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Outline

The high-resolution finite element coupled model SHYFEM-BFM and Hg simulating water
transport, diffusion, and radiative transfer, biogeochemical cycles and pollution in the Venice
Lagoon is applied to simulate water circulation, sea level, salinity, water temperature and
productivity, contamination.

Model projections for two climate scenarios (RCP 8.5 and RCP 4.5) to the end of the century
using projected downscaled atmospheric forcing and boundary conditions from a regional

climate model COSMO_CLM and the regional ocean coupled physical-biogeochemical
model NEMO+OGSTM-BFM.

Simulations of human regulation, closure of inlets to protect the city from flood events.

Projected changes in the lagoon's thermohaline and hydrodynamics are expected to impact
the lagoon's ecology, from individuals to communities, habitat distribution patterns, lagoon
ecosystems, and ecosystem services.

Effects on biogeochemistry, contamination and clam farming
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The Venice Lagoon Sentinel-2
processed in natural color on 28t
February 2019. (Photo: ESA)

DESA 2019 - Processed by EarthWatching (ESA/ESRIN)

Total surface of 550 km?,
made up of islands (44
km?), wetlands
(“barene”) and tidal flats
(“velme”)

average depth 1Tm; deep
channels allow
navigation (65 km?).

11 tributaries: average
freshwater discharge ~
3x10° m3 day’

3 inlets: ~ 3.85x108 m?
day' water exchanged
through the inlets ~ 1/3 of
the total volume In a tidal
cycle



Courtesy of http://inchieste.repubblica.it/it/repubblica/rep-it/2012/02/26/foto/porto_marghera-30257209/
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Some questions > Management responses

How changes in land use affect the Lagoon water
quality? - Maximim Load, regulation

How the water regulations affect the lagoon trophic
state from the lower to the highest levels? —>adaptation

How are contaminated sediments moving/contaminating
the lagoon ecosystem? —>regulation

Which are the effects on the lagoon Ecosystem

Services, such as fishery production?-> regulation,
adaptation, mitigation



>, .

4
-,
\‘ &

& X ' »
e ....6%‘ v 3

‘ Ny R
ischakge ~ 3x106 m3 day-1 w;fﬁ.;; A

SHYFEM

AN
7\
V2!
0,

\/)
“a
-4
v
;A

A
\ '4

-,

NOCSAD

.

N NI NI pari o ¢ ’ . .

VAN A7 e i AL 4 ) iy
}i.é?‘ iixgﬁ;f? O Eih Y L.‘:, q&js; : WY: 200 tp/ Y) e
g WK, v .;.\,. " "'\f"""” ; » %

Al

\ZA

BN

v
AR
 /
N

-

A 7 o
: .. o 3 ,."_

»

3D hydrodynamic model vy ) g, e
Coupled with several modules: NS oo ol N
biogeochemistry, ecology, sedin
transport, pollution.

\/\/\/I\

» -
Y, ‘\‘s‘VA‘
IR o

s
"l
N

WA
/N\/
X)

A
M

N7

AN

A

A
y

5
KA
|/

-
N/

A
\(‘

. #%¥enice, industrial area, 2|
e age treatment plants

>
[ '

High resolution: 6686 nodes “‘ ST - Fligaas: 2000y, S0P)
Triangular elements S IRE S e
7 vertical levels

-
<

\/

3 inlets: water
B 8 . exchanged through
= Griglia venlag62 4 5 the inletS ~ 1/3 Of the
SO e i M . total volume in a tidal
st Y LRIy | cycle

2\

"AVaw,
/)

Open sea boundaries

Adriatic Sea

River inputs of water and substances
And point sources

Umgiesser G., Melaku Canu D., Cucco A., Solidoro C. 2004. A finite

AtmOSpheric fo rCing and i"pUtS Of Water and element model for the Venice Lagoon. Development, set up, calibration

and validation Journal of Marine Systems, Volume 51, Issues 1-4, pp. 123-

substances 145



Gauss Boagn Fuso Owest

II i ll) dibiry

Ssomad Rlamerto Nz ionala

i

Legenda

(] Bxiro Scdarte

] Bxiro Scdarte

(- AreadiRcarca

N Idrogrdia prindg
# Purtod foce

Bacini idrog rafici

[ A- Bonifca Adid]

] B - Chogga
[ C- Bmifca cbl §
D- Alpanmno Sct
E - lovae atn

- Gambarare

- Fiumicello (S}

N0000B0000000

Coupled models

S

Irradiance

BIOGEOCHEMICAL
BFM

e Biogeochemical flux model

\ Release Predation
' U
I:[ z Zooplankton /) —
| o) Inorganic
: Z® | Carnivorous Meso. ; w

HYDRODINAMIC !

