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ABSTRACT 

The objectives of the present paper are to formulate and explore a coupled sea ice-ocean model 
and to examine the sensitivity of ice in the Baltic Sea to climate change. The model treats the 
Baltic Sea as 13 sub-basins with vertical resolution, horizontally coupled by estuarine circulation 
and vertically coupled to a sea ice model which includes both dynamic and thermodynamic 
processes. The reducing effect on the barotropic exchange due to sea ice in the entrance area 
is also added. The model was first verified with data from 3 test periods representing one mild, 
one normal and one severe ice winter. The maximum seasonal ice extent was then examined 
on the basis of simulated and observed data for the period 1980-1993. After that, some climate 
scenarios (both warm and cold) were examined. The seasonal, regional and interannual vari
ations of sea ice were well described by the model, and the thermal response in the Baltic Sea 
can be realistically simulated applying forcing data from rather few stations. The Baltic Sea 
system is highly sensitive to climate change, particularly during the winter season. Warming 
may drastically decrease the number of winters classified as severe, forcing the climate towards 
more oceanic conditions. On the other hand, cooling will increase the number of severe winters, 
forcing the climate towards more sub-arctic conditions. 

1. Introduction 

Knowledge about the energy and water 
exchange processes between the atmosphere and 
the sea are of central importance for the under
standing of the climate, and also the fact that sea 
ice is forming in sub-polar and polar seas. The 
Marginal Ice Zone (MIZ), defined as the area 
between the minimum and maximum seasonal ice 
extent, is a large area in which sea ice plays an 
important role in the energy and water exchange. 
The role of sea ice in this region is particularly 
related to changes in energy fluxes, in salt flux 
and in momentum exchange. Also, river runoff 
and flow through channels and straits become 
influenced by sea ice. 

The Marginal Ice Zone is probably highly sens-
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itive to climate change, as small variations in, for 
example, air temperature and wind speed can 
change the sea from open to ice-covered condi
tions. The sensitivity of the Marginal Ice Zone to 
climate change has also been indicated in global 
climate models (Cubash et al., 1992), however, it 
is not clear if this sensitivity is due to coarse 
models or bears any resemblance to observations. 

The Baltic Sea is located in the Marginal Ice 
Zone, Fig. 1, with first year ice forming every year. 
During the last 100 years the maximum ice extent 
has ranged from 12 to 100 percent and the length 
of the ice season from 4 to 7 months (Lepparanta 
and Seina, 1985). The seasonal and interannual 
variations of ice thus are large. Longer historical 
records on the maximum annual ice extent from 
the Baltic Sea, dating back at least to 1720, can 
be found in Seina and Palosuo (1993). 

In the present work, we focus on the response 
of ice in the Baltic Sea to interannual forcing and 
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