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The sea ice distribution in the Antarctic polar oceans is intimately tied to 
the underlying ocean structure, which controls the oceans' vertical heat flux 
and stability, The former determines the rate at which ice grows for a given 
air-sea heat flux, while the latter limits the amount of sea ice that can grow 
locally before overturning the water column. These relationships have been 
described through a set of seatings, allowing us to estimate, through examina­
tion of the vertical distributions of ocean temperature and salinity: (1) the 
maximum amount of in situ icc growth in anyone location, (2) the ratio of 
ice mclt to ice growth, (3) the amount of ice that has melted in any particular 
summer location, (4) the ocean winter-averaged heat flux. Climatological 
maps of these quantities arc presented for the Weddell gyre region and general 
results described. Results include: (1) the sea ice cover throughout the seasonal 
sea ice region is typically 0.6 m thick or less by the spring melt period, 
though it is thinner than 0.3 m in some regions near the gyre core; (2) the 
ocean-ice system manages to liberate heat from the deep water at an average 
winter rate of 25-35 W m-2 throughout the gyre, regardless of the large scale 
stratification and dynamic setting which reflect different processes by which 
the heat makes its way to the surface from the deep waters; (3) strong mixing 
due to the passage of intense polar lows may serve to reduce the bulk stability 
of the water column by as much as 75%; (4) most of the bulk stability of the 
water column is attributed to the enthalpy content of the thermocline, not by 
direct reduction in ice growth by a strong diffusive heat flux; and (5) positive 
perturbations (i.e., excess ice growth) in the annual in situ ice growth of 2:80% 
are required to overturn the water column throughout much of the Weddell 
gyre. The bulk parameters presented here involve vertically-integrated prop­
erty distributions, and as such they provide constraints or limitations on the 
ocean-ice system behavior over seasonal time scales. Consequently, they im­
ply a mean seasonal evolution which may be considerably different from the 
actual time-dependent behavior. 

1. INTRODUCTION 

Numerous studies have suggested that the polar 
oceans play an important role in global climate over a 
broad range oftimc scales [e.g., Washington and Meehl, 
1984; Hanson et al., 1984; Schlesinger and Mitchell, 
1985; Meehl and Washington, 1990; Manabe et al., 
1991; Ledley, 1991; Imbrie et al., 1992; Wadhams, 
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1994; Rind et at., 1995J. In the marginally stable Ant­
arctic polar oceans, the sea ice distribution, ocean heat 
flux and ocean stability represent three fundamentally 
important components of this coupled polar-climate sys­
tem. The sea ice distribution modulates climate through 
its insulating effect, high albedo and freshwater trans­
port. The latter influences ocean stability and ventilation 
r:i deep waters. The ocean heat flux directly influences 
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