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ABSTRACT 

As a generalization to box models of the large-scale, thermally and wind-driven ocean circula­
tion, nonlinear equations, describing the evolution of two vectors characterizing the state of the 
ocean, are derived for a rectangular ocean on an/-plane. These state vectors represent the basin­
averaged density gradient and the overall angular momentum vector of the ocean. Neglecting 
rotation, the Howard-Malkus loop oscillation is retrieved, governed by the Lorenz equations. 
This has the equations employed in box models, in the restricted sense where no distinction is 
made between the restoring time scales of the temperature and salinity fields, as a special 
case. In another approximation, with rotation included, the equations are equivalent to a set 
E. N. Lorenz introduced to describe the "simplest possible atmospheric general circulation 
model". Although the atmospheric circulation may be chaotic, parameter values in the ocean are 
such that the circulation is steady or, at most, exhibits a self-sustained oscillation. For a purely 
thermally forced ocean, this is always a unique state. Addition of a wind-induced horizontal 
circulation allows for multiple equilibria, despite the neglect of the salinity field. 

1. Introduction 

Following Stommel (1961 ), the use of box 
models to describe aspects of the large-scale 
circulation in the oceans has seen a revival over 
the last few years (Welander, 1986; Weaver and 
Hughes, 1992). Stommel's work was concerned 
with the possible existence of multiple equilibria 
in a two-box model (crudely representing the 
equatorial and polar regions) of a single hemi­
sphere ocean due to a difference in restoring time 
scales of the temperature and salinity fields. The 
equilibria are characterized by a different sense of 
the meridional circulation. Multiple equilibria are 
also traceable in many of the more complicated 
two- and three-dimensional numerical models 
(e.g., Bryan, 1986; Manabe and Stouffer, 1988; 
Marotzke et al., 1988; Weaver et al., 1993). Much 
more elaborate box models have been proposed 
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since (Huang and Stommel, 1992; Thual and 
McWilliams, 1992), but these retain the ad hoc 
nature of the simpler box-models. Moreover, these 
models, as well as other analytical models (Kallen 
and Huang, 1987; Cessi and Young, 1992), seem 
incapable of incorporating the Coriolis force in 
their description. It is the purpose of this paper to 
show how both of these difficulties can be over­
come by generalizing box models, not by adding 
more of them, but by deriving the governing equa­
tions directly from the equations of motion. 

To see how this can be achieved it is useful to 
formulate an even simpler version of Stommel's 
(1961) model, by assuming that the temperature 
and salinity fields have the same restoring coef­
ficients (or neglecting salinity altogether). His 
model of the thermohaline circulation would then 
read: 
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