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ABSTRACT 

The semi-Lagrangian method is used for advection experiments on an irregular grid. A cosine 
hill is advected using a specified flow field corresponding to solid body rotation. A major 
difficulty is to find an interpolator which is at least fourth order accurate on an unstructured 
mesh. Such accuracy is needed for the treatment of Rossby waves in ocean models. We develop 
such a method using a dual kriging interpolating scheme. The results are better than fourth 
order accurate, as shown by comparison with bicubic spline interpolation on a structured grid. 
Such accuracy is maintained for an unstructured triangular grid. The dissipation and dispersion 
of the cosine hill remain small, even after many rotation periods. The increase in computational 
cost is significant even if the interpolation is performed separately on smaller subdomains. 
However, by taking advantage of the increased flexibility of unstructured meshes and accuracy 
of the kriging approach, it is possible to achieve the same accuracy at a reasonable computa­
tional cost compared to traditional methods. 

1. Introduction 

The understanding of the circulation of the 
world ocean requires the ability to model the 
interaction of many physical processes on an 
irregular domain. As the governing equations are 
nonlinear, accurate numerical techniques are 
needed for the solution of nonlinear partial differ­
ential equations. Current large scale models used 
for ocean and climate studies are usually based 
on finite differencing techniques for spatial discret­
ization, and the classical leap frog scheme for time 
stepping. We propose to combine for the first time 
in ocean modelling the finite element and semi­
Lagrangian methods on unstructured meshes. 
Advantages of the finite element method include 
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the inherent flexibility of triangulation, which leads 
to almost homogeneous grids for domains with 
irregular boundaries. The semi-Lagrangian 
method of advection allows the use of a longer 
time step than that permitted by the Courant­
Friedrichs-Lewy (CFL) stability criterion; it also 
gives very good phase speed with little numerical 
dispersion. 

The explicit leap-frog scheme has a time step 
which is limited by the propagation speed of 
gravitational oscillations. A semi-implicit discretiz­
ation of the terms responsible for these oscillations 
allows larger time steps (Robert et al., 1972). 
Further improvement is achieved through the use 
of the semi-Lagrangian method. Robert (1981, 
1982) used a semi-Lagrangian treatment of advec­
tion combined with a semi-implicit treatment of 
gravitational oscillations in atmospheric models. 








































