean at the start of the leg, intermediate values
with higher variability (~0.05-0.2 m™") during the Gulf of Lion and Tyrrhenian transects, a prominent
peak (~0.3—-0.4 m™) at the beginning of June during the Adriatic Sea transects, followed by generally
lower values (~0.01-0.1 m™") with some higher excursions during the Eastern Mediterranean homeward
leg. The byy(560) followed a broadly similar pattern, with low values (~0.001-0.005 m™) in the Western
Mediterranean, intermediate values with higher variability (~0.005-0.02 m™) in the Gulf of Lion and
Tyrrhenian transects, a peak (~0.02—0.03 m™) at the beginning of June during the Adriatic Sea transects,
and a decrease towards the end of the time series in the Eastern Mediterranean. The ¢,(660) showed a
consistent pattern, with low values (~0.1-0.5 m™) in the Western Mediterranean, intermediate values
with higher variability (~0.5-1.5 m™") in the Gulf of Lion and Tyrrhenian transects, a peak (~2-3 m™)
during the Adriatic Sea transects, and generally low values (~0.1-0.3 m™) towards the end of the leg in
the Eastern Mediterranean.
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Overall, a,(443) ranged ~0.001-0.42 m™' with a median of 0.036 m™' (Table 3), with the highest median
values observed in the Baltic Sea and North Sea (0.134 and 0.071 m™’, respectively) and the lowest in
the Eastern Mediterranean and Tyrrhenian Seas (0.006 and 0.010 m™', respectively, Table 4). The
bpp(560) spanned ~0.0003-2.02 m™! (median 0.006 m™', Table 3), with the highest median values in the
Baltic Sea and Gulf of Lion (0.023 and 0.014 m™, respectively) and the lowest in the Eastern
Mediterranean and Western Mediterranean Seas (0.001 and 0.002 m™*, respectively, Table 4). Similarly,
cp(660) ranged ~0.10-31.49 m™! (median 1.09 m™',Table 3), with the Baltic Sea and Gulf of Lion
showing the highest median values (3.15 and 1.56 m™") and the Eastern and Western Mediterranean
Seas the lowest (0.27 and 0.46 m™', respectively, Table 4). Across all three parameters, the largest
interquartile ranges were found in regions such as the Atlantic Coast and Gulf of Lion, reflecting the
high spatial heterogeneity encountered along near-shore transects in these areas.
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Figure 4 Summary of inline IOP measurements for 2023-2024 Tara Europa Expedition. The dots

represent the inline a,(443) bb,(560), and ¢, (660) extracted for each station, colour coded
consistently with Figure 1. The daily distribution the inline /OP are presented with the box plots with
daily medians, 25th and 75 percentiles. The box plots are colour coded consistently with Figure 1 for
days when a station was sampled, otherwise are black.
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4.2 RRS for stations: HTSRB and So-Rad

After co-location to the 202 stations, a total of 128 and 45 R, spectra were available for the So-Rad and
HTSRB, respectively (Table 2, Figure 1). Figure 5 presents the HTSRB and the So-Rad Rrs spectra
extracted for each station for each sub-basin. The optical variability across the sub-basins clearly
emerges from these hyperspectral Rrs spectra with dark absorbing waters occurring in the Baltic and
Skagerrak - Kattegat with Rs(350-450)<0.002 sr! and AVW ranging 500-560nm, brown waters (sensu
Dierssen et al., 2022) with R,(650-650)>0.015 sr'! and AVW > 530 nm occurring across several
regions in resuspension zones and in front of the river mouths, clear blue waters with R(600-700)
<0.001 sr'! and AVW<480 nm occurring mostly across the Mediterranean sub-basins, reaching
AVW<465 nm in the oligotrophic offshore stations of the Eastern Mediterranean and Tyrrhenian Sea
sampled in August 2024

The different availability of Rrs spectra across the regions (Table 2, Figure 5) is due to some So-Rad
outages in early 2023 and deployment in late March 2024, and the HTSRB deployment protocol as the
HTSRB was deployed only in 13 and 32 stations in 2023 and 2024 due to the need for cloud-free sky
and calm sea surface conditions.

Figure 6 shows the variability in the 7001 So-Rad R,s spectra, acquired continuously, using the AVW
calculated from the reflectance spectra (Vandermeulen et al., 2020). As for the IOPs (Figure 4), the
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577 AVW values extracted at the station location is often within the daily box-plot of the continuous

578 measurements presenting the daily medians, 25" and 75% percentiles.

