
Perspectives for Digital Twins

The algorithm enables a near-real-time evaluation

of conditions in the atmosphere and in water

bodies. By tracking spatiotemporal changes - but

also coupling with models - predictions can be

made about the further development of processes,

such as the progression of harmful algal blooms.
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Sentinel-3 OLCI observation-based Digital Twin 
component for aquatic carbon in the land-sea continuum 

Background  

The Sentinel-3 OLCI Neural Network Swarm

(ONNS) water algorithm aims at global usability for

all Optical Water Types (OWT) to ensure more

accurate biogeochemical water quality retrievals for

inland, coastal and ocean waters (Hieronymi et al.,

2017). The neural network-based method is a further

development of the C2RCC algorithm by Doerffer

and Schiller (2007).

1) Hieronymi et al. (2017). The OLCI Neural Network Swarm (ONNS): a bio-geo-optical algorithm for open 

ocean and coastal waters. Front Mar Sci 

2) Doerffer and Schiller (2007). The MERIS Case 2 water algorithm. Int J Remote Sens

3) Hieronymi et al. (2023). Ocean color atmospheric correction methods in view of usability for different optical 

water types. Front Mar Sci

4) Bi and Hieronymi (2024). Holistic optical water type classification for ocean, coastal, and inland waters, L&O

5) Bi et al. (2023). Bio-geo-optical modelling of natural waters. Front Mar Sci 

Fig. 1) Aggregated satellite images from Sentinel-3A&B OLCI of the North and

Baltic Sea region (2023). RGB at Rtoa and Rrs-Level. OWT classes for one

day and seasonally. POC concentration and cloud cover during summer.
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Fig. 2) Mean remote-sensing reflectance

spectra of defined optical water types.

Fig. 3) Classifiability of A4O results (Rrs). Distribution of optical water

types with maximum membership and levels of total memberships.

Evolution of A4O-ONNS Level-3  

Level-3 includes the aggregation of daily (noon)

mean values from several OLCI scenes with the

entire processing chain of A4O atmospheric

correction, optical water type classification and water

algorithm ONNS, e.g. for the entire North Sea and

Baltic Sea region. This facilitates the observation of

phytoplankton blooms in their spatial and temporal

development. The use of OWT classification allows

the application of chlorophyll-specific algorithms,

e.g. for Coccolithophores and Cyanobacteria, but

ideally also better differentiation of sediments.

The following products are currently available: top-

of-atmosphere reflectance @21 bands, cloud cover

(usually >50%), wind speed; for cloud-free water

areas: remote-sensing reflectance @16 bands,

atmospheric properties, sea surface temperature &

salinity (from monthly or annual climatology), white

cap fraction, absorption & scattering coefficients of

phytoplankton, minerals and CDOM, underwater

light availability (Kd), concentrations of Chlorophyll,

Inorganic Suspended Matter, Particulate & Dissolved

Organic Matter (POC & DOC), and classification

parameter of the novel OWT system.

Regarding dedicated aquatic carbon products, in

addition to the organic carbon parameters already

provided, direct indicators for particulate inorganic

carbon (PIC), floating macroalgae (part of blue

carbon), primary production, and air-sea gas

exchange (white cap fraction) are also provided.

Novel Atmospheric Correction 

A novel atmospheric correction method (called A4O)

was developed to provide more reliable and better

classifiable remote-sensing reflectance spectra (400

to 865 nm). The core of A4O is an ensemble of

neural networks that approximate fully-normalized

Rrs from top-of-standard-atmosphere reflectance.

Present features of A4O (Hieronymi et al., 2023):

- Designed for all waters

- Consideration of phytoplankton diversity

- High classifiability in diverse OWT frameworks

- Low AC-induced noise

- Internal estimate of uncertainties

- Useful flagging

Novel Optical Water Type Framework 

We propose a new holistic OWT framework (Bi and

Hieronymi, 2024) applicable to all natural waters

based on state-of-the-art bio-geo-optical modelling

(Bi et al., 2023) and radiative transfer simulations

encompassing different phytoplankton groups. The

method extracts three optical variables to represent

the full spectrum of reflectance, consolidating both

spectral shape and magnitude:

1) The Apparent Visible Wavelength (AVW) is

defined as the harmonic mean of the visible Rrs

wavelengths in the range from 400 to 800 nm

2) Spectral magnitude using the trapezoidal Area at

red, green and blue bands to allow transferability

to different sensor setups

3) Normalized Difference Index (NDI) at green and

red bands prevents the misclassification of

extremely turbid and high biomass waters

The OWT classification framework distinguishes ten

distinct water types based on a "knowledge-driven"

paradigm.
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Advances in classifiability 

The new OWT system enables a more robust 

classification of reflectance than previous methods. 

A4O produces usable spectra for all waters and

offers the highest achievable classification rates. 

Focus of future developments will be on the

refinement of atmosphere correction, the OWT

adjustment of the water algorithms and the

introduction of system uncertainties and flags.
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