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In the framework of the European Project H2020 "ODYSSEA" (Operating a network of
integrated observatory systems in the Mediterranean SEA, http://odysseaplatform.eu/) a
forecasting modeling system of the coupled physical and biogeochemical conditions of the
North Adriatic Sea (figure 1) is under development. The modeling system consists of the on-
line coupling of the European general circulation model NEMO (Nucleus for European
Modeling of the Ocean, https://www.nemo-ocean.eu/), with the marine biogeochemical model
BFM (Biogeochemical Flux Model, bfm-community.eu/). The biogeochemical component of
the model includes the simulation of the biogeochemical processes of both water column and
sediments and their coupling (see figure 2).
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Figure 1. On the left, the map of the case study of the North Adriatic Sea, defined whithin the red line.
On the right, the model domain with the bathymetry and the location of the riverine inputs (black points).



EGUSs=, 2020 3D Coupled Physical Biogeochemical
Flux Model @

(0. @

BIOGEOCHEMICAL FLUX MODEL
Inorganic
DEER)  resprien (v /)
@ : Zoobentt
Oxygen 0 8! ' f Phosphate y Predation
Caibon s ' Nitrate A\ AL Macrobenthos
dioxide G 2! _— . Ammonium v [wacr — .
§ : ? : Silicate Y2 |petritivorous | G| Dissolved Gases |
" =Y v TYREE Y Y, |Fitter toeders prog 6®  Ouyoen
: ¥ < Ingestion/Egestio ve fhos
) © 48 G*"|  Carbon dicxide
1 — Diatoms Nano- Pico- Large Sie s Y, {Infaunal predators .
[ = @ phytoplankton [phytoplankton| phytoplankton | |- 3 s ] | s
e , , , $:5ig 's
"N E g [ Grazing ] s o | B 'I/\l
X T S [T gy vy 3 \ ' w v
=1 I‘- !;- L an (N §
1 e o' K Nutrlents . g
] = Mf:o'm % MI:':'“ 'Nnete;"otro:l)hlc Predation Aerobic " s
- Zooplankton |Zooplankton | Nanoflagellates AL Q" |Somiret, DOM - O KM | Phosphate - Oxic Layer
1+ 18 TS ' e Dissolution ® - Dentr z §.
) 3 poplankton : o‘.m A -» K1 - Deninficaton Layer
] T T 1 A | K29 . Anoxic La
: Lysis Release Uptake : Q"™ |Particulate OM K™  Nitrate -
[ Particulate | Dissolved | Dissolved |Dissolved ' K .
: L | fable fsemHable | sem S UpkeRoioase__| o K" Amemonium - Oxic Layer
: refractory | Uptake/Rel : Ki « Dontinification Layer
! Organic Matter : Y Prodation K2 . Anoxic Layer @
' Rosoiati Uptake | H | Benthic Bacteria K" Siicate . 4
L Respiton e m e mm——————————— i i 'K | Inorganic species
Atmosphere-Water exchange H}ﬂl Aerobic Che X! Roduzl:on .!
ll Land-Water exchange H®| Anaerobe motrophy K ‘
o il — @Water-sediment exchange \ EQWIﬂOﬂG J
______ Gas exchange
S W 8 8 8 Herbivorous web pathways
--------- i i i " '
Inorganic nutrient flow (N,P,Si) I N RrI— Living Organic Nonviving Orgaria Ovnnc F\lﬂv Inosganic N{l’lﬂ! Gas (Bojchemical  Boundary fow
Organic matter flow (C,N,P,Si) CFF (LFG) CFF Inoeganic CFF  fow (CNP.S)  flow (NP.S) ochange  reacton
1 :
http://bfmcommunity.eu/ — =) > > II

Figure 2. On the left, scheme of the pelagic state variables and interactions of the BFM. On the right, scheme
of the benthic state variables and benthic interactions of BFM. The BFM component of the modeling system
now includes a detailed and explicit representation of the benthic biogeochemical cycling (benthic fauna, organic
matter, nutrients), as well as the dynamics of the benthic-pelagic processes.
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Grid: 315 x 278 cells, horizontal resolution of 800
m and vertical resolution of 2 m, z coordinates.

Initial and Open boundary physical conditions
Off-line nesting with data from Copernicus Marine
Environment Monitoring Service (CMEMS,
http://marine.copernicus.eu/).

Atm. Forcing and runoff

ECMWEF 6hr analysis atmospheric fields.

River fresh water discharge for the main northern
Adriatic Rivers based on the monthly data of
Ludwig et al. (2010).

Po river runoff from direct runoff daily
measurements.

Initial and Open boundary conditions for the
Biogeochemical component

From a previous simulation effort encompassing
the whole Adriatic Basin and carried out with the
Princeton Ocean Model directly coupled with BFM
(Zavatarelli and Pinardi, 2003; Chust et al., 2012).

Implementation W@BFM
of the Modeling System
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Figure 3. Maps of Sea Surface Temperature in degree C — monthly average for January 2003 in the upper
panels and June 2003 in the lower panels. Model results on the left and satellite data from CMEMS on the right.
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Figure 4. Maps of surface Chlorophyll-ain mg Chl/m3— monthly average for January in the upper panels and
June 2003 in the lower panels. On the left, model results; on the right, satellite data from CMEMS.
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Figure 5. Distribution of some benthic state variables computed by the model for the year 2003.
In the upper panels, surface sediment particulate organic matter (mg C/m?) on the left and deposit filter feeders
(mg C/m?) on the right, for January 2003. In the lower panels, benthic oxygen (mmol O,/m?) in January 2003 on

the left and in June 2003 on the right.
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Preliminary Results and Future Developments

In this work, the model is run for the first time with an explicit benthic-pelagic coupling.
Some preliminary results obtained from hindcast simulations of recent years are shown
in comparison with observations from satellite platforms, for sea surface temperature
and chlorophyll-a. Some results for benthic state variables are shown too.

Preliminary results indicate that the distributions of the pelagic biogeochemical state
variables (see figures 3 and 4) are in reasonably good agreement with remote
observations; also the benthic state variables concentrations are simulated in line with
the known characteristics of the North Adriatic benthic ecosystem.

In particular, the seasonal variability of the benthic oxygen concentration (see figure 5)
shows clearly the strong impact of the water column stratification (winter to summer) on
the temporal dynamics of such state variable.

The inclusion of the benthic dynamics in the 3D biogeochemical modeling of a shallow
coastal basin, such as the Northern Adriatic Sea, represents an innovative application in
the field of coastal and shelf biogeochemistry, since benthic biogeochemical processes
can significantly constrain the coastal environmental dynamics.

The operational forecasting system is foreseen to be ready in the next months, once
completed the testing and the validation against the available observations from in situ

and satellite platforms. @
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