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Processes/Mechanism you need the benthic for :
Retention (part of) primary production mineralized locally

Seasonal inertia Delayed remin. reshapes production seasonal
cycle

Inter-annual inertia Delayed response to water policies
Denitrification Net N removal (except N, fixation)
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Biology Filtration, irrigation, furbation, consolidation,
production, oxygenation, etc ...



Hypoxia in the Adriatic

We knows that
1. It happened in the Northern Adriatic shelf
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Hypoxia in the Adriatic

We knows that
1. It happened in the Northern Adriatic shelf
2. It happens in the Emilagna-Romana Coastal zone

45.0

a 100 F. Alvisi, S. Cozzi / Science of the Total Environment 541 (2016) 1448-1462
= 50 b
v i
44.8-| g
H 40—
3
3 £ 4
g G
3 2
44.6- o € 30
H
2
3
z L
g §_ 20
2 44 2z 4
1
©
-, g IH I|:|
44.2 T U
oJ—— 0 Delal i
F & = % L ¢ € I U §

==
J FMAMUJJ ASOND
Month

|:] DO<1mgL"
- DO=1-3mgL"

43.8 T T T T
12.0 12.2 124 126 12.8 13.0

Longitude E

Fig. 2. Total number (n) of hypoxic events recorded in 1977-2008: (a) spatial distribution in the ERCZ, (b) monthly distribution of hypoxia and strong hypoxia.



BFM benthic module

Previously in BFM, 4 levels of complexity :
0. No benthic-pelagic coupling
1. Simple return
2. Benthic Organisms + infermediate diagenetic model
3. Benthic Organisms + diagenetic model



0. No benthic-pelagic coupling

= Bath Tub

» No sediment layer
» Sinking OM accumulates in the lower layer
» All mineralisation process are driven by pelagic formulations

— Delocalisation of OM remineralization, and pelagic rates
instead of benthic rates.



1. Simple Benthic return

Benthic stocks for Organic Matter
» Sinking OM accumulates in the sediments

» Fixed mineralisation rates provide Oxygen and nutrient
fluxes

» No burial (except from the standing equilibrium benthic
stock when mineralisation = sedimentation)

» No benthic losses (e.g. denitrification, P sequestration) : All
mineralised fluxes are sent back to the water column



2. Benthic Organisms + Simple Benthic return
Benthic food web includes (all heterotrophs)
H1 . Aerobic bacteria
H2 : Anaerobic bacteria
Y1 : Epibenthic predators ~ Megabenthos, acts on surface

Y2 : Deposit feeders, feeds on Benth. Deftritus + small Benth.
Organisms

Y3 : Filter feeders, feeds on Pelagic OM and Phy.

Y4 : Meiobenthos: Large aggregation. Small — No effect on
sed. mix.

Y5 : Infaunal predators “hunt” in the sediments for prey of
their size
» Vertical distribution of OM
and organism activity.

» No diagenetic modelling
(fixed rates, no losses)




2. Benthic Organisms + Simple Benthic return

Benthic food web includes (all heterotrophs)

H1 . Aerobic bacteria

H2 : Anaerobic bacteria

Y1 : Epibenthic predators ~ Megabenthos, acts on surface

Y2 : Deposit feeders, feeds on Benth. Deftritus + small Benth.
Organisms

Y3 : Filter feeders, feeds on Pelagic OM and Phy.

Y4 : Meiobenthos: Large aggregation. Small — No effect on
sed. mix.

Y5 : Infaunal predators “hunt” in the sediments for prey of
their size

» Vertical distribution of OM

and organism activity.

» No diagenetic modelling
(fixed rates, no losses)

» Later version of ERSEM
(Blackford, 2002) includes
Microphytobenthos
(diatoms)
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3. Benthic Organisms + Diagenetic model

» Now includes pore water dissolved state variables : Oo,
NO3, NHy, POy, SiO + Reduction Equivalent

» No vertical resolution, but analytical resolution for three
(variables) layer : Oxic, Suboxic, Anoxic.



3. Benthic Organisms + Diagenetic model

» Now includes pore water dissolved state variables : O,
NO3, NHy, POy, SiO + Reduction Equivalent

» No vertical resolution, but analytical resolution for three
(variables) layer : Oxic, Suboxic, Anoxic.
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Figure: Example for phosphate dynamics.



3. Benthic Organisms + Diagenetic model

» Now includes pore water dissolved state variables : Oo,
NO3, NHy, POy, SiO + Reduction Equivalent

» No vertical resolution, but analytical resolution for three
(variables) layer : Oxic, Suboxic, Anoxic.

» Bioturbation and bioirrigation derive from benthic
organisms

» Benthic losses and burial finally enabled



3. Benthic Organisms + Diagenetic model

Nutrient Fluxes

Sedimentation

Sedimentation

water-sediment

T i
interface

- sulphide
horizon

» Oxygen consumption (miner., nitrif. and oxid. of reduction
equivalents) determines oxygen penetration depth.

