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ABSTRACT

A hybrid, multilayer model for the oceanic general circulation is formulated and tested. The model includes
a mixed layer at the surface which is specified by Eulerian coordinates, and three moving layers below which

are specified by quasi-Lagrangian, isopycnal coordinates.

Initial tests have been carried out with a 22 X 22 horizontal grid mesh covering a subtropical-subpolar basin
(6000 X 6000 km?). The numerical results demonstrate a strong interaction between the wind-driven and the
thermally driven circulations, including outcropping of the lower isopycnal layers, a Gulf Stream-like interior
boundary current, and convection which produces mode water and abyssal water. The model provides insight
into the potential vorticity balance and its relation to both the wind-driven and thermohaline components of
the circulation which has not been previously available from Eulerian numerical models or analytical models

based on the assumption of an ideal fluid thermocline.

1. Introduction

The study of thermohaline circulation of the oceans
is a formidable task due to strong nonlinearity and
complicated boundary conditions. Diffusive adjust-
ment at the base of the thermocline may take a thou-
sand years to reach a statistical equilibrium state, yet
the high-frequency processes associated with mesoscale
eddies and waves greatly limit the time step allowed
in a numerical integration of the governing partial dif-
ferential equations. Although different ways of accel-
erating the spin-up process have been implemented (cf.,
Bryan, 1984; Bryan and Lewis, 1979), the computer
time required for a model to reach a thermal equilib-
rium state is still extremely long.

Recently, Rhines et al. (1985) carried out an exten-
sive study of buoyancy-driven circulation with a quasi-
geostrophic (QG) model. Their model emphasizes high
horizontal resolution rather than vertical resolution and
shows some interesting features of the interaction be-
tween the wind-driven and simplified buoyancy-driven
circulations. However, QG models are based upon the
assumption that the vertical stratification is horizon-
tally uniform within the domain of study. Though this
assumption makes the numerical integration much
easier, it is not really appropriate for the study of ocean
currents in a basin of planetary scale, since in that case
the horizontal variation of stratification not included
in a QG model becomes an essential feature of the
circulation.
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Traditional primitive equation models have been
written in finite-difference form with Cartesian coor-
dinates. Although similar models have been success-
fully used for atmospheric dynamics, their application
to the oceans may be less appropriate. There is evidence
that mixing by mesoscale eddies in the ocean takes
place predominantly along isopycnals, and diapycnal
mixing is rather small. By parameterizing subgrid tur-
bulence with constant and rather large horizontal mix-
ing, level models introduce a fictitious horizontal
buoyancy flux, or equivalently, a large diapycnal mix-
ing in areas of sloping isopycnals. Though some alter-
natives of overcoming the difficulty have been proposed
(cf. Redi, 1982; McDougall and Church, 1986), little
progress along this direction has been reported.

A natural alternative is a layered model based on
isopycnal coordinates. The advantage of layered models
is the ability to resolve a sharp front with only a few
layers. Since water masses conserve their own identity
on much longer time scales than air masses are con-
served in the atmosphere, layered models have a po-
tential of simulating ocean processes much more eco-
nomically than level models. Admittedly, layered
models have disadvantages, such as more complex
boundary conditions. Because of the conceptual sim-
plicity of layered models, theoreticians favor this type
of coordinate in analytic models, while numerical mo-
delers tend to use fixed vertical coordinates. As a result,
there is a significant gap developing between traditional
numerical and analytical models. We believe that nu-
merical models with just a few layers may be an effec-
tive bridge between these two different approaches.

An analytical multilayer model of the wind-driven
circulation was first studied by Welander (1966). His






