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Abstract. Coastal ecosystems play a major role in global biogeochemical cycles, which are challenging for ocean color satellite 

observations due to independent variability in the dynamics of phytoplankton, non-algal particles (NAP), and colored dissolved 15 

organic matter (CDOM). Field measurements and match-ups with satellite data are required to assess the validity of multi-

sensor satellite products and optimize (or develop new) bio-optical inversion algorithms. For this purpose, the water 

reflectance, light absorption and backscattering properties of coastal waters must be measured together with the concentration, 

composition and size of the optically-active water constituents. In this study, we report the light absorption properties of 

phytoplankton, NAP and CDOM measured over two years along European coastal waters. Our results show distinct 20 

contributions of CDOM from the Atlantic to Mediterranean waters, with CDOM dominating the non-water absorption budget 

in most regions between 380 and 560 nm. Concerning phytoplankton absorption, the B95 model (Bricaud et al., 1995), linking 

chlorophyll concentration to phytoplankton absorption, reproduces the overall spectral shape but exhibits regional biases, with 

both over and underestimation, depending on the local phytoplankton community size structure, physiological photo-

acclimation states, and specific taxonomic compositions. These results highlight limitations in the current parameterizations 25 

under contrasting coastal optical regimes. The mass-specific absorption coefficient of NAP (aNAP
∗) reflects variability in 

particle assemblages and river inputs, with a systematic significant contribution in the near-infrared (NIR) part of the spectrum. 

Overall, our results provide improved constraints on regional optical variability and contribute to the refinement of bio-optical 

models and ocean color algorithms in complex coastal environments.  
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1. Introduction 30 

Coastal ecosystems are rich in marine biodiversity and play a major role in global biogeochemical cycles. They are among the 

most productive areas in the world despite their relatively small surface areas (less than 10 % of the global ocean) (Gattuso et 

al., 1998; Muller-Karger et al., 2005; Tran et al., 2019) and contribute disproportionately to carbon remineralization and 

storage. They are affected by strong anthropogenic pressures due to urbanization, tourism and agriculture. Indeed, a large 

proportion of the world population lives in coastal areas within 100 km from the sea (Feist and Levin, 2016; Atwood et al., 35 

2024). Climate change exacerbates these pressures by inducing changes in temperature and coastal erosion and by altering 

fluvial inputs (freshwater but also suspended particulate matter (SPM), dissolved organic matter (DOM) and nutrients from 

draining basins) (Sale et al., 2014). These changes have direct consequences on biogeochemical processes notably related to 

the carbon cycle (Muller-Karger et al., 2005; Regnier et al., 2013; Ward et al., 2017; Keller et al., 2018). 

In coastal waters, optically-active constituents such as non-algal particles (NAP), phytoplankton and Colored Dissolved 40 

Organic Matter (CDOM) vary independently unlike in open ocean waters. Throughout this study, the term Colored Dissolved 

Organic Matter (CDOM) is used for consistency, although Chromophoric Dissolved Organic Matter is also commonly used in 

the literature.  These constituents can originate from various allochthonous sources, such as riverine input or sediment 

resuspension due to turbulent mixing, which may lead to a dominance of NAP and/or CDOM in total solar light absorption 

(Bowers et al., 2000). Phytoplankton particles, usually characterized by their Chlorophyll-a pigment (Chla, in mg m-3) may 45 

however dominate the water light absorption properties particularly during the algal growing season as documented by Bricaud 

et al. (2004). This variability in the concentrations of the main optically-active water constituents affects the performance of 

bio-optical algorithms used to retrieve the concentrations of NAP, Chla and CDOM from the water-leaving reflectance signal, 

resulting notably in significant under- or over-estimation of Total Chlorophyll-a (TChla). Consequently, the calibration and 

validation of bio-optical algorithms and of derived satellite products in coastal waters require extensive concomitant in situ 50 

measurements of the biogeochemical, inherent and apparent optical (IOPs and AOPs) properties (Spyrakos et al., 2018). 

Bricaud et al. (1995) determined the bio-optical relationships governing most offshore waters where optical properties are 

primarily driven by materials covarying with Chla. However, these relationships are often not applicable in coastal waters. 

Indeed, Babin et al. (2003a, b) highlighted that European coastal (Case-2) waters require specific regional parametrizations 

due to the uncoupled variability of Chla, NAP and CDOM, providing for the first comprehensive baseline for the IOPs for a 55 

wide diversity of coastal waters. Building on this work, Zibordi and Berthon (2024) compiled bio-optical measurements 

collected across European coastal waters between 1995 and 2022 and created the CoASTS-BiOMaP dataset. This dataset 

provides a long-term reference for contextualising observations and assessing their consistency with historical regional 

patterns. These parametrizations now require refinement relying on recent optical technologies in order to capture the 

variability induced by anthropogenic and climate-driven changes. Re-documenting the optical and biogeochemical properties 60 

of European coastal waters is required to assess the long-term spatio-temporal variability and potential environmental shifts.  
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In parallel, recent ocean color satellite sensors provide hyperspectral measurements in open ocean, coastal and inland waters, 

to potentially retrieve more information than multispectral sensors notably concerning phytoplankton species or functional 

groups (Bracher et al., 2017; Muller-Karger et al., 2018). Such recent satellite missions include the Plankton, Aerosol, Cloud, 

ocean Ecosystem (PACE) platform (Werdell et al., 2026) carrying the Ocean Color Instrument (OCI), a hyperspectral imaging 65 

radiometer designed for the observation of global ocean color, but also the EnMAP  (Environmental Mapping and Analysis 

Program) (Guanter et al., 2015) and PRISMA  (PRecursore IperSpettrale della Missione Applicativa) (Loizzo et al., 2018) 

which provide hyperspectral measurements over coastal and inland waters. Additionally, Pitarch and Brando (2025) developed 

an advanced synthetic hyperspectral dataset. Their theoretical models require high-quality in-situ validation to ensure they 

reflect the realistic variability of natural particles. Our study provides such a dataset. 70 

The Traversing European Coastlines (TREC) expedition was conducted along the European coastal waters. The global 

objective was to better understand the interactions between land and sea. In this context, the Tara Europa and HyperBOOST 

projects were carried out aboard the Tara research vessel over two years (2023 and 2024). These projects respectively aimed 

to better understand marine biodiversity and the impacts of pollution and climate change on coastal ecosystems, by 

documenting the biogeochemical and hyperspectral optical properties of the diverse European coastal waters. An overview of 75 

the comprehensive dataset collected during the HyperBOOST project, including the different biological, biogeochemical, and 

optical measurements, is provided in the accompanying manuscript by Costanzo et al. (submitted) and in the associated dataset 

(Costanzo et al., 2026). The main aim of the present study is to better understand the absorption optical properties of European 

coastal waters in order to refine existing bio-optical inversion algorithms. 

Here we report the concentrations and composition of the optically-active water constituents, namely SPM, Chla and DOM, 80 

and their respective relationships to hyperspectral light absorption coefficients considering 10 distinct bio-optical regions over 

the European coastal waters. Our results complement previous reference studies in this field including foundational studies 

(Babin et al., 2003b; Bricaud et al., 1995), historical in situ compilations (Zibordi and Berthon, 2024), and synthetic datasets 

developed for algorithm design (Pitarch and Brando, 2025). This study provides updated hyperspectral observations that enable 

the validation and refinement of new regional bio-optical parametrizations for ocean color inversion algorithms. 85 
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2. Data and Methods 

2.1. Study area and sampling 

 

Figure 1: Map of the 202 field stations sampled during the Tara Europa cruise (April 2023–August 2024), colors refer to the 10 sub-90 
basins.  

Sampling was carried out along European Coastal waters for two consecutive years from April to September 2023 and from 

February to August 2024 aboard the Tara research vessel in the framework of the European Space Agency (ESA) 

HyperBOOST “Hyperspectral Bio-Optical Observations Sailing on Tara” project, which supported our participation in the 

Tara Europa expedition, which is part of the larger TREC research program. The HyperBOOST project not only aimed to 95 

measure the biogeochemical and optical properties of the wide diversity of European coastal waters in order to calibrate bio-

optical algorithms. It also aimed to increase the number of matchups between field measurements and multi-sensor satellite 

observations for the validation of satellite products.  

