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QuerinS 4 Bolzon G4 Brandino G. P?, Bruschi A3, CanuDJ, Catini F3, CossariniG1, De Giorgi P, Di
Biagio V.1, DiSante F.#, FeudaleL.} Gianni F, Giordano F-5 Giorgi G3, GisonniM#, Ippoliti M2, Manizza
ML MaraniA.4, MarrasG. F#, Nespolo J.2, Petronio A, PianiS.}, Poggi M?, Salon S, Scipione G4,
Solidoro C4 Spada S}, TeruzziAl

INational Institute of Oceanography and Applied Geophysics OGS, Italy

2eXactlab S.r.l., Italy

3]talian National Institute for Environmental Protection and Research- ISPRA, Italy

4 CINECA Consorziolnteruniversitario per il Calcolo Automatico dell'ltalia Nord Orientale), Italy
5> University of Trieste, Italy

?CH )
‘Q/

. Finanziato ; ') f
COSSTT meeting @Brest, 1#20 June 2025 B o R, @ISPRA T
N ela Ricerca Ambientale

NextGenerationEU 3
ssssssssss te



N —
— \

MARINE ECOSYSTEM
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MER(Marine Ecosystem Restoratior) project, funded by the NextGenerationEUprogram
w| nEDUYNDAY ge: 6 1 ~O0dOw | U YUI D LéeaHDUY T
and Resilience Plan;

ISPRAIs the implementing body / contracting authority and the Ministry for the Environment and Ener
Security is the administration holder of the financing of 6 &4 & fay 2022-2026;

37 actions. from oysterground restoration, to measurement networks, to the acquisition of a new
oceanographic naval unit;

actions B32 (biogeochemical modelling) andB35 (impact of sewage dischargesariver / coastal outfalls)

coastal areas: highly dynamic environments with physical and biogeochemical processes interacting
over multiple spatial and temporalscales;

monitoring and predicting these processes for effective management, conservation and restoration of
marine ecosystems;

high-resolution regional downscaling tools need careful integration of various products (and their
dependencies): open sea boundary conditions, river discharge, highresolution atmospheric forcing,
satellite observations and in situ coastal data (including wastewater treatment plant inputs);

modelling system designed foroperational purposes (five-day short-term forecasts);

10-year reanalysis(20112020) and5-year hindcast(20212025) for the assessment of both coastalopen
ocean dynamics and temporal variability at fine scales. -ZL“.ﬁS:‘ii':eempea ’\ T \,’ ISPRA Sopo
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Need for higher resolution systems

CMEM®nline catalogue
(open and free) of the products for

@ Mass concentration of chlorophyll ain

the physical and biogeochemical seawater
variablesandfor surface waves

PROBLEMfor many coastal applications, the resolution E | € i8 Aot enough...



MedEAFwebpage: Med Sea products and downscaling on the northern Adriatic Sea
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SUBCONTRACTS

Lot 1- Adaptation and quality control of the satellite products of Ocean Color
and Sea Surface Temperature of the Marine Copernicus service for the
coastal strip of the Italian seas.

Lot 2 - Contribution to optimization and validation for the implementation of
the biogeochemical modeling system at the national scale at a resolution of

500 m.

Lot 3 - Support for the implementation of the oceanographic modeling
system at the scale ofhigh-resolution sites (sites of extension not less than
400 km? with grid elements not greater than 100 m).
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I\ ) Modeling system based on the coupled MITgcraBFM model

MARINE ECOSYSTEM hydrodynamic model

RESTORATION

open boundaries
and surface forcing

. T, S
l velocities &
diffusivities
tracers time
transport dCycp ! ! dC,,
» integration
MITgcm :fAst eof-the-art 0 hydrodynamic

BFM: official biogeochemical model of the CMEMS
Med-MFC community

BFMcoupler v1.0 : new online coupling
(possible two  -way feedback ), modular approach,
optimized integration schemes, open source

3Dvar - NUDGING: assimilation of sea surface
chl/temperature and coastal data of nutrients
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I\ ‘__) THE NUMERICAL MODEL
— \ MITgcm Ocean General Circulation ModaViprshall et al, 1997]

