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ABSTRACT 

A combination of analytical and numerical techniques are used to efficiently determine the 
qualitative and quantitative behaviour of a one-basin zonally averaged thermohaline circulation 
ocean model under various forcing regimes and over a large region of parameter space. In con
trast to earlier studies which use time stepping to find the steady solutions, the steady state equa
tions are first solved directly to obtain the multiple equilibria under identical mixed boundary 
conditions. This approach is based on the differentiability of the governing equations and espe
cially the convection scheme. A linear stability analysis is then performed, in which the normal 
modes and corresponding eigenvalues are found for the various equilibrium states. Resonant 
periodic solutions superimposed on these states are predicted for various types of forcing. The 
results are used to gain insight into the solutions obtained by Mysak, Stocker and Huang in a 
previous numerical study in which the eddy diffusivities were varied in a randomly forced one
basin zonally averaged model. It is shown that the two-cell symmetric circulation is generally 
unstable to anti-symmetric perturbations in the temperature or salinity (as expected), and that 
both one-cell (inter-hemispheric) circulation patterns are generally stable. Resonant stable 
oscillations with century scale periods are predicted with structures that compare favorably with 
those found in the previous study. In cases with large horizontal diffusivities, the two-cell pattern 
is also stable, which parallels cases in the previous study where large vacillations were seen 
between the three stable steady states. Further, in cases with large horizontal and large vertical 
diffusivities, no one-cell pattern can be realised and the only asymptotic behaviour found is the 
two-cell pattern. An experiment is also performed to examine the effect of varying the restoring 
time constants in the relaxation boundary conditions used at the surface for both salinity and 
temperature. 

1. Introduction 

Multiple equilibria of the thermohaline ocean 
circulation (THC) under mixed boundary condi
tions (restoring condition for temperature, a flux 
condition for salinity) have been found in many 
recent theoretical studies. In examples ranging 
from simple Stommel-type box models (Stommel, 
1961; Cessi, 1994) to full general circulation 
models (GCMs) (Manabe and Stouffer, 1988; 
Weaver and Sarachik, 1991 ), various steady states 
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of the circulation can exist under identical forcing. 
In the box models, both temperature and salinity 
dominant states are found, with one circulation 
being the reverse of the other. In full GCMs, 
depending on the geometry used, both northern 
sinking and southern sinking states are among 
those seen (see Weaver and Hughes ( 1992) for a 
review). 

A question that arises is how relevant are these 
models (and the various THC states) for the actual 
thermohaline circulation? Also, how robust are the 
multiple equilibria, and how much do they depend 
upon the various simplifications and parameter
isations used in the models? If the models are 
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