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ABSTRACT 

A time-dependent single active layer reduced gravity thermodynamic upper ocean model is 
coupled to a thermodynamic dynamic sea-ice model and is used to investigate sea-ice cover 
in the Greenland-Norwegian Sea on the seasonal to interannual time scales. The model is 
driven by prescribed wind stress, air temperature and salinity and temperature distributions 
across the open zonal boundaries located at 60° N and 80° N. Two spin-up experiments 
which employ steady forcing fields, but differ in the magnitude of the shear stress between air 
and ice, demonstrate that regions of high salinity can become convectively unstable leading 
to vertical mixing and hence reduced ice cover. In particular, increasing the magnitude of the 
air-ice shear stress leads to an enhanced stress acting on the surface of the ocean, and this in 
turn leads to a northwards extension of the region which is preconditioned for convective 
overturning. When the model is forced by time-dependent air temperatures, the predicted 
seasonal behaviour of the 10 %, 50 % and 90 % ice concentration contours agrees well with 
observations. The increased sea-ice cover associated with the Great Salinity Anomaly during 
the late 1960s is also successfully simulated by the model. 

1. Introduction 

Ice affects the transfer of heat and momentum 
between atmosphere and ocean and therefore must 
be an important component of any climate model. 
High-latitude navigation, strategic operations 
and resource development also require accurate 
information regarding ice cover and ice thickness. 
These requirements have motivated the develop­
ment of various coupled ice-ocean models. 

Existing coupled ice-ocean models fall into 
various categories: 

(i) One-dimensional coupled ice-ocean models 
which usually use the Semtner (1976) thermo­
dynamic ice model coupled to a one-dimensional 
mixed layer model. This type of model is usually 
applied on the climatic time-scale and may be 
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used to simulate Arctic ice mass variations (e.g., 
Hakkinen and Mellor, 1990; Riedlinger and 
Warn-Varnas, 1990). 

(ii) Mesoscale wind-driven models of the 
marginal ice zone which employ simplified ice and 
ocean dynamics, often neglect ice thermodynamics 
and are applied on the relatively short time-scale of 
a few days (e.g., Hakkinen, 1986; Ikeda, 1991). 

(iii) Three-dimensional large scale numerical 
coupled ice-ocean models. These frequently employ 
the Hibler (1979) thermodynamic-dynamic ice 
model coupled to a sophisticated three dimensional 
ocean general circulation model (e.g., Hibler and 
Bryan, 1984, 1987; Fleming and Semtner, 1991 ). 

Of the above models, only those in the last 
category include a realistic spatially varying ocean, 
known to be essential for accurate determination 
of ice cover (see Fleming and Semtner, 1991 ). 
However, models in the third category require 
large computer resources thus limiting their use in 




















