579 The optical variability along the track highlights that in the Baltic and Skagerrak — Kattegat the high
580 median values of AVW (500-560nm) and the offshore clear blues waters were characterised by

581 AVW<480 nm were associated with low interquartile ranges. In the resuspension zones and in front of
582 the river mouths the green or brown waters (sensu Dierssen et al., 2022) with high median values of
583 AVW (>530 nm) were associated with high interquartile ranges and also with the extracted station

584 values above or below the boxplot, confirming the high spatial heterogeneity observed also for the in-
585 line IOPS in these dynamic areas (Figure 4).
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Figure 5. Overview of R, spectra across regions collected at HyperBOOST stations. In the panels, the
regions are colour coded consistently with Figure 1. So-Rad and HTSRB spectra are plotted as
continuous and dashed lines, respectively. The ranges for Y axes vary, most regions range 0-015 sr'!,
Atlantic Coast, Tyrrhenian and Adriatic Sea range 0-0.30 sr .
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Figure 6. Summary of continuous AOP measurements for 2023-2024 Tara Europa Expedition. The dots represent
the AVW for the So-Rad R, spectra extracted for each station presented in Figure 5, colour coded consistently
with Figure 1. The daily distributions for the AVW are presented with the box plots with daily medians, 25th and
75th percentiles. The box plots are colour coded consistently with Figure 1 for days when a station was sampled,

otherwise are black.
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4.3 Ternary budget

Figure 7 presents the ternary plot of absorption budget at 443 nm combining the co-located a,x, and
ansp With the acpou for the stations sampled in 2023 and 2024 on the Tara Europa Expedition. At first
glance, it can be observed that the stations sampled in 2023 and 2024 cover the full range for the ansp
axis, extending the range reported for european waters in previous studies (Babin et al., 2003b; Zibordi
and Berthon, 2024), while the top portion of the plot, where the absorption is dominated by a,, is not
fully populated. In Figure 7 is possible to identify stations where the absorption is dominated by non-
algal particles (ansp > 50% of anw) occurring in the coastal waters of the Atlantic, North and Adriatic
seas, while the stations where a,, was dominated by CDOM (acpor > 50% of auw, reaching up to
~95%) occur in the Baltic Sea (70-90%), including also the Skagerrak and Kattegat Sea, similarly to
Babin et al. (2003), and also several stations across the Mediterranean Sea sub-basins as in Zibordi and
Berthon (2024). The stations dominated by CDOM (acpom 70-90% of a,w), where characterized by high
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anw values (up to ~ 5 m™') as well as the low an values (<1.5 m™!). The stations where anap > 50% of anw
occurring in the coastal waters of the Atlantic, North and Adriatic seas are characterized by the highest
bpp values, and that most of the stations dominated by CDOM (acpowm 70-90% of a,w) were
characterized by low by, values.

® English Channel
North Sea
® Skagerrak - Kattegat Sea
® Baltic Sea
Atlantic Coast
Western Mediterranean Sea
Gulf of Lion
® Tyrrhenian Sea
® Adriatic Sea
® Eastern Mediterranean Sea

0 10 20 30 40 50 60 70 80 90 100
anar(443) (%)

Figure 7 Ternary plot of the absorption budget at 443 nm for stations sampled in 2023 and 2024 on the
Tara Europa Expedition.

S Internal consistency of the dataset

This section presents an assessment of the internal consistency of the dataset by performing optical
closure assessments for co-located variables.

Figure 8 and Figure 9 present the comparison of the a, values measured in the lab from samples and by
the in-line AC-S at 145 station locations. Overall, the two approaches cover adequately the same
dynamic range for the three selected spectral bands (443, 550, and 676 nm) with some variability
around the 1:1 line and at the lower and higher bounds of the range (Figure 8). This good agreement is
confirmed by the spectral closure metrics (Figure 9) show a MAPD<25% between 400-700nm, high
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correlation (R?>0.7) between 450 and 700 nm, reaching correlation R>0.8 between 650 and 690 nm.
The regression slope is within 0.8 and 1.2 between 450 and 650 nm.

The differences between a, values measured in the lab from samples and by the in-line AC-S are likely
due to some spatial and temporal differences between the measurements by the inline system and the
water sampling, the data extraction of the collocation procedure, and the correction procedures applied
to the AC-S (e.g. incomplete correction for the detector acceptance angle effects and/or the scattering
correction residuals for non- negligible absorption of particles in the NIR) and the lab
spectrophotometric measurements. Furthermore, these residuals are overall comparable with those
reported by (Zibordi and Berthon, 2024) for their stations.

LOV vs ACS at ~443 nm - LOV vs ACS at ~550 nm LOV vs ACS at ~676 nm
16{N=171 TN=171 0.74N =171
MSPD =84 % MSPD = 13.9 % MSPD =-17.3 %
1.4 |MAPD = 17.9.% 0.7 {MAPD = 27.9 % s 0.6 || MAPD =22.9 %
“* || slope = 0.930 slope = 0.742 || slope = 0.689
<12 R’ =0.774 08 R’ =0.787 < R’ = 0.869
E .l Eos E
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Figure 8: Comparison of the particulate absorption coefficient a, for stations sampled on the Tara
Europa Expedition measured in the lab from samples and by the in-line AC-S.
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Figure 9: Spectral closure metrics for the comparison of the particulate absorption coefficient a,: A.
Median and quartiles for signed percentage difference (SPD) and. B. Absolute percentage difference
(APD). C. r2. D. Regression slope (s) with 1-sigma uncertainty bounds

For the co-location between So-Rad and HTSRB R, (Figure 10 and Figure 11) we used the closest So-
Rad measurement bin to the HTSRB within a maximum tolerance of +/- 30 minutes.

