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a) MedFS system domain and bathymetry; b) Venice lagoon SHYFEM-MPI based domain with inlets where IB elements 

are imposed as barriers (red): c) Lido, d) Malamocco, e) Chioggia. 

3. Inclusion of MoSE barriers in the modelling chain_

Development of Immersed Boundary (IB) conditions in SHYFEM-MPI 

• The computational elements and 

nodes within the IB domain are 

excluded from the calculation of the 

equations of motion whenever the 

immersed boundary is activated by 

imposing a zero-velocity condition

o  തu(തx) = ത0 , തx ∈  ΓIB 

• The elements of the nIB domain, 

which share an edge with the obstacle 

are subject to a free-slip boundary 

condition

o
𝜕ഥu

𝜕n
= 0 , തx ∈  ΓnIB

Validation with tidal inlet idealized testcase
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4. The MedFS forecast and the Acqua Alta events of 11/2022

MedFS sea level forecast (MEDFS fcst) at different days of November 2022 used to force SHYFEM-MPI 
along with observed sea level (CNR). 

Northern Adriatic Sea at the peak event (22/11/2022 at 09:00). ECMWF a) wind field and b) sea level pressure; MedFS c) 

sea surface circulation and d) sea level

In November 2022, the northern Adriatic Sea experienced several extreme surges. 

4 main events were recorded during the period of November 22–26, 2022, the 

most intense one occurred on the 22/11/2022 [Mel 2023]. 

22/11/2022 09:00 UTC (peak of the 𝟏𝒔𝒕 surge event), ssh IB-MoSE, ssh noMoSE, ssh difference

22/11/2022 01:00 UTC (before the 𝟏𝒔𝒕 surge event), ssh IB-MoSE, ssh noMoSE, ssh difference

Outside the lagoon Inside the lagoon

5. Operational storm surge forecasting chain: urban scale model of Venice with MOSE_

grey = barrier activation 

*Models with and 
without barriers 
produce the same 
results for the 
outside tidegauges

Timeseries of sea level height Comparison with network of tide gauge outside and inside the lagoon.

Sea level maps in Venice Lagoon for the IB-MoSE, noMoSE and their difference.

✓ Development of an IB method to activate and deactivate, at 

runtime, regulated barriers for Venice lagoon.

✓ Demonstration of CMCC storm surge forecasting capabilities 

through the modeling chain starting with the regional scale 

MedFs down to the local urban scale.

❑ Improve flexibility/modularity of the IB method to expand the 

what-if scenarios representation.
❑ Explore different strategies of the MoSE barrier elements partial 

closure, aimed at improving MoSE efficiency by reducing activation 
costs.

• Include the MoSE regulated barriers in the modelling chain, allowing for 

simulations/forecasting that, at run-time, can activate/deactivate these barriers.

• Develop a simplified Immersed Boundary (IB) condition [Peskin 1972, Mittal 

2003] module to integrate the presence of the barriers.

• Demonstrate the capacity of storm surge forecasting in Venice through a 

synergistic modelling chain approach - from the regional scale of the 

Mediterranean Sea to high-resolution local urban scale.

2. Summary and outlook 

Despite  the attention devoted to “Acqua Alta” floodings in the Venice Lagoon 

[Ferrarin 2024], there is no reliable method to model and predict the local effects 

of Mose barriers on an urban/regional scale and at short timeframes (e.g., days).

1. Scientific motivation   

6. Summary and future developments

It is a message passing interface parallelization upgrade [Micaletto 2021; Verri 

2023] of the SHYFEM 3D finite element hydrodynamic model [Umgiesser 2004; 

Cucco 2005], designed to solve the Navier–Stokes equations by applying 

hydrostatic and Boussinesq approximations. The model is based on an 

unstructured Arakawa B computational grid with triangular meshes [Bellafiore 

2010] allowing an accurate description of irregular coastal boundaries.

SHYFEM-MPI 

barrier activation barrier deactivation
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Case study

The analysis and forecast data used to initialize and force the SHYFEM-MPI 

model are derived from the Mediterranean Forecasting System (MedFS) delivered 

through the Copernicus Marine Service [Clementi 2022].
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