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ABSTRACT 

Making use of the simplest possible model, we analyse the formation of ice on top of a weakly 
stratified ocean. Our interest is concentrated on the consumption of freshwater associated with 
ice formation and the dynamics of the system when the cooling continues beyond the point 
where further ice formation would destroy the stability of the system. We find that after an initial 
stage of ice formation the system will not overturn but go into a stage of development which may 
be called "freeze melting". This stage is characterized by increasing mixed layer depth, slowly 
decreasing ice thickness and small but finite stability. If the freeze melting continues for a 
sufficiently long time, considerably longer than required for the initial ice formation, the ice 
cover may be removed altogether, whereupon the stratification overturns and the fresh-water 
in the top layer gets lost. It is suggested that if this happens one year it will contribute to pre­
conditioning the system for ice-free conditions the following year. An essential condition for 
the analyses, which may be put in question, is the presence of at least some wind generated 
turbulence and that competing mixing processes, e.g., associated with cabbeling do not become 
dominating. Observations from the Wedell sea give support to the conclusion that late winter 
conditions in this area may be well described in terms of a freeze melting stage of development. 

1. Introduction Dmax' on the thickness of the ice cover according 
to the formula 

It is generally recognized that the formation of 
ice on deep ocean water requires the presence 
of a stable salinity stratification (Aagaard and 
Carmack, 1989). If sufficiently strong, the salinity 
stratification limits the thickness of the layer that 
has to be cooled to the freezing point before ice for­
mation can take place. Without such a protective 
stratification the ocean water has to be cooled to 
the freezing point over the entire ocean depth 
which is not possible if the depth exceeds a few 
hundred meters. 

In some ocean areas such as the Iceland sea the 
necessary salinity stratification is present only 
certain years and with varying areal extension 
which gives rise to strong inter-annual variations 
in the ice conditions as discussed by Malmberg 
(1972). 

Of importance in areas with weak stratification 
is that the formation of ice consumes the salinity 
stratification. The fresh water contained in the 
initial stratification will impose an upper limit, 
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where the fresh water content Hro with good 
approximation is given by 
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S(z) is the salinity in the water column before 
the start of the ice formation and Dmax is an 
"equivalent thickness", i.e., the thickness of an 
equal amount of liquid water. 

The magnitude of Hro provides a convenient 
measure to judge whether the formation of sea ice 
will be hampered by insufficient stratification of 
the water column. This was early recognized by 
Zubov (1943) and by Weyl (1968) who pointed 
out the close relation between climate variations 
and the extent of ocean ice cover controlled by the 
presence of freshwater in the top layer of the ocean. 






























