SHYFEM, a numerical tool for investigating environmental
processes in coastal seas and lagoons
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SHYFEM ( http://www.ve.ismat.cnr.it/shyfem ) is a software package consisting on
a set of integrated numerical tools based on the finite element method developed to
investigate, with a multi scale approach, the hydrodynamic and the main physical and
biogeochemical processes occurring in both open ocean and coastal seas.

The core of the system is a fully coupled 3D current and wave numerical model
based on unstructured meshes. The hydrodynamic module solves the Shallow Water
equation with the hydrostatic and Boussinesq approximation. It uses a semi-implicit
algorithm for the time integration and a finite element approach for the horizontal
spatial integration (Umgiesser, 1997, Umgiesser et al., 2004). The model takes into
account the main physical forcings characterizing the water circulation such as
barotropic and baroclinic forcing, horizontal and vertical viscosity effects and non-
linear inertial processes. Both z and sigma layers are adopted in order to solve the
vertical dimension and a state of the art turbulence model, GOTM (Umlauf et al.,
2007), is used to reproduce the vertical mixing. The 3D two way wave-currents
interaction is computed by using the algorithm proposed by Xia et al. (2007), which
takes into account the main physical processes that occur in very shallow areas such
as shoaling, breaking and Stokes drift.
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The current model is fully coupled via FIFO Pipes with a 3rd generation spectral
wave model, called WWM (Wind Wave Model; Hsu et al., 20052) which solves the
WAE Wave Action Equation on unstructured spatial grids. The WWM adopts state
of the science source term formulation for the generation, nonlinear interaction and
decay of wave energy. The fractional step method (Yanenko, 1971) is used to split
the wave action balance equation into spatial, frequency and directional space. These
three parts are integrated successively, which makes it possible to apply efficient
numerical algorithms to solve the WAE in the certain dimension. The source term
integration is done in another separate fractional step where various methods can be
used like, e.g., the dynamic source term integration method following (Tolman,
1997). The wave model has been verified in different environments (Hsu et al,,
2005b, 2006; Roland et al., 2005, 20006).

The 3D coupled current and wave model is integrated with a set of numerical tools
such as a sediment transport and morphological model (SEDTRANS05, Li and
Amos, 2001; Neumeier et al., 2008), an ecosystem model (BFM, Vichi et al., 2007)
and an oil spill model which allows to deal with most of the main environmental
processes interesting the coastal areas.

The integrated model has been applied with success to several sites around the
Mediterranean Sea. We present a set of different applications of the SHYFEM
package consisting in: reproduction of water circulation, wave propagation and
sediment transport in coastal areas and tidal active lagoons, computation of water
transport time scales in lagoons and semi-enclosed basins and implementation of
operational systems for predicting waves, currents, water levels and trajectories
followed by pollutants released in shallow water areas.

References
TW Hsu, SH Ou, JM Liau, “Hindcasting near shore wind waves using a FEM code
tor SWAN?, Coastal Engineering, v. 52, p. 177-195, 2005a.

TW Hsu, SH Ou, JM Liau, U Zanke, A Roland, P Mewis, “Development and
Implement of a Spectral Finite Element Wave Model”, Waves, ASCE/COPRI, The
[ifth International Symposium on Wave Measurement and analysis. Ed. Billy Edge, Madrid,
Spain, 2005b.

TW Hsu, SH Ou, JM Liau, JG Lin, CC Kao, A Roland, U Zanke, “Application of
data assimilation for a spectral wave model on unstructured meshes”, The 25%h
International Conference on Offshore Mechanics and Arctic Engineering, Hamburg, 2006.

MZ Li, CL. Amos, “SEDTRANS96: the upgraded and better calibrated sediment
transport model for continental shelves”. Computers & Geosciences, v. 27, p. 619-645,
2001.

IMUM2010, MIT August 17-20, 2010



U Neumeier, C Ferrarin, CL. Amos, G Umgiesser, MZ Li, “Sedtrans05: An improved
sediment-transport model for continental shelves and coastal waters with a new
algorithm for cohesive sediments”, Computers & Geosciences, v. 34, p. 1223-1242, 2008.

A Roland, P Mewis, U Zanke, SH Ou, TW Hsu, JM Liau, “Verification and
Improvement of a Spectral Finite Element Wave Model”, Waves 2005,
ASCE/COPRI, The fifth international Symposinm on Wave Measurement and analysis. Ed.
Billy Edge, Madrid, Spain, 2005.

A Roland, U Zanke, TW Hsu, SH Ou, JM Liau, SK Wang, “Verification a 3rd
Generation FEM Spectral Wave Model for Shallow and Deep Water Applications”,
The 25th International Conference on Offshore Mechanics and Arctic Engineering, Hamburg,
2005.

HL Tolman, “User manual and system documentation of WAVEWATCH-III
version 1.18”, NOAA / NWS /| NCEP / OMB Technical Note Nr. 166, p. 110, 1997.

G Umgiesser, “Modelling the Venice Lagoon”, International Journal of Salt Lake
Research, v. 6, p. 175-199, 1997

G Umgiesser, D Melaku Canu, A Cucco, C Solidoro, A finite element model for the
Venice Lagoon. Development, set up, calibration and validation”, Journal of Marine
Systems, v. 51, p. 123-145, 2004.

L Umlauf, H Burchard, K Bolding, “GOTM - Source Code and Test Case
Documentation, Vers. 4.0” (http://www.gotm.net/index.php?go=documentation ),
2007.

M Vichi, N Pinardi, S Masina, “A generalized model of pelagic biogeochemistry for
the global ocean ecosystem. Part I: Theory.” Journal Marine Systems, v. 64, p. 89-109.
2007.

NN, Yanenko, “The Method of Fractional Steps.” Springer-Verlag. 1971

IMUM2010, MIT August 17-20, 2010


http://www.gotm.net/index.php?go=documentation