To maintain consistency with the TREC land–sea observational framework, marine sampling sites were selected in the vicinity 

of the coastal stations surveyed by the terrestrial sampling. Most stations were located approximately 1 km offshore in waters 100 

about 15 m deep, providing representative measurements of nearshore coastal waters. 

Station locations were initially selected using high-resolution Chla climatologies derived from multi-year regional satellite 

products, which provided information on the expected spatial distribution and variability of coastal waters (Brando et al., 
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2024). When required, station locations were further refined onboard in response to changing oceanographic conditions using 

interactive Leaflet maps displaying near-real-time environmental data (Marchese et al., 2024). 105 

A total of 202 stations were sampled: 99 stations were sampled from April to November 2023 from the Baltic Sea to the 

Atlantic Ocean; 103 stations were sampled from February to August 2024 in the Mediterranean Sea (Med. Sea), including 14 

offshore stations (Fig. 1). 

10 sub-basins were identified, based on geographical boundaries of regional seas; due to the large number of regions in the 

Med. Sea stations were also grouped according to their light absorption properties (Fig. 1). At each station, water samples were 110 

collected within surface waters (at depth of 0.5 m) using Niskin bottles and filtered immediately after collection to retain 

suspended particles on glass-fiber filters. For CDOM measurements, water was filtered directly from the Niskin bottles using 

a portable filtration device implemented at CNR-IBF and a 0.2 µm Sterivex filter (SVGV010RS), rinsed with 200 mL of 

MilliQ water.Glass-fiber filters were kept frozen until laboratory analyses at the Laboratoire d’Océanographie de Villefranche 

(LOV). Filtrates were kept at 4 °C and in the dark and analysed within two weeks at the Institute of Biophysics of the Italian 115 

National Research Council (CNR-IBF). 

2.2. Biogeochemical measurements 

2.2.1. Suspended particulate matter 

Water samples were transferred to clean bottles and kept homogeneous to measure the water turbidity (T, in Formazin 

Nephelometric Unit (FNU), in triplicates) according to the protocol established by Dogliotti et al. (2015). Then following the 120 

protocol defined by Neukermans et al. (2012), the measured mean Turb value was used to determine the optimal volume of 

water sample to be filtered through pre-weighed Whatman GF/F filters (25 mm diameter; 0.7 µm nominal pore size). This 

optimal volume ensures enough matter is retained by the filter for precise measurement of the concentration of suspended 

particulate matter (SPM, in g m-3), but not so much that the filter clogs. The conversion table established by Neukermans et al. 

(2012) for 47 mm diameter GF/F filters was here adapted to 25 mm diameter filters, taking into account the ratio of filter 125 

clearances, i.e., preconized optimal volumes were divided by a ratio of about 3.5. 

The SPM concentration was determined by the gravimetric method. The same optimal volume of seawater (Vfiltered, in m3) was 

filtered on six GF/F filters, pre-combusted (1 h at 450 °C) and pre-weighed (mass M1, in g) in dry atmosphere. To remove 

residual salts from the filters, all filters were rinsed with fresh water. Each filter was then dried during 24 h at 60 °C. A second 

weighing under dry atmosphere provided the mass of the dry filter and all retained particles (M2, in g). The SPM concentration 130 

(in g m-3) was then obtained as: 

  

  
SPM =  

(𝑀2 − 𝑀1)

𝑉filtered

 
(1) 
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For each water sample, the mean SPM value and associated standard deviation (assumed to be representative of the 

measurement uncertainty) were determined from the sextuplicates. Across all samples, the mean propagated standard deviation 

associated with SPM measurements was 0.29 g m-3. The mean relative uncertainty, calculated at the station level and averaged 135 

across the dataset, was 13.9 %.  

The organic and inorganic fractions of the total suspended particulate matter were obtained according to the IOCCG Protocol 

Series (2021). Three filters used for SPM determination were burned 4 hours at 450°C to remove the organic material and 

weighed again. This final mass, corresponding to the mass of inorganic particles (M3, in g), allowed the determination of the 

particulate inorganic fraction (PIF, in %), then by difference of the organic fraction (POF, in %):  140 

  PIF =  
𝑀3 − 𝑀1

𝑀2 − 𝑀1
 ∗  100 

 

(2) 

  POF =  100 –  PIF  (3) 

  

For each water sample, the mean PIF and POF values and associated standard deviations (assumed to be representative of the 

measurement uncertainties) were determined from the triplicates. The particulate inorganic matter (PIM, g m-3) and particulate 

organic matter (POM, g m-3) concentrations were then calculated by multiplying PIF and POF, respectively, by the total 

suspended particulate matter concentration (SPM, g m-3). Across all samples, the mean propagated standard deviation 145 

associated with PIM and POM measurements were both 0.13 g m-3. Owing to the lower average concentration of PIM 

compared to POM, the corresponding mean relative uncertainties, calculated at the station level and averaged across the 

dataset, were 26.1 % and 14.6 %, respectively. 

2.2.2. Phytoplankton pigments 

The SAPIGH platform, a French National Analytical Service dedicated to HPLC (High Performance Liquid Chromatography) 150 

measurements was in charge to identify and quantify phytoplankton pigments (chlorophylls and carotenoids) in collected water 

samples. Following the protocol defined by Ras et al. (2008), the exact same volumes of water samples as for SPM 

determination were filtered through 25 mm Whatman GF/F filters. Filters 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 method used is a modified 

version of the one developed by Van Heukelem and Thomas (2001) as described by Ras et al. (2008). Up to thirty pigments 155 

were quantified, when present. Note that in the current study the TChla concentration was defined as the sum of chlorophyll-

a (Chla), divinyl chlorophyll-a (DVChla) and chlorophyllide-a (Chld-a), while only chlorophyll-a was considered in Babin et 

al. (2003b). 
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Triplicate measurements of TChla were performed at 15 stations. The mean standard deviation associated with TChla 

measurements was 0.12 mg m-3. The mean relative uncertainty, calculated at the station level and averaged over these 15 160 

stations, was 4.7 %. 

Three classes of phytoplankton are commonly defined according to size: microplankton (>20 µm), nanoplankton (2-20 µm) 

and picoplankton (<2 µm). These size classes can be estimated using seven diagnostic pigments (Vidussi et al., 2001): 

Fucoxantin (Fuco), peridinin (Perid), 19’-hexanoyloxyfucoxanthin (Hexfuco), 19’-butanoyloxyfucoxanthin (Butfuco), 

alloxanthin (Allo), monovinyl chlorophyll-b + divinyl chlorophyll-b (TChlb) and zeaxanthin (Zea).  165 

While (Vidussi et al., 2001) first proposed a diagnostic pigment approach to estimate phytoplankton size classes, Uitz et al. 

(2006) refined this method by introducing pigment-specific weighting coefficients to estimate the contribution of different 

phytoplankton size fractions to TChla. Chase et al. (2020), using co-located measurements of phytoplankton size distribution, 

revised the formulation with additional weighting terms, resulting in new equations for the estimation of phytoplankton size 

fractions. Although the parameterization of Chase et al. (2020) was the only work constructed based on flow cytometric 170 

observations, both approaches were primarily developed from datasets dominated by open-ocean environments and likely did 

not capture the specificities of coastal waters. In this study, a new coastal parameterization was developed to estimate 

phytoplankton size fractions in European coastal waters. The parameterization of Chase et al. (2020) was nevertheless retained 

as a benchmark because it spans a broad range of TChla concentrations while providing an independently evaluated reference 

for comparison, despite its limited representation of coastal regions. The combined Tara Europa and COASTlOOC (Massicotte 175 

et al., 2023) datasets were used to derive and evaluate the new parametrization across a wide range of European coastal 

environments.  

The diagnostic pigment approach requires the estimation of TChla from the weighted contribution of diagnostic pigments. 

However, using the weighting scheme proposed by Uitz et al. (2006), the regression between the sum of diagnostic pigments 

and measured TChla was weak. In order to obtain a new regression model, a multiple regression analysis was performed (Table 180 

1). In addition, parameterizations were developed separately for the Atlantic and Mediterranean datasets, and the corresponding 

regression coefficients are provided in Table 1. A non-negative least squares (NNLS) regression was applied to ensure 

physically meaningful (positive) contributions of diagnostic pigments. The model was independently validated using the 

COASTlOOC dataset. 

