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ABSTRACT

The approximate conservation of density along trajectories in the upper thermocline, indicated by the observed
distribution of water mass properties, suggests that isopycnal coordinates would provide a more economical
framework than conventional Eulerian coordinates, An approximate analytic solution for a wind-driven circulation
in a reduced gravity model is used as a prototype for testing a numerical model based on isopycnal coordinates.
The numerical solutions are successful in reproducing the outcropping pattern of the analytic solutions. The
application of the flux-corrected transport algorithm significantly reduces implied diffusivity relative to a first-

order donor cell scheme.

1. Introduction

Much of our present understanding of ocean cir-
culation is based on the historical file of subsurface
temperature and salinity measurements collected with
great effort over a period of many years. The idea of
air masses was originally introduced to describe at-
mospheric circulation, but the concept turned out to
have limited usefulness due to the rapidity with which
nonadiabatic processes change temperature and mois-
ture content along air-trajectories. In the oceans, on
the other hand, measurements indicate that tempera-
ture and salinity tend to be conserved for thousands
of kilometers downstream of a water mass source region
(e.g., a review by Reid, 1981). Thus oceanographers
have found the parallel concept of water masses ex-
tremely useful. Geochemical tracers add to the speci-
fication of water masses and in some cases provide a
clock, indicating elapsed time since formation. Ap-
proximate conservation does not imply that mixing
across isopycnals is not an important process, and may
even be dominant locally. Examples of regions where
mixing across the time-averaged isopycnals is impor-
tant are the surface mixed layer, near the ocean bottom,
and at the equator.

A useful model of the ocean circulation must be
able to simulate a large scale flow that is nearly iso-
pycnal in the main thermocline and handle the local
regions where mixing takes place. In a numerical model
based on fixed Eulerian coordinates, this requirement
is difficult to achieve without using extremely high res-
olution. It would appear that a semi-Lagrangian co-
ordinate system based on isopycnal surfaces is a more
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natural and economical way to model quasi-isopycnal
flows. Of course, any semi-Lagrangian scheme will in-
volve much more complicated boundary conditions
than a conventional scheme. The question is whether
the advantages outweigh the added complexity that an
isopycnal scheme entails. This important question re-
mains open.

Important pioneering work on isopycnal coordinates
has been carried out by Bleck (1978), Bleck and Boudra
(1981) and Schopf and Cane (1983) who have over-
come many of the technical difficulties involved. The
present calculation uses their work as a starting point.
The particular example that Bleck and Boudra use to
illustrate their method is a rather complex wind-driven
circulation’ with unstable mesoscale eddies, a regime
previously explored only with quasi-geostrophic mod-
els. Our study attempts to verify the model on a much
simpler case for which an approximate analytic solution
is available. Our test is less ambitious than that of Bleck
and Boudra, but we hope it will be useful in terms of
the simpler framework it provides.

Mesinger and Arakawa (1976) have provided a very
basic analysis of different finite difference formulations
of the linearized shallow water equations. Since the
linearized version of even complex multi-layered
models can be reduced to shallow water equations for
each vertical mode, their analysis is much more general
than it first appears. The Bleck and Boudra (1981)
model is based on what Mesinger and Arakawa refer
to as the “C” grid. In this case, the pressure is defined
in the center of each square of a chess board and the
normal velocity components are specified at the mid-
point of each side of the square. Another formulation
is the “B” grid, in which the pressure is also specified
at the center of each square but both of the horizontal
velocity components are specified at each of the four






