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ABSTRACT

A two-layer model of circulation is developed in an open-ocean basin where a vertically
homogeneous layer overlays a thermoclinic region. In the latter, the temperature changes in
an exponential manner to a constant abyssal value. The motions are driven by an Ekman
suction and cooling (or heating) of the ocean surface. The ocean-surface temperature is not
specified but is a dependent variable of the problem. When the cooling of a subtropical basin
follows strong heating, north of a fixed latitude, a deep pool of homogeneous water is formed
in the northwestern portion of the basin, similar to what is found in the northwestern
Atlantic and Pacific oceans.

1. Introduction. The models of the steady midoceanic circulation fall
broadly into two classes. In the case of multilayered models (for a review, see
Jacobs 1968, Welander 1968), it is assumed that the wind is the vorticity
source for the oceanic gyre, via the shallow Ekman layers. In the continuously
stratified models (see Veronis 1969), the vorticity structure of the basin is a
reflection of both the wind-produced Ekman divergence as well as a latitudinal
variation in the surface temperature. Estimates show that both effects are of a
comparable order of magnitude (Robinson 1965). This paper combines the
two classes of circulation models into a two-layer circulation pattern in a deep
ocean, where the heat flux on the surface is specified along with the Ekman
divergence produced by the wind stress.

Our model consists of a layer of vertically isothermal water of variable thick-
ness above a thermoclinic region. In the thermoclinic region, the temperature
changes in an exponential manner to a constant abyssal value. The vertically
isothermal layer provides a neutrally stable layer for the exchange of heat with
the atmosphere, and the turbulent vertical transfer of heat in the isothermal
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layer is a linear function of depth. As in previous models of flow over a broad
deep basin, a net downward heat flux is required to maintain the thermocline
at all latitudes. Our model differs fundamentally from its predecessors in that
a transfer of heat to the atmosphere is possible via the neutrally stable layer
rather than via a negative temperature gradient—a dynamically unstable con-
figuration. When heat is transferred to the atmosphere, a lateral advection of
warm water in this layer supplies the heat for both the thermocline and the
atmosphere. In the thermoclinic region, heat is advected in all three directions
and is diffused vertically, but the motion still conserves potential vorticity. In
the vertically isothermal layer, heat is advected horizontally; this advection is
balanced by a turbulent transfer of heat in the vertical direction. Throughout
the entire water column, the velocity field, the density field, and the pressure
field are continuous.

In § 2 the theory is presented, and in § 3, solutions are found for conditions
when both the Ekman divergence and the heat input are functions of latitude
only. As in all previous work, this midoceanic circulation is not unique and
must, in the final analysis, be coupled to the regions of the boundary currents
and the global circulation pattern.

2. The Model. We divide the vertical thermal structure of the ocean into
three regimes. The layer nearest to the surface—the Ekman layer— is the
region where momentum is exchanged with the atmosphere; we refer to this

=
layer as the ocean surface, with z = 0. Let x denote the horizontal coordinate
=,
vector, with y north, x east. A second layer, of depth D (x), is characterized

i
by the temperature distribution T (x) and by the homogeneous density in the
vertical direction. Below the second layer is the thermocline, with a temper-

—
ature distribution T'(x,%); within the thermocline the temperature decreases
=

continuously from Ti(x) to T,, the temperature at the level of no hori-
zontal motion in the abyss—z - — w (Fig. 1). The density distribution is
0 = 0o[1 — (T —To)], with « as the coefficient of thermal expansion.

The field equations for the thermoclinic layer are:

QOf‘U = Pz I)
—Qoft = py, 2)
g0 = — Pz, 3)

uz+‘vy+w2 =1Q3

uT; + 9Ty +wT, = #T,,.
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In (I)—'(S) and ben.ceforth, u,v,w are the x,y,x components of velocity; f —
fot By is the Coriolis parameter, # is the constant vertical Austausch coetficient
for heat transfer, and g is the gravitational acceleration.










