For each parameterization, the three phytoplankton size fractions (micro-, nano-, and picophytoplankton) were calculated from 185 

the seven diagnostic pigments following the equations proposed by Uitz et al. (2006) and Chase et al. (2020). The 

corresponding equations were not reproduced here since they are directly available in the original publications.  

The performances of the three parameterizations were compared using the linear regressions shown in Fig. 2. The slopes of 

the regression lines are 0.65 for COASTlOOC and 0.59 for Tara Europa using the parametrizations of Uitz et al. (2006). 

Corresponding slopes of 1.05 and 0.94 are obtained using the parameterization of Chase et al. (2020) (Fig. 2b). The linear 190 

regression obtained using the new parameterization is shown in Fig.2c, with regression slopes of 0.87 for COASTlOOC and 

0.84 for Tara Europa. Although these slopes deviate more from the 1:1 line than those obtained with the Chase et al. (2020) 
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parameterization, the new parameterization yields slightly higher coefficients of determination (R2), indicating a comparable 

linear relationship with the observations.. Moreover, the new parameterization shows similar mean absolute differences 

(MAD) and mean relative differences (MRD) compared with the Chase et al. (2020) parameterization. For the HyperBOOST, 195 

MAD and MRD are 0.42 mg m-3 and 19.3 % compared with 0.32 mg m-3 and 19.1 % respectively. Similar for the COASTlOOC 

dataset, MAD and MRD are 0.98 mg m-3 and 23.4 % compared with 0.70 mg m-3 and 21.8 % respectively. The corresponding 

regressions obtained using the parameterizations developed for the Atlantic Ocean and the Mediterranean Sea are presented in 

Fig. 2e and Fig. 2f, respectively, highlighting the performance of region-specific coefficients within their respective basins. 

 200 

Figure 2: Comparison of linear regressions (a-f) between total chlorophyll a (TChla) and the sum of diagnostic pigments (SDP) 

obtained using the coefficients of Uitz et al. (2006), Chase et al. (2020) and the new parameterization considering the HyperBOOST 

and CoastlOOC datasets (top, from left to right). Linear regressions obtained using the new parametrization considering the whole 

Europe, Atlantic Ocean and Mediterranean Sea (bottom, from left to right). 

 205 

Table 1. Values of pigment weights calculated in previous studies (Uitz et al. 2006 and Chase et al. 2020) and using the dataset from 

the present study. 

 
Literature This study 

Pigment Uitz et al. (2006) Chase et al. (2020) Europe Atlantic Mediterranean 

Fucoxanthin 1.41 2.62 1.88 1.75 1.96 
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Peridinin 1.41 1.32 1.57 1.79 1.78 

19'-Hexanoyloxyfucoxanthin 1.27 0.87 0.40 0.01 1.04 

19'-Butanoyloxyfucoxanthin 0.35 0.00 2.12 3.14 0.01 

Alloxanthin 0.60 2.64 3.76 3.37 3.08 

Chlorophyll_b 1.01 0.94 1.40 1.71 2.12 

Zeaxanthin 0.86 1.52 1.86 1.83 1.55 

 

2.2.3. Particulate Organic Carbon 

Particulate Organic Carbon (POC) concentrations were determined using 25 mm Whatman GF/F filters, the same GF/F filters 210 

used for SPM measurements (Doxaran et al., 2012; Blasco et al., 2021). Among the six replicate filters for SPM, three were 

used for POC analyses. Thus, filters underwent the same pre-treatment as for SPM analysis (pre-combusted at 450°C). 

To accurately quantify the organic fraction, the particulate inorganic carbon (carbonates) was removed following a protocol 

optimized for mineral-rich waters (Blasco et al., 2021). Filters were acidified by adding 200 to 300 μL of 2 N HCl directly 

onto the filter and leaving them to react overnight. This liquid acidification step was selected to ensure complete decarbonation 215 

in samples rich in mineral matrices or resistant carbonates, which are common in coastal waters. Following acidification, 

samples were dried at 60 °C for at least 4 hours to remove residual water and excess acid. Carbon content was then measured 

by high-temperature combustion using Isotope Ratio Mass Spectrometry (IRMS), via an elemental analyzer coupled to a mass 

spectrometer. The isotopic data were normalized to the reference gas and corrected using certified standards.  

All measurements were performed in triplicate, and final concentrations were corrected using blanks procedural filtrate blanks 220 

to account for both filter background and potential adsorption of dissolved organic carbon (DOC) onto the glass fiber matrix 

during filtration. The mean standard deviation associated with POC concentrations was 0.06 g m-3. The average POC 

concentration was 0.29 ± 0.06 g m-3 (mean ± standard deviation), based on the variability among replicate measurements at 

each station. 

 225 

2.2.4. Dissolved Organic Carbon 

All the samples for dissolved organic carbon (DOC) were filtered directly from the Niskin bottles, using a portable filtration 

device implemented at CNR-IBF and a 0.2 um Sterivex filter (SVGV010RS), washed by 200 ml of MilliQ water. Samples for 

DOC were immediately acidified to pH < 2 by adding ultrapure 2M HCl. 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.  230 

https://doi.org/10.5194/egusphere-2026-4579
Preprint. Discussion started: 7 September 2026
c© Author(s) 2026. CC BY 4.0 License.



10 

 

DOC measurements were carried out with a Total Organic Carbon analyser (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 Waters (CRM) (Hansell, 2005) (batch #23/02, measured concentration: 41.4 ± 1.6 μM, n =55). 

2.3. Optical measurements  

2.3.1. Particle absorption 235 

For particulate light absorption coefficient measurements, seawater was filtered on Whatman GF/F filters (25 mm), considering 

the same volumes as the ones filtered for SPM determination. Filters were then immediately frozen and stored in petri dishes 

at low temperatures (-20°C) onboardnear and during transport (in dry ice) up to laboratory analyses at LOV. 

Light absorbance was measured using a Perkin Elmer Lambda 850 UV/Vis spectrophotometer equipped with an integrating 

sphere (150 mm), from 300 nm to 800 nm with an increment of 1 nm. The method used was the quantitative filter technique 240 

(integrating sphere (IS) mode) established by Röttgers and Gehnke (2012) detailed in the IOCCG Protocol Series (2018). Each 

filter was placed in the center of the integrating sphere perpendicular to the light beam, with particles facing it. The optical 

density (OD) was successively measured on blank filters (ODblank), saturated with pure water, then on sample filters (ODsample), 

at ambient temperature to compute the optical density of particles retained on filters as: 

  𝑂𝐷f(𝜆) = 𝑂𝐷sample(𝜆) − 𝑂𝐷blank(𝜆) (4) 

 245 

Where λ is the wavelength. 

A second correction is then applied to account for the pathlength amplification of the filter pad technique: 

 

  𝑂𝐷s(𝜆) = 0.323 ∗ 𝑂𝐷f(𝜆)1.0867 (5) 

 

The particulate absorption coefficients (ax, in m-1) were finally computed as: 250 

  
𝑎x(𝜆) =

ln(10) ∗ 𝑂𝐷s(𝜆)

𝑉/𝐴
 

(6) 

 

Where V is filtered volume (in m3) and A is the effective area of the filter (m2). 

The first particle absorption coefficient measured was ap, the total particulate absorption coefficient. Then each filter was 

placed for minimum 1 h and maximum 24 h on a filet holder with the funnel filled with methanol for depigmentation. The 

methanol and all dissolved phytoplankton pigments were flushed, the filter saturated with pure water placed again in the center 255 
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of the integrating sphere to measure the light absorption coefficient of non-algal particles: aNAP. Finally, the light absorption 

coefficient of algal particles was determined as the difference: 

  𝑎PHY(𝜆) = 𝑎p(𝜆) − 𝑎NAP(𝜆) (7) 

 

Any residual significant aPHY values obtained from 700 to 750 nm were assumed to be measurement errors, and the average 

aPHY (700-750 nm) value was subtracted to the whole aPHY spectrum (Babin et al., 2003b; Babin and Stramski, 2004). 260 

The specific absorption coefficient of phytoplankton aPHY
 * (in m2 (mg Chla)-1) was calculated by dividing aPHY by the TChla 

concentration. Results were compared with those predicted by the model of Bricaud et al. (1995): 

  𝑎PHY
∗(𝜆) = 𝐴(𝜆) ∗ TChla−𝐵(𝜆) (8) 

 

Where A(λ) and B(λ) are tabulated spectral coefficients obtained from Table 2 of Bricaud et al. (1995) 

For NAP, the mass-specific absorption coefficient (aNAP
* (in m2g-1) was obtained by dividing aNAP by the SPM concentration. 265 

A nonlinear exponential model was fitted to aNAP spectra to estimate the exponential spectral slope coefficient (SNAP, in nm-1) 

between 380 and 730 nm, excluding the 400-480 and 620-710 nm ranges to avoid any residual pigment absorption (Babin et 

al., 2003b). Only spectra passing the quality-control criteria were retained, resulting in 201 valid spectra. One spectrum was 

excluded due to low fitting performance (R2 <0.95) (Estapa et al., 2012; Röttgers and Gehnke, 2012). 

