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How including bio-optics improves biogeochemical models: 
present and future perspectives 
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►Definition of Bio-optical model in Multispectral formulation

►Application within the Mediterranean Sea

►Future perspectives.

Outline
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Main components

►Atmospheric component

►In-water component

►Interaction with biology 
and optically active 
substances

Bio-optical model



MEAP Meeting – 6th September, 2023

OASIM atmospheric model

33 wavelengths from 0 to 4 um, 25 nm res. in 400-700 nm 



MEAP Meeting – 6th September, 2023
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Absorption and scattering

Álvarez et al., 2021

Phyto CDOM
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Applications
Trends Detection, Dutkiewicz et al., 2019

True color, Baird et al., 2016
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Applications in The Mediterranean Sea
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Chla as diagnostic
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Rrs as diagnostic

Lazzari et al., 2021
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Rrs as diagnostic

Lazzari et al., 2021

SAT DATA MODEL
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OASIM Validation at BOUSSOLE site

Lazzari et al., 2021

► ‘BOUSSOLE project’ observational data:

Buoy for high frequency radiometric measurements.
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OASIM Validation at BOUSSOLE site

Lazzari et al., 2021
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1D CDOM STUDIES
► SEAMLESS prototype (GOTM-FABM-BFM) and ParSAC tools:

► ‘BOUSSOLE project’ observational data:

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 776480

hydrodynamics
GOTM

biogeochemistry
BFM

Framework for Aquatic Biogeochemical Models
Parallel Sensitivity Analysis 

and Calibration tools

Buoy for high frequency radiometric measurements.

× Monthly cruises: Chlorophyll, HPLC pigments and 
IOPs: aPH(λ), aNAP(λ) & aCDOM(λ).

× DYFAMED: Temperature & salinity. Nutrients.

Light transmission 
resolved in 33 λ+ 1D configuration (depth) to 

simulate specific sites

+
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Optimization of parameter values
► ParSAC auto-calibration tool: genetic algorithm (Differential Evolution), Bruggeman & Bolding (2020) ParSAC 0.5.7

► Observations:

• Pico-, Nano- and Micro-chlorophyll

• aPH @ 450 nm, aNAP @ 450 nm, aCDOM @ 450 nm

• CDOM spectral slope between 350-500 nm

DE algorithm minimized misfit model-observations 
(2009-2014, 2 years spinup) in ~140 generations.

Observed TChl-a and IOPs: aPH(450), aNAP(450) & aCDOM(450) 

https://doi.org/10.5281/zenodo.4280520
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Validation with observed and non-observed variables
► Model output reproduced remote observations (TChla, aPH(443) & aDG(443)) and in situ observations of light 

absorption budget and bio-optical relationships.

Bio-optical relationships:

Non-observed biogeochemical products:Remote-sensing products (CMEMS):

Álvarez et al. in review
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Future perspectives – PFT bio-optical properties 

Álvarez et al., 2021
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Future perspectives – PFT bio-optical properties

Álvarez et al., 2021
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Future perspectives – Rrs assimilation

►Inversion model based 
on forward model

Lazzari et al., in prep
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NECCTON → Assimilation of new types of observations
Rrs from SENTINEL 3A OLCI

Rrs from PRISMA

D.A. SCHEMES
3D VAR [OGS]

NEW DEVELOPMENTS
OBSERVATION OPERATOR based on Inversion 
model and Neural Network [OGS]
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Thank you for your attention