MARINE ECOSYSTEM
RESTORATION

MITgcm main features:
1 designedto study both atmospheric and oceanic phenomena

Iincludes non-hydrostatic capability

1 adopts the KPPor GGI90 vertical turbulence parametrization

1adopts afinite volumetechnique

1developed to perform efficiently on a wide variety of computational platforms including MPI
parallelizing directive:
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gravity convection  geostrophic gyres globall
| | circulation

waves 'eddies’
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Increasing length scale
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MER B32B35 forecast and reanalysis components

—3

D

Atmospheric forcing

Remote sensing  data integration N
of sea surface temperature and Co;:;g ICON/ COSMO forecasts MISTRAL -
Chlorophyll Marine Service

SPHERA reanalysis

2Pl

~2.2 km horiz . res., 1 hour freq. al‘l?ae

milia-romagna

EIONET -SOE in -situ data integration

MITgcm-BFM
modeling system

& ISPRA Atmospheric nutrient deposition
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& Model results (~25 km horiz . resolution)
§ + bias correction based -
on observations

17.753E,42.869n 430 km

thetao 18.85°C
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164 1136 1195°C

Initial and southern
boundary conditions
for PHY and BGC

variables
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Copernicus
Marine Service

River discharges and BGC loads

Observations and arpae
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Action B35: simulation of bottom sewage discharges

Bottom discharges, 3D case study
(municipality of Chioggia):

12 sources of pollutant

(proxy of e. coli)

Google Earth

imagery Dato: 12142015 44"34'65.06" N 13°6444.04" E olov 49 m eyoalt 368.77 km

Coastal discharges (ISPRA dataset)
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exactlab

Solutions for the digital revolution

Client: Case study: MER
Biogeochemical operational chain
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Model results @yearly run- NAD

WINTER 2024
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Latitude [°N]

Model results oyearly run @SAD

WINTER 2024
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Model results oyearly run - ION
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Latitude [°N]
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Latitude [°N]

42.4141°N

nitrate

Model results oyearly run- TYR

SUMMER 2024
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Latitude [°N]

Model results oyearly run - LIG
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ouet wtry
Afor coastal applications high resolution and high level ofdetail are needed

Aregional downscaling toolsneed careful integration of various products
(and their dependencies): open sea boundary conditions, river discharge,
high-resolution atmospheric forcing, satellite observations and in situ
coastal data;

Atechnological advancements and potential benefits of the MER relocatable
forecasting system;

Apreliminary results of the physical and biogeochemical hindcast
simulations for the Italian coastal waters.

Thank you!
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I\ ‘_ \) Importance of absorption of solar radiation

MARINE ECOSYSTEM
RESTORATION

1.Jerlov water type " ,
Jerlov [1976] discretized his observations into a set of five typical | | '
oceanic spectra and nine typicalcoastal spectra

| have seen the light!

Jerlov 190
Water Type Examples 0y
------------------ 8o

Open Pacific £ |
Eastern Mediterranean , Indian Ocean s
= Western Mediterranean , Open Atlantic g 60
Coastal waters , Azores £ s
@ Coastal waters , North Sea E
Skagerrak  Strait 3
3 Baltic g 30f
5 Black Sea = ol
7 Coastal waters , dark ol
2. Choice of thealbedo 00 350 400 450 500 550 600 650 700

wavelength [nm]

3. Direct/diffuse short wave radiation from atmospheric models:same standard?
4. Spectral models of light absorption
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5. Feedbackfrom biogeochemical models



3DVAR assimilation inMITgcm-BFM system for chlorophyll

L3 OCTAC chlorophyll from CMEMS

MITgcmBFM 3D physicabiogeochemical model

Biogeochemcal Model
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Assimilation in MITgcm-BFM of SST and irsitu nutrlents

Sea surface subskin temperature

MITgcmBFM 3D physicabiogeochemical model

hydrodynamic model

Temperaturd

Salinity
u,v,w

nudging
Q BFM O ~ scheme
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Identification of allocated zones for aquaculture (A449zio Region
Model domains: regional and local scale

1/128° e 750 m

1/1024°
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Model domains: bathymetries @ ‘
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