  𝑎NAP(𝜆) = 𝑎NAP (𝜆𝑟) ∗ 𝑒−𝑠NAP(𝜆−𝜆𝑟) + 𝐵 (9) 

 270 

Where λr is the reference wavelength (here 443 nm) and B is an offset. 

2.3.2. CDOM absorption 

 

All the samples for CDOM were filtered directly from the Niskin bottles, using a portable filtration device implemented at 

CNR-IBF and a 0.2 μm Sterivex filter (SVGV010RS), washed by 200 ml of MilliQ water.  275 

CDOM absorbance spectra were measured between 230 and 700 nm, with a resolution of 0.5 nm, using a UV–Vis 

spectrophotometer (UV-2600i, Shimadzu) with a 10 cm quartz cuvette.  Three spectra were registered for each sample and the 

average was reported. The mean standard deviation associated with CDOM absorbance measurements at 443nm was 0.009  

m-1. The mean relative uncertainty, calculated at the station level and averaged across all samples, was 10.2 %. The absorbance 

spectra of ultrapure Milli-Q water, measured in the same conditions as the samples, was subtracted from each sample spectrum. 280 

Initial, intermediate and final blanks were measured to check for the cleanliness of the cuvette and the instrument functioning. 

The light absorption coefficient (m-1) was calculated by following the equation: 
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𝑎CDOM(𝜆) = 2.303 ∗

𝐴(𝜆)

𝐿
 

(10) 

 

where A(λ) is the absorbance at the wavelength λ and L is the cuvette pathlength expressed in m. An exponential model was 285 

fitted to aCDOM to estimate the spectral slope between 350 and 500 nm (S350-500) for comparison with the study of Babin et al. 

(2003b). Before fitting, a baseline correction was applied by subtracting the mean absorption coefficient between 680 and 690 

nm from the entire spectrum. The exponential fits between 350 and 500 nm showed high agreement with the measured spectra 

(R2 > 0.94 for all stations), and all spectra were therefore retained for subsequent analyses.  

 290 

  𝑎CDOM(𝜆) = 𝑎CDOM (𝜆𝑟) ∗ 𝑒−𝑠CDOM(𝜆−𝜆𝑟) 

 

(11) 

S350-500 or SCDOM (nm−1) as defined by Babin et al. (2003b) describes the approximate exponential rate of decrease in absorption 

with increasing wavelength in this range. The mean standard deviation associated with S350-500 estimates was 0.0007 nm⁻¹. The 

mean relative uncertainty, calculated at the station level and averaged across all samples, was 4.7 %. 

In this study, the absorption budget was established using all absorption values from non-algal particles, CDOM and 

phytoplankton. For aCDOM, the exponential model fitted over the 350–500 nm spectral range was used to reconstruct the 295 

absorption spectrum from 350 to 750 nm, and these modeled values were used in the absorption budget. 

3. Results & Discussion  

3.1. Variability of Absorption Components 

The variability of the TChla, SPM, POC and POM components across all the studied regions spans at least three orders of 

magnitude, whereas the aCDOM(443) and DOC spans only two orders of magnitude (Fig. 3). There is a general covariance 300 

among these six variables, indicating that the waters were not dominated by a single constituent. This means that when one 

component is high, the others are generally also relatively high. Some extreme values are also observed, particularly in 

estuaries, with SPM exceeding sometimes 100 g m-3. There is also a strong linear relationship between SPM and turbidity. 

Overall, the distribution is consistent with the variability reported by Babin et al. (2003b). 

The observed variability reflects the complexity of coastal waters, where the optical properties are controlled by the combined 305 

variability of phytoplankton biomass, suspended particles, and CDOM rather than by biomass alone.  The relationship between 

POC and SPM is an indicator of particle composition. Samples above the linear regression indicate organic dominance whereas 

samples below it suggests a high mineral or sedimentary influence. 
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 310 

Figure 3: Scatterplots of (a) SPM versus TChla, (b) POC versus SPM (c) aCDOM(443) versus TChla, (d)POC versus POM, 

(e)  aCDOM(443) versus SPM, (f) DOC versus aCDOM(443), (g) SPM versus Turbidity for samples along European coastal waters by 

regions. Error bars are omitted for clarity due to the large number of observations. Analytical uncertainties associated with SPM, 

TChla, POC, and POM measurements are reported in the Data and Methods section. 

3.2. CDOM absorption 315 

In coastal waters, the contribution of CDOM to the total light absorption between 380 and 560 nm is usually dominant 

compared to that of phytoplankton or other particles (Babin et al., 2003b), it can be therefore used as a tracer of terrigenous 

inputs, allowing to get insights into the complex biogeochemical processes at the land-sea interface. In this section, the regional 
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variability of CDOM is examined across the 10 bio-optical regions to update historical baselines and capture potential 

environmental shifts. 320 

The mean (non-modeled) CDOM absorption spectra between 350 and 700 nm show a high spatial variability across for the 10 

studied regions (Fig. 4a). The highest values are observed in the Baltic Sea, the lowest ones in all the Med Sea sub-basins and 

intermediate values in the Atlantic regions. S350-500 ranges from 0.010 to 0.026 nm-1 with a global mean value of 0.016 nm-1 

(Fig. 4b) slightly lower than the global average reported by Babin et al. (2003b) (0.0176 nm-1) in European coastal waters. 

This difference remains relatively small compared with the variability observed across the study area. The distribution 325 

exhibited two main groups: a first group, comprising all regions except the Baltic Sea and the Skagerrak–Kattegat Sea, with 

S350–500 values between 0.010 and 0.018 nm−1, and a second group, composed of the Baltic Sea and the Skagerrak–Kattegat 

Sea, with values between 0.018 and 0.020 nm−1. A single extreme value (0.026 nm−1) was observed at a return leg offshore 

station, where very low aCDOM absorption was measured. This value should be interpreted with caution, as the weak CDOM 

absorption signal at this station reduces the robustness of the exponential fit used to estimate the spectral slope. Mean S350-500 330 

values ranged from 0.013 nm-1 in the Med Sea (Med Sea. 1 and 3) to 0.019 nm-1 in the Baltic Sea (Fig. 4c). Most European 

regions exhibited intermediate values, whereas the Baltic Sea and the Skagerrak–Kattegat displayed the highest mean spectral 

slopes and two Mediterranean regions displayed the lowest values (Fig. 4c). Table 2 also highlights marked regional variability 

in the aCDOM(443)/DOC ratio. The highest ratios were observed in the North Sea (0.22 m2 g C−1) , Atlantic Ocean and English 

Channel, followed by the Baltic Sea and the Skagerrak–Kattegat Sea. Intermediate values characterized the Gulf of Lion, 335 

whereas the Adriatic Sea and the three Mediterranean sub-basins consistently exhibited the lowest ratios (0.036–0.065) 

The Baltic Sea is characterized by high CDOM absorption  (aCDOM(443) = 0.56 m−1), reflecting substantial inputs of terrestrially 

derived dissolved organic matter (Massicotte et al., 2023). The relatively high S350–500 observed in this region is consistent with 

the distinctive spectral characteristics of terrestrially influenced DOM described by Helms et al. (2008). The good linear 

correlation between DOC and aCDOM(443) in this basin (Fig. 3f), suggests a common origin for both DOC and CDOM, 340 

consistent with observations from river-influenced coastal waters by Matsuoka et al. (2017).   