The plots for the for 9 OLCI central wavelengths (Figure 10 — see legend and caption for metrics) show
overall, the two radiometric approaches were consistent across the dynamic range captured in the 26
stations. The spectral closure metrics (Figure 11) showed high correlation across the whole spectral
range, R?>> 0.85 between 350-450 and 510-700nm, MAPD lower than 15 % between 350 and 580 nm.
The correlation dip for R%at 450-500 nm is probably due to the variability of the So-Rad Rs (490) for
some spectra in correspondence of HTSRB R, (490) values of 0.0050 sr™! (Figure 10). The higher APD
values in the red spectral region are likely due to the residuals of the glint/NIR corrections.

These accuracy metrics are broadly comparable to the in-water/above-water comparison in (Pitarch et
al., 2020) and are deemed good results considering that there was no control on measuring the same
patch of water (HTSRB is ~50-100m from the vessel, So-Rad ~10m from the vessel). Moreover, as
HTSRB was only deployed at stations with calm sea and clear sky conditions, these comparison
statistics probably present a bias towards the best measuring conditions.
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Figure 10 Example of optical closure exercise for radiometry. So-Rad (above-water) vs HTSRB (in-
water) regression plots and accuracy metrics for different OLCI-S3 bands. So-Rad R,s were BRDF-

corrected to nadir viewing geometry for consistency with HTSRB. Match-up metrics
(Med_SPD: median signed percentage difference, Med APD: median absolute percentage difference,
s: regression slope , r? : co-efficient of determination, are shown in each panel legend). s and  are both
derived using Type 2 major-axis uncertainty weighting, and the 1-sigma propagated uncertainties for
each system (as available in the full data files) are shown as cross-hairs in the scatter plots.
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667
668 Figure 11 Spectral closure metrics for So-Rad vs HTSRB comparison: A. Median and quartiles for

669 signed percentage difference (SPD) and. B. Absolute percentage difference (APD). C 2. D.
670 Regression slope (s) with 1-sigma uncertainty bounds

671 6 Data availability

672 All the original data and single variable files are available on the HyperBOOST project Zenodo page at
673 https://doi.org/10.5281/ZENODO.15849296 as tabulated data and in SeaBASS format for the in-line
674 10Ps, HTSRB and So-Rad spectra (Santinelli et al., 2026). The collocated dataset presented in this work
675 is available at the Zenodo database (Costanzo et al., 2026b) at

676 https://doi.org/10.5281/zenodo.18340674. The three files are available in full open access. Some of data
677 presented in this work may be reprocessed if/when new data processing and quality assurance or control
678 schemes become available. In these cases, a new version of the dataset will be created and uploaded on
679 Zenodo.
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7 Summary and conclusions

The HyperBOOST hyperspectral dataset was acquired across the major European seas in 2023 and 2024
during 409 days of the expedition. Samples were collected at 202 stations, while along track data was
collected for IOP and AOPS; after binning and quality control, 236,567 a, and ¢, spectra, 26,589 by,
spectra and 7001 So-Rad R, spectra were available for further analyses and colocation with the station
data. The HyperBOOST hyperspectral dataset covered and extended ranges previous reported for
European waters for several bio-optical properties (e.g. Babin et al., 2003b, a; Nechad et al., 2015;
Zibordi and Berthon, 2024) and for organic carbon measurements (Leonborg et al., 2024; Santinelli,
2015).

The data presented in this work was acquired consistently throughout the expedition: samples were
collected following the same protocols and analysed with the same instrumentation in the same
laboratories; hence they are comparable without the need of intercalibration. Furthermore, the excellent
agreement among replicates supports the good quality of the data and the ability of Tara sampling
teams.

The optical closure exercises presented in this work demonstrated the internal consistency of the IOPs
and AOPs collected during the voyage, thus confirming that inline IOP measurements can provide high-
quality data and showing that Tara is suitable platform to acquire continuous above-water was
radiometry so long as robust quality control is applied.

The HyperBOOST dataset is relevant for the validation of current ocean colour satellite missions in
optically complex waters (e.g. Gonzalez Vilas et al., 2026). Mass specific amplitude and the shape
factors for IOPs that can be derived from this dataset will be analysed and presented in future work and
will be the basis for future algorithm development refinement and for simulation for future
hyperspectral missions (e.g. CHIME, S3-NGO). Furthermore, algorithms to derive new variables were
developed using this dataset, as the apportioning of the inline a, into a,s, and ansp (Costanzo et al.,
2026a) and the estimate of the inline of acpom from Seapoint FDOM fluorescence (Bourdin et al.,
2026).

Integration of the HyperBOOST hyperspectral dataset with the imaging and -omics data collected
during the Tara Europa Expedition will enable biodiversity and biological oceanography studies and the
development of novel Earth observation product and datasets.
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