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ABSTRACT 

In an analytical study, the stability of the thermohaline circulation with respect to freshwater 
perturbations in high latitudes is investigated. The study is based on a coupled ocean and 
atmosphere box model in an idealized North Atlantic geometry. The box model provides a 
qualitative understanding of how the thermohaline circulation is affected by feedback mechan­
isms associated with changes in atmospheric transports of heat and moisture. Within a linear 
analysis, we examine the stability of the thermohaline circulation for a range of different atmo­
spheric boundary conditions. The stability of the coupled system depends on the imposed 
transport parameterizations and the basic state. For the underlying non-linear system, we exam­
ine the sensitivity with respect to the strength of salinity perturbation. 

1. Introduction 

The oceanic thermohaline circulation (THC) is 
a major component of the climate system, trans­
porting heat and salt poleward. The circulation is 
driven by horizontal buoyancy gradients that 
result from surface fluxes of heat and fresh water. 
The fluxes affect oceanic surface salinity and tem­
perature in different ways: Local sea surface tem­
perature anomalies are quickly removed by a 
coupling between the ocean surface and the atmo­
spheric boundary layer through sensible and latent 
heat fluxes, whereas there is no corresponding 
mechanism for sea surface salinity anomalies. A 
recent anomaly in surface salinity of the northern 
North Atlantic, the Great Salinity Anomaly 
(GSA), could thus persist for more than a decade 
(Dickson et al., 1988). 
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Perturbations of the meridional transport in the 
ocean can be amplified by a positive feedback in 
the salt transport. A weaker northward salt trans­
port brings less dense water to high latitudes, 
which further reduces the meridional transport. It 
is of interest to know which processes determine 
the stability of today's "salinity conveyor belt" 
(Broecker and Peng, 1989), which is characterized 
by strong poleward heat and salt transports in the 
North Atlantic. Paleoclimate studies suggest that 
changes in the THC are linked to meltwater events 
originating from retreating glaciers of the Barents 
shelf and North America (Keigwin et al., 1991). 
High-resolution records from the deep western 
basin of the North Atlantic suggest that reduced 
North Atlantic deep water formation was associ­
ated with a meltwater input 16 900-17 100 years 
B.P. (Sarnthein et al., 1994 ). 

Many investigators analyzing the stability of 
the THC prescribe the atmospheric temperature 
and fresh water flux at the ocean surface (mixed 
boundary conditions). These ocean models cannot 
correctly describe the sensitivity of the coupled 
