Compared to the Baltic Sea, the lowest spectral slope S350-500(<0.014 nm−1) were observed in Med Sea 1 and Med Sea 3, 

whereas the other Mediterranean regions exhibited intermediate values. The presence of offshore stations in Med Sea 3 likely 

contributes to the low spectral slopes observed in this region. Our results agree with the decrease in S350-400 values moving 

from freshwater to marine waters previously reported by Helms et al. (2008). S350-500 values in the Med Sea 2 and the Gulf of 345 

Lion are lower than the range (0.018–0.026 nm−1) reported by Para et al. (2010) for the same region. This difference could be 

explained by distinct oceanographic conditions. Para et al. (2010) associated their lowest spectral slope (0.014 nm-1) with 

vertical mixing events that introduced older CDOM from deeper waters into the surface layer. Mediterranean regions also 

exhibit the lowest aCDOM(443)/DOC ratio (Table 2) suggesting differences in DOM pool with a predominance of non-absorbing 

organic compounds in this basin. 350 
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Figure 4: (a) Mean absorption spectra of CDOM for 10 studied regions. (b) Frequency distribution of the spectral slope S350-500 (N = 

202 stations) with Gaussian Curve shown as a red line. (c) Boxplot illustrating the regional variability of S350-500 across the 10 study 

areas. 

Table 2: Summary statistics (mean ± SD, range) of aCDOM(443)/DOC ratio in [m2 (g C)−1] by region. 355 

 aCDOM(443)/DOC  (m2 g C−1) 

Region Mean ± SD Range 

Atlantic (N = 29) 0.135 ± 0.091 0.018 – 0.442 

English Channel (N = 9) 0.164 ± 0.078 0.067 – 0.345 

North Sea (N = 22) 0.22 ± 0.128 0.08 – 0.703 

Skagerrak – Kattegat Sea (N = 16) 0.116 ± 0.055 0.074 – 0.252 

Baltic Sea (N = 23) 0.113 ± 0.046 0.059 – 0.259 

Med. Sea 1 (N = 19) 0.063 ± 0.023 0.026 – 0.102 

Gulf of Lion (N = 8) 0.104 ± 0.07 0.059 – 0.265 
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Med. Sea 2 (N = 25) 0.062 ± 0.02 0.021 – 0.102 

Med. Sea 3 (N = 30) 0.036 ± 0.018 0.015 – 0.100 

Adriatic Sea (N = 21) 0.065 ± 0.031 0.024 – 0.148 

 

3.3. Phytoplankton Absorption 

The mean phytoplankton-specific absorption spectra (aPHY
*) across ten studied regions over the 400-700 nm spectral range are 

compared with the empirical power-law model established by the B95 (Fig. 5). The spectra derived from the B95 

parameterization capture the overall spectral shape observed in most regions. However, the model significantly overestimates 360 

absorption in two Med sub-basins (Med Sea 2 and 3). In the Med Sea 2, at 443 nm, mean aPHY
* measured values average are 

around 0.04 m2.mg−1 whereas the B95 model predicts values near 0.06 m2.mg−1. Overall, the mean spectra exhibit a very 

similar spectral shape across the different regions. Absorption at 443 nm ranges from 0.02 to 0.06 m2.mg−1. Some regions 

display particularly strong and well-defined peaks, such as the Med Sea 3 at 443 and 675 nm. In contrast, regions such as the 

English Channel and the Baltic Sea exhibit flatter spectra and lower mean aPHY
* (443) values (0.02 & 0.03 m2.mg−1) (Table 3). 365 

In these regions, the characteristic absorption features appear less clearly defined compared with the other areas (Fig. 5). 

Variations in the magnitude of aPHY
* and the definition of spectral peaks reflect intra and interregional variability in the size 

structure of phytoplankton communities and physiological photo-acclimation. Indeed, regions with a flatter spectral shape 

exhibit high TChla values. This is characteristic of productive waters, where phytoplankton assemblages are generally 

dominated by larger taxa (e.g. diatoms), leading to a stronger packaging effect and reduced chlorophyll-specific absorption 370 

such as the English Channel. 

In the Baltic Sea, the picoplankton fraction is higher than the other fractions. However, in this region, filamentous 

cyanobacteria can be observed during summer blooms, which lead to errors in fraction identification (Stal et al., 2003; Olofsson 

et al., 2020). Despite a pigment signature dominated by zeaxanthin, typically associated with picoplankton, these cyanobacteria 

form filamentous and colonial structures reaching hundreds of micrometers to millimeters in length. Indeed, filamentous 375 

cyanobacteria form long filaments or aggregates and act as a microplankton fraction. This shift in scale induces an extreme 

packaging effect driven by mutual shading of pigments within the filaments. As a result, internal pigments are optically masked 

by outer layers which may explain the flatter spectral shape. This explains why standard size-based models are expected to fail 

in such conditions (Brewin et al., 2010). This is consistent with the sampling period (June–July), which coincides with summer 

blooms in the Baltic Sea. 380 

Conversely, the Med Sea regions (Med Sea 2 and 3) exhibit low TChla values which are characteristic of oligotrophic waters. 

However, these regions do not reach the high absorption coefficient predicted by the B95 model. This discrepancy suggests 

an anomalously high packaging effect for low-biomass waters. Indeed, according to the B95 model by Bricaud et al. (1995), 

low TChla values are associated with the dominance of small phytoplankton cells which are supposed to absorb light very 

efficiently due to their reduced packaging effect. This leads to higher predicted light absorption values given by the B95 model. 385 
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However, the study by Pérez et al. (2021) shows that reality is more complex. Indeed, the Mediterranean Sea is driven by 

photo-acclimation induced by high solar irradiance and marked stratification. This stratification leads to the formation of a 

pronounced thermocline, which vertically structures the water column into a distinct physiological compartment. This 

mechanism leads to a change in the pigment density maintaining a significant packaging effect despite the small physical size 

of the cells, through an increase in intracellular pigment concentration, resulting in absorption values lower than expected 390 

(Organelli et al., 2017). As a consequence, this induces a decoupling between phytoplankton size structure and optical 

absorption properties, explaining why the B95 model fails to capture the observed variability. 

 

 

Figure 5: Representation of the mean of the specific light absorption coefficient by phytoplankton (blue line) by region between 400 395 
and 800 nm with standard deviation. Statistics of Bricaud et al. (1995) is in dashed black line. 
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Table 3. Summary statistics (mean ± SD, range) of aPHY
*(443) by region. 

 
aPHY*(443) [m2 (mg Chla)−1] 

Region Mean ± SD Range 

Atlantic (N = 29) 0.037 ± 0.014 0.009 – 0.060 

English Channel (N = 9) 0.020 ± 0.012 0.002 – 0.035 

North Sea (N = 22) 0.032 ± 0.022 0.008 – 0.121 

Skagerrak – Kattegat Sea (N = 16) 0.037 ± 0.011 0.023 – 0.068 

Baltic Sea (N = 23) 0.030 ± 0.008 0.018 – 0.046 

Med. Sea 1 (N = 19) 0.038 ± 0.020 0.006 – 0.094 

Gulf of Lion (N = 8) 0.034 ± 0.010 0.023 – 0.050 

Med. Sea 2 (N = 25) 0.038 ± 0.014 0.003 – 0.065 

Med. Sea 3 (N = 30) 0.051 ± 0.014 0.025 – 0.084 

Adriatic Sea (N = 21) 0.049 ± 0.013 0.027 – 0.076 

 

The phytoplankton absorption coefficient (aPHY) at 6 selected wavelengths corresponding to the MEdium Resolution Imaging 

Spectrometer (MERIS) and Ocean and Land Colour Instrument (OLCI) spectral (Rast et al., 1999; Doerffer and Schiller, 2007; 400 

Donlon et al., 2012; Atwood et al., 2024) is compared with the empirical power-law relationships and 90 % confidence intervals 

established by Bricaud et al. (1995) (B95; dashed line) (Fig. 6). Values follow a highly predictable trend and show strong 

consistency with the B95 model, with the majority of data points falling within the 90 % confidence intervals. At low TChla 

concentrations, values tend to be close to the lower confidence interval whereas at high TChla concentrations they are closer 

to the upper confidence interval. In the Baltic Sea, values tend to cluster near the upper confidence limit, suggesting high 405 

absorption efficiency. Some values can be observed below the B95 statistics. The majority of these values are observed in the 

Med Sea (Med Sea 1 and Med Sea 2) at 490 and 510 nm. However, some points below the B95 statistics are also observed for 

other wavelengths and regions. In the English Channel, the stations with the highest TChla concentrations (3 stations) present 

lower phytoplankton absorption coefficients. Some regions show a very good agreement with the model and do not cross the 

statistical limits. The Atlantic Ocean and the Skagerratt-Kattegat Sea present very stable values that remain within the expected 410 

range. 
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Figure 6: Scatterplots of the phytoplankton absorption coefficient in function of TChla at 6 different reference wavelengths with 

representation of B95 statistics obtained with Bricaud et al.(1995) in dashed lines. 

