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ARTEMIS-OC 
evaluation of uncertainties in ocean colour 
products and perspectives
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The OC scientific community recognizes the important role
of RTM [IOCCG, 2006, 2010]:

• to evaluate satellite products 

• to assess and develop algorithms and correction 
procedures 

RT for OC applications 
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RT for OC applications: requirements
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High accuracy is required

Analyses of sources of perturbations require uncertainties in 
simulated products to be lower than NL

• Accurate numerical solution of the RTE

• Accurate characterization of atmosphere and water 

NL= 1/ SNR
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ARTEMIS-OC

Advanced Radiative TransfEr Models for In-situ and Satellite Ocean Color data

FEM
Radiative transfer code based on the Finite Element Method
for the coupled atmosphere-ocean system
numerical method
Plane-parallel [Bulgarelli et al., AO 1999]

NAUSICAA
Novel Adjacency pertUrbation Simulator for CoastAl Areas
for the coupled atmosphere-land-ocean system
statistical method (backward MonteCarlo)
3D [Bulgarelli et al., AO 2014]
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ARTEMIS-OC: FEM

N independent on M
Flux conservation independent 
on N (N=2 is sufficient)  

No need to apply phase function 
truncation techniques

Particularly suitable for highly 
asymmetric phase function
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ARTEMIS-OC

In-water sensors
Ship campaigns

Satellite sensors 
SeaWiFS
MODIS 
MERIS 
Sentinel-2 MSI
Sentinel-3 OLCI

Above-water sensors
AERONET-OC sites

Adjacency Effects
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ARTEMIS-OC
Sensor characteristics: 
center-wavelengths, radiometric 
sensitivity, viewing geometry,…

Illumination conditions

atmospheric properties:
gas molecules, aerosol,...

nearby land:
coastal morphology
land cover 

sea state

water properties:
Chl, TSM, yellow substance,..

bottom properties 
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• IN-SITU MEASUREMENTS

Bulgarelli, D’Alimonte, Zibordi, Kajyama, in preparation
Kajyama, D’Alimonte,Bulgarelli,Mazeran,Liberti, OO conference 2022

D’Alimonte, Kajiyama, Zibordi, Bulgarelli, AO 2021
Zibordi and Bulgarelli, AO 2007

Bulgarelli, Zibordi, Berthon, AO 2003

• SATELLITE MEASUREMENTS
Bulgarelli and Zibordi, AO 2020

Bulgarelli and Zibordi, RSE 2018
Bulgarelli and Zibordi, GRSL 2018

Bulgarelli, Zibordi, Melin, OpEx 2018
Bulgarelli, Kiselev, Zibordi, AO 2017

Kiselev, Bulgarelli, Heege, RSE 2015
Bulgarelli, Kiselev, Zibordi, AO 2014

Mélin, Clerici, Zibordi, Bulgarelli, JGR 2006
Bulgarelli and Zibordi, IJRS, 2003

Bulgarelli, Zibordi, Melin ,Oceanologia 2003

ARTEMIS-OC applications:
assessment and minimization of uncertainties in
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Uncertainties in in-situ measurements 
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Sky-radiance Modelling

340 nm 1020 nm22 center-wavelengths

648 quads
[D’Alimonte et al., 2021; Bulgarelli et al. in preparation]
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Sky-Radiance Distributions

L s
ky

[W
/(

m
2

nm
 s

r)
]

θ0= 20o   θ0= 40o   θ0= 60o   

[D’Alimonte et al., 2021; Bulgarelli et al. in preparation]
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FEM

Sky Radiance

vw= 6ms-1   

MOX 3D 
backward MonteCarlo
[D’Alimonte et al., 2010]

Sea-surface Reflectance

Sky-view
mode

Li

Above-water data reduction
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System Vicarious Calibrations

[Kajiyama, D’Alimonte,Bulgarelli,Mazeran,Liberti, OOXXV, 2022]

MOX 3D MC
[D’Alimonte et al., 2010]

FEM
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Uncertainties in satellite data
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Aqua Alta Oceanographic Tower (45.31N, 12.51E)
of the AERONET-OC network
comprehensive bio-optical in situ measurements since 1995

Case-1 to Case-2
moderately turbid waters

Cropland ecosystem

Venice

AAOT

Impact of Adjacency Effects

Bulgarelli et al., AO 2014; AO 2017; OE 2018; IEEE-GRSL 2018; RSE 2018 
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Impact of AE in OC acquisitions at AAOT

Percent AE

Sensor NL

Venice
AAOT

Bulgarelli and Zibordi, IEEE-GRSL 2018
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Barbara Bulgarelli

correction for AE reduces annual and intra-annual biases

Intra-annual average biases on Rrs for 82 cloud-free SeaWiFS images acquired at the
AAOT and suitable for match-ups

standard SeaDAS AE correction

annual average biases

Mid-seasons

Summer

Winter

Impact of AE on matchups at AAOT

Bulgarelli et al., OE 2018 



18

Analysis of AE spatial extension

Values of percent AE 
Snow
White sand
Concrete
Dry grass
Bare soil (brown loam)
Green veg. (dec. trees)

Bulgarelli and Zibordi, RSE 2018

Along the transect
northern Adriatic Sea waters

36 km

error bars = uncertainties
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AE spatial extension
Snow
White sand
Concrete
Dry grass
Bare soil (brown loam)
Green veg. (dec. trees)

Bulgarelli and Zibordi, RSE 2018

Along the transect

36 km

Detectability:   ξLtot > NL     (NL=1/SNR) 

OLI
MSI

MODIS-HR

MODIS-LR

SeaWiFS
OLCI-FR

OLCI-RR
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−NLOLCI_FR

+NLOLCI_RR

−NLOLCI-RR

+NLOLCI-FR

~5 km 

~10 km

significant AE

ξLtot > NL

865 nm
average atmosphere, land 
and water
optical conditions

Barbara Bulgarelli

AE are estimated to 
exceed OLCI NL up to   
~ 14 km from the coast.

AE in OLCI System Vicarious Calibration

Bulgarelli and Zibordi, AO 2020
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ARTEMIS-OC major upgrade

Fortran

FEM

MC

Python

gas molecules

aerosols

chlorophyll

CDOM

sediments

MODTRAN atmosphere

Aerosol from OPAC, S&F, AERONET, etc. 

In-situ IOPs

….

Bulgarelli and Vitale, report in preparation
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Comparison exercises
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Thank you

© European Union 2023

Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of elements that are not owned by the 
EU, permission may need to be sought directly from the respective right holders.

barbara.bulgarelli@ec.europa.eu

https://creativecommons.org/licenses/by/4.0/
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Any question?