» Oxygen penetration modifies the nutrient dynamics.

» The sulphide horizon depth derives from the nitrate module
and controls the adsorption properties of Phopshate
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B1B

solid precip.| r

Panox art of anoxic mineralization (ie. producing ODU)
Paen PArt of denitrification mineralization (ie. using NOy)
Dni part of produced ammonium nifrified within the sediments
Dsiq ratio between potential and effective dissolution
(saturation)

p..= f (02,bottoma Nox,bott0m7 NHS,bottoma Sioz,bottomy Cmin)



Meta-modelling

1. Calibrate (extend) OMEXDIA model from observations

OMEXDIA
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Meta-modelling

1. Calibrate (extend) OMEXDIA model from observations
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Meta-modelling

1. Calibrate (extend) OMEXDIA model from observations
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Meta-modelling

1. Calibrate (extend) OMEXDIA model from observations
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Meta-modelling

1. Calibrate (extend) OMEXDIA model from observations
2. Perturbated Monte Carlo simulations
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Meta-modelling

1. Calibrate (extend) OMEXDIA model from observations
2. Perturbated Monte Carlo simulations
3. Derive functions for B1B
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Meta-modelling

1. Calibrate (extend) OMEXDIA model from observations
2. Perturbated Monte Carlo simulations
3. Derive functions for B1B
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Steady State VS Dynamic

Model Forcings
Fx w02 buno3
5000 100+
2501
4000
201
2000+
2000+
150+
251
1000
] 1
o- 00+
]
g o050 BwoDU w0l busio bipos
- 075
025
a0+
000 — 050~
0+
025
025
10+
050~ ) ; . . . ; ; . ) . .
o a0 w0 3o 0 a0 o 3o 0 a0 o a0
yday

100~ . i i
6 a0 a0 a0

woic

200050

200025

260000 —

219975~
219950~ = HighFi_Vars
= LowFhue_Vars.
= Vi Vars

DA



eady State VS Dynamic

Solid phases
soeT

FoET soer
2730000
40000~
soo00- 2500000
20000
2250000
c0000-.
3 N,
20000~
2000000
10000+
10000
1730000~ model
Lep——
= ouex
. o o omexon
H Cprod Nprod Pprod Run
= HighFu Vs
00+ ] = Loweiu vars
= WPt vars
3000+
200~
20~
2000+
200~
10+
1000~
abo oo sio o o sio o ado eho a0

DA



Steady State VS Dynamic

Fluxes
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Steady State VS Dynamic

Meta-Model
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B1B in the Med

Setup
» OGSTM CMEMS
implementation
» off-line; Realistic clim.
» Mask for CalcBenthicFlag

» Real case resuspension

» Waves (CMEMS)
» Bottom currents (CMEMS)
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B]B in the Med

Setup
» OGSTM CMEMS
implementation Issues
» off-line; Realistic clim. » free-surface partial
» Mask for CalcBenthicFlag inclusion
» Real case resuspension » IC

» Waves (CMEMS)
» Bottom currents (CMEMS)

jbotN3n

0.500
0.399
0.298
0.197
0.096
—0.005
—-0.106
—-0.207
—-0.308
—-0.409




B]B in the Med

Setup
» OGSTM CMEMS
implementation Issues
» off-line; Redalistic clim. » free-surface partial
» Mask for CalcBenthicFlag inclusion
» Real case resuspension » IC

» Waves (CMEMS)
» Bottom currents (CMEMS)
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B]B in the Med

Setup
» OGSTM CMEMS
implementation Issues
» off-line; Realistic clim. » free-surface partial
» Mask for CalcBenthicFlag inclusion
» Real case resuspension » IC

» Waves (CMEMS)
» Bottom currents (CMEMS)

NetDenit

0.7273
0.6465
0.5657
0.4848
0.4040
0.3232
0.2424
0.1616
0.0808
0.0000



B]B in the Med

Setup
» OGSTM CMEMS

implementation Issues
» off-line; Realistic clim. » free-surface partial
» Mask for CalcBenthicFlag inclusion
» Real case resuspension » IC

» Waves (CMEMS)
» Bottom currents (CMEMS)

jbotN4n

4.545
4.040
3.535
3.030
2.525
2.020
1515
1.010
0.505
0.000
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Summary

Steps so far :

» OMEXDIA calibration Steps to go :

» BFM-B1B : Climatological

> BFM-B1B Benthic implications in the
» Framework for Adriatic Sea
BFM-OMEXDIA
Further Steps :
» MiTgcm - BFM-B1B for Side Steps :
Adriatic » BIB-CO,
» BFM-OMEXDIA testing and » B1B - Biology

comparison