BOUNDARY
RIVER

TIDE

-

BOUNDARY ‘

3D

R | Organic Matter )
s Z | Omnivorous Meso. — 8(3) gxyé;end. id
R | Labile DOM z/® |Microzooplankton [Respiration| =, Al";‘(;“‘::ty loxlae
" 1R® | Semi-labile DOM = Heterotrophic h i i
+ | R® | Semi-refract. DOM 2 Z® nanoflageﬁlates WN®] Reduction Equiv.
1| R® ; : © T
o[ N Particulate detritus o ] ' Respiration
1= o sl s Release
E_g Uptake o c| O ThSSStRERsRsRERanARnlnnREEs '
' o ‘N ¢ ‘
e S
- Exudation O - v
' Ieis ﬁ ? IPhotosyntheS|s/ ==
:§ A N |Inorg. Nutrients
: B | Bacterioplankton 2 | (RRyIORISAkIoN Uotake| N | Phosphate
B ™ | Aerobic and P | Diatoms B e N® | Nitrate
i Anaerobic bacteria P Nanophytopl. N® | Ammonium
T P @ | Picophytopl. N® | Silicate
' P@ | Large phytopl. \N? | Bioav. Iron )
________________ Uptake/Release 4
Organic matter  Inorganic nutrient S
Living Organic ~ Non-living Organic Inorganic f|03, (C,N,P....) rowg(N,P,...) 'B E ’” &,\«?‘)\
\ £ )
F Y — == =P i N
{ J Gas Boundary flux
exchange (atmosphere-ocean)ﬂ
@2013 BFM System Team http://bfm-community.eu g (sedigrl\aenndt:ggzzgg

SHYFEM

Shallow water Hydrodynamic
Finite Element Model

https://bfm-community.github.io/www.bfm-community.eu/




Coupled models, mercury POLLUTION
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[1] high resolution regional climate model

\Y4 \Y4

[2a] statistical [2b] statistical
model of nutrient model of sea-
input lagoon boundaries

Vs \/ hd

[ 3] biogeochemical model of the lagoon of Venice

M i ry

b 2 1 Manilaclam' r554 web model [4b] clam
.eab‘;ieg : "Shagnan Xe me;:uvsﬁ‘bfe;mju: S:abre:r;‘ W icqurdd %

. . N/ |

I of the lagoon aquaculture

Melaku Canu D, Solidoro C, Cossarini G, Giorgi F.. 2010 Effect of global
change on bivalve rearing activity and the need for adaptive management.
Climate Research 2010, Vol42:13-26.

Solidoro C, Cossarini G, Libralato S, Salon S (2010b) Remarks on the
redefinition of system boundaries and model parameterization for
downscaling experiments. Prog Oceanogr 84:134-137



SCENARIO SIMULATIONS : levels, temperatureand _ o
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~ 65 variables for a total of over 30 million measurements

I n‘Situ data (2000-2020). Some of the variables:

e river flow rates
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MOSE closures, RCP 8.5 -50th percentile HOURS OF CLOSURES

W Lido B Malamocco | Chioggia
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SEA LEVEL RISE, MONTHLY, MEANS
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TEMPERATURE ANOMALY, MONTHLY MEANS
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Anomalies
2050

However, different
assumption can be made
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MOSE CLOSURES
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Coupled mercury models, POLLUTION

FORCING 3 & MERCURY
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RCP8.5 climate change scenario
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SHYFEM model shows:

* general increase In the frequency and magnitude of extreme conditions in
future scenarios, site specific response to CC is hig! (temperature, salinity,
water levels, water residence times, pH, clorophyll, oxygen)

* not linear effects, nor uniformly distributed, spatially, but shaped by the
combined acting forcing conditions

* Increasing intensity and duration of marine heatwaves, with MHW4
occurring almost for the 30% of the days in the RCP 8.5 scenario 2100

« adoption of the downscaled and high-resolution approach allows to
address the expected changes at local scales

» crucial to support risk assessment to ecosystems and ecosystem services

S OGS
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Reference simulations
2005 2008 2019

Observations
Atmosphere boundary

Observations
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Bias
correction
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Venice Lagoon, 30 m, 2
km

SHYFEM_CLIM model

Climate change simulation scenarios
RCP 4.5 RCP 8.5 2050 2100
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% of time and area where wrt > threshold

scenario rcp85m

1.0 -

0.8 -

0.6 -

0.4 -

0.2 -

0.0 -

rcp45 rcp45Close | rcp85 rcp85Close
REF 9 9 9 9
2050 10 10 10 10
2100 10 12 11 15

wrt thresholds

The comparison of the distribution of the
% of times and lagoon surface where the
WRT value reaches the thresholds
values, in days for the 3 years of
reference (black lines), mid-future (blue
lines), far-future (red lines) for the two
scenarios RCP 8.5, with closures.
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Effects on biogeochemistry,analysis in progress

* Temporal shifts in phytoplankton blooms and grazing, anticipaed to early spring

* Increase of detritus processes
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