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ABSTRACT

The problem of determining the (eastern boundary) basic stratification and the buoyancy-driven circulation
of the oceans is addressed. A global integral constraint relating the interior stratification and the air-sea heat
fluxes is derived, based on the condition that the total mass of water of given density is constant in a steady
state ocean. This constraint is then applied to two simple analytic models: The first is a continuous nonlinear
diffusive model of the lower mid-depth and bottom circulation below the influence of the wind-driven circulation.
It shows the tendency of the vertical density profile to look like an exponential profile in the presence of mixing.
The integral constraint is used to relate the stratification and circulation of the bottom and mid-depth waters
to the air-sea heat fluxes at the surface, where the deep densities outcrop. The second model is a layered one
of the wind-driven circulation, mid-depth, and bottom water. The eastern boundary stratification of the model
is determined from the air-sea heat fluxes, using the integral constraint and a parameterization of the mixing
processes in layer models. A two gyre mid-depth circulation is found, driven by the cross-isopycnal diffusive
velocities and affected by the variations in the depth of the main thermocline above it. The bottom circulation
in both models is similar to that of the Stommel~Arons model.

Air-sea heat fluxes affect the deep buoyancy-driven flows not by direct cooling or heating, but through the
formation of water masses that sink and spread in the deep ocean. Thermal boundary conditions for the interior
thermocline problem seem to require specification of the air-sea heat fluxes in addition to the specification of
the density distribution at the base of the Ekman layer. Cross-isopycnal mixing processes ar¢ a crucial part of
the dynamics, although numerically small. Together with the air-sea heat fluxes, they determine the basic
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vertical stratification of the wind-driven and deep circulations.

1. Introduction

Theories of the oceanic general circulation are aimed
at explaining the time-mean density and velocity fields
in terms of the forcing by wind stress and heat fluxes
at the upper surface of the ocean. However, the problem
posed this way is very complicated, and researchers
have usually tried to simplify the boundary conditions
as well as the dynamics as much as possible. Among
the first things to be sacrificed were the details of the
thermodynamical processes. These simplifications al-
lowed significant progress to be made, but also revealed
several gaps in the theories that did not explicitly in-
clude the thermodynamics as part of the physics. These
gaps hint that the density-changing processes, although
weak in the ocean’s interior, may nevertheless be a
crucial part of the physics of the general circulation.

In this paper we try to explore several areas of the
theoretical study of the oceanic general circulation in
which some understanding may be gained by including
the physics of the density changing processes.

In thermocline theories, air-sea heat fluxes were
usually not considered explicitly, and one specified the
density at the base of the mixed layer in order to ac-
count for the effect of these fluxes. The role of diffusion
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in classical thermocline theories also seems to be un-
clear: In some similarity solutions (Needler, 1967) the
diffusion contributed a constant deep upwelling of no
major dynamical importance, while ideal fluid ther-
mocline theories (Welander, 1971) had at least as much
success in explaining the structure of the thermocline
as the diffusive ones. (Reviews of these efforts and ear-
lier ones can be found in Veronis, 1969, 1981.)

This seeming unimportance of the diffusion, and its
being smaller than the advection terms in the density
equation, had led to two recent theories of the wind-
driven thermocline circulation (Rhines and Young,
1982a; Luyten et al., 1983), which are both density
conserving. These models were able to reproduce the
horizontal variations in the depth of the thermocline
and to demonstrate the importance of several physical
processes, but had to specify the basic vertical density
stratification on the eastern boundary (in addition to
the outcrop positions). In particular, the thickness of
the lower layers in the ventilated thermocline model
has to be specified on the eastern boundary, and the
thickness of the upper layers vanishes there. When
more physics is added to allow nonzero thickness for
these layers on the eastern boundary (Pedlosky, 1983),
the stratification must still be specified there.






