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Surface heat flux parameterization and the response of 
ocean general circulation models to high-latitude 

freshening 

By S. B. POWER* and R. KLEEMAN, Bureau of Meteorology Research Centre, Melbourne, Australia 

(Manuscript received 4 September 1992; in final form 4 June 1993) 

ABSTRACT 

A global ocean general circulation model (OGCM) is forced using mixed boundary conditions 
(i.e., a restoring condition on the upper level temperature but using a fixed, specified surface salt 
flux). A freshwater flux anomaly is then applied over the western half of the sub-polar gyre in 
the northern North Atlantic. The response of the model is found to be dependent upon the 
details of the parameterization of the surface heat flux: In particular the "coupling strength" or 
Haney relaxation time is crucial. Responses range from a haloc/ine catastrophe at short relaxa
tion times (strong coupling) to a very modest perturbation at longer relaxation times (weaker 
coupling). An accurate parameterization is therefore required to properly model the evolution 
of the response. It is uncertain that the restorative condition is sufficiently realistic, especially in 
cases where a significantly different climatology is obtained. It is possible, for example, that the 
evolution could move from an unstable trajectory to a stable one if the parameters in the heat 
flux formulation are also allowed to evolve. This might help to explain why OGCMs under 
mixed boundary conditions are more sensitive than the observations suggest they should be. 
When a recovery does occur it does so on decadal time scales. It is therefore tempting to 
speculate that the positive feedback on the initial perturbation provided by the heat flux response 
plays a central role in the dynamics of North Atlantic variability, in a manner that is analogous 
to the wind-stress feedback in the El Nino, Southern Oscillation. 

1. Introduction 

A significant contribution to North Atlantic 
Deep Water (NADW) is made by Gulf Stream 
water which has been diverted northwards via the 
North Atlantic Drift into the sub-polar seas 
beyond the Faeroe-Iceland Ridge. This water is 
much warmer (and more saline) than other waters 
at these latitudes and so it provides an important 
moderating influence on the regional climate and 
further east over western Europe (e.g., Broecker, 
1991 ). 

After further cooling, sometimes to the point 
where sea-ice is formed and brine is rejected, this 
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water convects and mixes with Arctic and polar 
water, filling the sub-polar basins until the dense 
water overflows the ridge primarily through 
Denmark Strait between Greenland and Iceland 
(Swift, 1984 ). It then advects south along the 
western flank of the Mid-Atlantic Ridge at 
depth forming a western boundary undercurrent 
(Broecker et al., 1991 ), beginning what is believed 
to be a globally connected circulation (Gordon, 
1986; Semtner and Chervin, 1988, 1992). The 
sub-polar seas are therefore considered to play an 
important role in determining the nature of the 
global thermohaline circulation (Aagaard et al., 
1985) and climate in general. 

The equation of state for sea water is such that 
at the salinities and temperatures typically encoun
tered in these seas the addition of relatively small 
amounts of fresh water to the surface can stabilize 
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