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What is a model?

A Model is a partial, simplified and mostly inadequate
representation of the real world

A Model can never describe the whole complexity of the
system modeled

A Model has to make basic, very often unjustified
assumptions of the system it wants to describe

A Model has to neglect most of the complicated, little
understood relationships of the system

So why do we use models?




Models and measurements

 Measurements are the primary source of information on
the coastal ocean, its ecosystem and its variability.
There is no point of attempting to model a coastal zone

without having data !
e However, data are difficult to obtain because of

The technology of sensing instruments and platforms;

The costs of observations over long durations and large
domains.

* In this context, models become important as a
complement to observations.




Models: a complement to
observations

Models complement observations in coastal
management by:

. Interpolating in 4 dimensions (space-time) the
observations;

. Predicting the future evolution of the system,;

. Simulating the impacts of non-observed forcing
scenarios (what-if scenarios).




The hydrodynamic engine

e The hydrodynamic model is the « engine »
that transports and mixes all ecosystem
constituents, including the water Itself.

The hydrodynamic equations of
conservation of mass and momentum are
solved numerically, in every cell of a
computational grid, taking into account the
iInformation present in adjacent cells.




Model dimensions

Zero-Dimensional

1-D Vertical
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Conceptual modeling approach

Atmosphere

Water in motion

+
Sediments; Land system

Dissolved matter;
Suspended matter;

Fauna et flora

Bottom sediments




Why Is the coastal zone so
special?

* In the open sea the only thing that can be
done do Is to observe processes

* In the coastal zone processes are strongly
iInfluenced by men

e This strong human impact gives us also
the chance to actively influence and
manage the coastal zone




Conceptual modeling approach
In the open ocean

Water in motion

+

Dissolved matter;

Suspended matter;

Fauna et flora
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Acqua Alta

Sea level Flooded surface

190 cm 100%

140 cm 90%
130 cm 69%
120 cm 35%
110 cm 12%
100 cm 4%

The city of Venice

pavement lower
than 90 cm




The mobile barriers MOSE

First closure of the
MOSE barriers on
29.11.2014.

In few years in Venice the new mobile barriers will be
operational. In order to operate them safely a good
forecast will be needed. Otherwise the barriers will be
either not closed or will be closed without any need.




Storm Surge Forecast in Venice
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Changes In water renewal time
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The Taranto Sea
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Water renewal time

B Barotropic Water Renewal time [days]
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Section A-B

The difference
between Dbottom
and surface layer
IS around 7 days
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Residence

times and

turn over
time

RESIDENCE TIME [Days]
I
a0 0% 17T 26 34 43 Al 60

Simulate transport processes and
dispersion of tracers and pollutants

Estimate the renewal time of the
basin

Characterize water masses with the
help of time dependent parameters

Correlate physical, biological and
chemical characteristics between
each other
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The Trapping Index

Trapping Index

Water Residence Time [Days] p d ) 5 - f / Ve : Transit Time [Days|

Adriatic Sea




Modeling Age

‘SF’ Age [Days]

Synthetic semidiurnal tides

2 days of NE wind event (Bora)

12 m/s constant wind speed

BASIN AVERAGE LAGOON WATER AGE - STRONG BORA WIND EVENT
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Managing fresh water In
lagoons

River input

The Cabras lagoon in
Sardinia: salinity trend

Stagno di Cabras
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Plan sewage outfall in

the sea

Assess impact of the
sewage outfall to the
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Evaluate impact of pollutants

constant SW wind with speed of 8 m/s




Dealing with Sewage:
The BIOPRO Project

Daily average concentrations Area of influence
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North Adriatic Sea Dynamics
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A River-Delta-Sea Model
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Interpolation versus Assimilation

Water level [cm] Water level [cm]

Optimal
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interpolation of
observations
(RMSE = 3.75 cm

—

Model result with
assimilation of

observations [
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Tidal network optimization

Venice Tide gauge network optimization results Bathymatry [mi

Optimal interpolation
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I\/Iedlterranean lagoons
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The Nador Lagoon
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International Center for advanced studies on River-Sea systems

~ DANUBIUS-RI
Ny

Addressing societal challanges related to river-sea systems requires new approaches to world leading research,
spanning traditional disciplines

DANUBIUS-RI a distributed, pan-european RI, led by Romania ; Z‘;Ze Lead Instifution

© Technology Transfer Office
@ Data Centre

DANUBIUS RI challenge @ Supersite
Better understanding of freshwater-marine systems & transitional ol Rt s e

- 5 . Ci tries having i d alett f rt
environments (e.g. delta, estuary, lagoon), ensuring a comprehensive . Sttt
approach - integrative study of River - Sea (RS) systems and fulfilling
societal demands

DANUBIUS-RI was included in the 2016 ESFRI Roadmap
and is a EUSDR Flagship Project (EU Strategy for the Danube Region)

‘:‘ Preparatory Phase for the pan-European
Research Infrastructure DANUBIUS-RI

“The International Centre for advanced
DANUBIUS-PP | studies on river-sea systems”

Project Timeline
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© mm) e INFORMATION

Start: Duration: End: KNOWLEDGE
December 2016 36 months November 2019
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The DANUBIUS-RI components

T All over Europe

RS

United Kingdom

A

Technology
Transfer

Office

information knowledge




Italy In DANUBIUS-RI components

4 Thematic Nodes 12 Supersites as living lab
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Analysis Node

Leading Inst.: Plymouth Marine Laboratory (PML) and University of
Stirling, UK

Real time observation tools and instruments, new sensors, satellites,
automated data processing, quality control and visualization

Leading Inst.: Federal Institute of Hydrology (BfG), Germany

laboratories, instrumentation and highly innovative methodologies for
samples analysis.

Leading Inst.: Institute of Marine Sciences (CNR-ISMAR), Italy

Development of new modelling tools in terms of new algorithm, data-
models interaction, interfaces, link with socio-economic modelling.

Leading Inst.: Deltares, Netherlands

interface between natural and social sciences developing
methodologies and tools that will help to solve problems in highly
complex dynamic RS systems. Identifying causal relation between
knowledge development and impact: from data to information to
knowledge




Modelling Node: Role in the Research Infrastructure

Coordination to focus the modelling
effort and create critical mass on River-Sea

(RS) modelling topics to facilitate calls from

EU on these Modelling Node Services provided

through RI to researchers

Core Codes and test cases
Expert Support
Work done by the Modelling Visualization tools

Community through Research S;i:i—?ﬁlr:ds
Projects ~raming







pplications In Italy
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Applications in Europe
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Conclusions

Modeling techniques can b

e efficiently applied

to the coastal zone and lagoons

Modeling approach is neec
management and sustaina

ed for coastal zone
nle development

Some parameters can not

ne measured and

can be quantified only through modeling

(residence time)

With modern computer codes the spatial
resolution can be pushed to limits adequate to
resolving coastal scale processes