Phytoplankton size fractions vary across European coastal waters according to TChla concentrations as estimated using the 415 

Chase et al. (2020) and the new parameterizations (Fig. 7). Overall, both parameterizations reproduce similar large-scale spatial 

patterns in pigment-derived phytoplankton size structure across European coastal waters, with increasing relative 

microplankton contributions and decreasing relative picoplankton contributions as TChla increases. However, the estimated 

relative contributions of the three size classes differ substantially between the two models. 
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Compared with the parameterization of Chase et al. (2020), the new coastal parameterization generally predicts higher 420 

picoplankton contributions, frequently exceeding 40 % and reaching up to 60 % (Fig. 7a). It also estimates lower nanoplankton 

contributions, which remain relatively stable (20–40 %) across the full range of chlorophyll values (Fig. 7b). In contrast, the 

Chase et al. (2020) parameterization predicts higher nanoplankton contributions (40–80 %, Fig. 7e) and lower maximum 

picoplankton contributions (up to approximately 40 %, Fig. 7d). Similarly, while both parameterizations indicate increasing 

microplankton contributions with increasing TChla, the coastal parameterization predicts much larger maximum contributions 425 

(up to 80–100 %, Fig. 7c), whereas the Chase et al. (2020) parameterization rarely exceeds 50 % (Fig. 7f). This new coastal 

parameterization predicts microplankton-dominated communities in the North Sea and the English Channel (up to 80–100 %), 

consistent with their relatively high chlorophyll concentrations (eutrophic conditions). Inversely, the Mediterranean regions 

(Med Sea 2 and Med Sea 3) are predicted to be dominated by picoplankton (up to 60 %), reflecting the low Chla concentrations 

characteristic of the Mediterranean Sea (oligotrophic conditions). 430 

The Baltic Sea exhibits a distinct behavior with both parameterizations. Despite relatively high TChla concentrations, the 

predicted phytoplankton size structure differs from that expected for productive waters. The coastal parameterization estimates 

unusually high picoplankton contributions, whereas the Chase et al. (2020) parameterization predicts nanoplankton dominance 

together with relatively elevated picoplankton contributions. This pattern may be related to the dominance of filamentous 

cyanobacteria (Aphanizomenon sp.) during summer blooms (Olofsson et al., 2020). Although these organisms contain 435 

zeaxanthin, a pigment commonly used as a biomarker for picoplankton, they form filaments and aggregates reaching several 

millimeters in length (van Dijk et al., 2010), placing them outside the picoplankton size range. Consequently, the 

correspondence between diagnostic pigments and phytoplankton size classes may break down under these conditions, leading 

to potentially biased size-fraction estimates from pigment-based parameterizations (Brewin et al., 2010).  

The differences between the two parameterizations illustrate the sensitivity of pigment-based estimates of phytoplankton size 440 

structure to the model. Although the parameterization of Chase et al. (2020) was evaluated against flow cytometry 

observations, both approaches infer size fractions indirectly from diagnostic pigments. 
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Figure 7:  Variability of (a,d) picoplankton, (b,e) nanoplankton, and (c,f) microplankton proportions as a function of TChla obtained 

using the new parametrization for coastal waters (left) and the parametrization by Chase et al. (2020) (right) (Table 1). 445 

Phytoplankton light absorption coefficients at 443 exhibit substantial variability as a function of the coefficient at 676 nm (Fig. 

8a). The absorption coefficients range from 0.001 m-1 to 0.5 m-1. The relationship between these two absorption peaks follows 

a tight power law, close to the one predicted by Bricaud et al. (1995). It appears as a linear relationship in log–log space, with 

aPHY(443) is generally higher than aPHY(676) especially at low biomass (ratio higher at low biomass than at high biomass). For 

the 443:676 ratio (Fig. 8b), the data are scattered around the B95 relationship, the dispersion appears more limited than that 450 

reported by Babin et al. (2003b). Several observations fall below the regression line at low TChla concentrations. While Babin 
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et al. (2003b) reported significant regional variability for European seas relative to the B95 model, the present data shows a 

relatively limited dispersion. At concentrations below 0.1 mg m-3, the 443:676 ratio exhibits its maximum range of variation, 

with values spreading both above and below the B95 mean. The data follow the general decreasing trend of the blue-to-red 

absorption ratio with increasing biomass, as predicted by the B95 model. 455 

The first relationship between the phytoplankton absorption coefficients at 443 nm and 676 is driven essentially by biomass 

expressed as total TChla. Indeed, TChla contributes to both spectral peaks aPHY(443) and aPHY(676) and evolves similarly at 

these two wavelengths. In this comparison, the biomass signal masks secondary physiological factors such as pigment 

composition or community size structure.  

While absolute absorption coefficients are primarily driven by the biomass (TChla), the 443:676 ratio reduces this dominant 460 

effect, allowing secondary factors such as pigment composition and packaging effects to emerge (Bricaud et al., 2004). 

According to the B95 model, the ratio decreases as TChla increases. This theoretical decrease is predicated on a global 

ecophysiological transition: at low TChla, Bricaud et al. (1995) hypothesize that waters are always dominated by small 

cells  with high accessory pigment content and minimal packaging, and inversely at high TChla. 

In reality, waters can evolve completely differently and natural populations can diverge from the average trend due to regional 465 

specificities in community structure. The packaging effect varies spectrally, having a stronger effect at aPHY(443). In this study, 

the majority of ratio values (TChla > 1 mg m-3) fall below the B95 regression line may indicate enhanced packaging effect or 

shifts in phytoplankton community structure (Fig. 8b). This discrepancy suggests a dominance of large phytoplankton cells or 

an unusually high intracellular pigment density which limit the expansion of the 443 nm peak and result in lower-than-predicted 

ratios. 470 
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Figure 8: (a) Variations of the light absorption coefficients of phytoplankton at 443 in function of the coefficient at 676 nm (b) and 

ratio 443:676 as a function of total chlorophyll a (TChla). The black lines are the regression lines obtained from the model of Bricaud 475 
et al. (1995). 

3.4. Non-Algal Particle Absorption 

Non-algal particles (NAP) consist of organic materials (e.g. bacteria), detritus and minerogenic matter. These constituents play 

a fundamental role in shaping the underwater light field. Unlike in offshore waters, NAP concentrations in coastal 

environments vary independently of phytoplankton biomass highlighting the optically complex nature (Babin et al., 2003b; 480 

Spyrakos et al., 2018). Light absorption follows an exponential form similar to that of CDOM. The spectral slope can be used 

as a proxy for the nature and size distribution of particle assemblages (Woźniak et al., 2024). The specific light absorption 

coefficient (aNAP
*) further provides insight into the optical efficiency of these particles. Moreover, this study addresses the 

limitations of historical “null-point” corrections by accounting for non-negligible NAP absorption in the near-infrared (NIR) 

region (Röttgers et al., 2014).  485 
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Mean mass-specific light absorption spectra between 400 and 700 nm for NAP (aNAP
*) exhibit a consistently similar spectral 

shape across the ten regions studied (Fig. 9). Spectra follow an exponentially decreasing function and present a maximum at 

400 nm and a minimum at 700 nm. Beyond 700 nm, in the NIR, absorption remains measurably non-zero and presents a 

significant offset (dashed red lines). This contradicts the historical "null-point correction" (setting absorption to zero at 750 

nm), which can lead to an underestimation of particulate absorption by up to 30 % in the blue and 80 % in the red according 490 

Röttgers et al. (2014) (Fig. 11). The maximum absorption values (at 400 nm) range from 0.03 to 0.08 m2 g-1 and the minimum 

absorption values (at 700 nm) range from 0.002 to 0.009 m2 g-1. Some regions present a high intra-regional variability such as 

Med Sea 3. A clear regional gradient with increasing values is observed from the Atlantic to the Baltic Sea. The Baltic Sea 

exhibits the highest absorption values, with an average for aNAP
* (443) of 0.057 m2 g-1, which is nearly twice as high as the 

other European coastal regions (between 0.02 m2 g-1 for the Adriatic Sea and 0.057 m2 g-1 for the Baltic Sea, Table 4). 495 

 

The magnitude of aNAP
* is driven by particle size, composition, and riverine inputs (Estapa et al., 2012). Organic particles 

generally exhibit higher specific absorption than mineral ones. The same variations were observed by Babin et al. (2003b) and 

Pitarch and Brando (2025). This is well illustrated by the classification of Spyrakos et al. (2018), who identified a specific 

category for turbid waters with high organic content (OWT4). These waters exhibit high specific absorption by NAP. This 500 

highlights that an increase in the organic fraction of the total suspended matter leads to a more efficient light absorption per 

unit of mass. 

