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A THREE-DIMENSIONAL NUMERICAL MODEL FOR
BAROCLINIC OCEAN DYNAMICS

I. NUMERICAL SCHEME FOR HYDRODYNAMIC EQUATIONS

FANG Guo—hong, YU Ke—jun
(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)

Abstract This 3-D numerical model based on the primitive equations of ocean dynamics can be
applied for numerical simulation and prediction of tides, storm surges and currents in a baroclinic
ocean. The numerical scheme (described in Part 1 of this paper) for solving the equations of motion
and continuity uses the internal-external mode spliting technique. The altemnating direction implicit
scheme is employed for the external mode computations which give the surface heights and
depth-mean currents. The time step is thus not restricted by the Courant-Friedrichs—Lewy (CFL)
condition for wave propagation. A semi—implicit scheme is used for the internal mode computations
which give the vertical structure of the currents. But the time step is restricted by the CFL condition
for advection and can be significantly longer than that of the external mode computation. As a
consequence, the overall computational speed can be 10 times that of the general explicit models.

The Arakawa C-grid is adopted in the present model. In the horzontal, the spheric coordinate is
adopted to facilitate large area computations. In the vertical, the grid levels are consistent with the
z— coordinate. The topography is represented by a stepwise bottom. The superioity of using the
z—coordinate instead of the sigma—coordinate in the vertical discretization is that it can avoid the
instability in the region of steep topography and the excessive artificial diffusivity across isopycnal
surfaces induced by the layout of grid points in line with the sigma—coordinate.

The computations of the external and internal modes are coupled with each other. The external
mode computations are performed with a time step generally shorter than 10 times the CFL condition
for wave propagation and the internal mode computations are performed with a time siep shorter
than the CFL condition for advection. The latter is generally longer than the former. In the extemal
mode computations, the advection and bottom friction terms are calculated based on the intemal
mode results and thus the errors existing in the corresponding terms of the 2-D equations can be
removed. To retain the consistency between external mode and internal mode results, the computed
depth—averaged velocities of the internal mode are adjusted to be equal to the velocities of the
external mode. This implies that internal mode computations only specify the vertical variations of
the velocity. ’

Key words Three dimension Baroclinic model Numerical ocean model Free surface
Subject classification number P731



