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ABSTRACT 

A 2-layer version of the Stommel-Arons model of the abyssal circulation is shown to be inconsist
ent with the closure scheme used in Stommel's conceptual box model of the thermohaline 
circulation. The closure relates the strength of the exchange between 2 boxes, taken to represent 
the meridional overturning cell in the ocean, to the density difference between the boxes. Here, 
the Stommel-Arons model is used to argue that the difference in density, averaged over regions 
corresponding to Stommel's boxes, is not indicative of the rate of exchange between these 
regions. More generally, it is argued that to a good approximation, the zonally-averaged density 
field in the Stommel-Arons model is independent of both the sense and structure of the meridi
onal overturning cell or cells. The reason for this is that, although the western boundary currents 
make an 0( 1) contribution to the zonally-averaged meridional transport, they have only a very 
small influence on the zonally averaged density field. 

1. Introduction 

Much of the ocean's role in regulating climate 
is thought to be linked to its thermohaline circula
tion. Two now classic papers form the basis of 
much of current thinking regarding both the meri
dional and horizontal structure of this circulation. 
In one of these (Stommel, 1961), Stommel pro
poses a simple box model driven by buoyancy 
fluxes to show that multiple steady states can exist 
under identical forcing. The model used two boxes 
to represent the high and low latitudes of a single 
hemisphere basin and has since been extended to 
allow for the possibility of pole to pole cells, as 
well as exchanges between different ocean basins 
(Welander, 1986). The multiple steady states 
obtained are generally interpreted as being ana
logous to multiple steady states of the zonally 
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averaged meridional overturning cell in the ocean. 
A key element of Stommel's model is a closure 
scheme which relates the density difference 
between adjacent well mixed boxes to the strength 
of the exchange between the boxes. The second 
paper, (Stommel and Arons, 1960), takes the 
strength and structure of the zonally-averaged 
meridional cell to be specified and solves for the 
implied horizontal circulation. A success of this 
work was its prediction of deep western boundary 
currents, which are represented in the model as 
thin dissipative boundary layers. In this note, it is 
demonstrated that these two models of the buoy
ancy driven circulation are inconsistent with one 
another. In particular, it is shown that, given a 
separation of scale between the width of an ocean 
basin and the width of a deep western boundary 
layer, the structure and even the direction of the 
meridional cell is uncorrelated with the zonally 
averaged density field. Thus, for example, based 
on the zonally averaged density field alone, it is 
impossible to distinguish between two oppositely 










