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The Imperial College Ocean Model [Piggott et al. , 2008] is a fully unstructured,
mesh-adaptive, non-hydrostatic ocean model. A key advantage of mesh adaptivity
is that the flexibility provided by unstructured meshes to focus resolution where
needed, is enhanced by enabling this focus to follow the dynamic features of the
flow. The mesh adaptive technology of ICOM has already been applied succes-
fully to many smaller scale process studies in geophysical fluid dynamics, as well
as larger scale barotropic problems. Several challenges encountered in the use of
ICOM in a wider range of oceanographic applications, have been met with the
development of new numerical techniques, such as the ability to conservatively in-
terpolate between the subsequently adapted meshes [Farrell et al. , 2009], without
violating boundedness and introducing too much diffusion, and a novel algebraic
multigrid method [Kramer et al. , 2010] to deal with the ill-conditioning of large
aspect ratio problems.

In this contribution the application of ICOM to an important large scale oceano-
graphic problem, in the form of a wind-driven, baroclinic double gyre is studied.
The results are compared with that of two other, more traditional ocean models,
the widely used MITgem and NEMO. This study will provide validation of ICOM
and is a major step towards application of ICOM in larger scale ocean applica-
tions with full baroclinic dynamics. A comparison will be made based on the main
statistics of the flow fields, velocity, pressure, free surface and temperature, the
turbulent bifurcation behaviour, and water mass mixing statistics to investigate
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the models’ ability to maintain stratification. Although the simplified geometry
does not necessarily bring out the main advantages of unstructured and adaptive
mesh technology, a comparison is also made in computational efficiency and in
particular parallel scaling.
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