In the Baltic Sea, high specific absorption (0.08 m2 g-1 at 400 nm) is observable which is driven by the relatively high organic 

content of the suspended particulate pool. Indeed, the Baltic Sea can be classified as a water type of OWT4 (Spyrakos et al., 

2018). Moreover, in this region, the majority of stations present a POC:SPM ratio >25 % (Fig. 1b) and according to Tran et al. 505 

(2019), such values are representative of organic dominated waters where particulate assemblages are dominated by organic 

particles. This organic content is consistent with the elevated CDOM concentrations. The predominance of organic particles 

enhances light absorption. Similar conditions are responsible for high specific absorption in the North Sea. Additionally, 

terrigenous inputs in the Skagerrak Sea may supply iron-rich mineral assemblages, which significantly boost absorption 

independently of the organic carbon pool (Estapa et al., 2012). 510 

 

In the literature, the Mediterranean Sea is considered a dominantly organic environment (Bengil et al., 2016; Zibordi and 

Berthon, 2024) and should therefore exhibit high absorbance values. However, the reality is more complex in coastal waters. 

Indeed, the Gulf of Lion presents the highest absorbance among all Mediterranean sub-basins despite its inorganic character 

(many stations exhibit a POC:SPM ratio near 6 %, Fig 3b). These absorbance values could be explained by the presence of 515 

iron oxides, as observed in the Skagerrak Sea. Indeed, the presence of iron oxides significantly increases absorption in the 

blue-green range (Estapa et al., 2012). For the Gulf of Lion, the Rhone River acts as a major source of these iron-rich minerals 

(Babin and Stramski, 2004; Bégorre et al., 2022). 
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In other Mediterranean sub-basins, absorption is relatively lower despite high organic content (Bengil et al., 2016; Zibordi and 

Berthon, 2024). Indeed, many stations present POC:SPM ratio values higher than 25 % (Fig. 3b) in some sub-basins (Med. 520 

Sea 1, Med. Sea 3 and Adriatic Sea). In this case, this could be due to the presence of old organic particles. Indeed, older 

organic matter absorbs light less efficiently. Old organic matter has lost its chromophores by photodegradation or bacterial 

degradation, which leads to decrease in its light absorption efficiency compared to fresh organic matter (Pitarch and Brando, 

2025). 

Moreover, according to Babin et al. (2003b), this can also be attributed to methodological normalization bias. Indeed, the 525 

method used to derive aNAP
* may introduce bias. In phytoplankton-dominated waters, the mass of living algae is included in 

the SPM (denominator), whereas their major pigments are removed with MeOH to measure aNAP (numerator); This mismatch 

between the absorption and mass pools leads to artificially lowering the resulting specific absorption value (aNAP
*). This effect 

remains weaker in coastal waters where minerals and non-algal detritus dominate the total particle mass (Babin et al., 2003b). 

In addition, pigment extraction does not necessarily remove all phytoplankton-derived absorption, as some colored compounds 530 

derived from phytoplankton may remain after extraction. These residual compounds may contribute to the light absorption by 

non-algal particles (aNAP). 
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Figure 9: Mean non-algal particle mass-specific absorption coefficient spectra (aNAP*=aNAP/SPM) by region from 400 to 800 nm with 

standard deviation. Red horizontal lines indicate the NIR absorption offset. 535 

Table 4. Summary statistics (mean ± SD, range) of aNAP*(443) by region and regional SNAP values derived from exponential fits (Eq. 

9) to aNAP(λ). Standard deviations of SNAP represent spatial variability among stations within each region, are reported. 

 

 
aNAP*(443) [m2 g-1] SNAP (nm-1) 

Region Mean ± SD Range Mean ± SD Range 

Atlantic (N = 29) 0.031 ± 0.013 0.008 – 0.055 0.010 ± 0.001 0.008 – 0.012 

English Channel (N = 9) 0.032 ± 0.007 0.020 – 0.040 0.011 ± 0.001 0.010 – 0.011 

https://doi.org/10.5194/egusphere-2026-4579
Preprint. Discussion started: 7 September 2026
c© Author(s) 2026. CC BY 4.0 License.



27 

 

North Sea (N = 22) 0.045 ± 0.020 0.012 – 0.086 0.010 ± 0.001 0.008 – 0.011 

Skagerrak – Kattegat Sea (N = 16) 0.051 ± 0.015 0.025 – 0.081 0.010 ± 0.001 0.009 – 0.011 

Baltic Sea (N = 23) 0.057 ± 0.020 0.022 – 0.094 0.009 ± 0.001 0.007 – 0.011 

Med. Sea 1 (N = 19) 0.020 ± 0.009 0.005 – 0.035 0.010 ± 0.001 0.009 – 0.011 

Gulf of Lion (N = 8) 0.038 ± 0.008 0.028 – 0.052 0.010 ± 0.000 0.009 – 0.011 

Med. Sea 2 (N = 25) 0.031 ± 0.010 0.015 – 0.054 0.011 ± 0.001 0.010 – 0.013 

Med. Sea 3 (N = 30) 0.028 ± 0.019 0.004 – 0.083 0. 011 ± 0.001 0.009 – 0.012 

Adriatic Sea (N = 21) 0.020 ± 0.014 0.002 – 0.063 0. 011 ± 0.001 0.010 – 0.012 

 

A strong linear relationship is observed between aNAP at 443 nm and the suspended particulate matter (SPM) concentration 540 

(Fig. 10a). A robust linear regression (R2 = 0.94) was established across three orders of magnitude with SPM concentrations 

ranging from 0.1 to 100 g m-3. The regression was forced through the origin to maintain physical consistency. The slope 

obtained is 0.0249 for this dataset. This value is highly consistent with previous studies and falls between the slope average 

value of 0.0235 reported by Bowers et al. (1996)) and the average value of 0.031 established by Babin et al. (2003b) for 

European coastal waters.  545 

The range of SNAP values, calculated using a non-linear exponential model fitted to the dataset, is shown in Fig. 10b. The mean 

average value found is 0.0102 nm-1 for a total of 201 samples. The SNAP values range from 0.007 to 0.013 nm-1 with the lowest 

value found in the Baltic Sea and the highest value in Med Sea 3 (Table 4). Across regions, SNAP values are very similar and 

do not show strong variations. They remain relatively constant, region averages range from 0.009 for the Baltic Sea to 0.011 

nm-1 for some regions in the Med Sea such as Med Sea 2, Med Sea 3 or Adriatic Sea. SNAP values in this study are lower than 550 

those reported by Babin et al. (2003b).  

This difference can be explained by the use of an offset. Babin et al. (2003b) assumed that non-algal particles do not absorb in 

the NIR and constrained the model to reach zero in the NIR, which artificially increases SNAP values. This assumption is likely 

incorrect. According to Röttgers et al. (2014), non-algal particles absorb a non-negligible value in the NIR. Therefore, SNAP 

values are expected to be lower. However, values are really similar to those reported by Zibordi and Berthon (2024) who 555 

observed regional averages ranging from 0.009 to 0.013 nm-1. Bowers and Binding (2006) also found a global average of 0.012 

nm-1 which is consistent with this study. Both of these studies used an offset for the exponential fit. 

 

While the majority of stations follow a predictable trend, some extreme values are observed in different environments. Low 

SNAP values are observed in the Baltic Sea (0.007 nm-1). These values provide insights into the particle quality. However, 560 

according to Röttgers et al. (2014), the contribution of the detrital organic pool to NIR absorption remains largely unknown, 

while mineral particles are proven NIR absorbers. Therefore, these lower values suggest even minor mineral inputs or specific 

organo-mineral complexes could drive differences in light absorption efficiency and modify spectral expansion. Such cases 
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demonstrate that in transition waters, the interaction between organic matter and mineral cores (e.g., through flocculation) is a 

primary driver of spectral expansion and NIR magnitude. 565 

Moreover, flocculation process is mostly common in this region and can drive little particles to large particles which contribute 

to the NAP pool. This consequently leads to flatter spectra and lower SNAP values (Stramski et al., 2007). 

 

In contrast, some stations in the Med Sea exhibit high SNAP values (up to 0.013 nm-1). One possible explanation is a greater 

contribution of small particles. Indeed, very small particles (colloids) are not significantly affected by the packaging effect and 570 

absorb light more efficiently, increasing the spectral expansion and resulting in higher SNAP values (Stramski et al., 2007). 

 

Figure 10: (a) Variability of aNAP(443) as a function of SPM concentration. The dashed red line represents the linear regression with 

null intercept. (b) Frequency distribution of the spectral slope (SNAP) found between 380 and 730 nm for both datasets, with Gaussian 

curve shown in red for the HyperBOOST dataset and in black for the COASTlOOC dataset. 575 

A positive correlation is observed between the spectral ratio of particulate absorption at 750 nm to 443 nm and the absorption 

at 750 nm (Fig. 11a). The ratio increases when the particulate absorption in the NIR also increases. This ratio reaches a 

maximum level of 0.3 (30 %), i.e. absorption in the NIR represents 30 % of the absorption at 443 nm by all particles. However, 

the majority of values stay between 0.01 (1 %) and 0.1 (10 %). Maximum values are reached by some stations in the Atlantic, 

such as in the Gironde estuary. 580 

Another positive correlation is shown between the spectral ratio of particulate absorption at 750 to 672 nm and the absorption 

at 750 nm (Fig. 11b). Ratio values reach a maximum value at 0.8 (80 %). Absorption in the NIR represents 80 % of the 

absorption at 672 nm for all particles. However, the majority of values stay between 0.05 (5 %) and 0.5 (50 %). 

In each graph, a large intra-regional variability is observed. These graphs confirm that it is important to consider absorption in 

the NIR. The non-linear trends suggest that variability does not depend only on particle concentration but also on the quality 585 
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of particles (Röttgers et al., 2014). According to Babin and Stramski (2004), mineral colored particles and sediments increase 

efficiency of the absorption. Furthermore, the absorption efficiency is modulated also by the particle size distribution; smaller 

particles exhibit higher mass-specific absorption due to a reduced packaging effect compared to larger particles (Stramski et 

al., 2007). 

It is possible to observe a gradient from the Med Sea to the Atlantic Ocean. Regions in the Med Sea present lower ratios than 590 

the Atlantic Ocean (up to 30 % for the first ratio and 80 % for the second ratio). Particularly, maximum ratios are observed in 

the Atlantic Ocean (stations located at the end of estuaries), while minimum ratios are observed in Med Sea 1. However, Med. 

Sea 3 and even Med. Sea 2 seem to deviate from the regression.  

These results confirm and provide further evidence for the limitations of the traditional 'null-point correction' at 750 nm for 

particulate absorption by Tassan and Ferrari (1995, 2003). As demonstrated by Röttgers et al. (2014), this correction is 595 

invalid in turbid waters and leads to a substantial underestimation of the particulate absorption budget. 
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Figure 11: Representation of different spectral ratios of the particulate absorption: (a) 750 nm to 443 nm (aP(750):aP(443)) and (b) 600 
750 nm to 672 nm (aP(750):aP(672)) as a function of aP(750) for all studied regions. The horizontal dashed lines mark ratios 

corresponding to 30 % of aP(443) in panel (a) and 80 % of aP(672) in panel (b). 

3.5. Absorption Budget  

The relative contributions of Chla, NAP and CDOM to light absorption in natural waters can be illustrated by ternary plots. 

This triangular classification was introduced by Prieur and Sathyendranath (1981). 605 

The contribution of the three optically-active water constituents to water absorption across wavelengths is shown in Fig. 12. 

Different dominant regimes can be identified.  In the near UV, in the 380-412 nm range, CDOM is the dominant contributor 

(between 40 % and 100 %). CDOM exhibits maximum absorption in this spectral region. This contribution decreases toward 

the NIR region. In the 490-560 nm range, absorption is dominated by CDOM and NAP (each contributing up to 80 %). At 620 

nm, all particles exhibit similar contributions. No single component dominates waters. The relative contribution of CDOM 610 
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significantly decreases, reaching average values between 14 % and 24 %. While CDOM is no longer the dominant component 

as it is in the UV-blue range, its contribution remains non-negligible in the red part of the spectrum. Consequently, absorption 

in this range is primarily driven by NAP and phytoplankton, though CDOM must still be accounted for to accurately balance 

the absorption budget. 

However, at 665 and 676 nm, phytoplankton dominate absorption over non-algal particles (in most cases, between 60 % and 615 

100 %). Conversely, at 709, absorption is exclusively attributed to NAP (in most cases, between 60 % and 100 %). In particular, 

this is representative of a baseline offset. 

The regions are highly mixed, making it difficult to distinguish differences in contributions. However, it is possible to observe 

that some regions in the Atlantic and the North Sea consistently show NAP dominance. These stations are typically located in 

front of estuaries.  620 
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Figure 12: Ternary plots illustrating the respective contributions of surface CDOM, phytoplankton (Chla) and NAP to total non-

water absorption at 11 wavelengths. 

4. Conclusion & Perspectives 

This study provides a comprehensive in situ biogeochemical and light absorption dataset collected over two years in European 625 

coastal waters, with 202 stations sampled from the Baltic Sea to the Mediterranean Sea. This dataset extends previous studies 

conducted in European coastal waters, including those of Babin et al. (2003b), Zibordi and Berthon (2024), and Pitarch and 

Brando (2025). It benefits from methodological advances compared with previous studies, including improved instrumentation 

and measurement protocols. In particular, particulate absorption was determined using an integrating sphere, whereas the 

transmittance–reflectance technique was employed in Babin et al. (2003b). However, the dataset also presents some 630 

limitations. As each station was sampled only once, seasonal variability was not assessed (it will be in the starting SUPPaCOOL 

ESA project). 

Light absorption by CDOM reveals distinct regional and compositional patterns. CDOM spectral slopes in the visible range 

are lower than previously reported and exhibit a clear gradient between the Atlantic Ocean and the Mediterranean Sea. 

Variations reflect the nature of dissolved organic matter, sources and transformation processes.  635 

Phytoplankton absorption is primarily driven by phytoplankton community composition and cell size through the packaging 

effect and, which in turn affects light absorption efficiency. In the Baltic sea, it is possible to observe filamentous cyanobacteria 

(Olofsson et al., 2020) which leads to deviations from model predictions such as the B95 model developed by Bricaud et al. 

(1995). This highlights the limitations of globally derived relationships in specific regional contexts. 

For NAP, this study introduces an offset term into the parameterization that was not considered by Babin et al.(2003b). 640 

Consistent with previous studies, NAP exhibits a non-negligible absorption in the NIR. Introduction of this offset impacts 

spectral slope values, resulting in lower spectral slope values than those reported in previous studies. Results highlight the role 

of chemical composition and aggregation processes such as flocculation (Stramski et al., 2007). 

This study demonstrates that, in coastal waters, the regional optical variability cannot be modeled by global water 

parameterizations and needs its own parameterization taking into account regional specificities (Doxaran et al., 2026). These 645 

new regional parameterizations provide improvements for the validation and the calibration of hyperspectral satellite data such 

as PACE-OCI. 

As part of the broader scientific exploitation of the HyperBOOST dataset, the present work will be complemented by 

forthcoming studies addressing apparent and inherent optical properties, light backscattering, satellite matchups, and additional 

biogeochemical and bio-optical variables. Together, these studies will provide a comprehensive characterization of European 650 

coastal optical environments and support the development of improved coastal bio-optical models and hyperspectral ocean 

color algorithms. 
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