
Tellus (1996), 48A, 593-606 
Printed in UK - all rights reserved 

Copyright© Munksgaard, 1996 

TELL US 
ISSN 0280-6495 

On the ice-ocean response to wind forcing 

By ANDERS OMSTEDT1·*, LEIF NYBERG1 and MATTI LEPPARANTA2
, 

1Swedish Meteorological 
and Hydrological Institute, S-601 76 Norrkoping, Sweden; 2Department of Geophysics, P.O. Box 4, 

Fabianinkatu 24 A, FIN-00014 University of Helsinki, Finland 

(Manuscript received 17 March 1995; in final form 15 November 1995) 

ABSTRACT 

The ice-ocean response to variable winds is analysed based upon two types of models. An 
analytical ice-ocean model with linear stress laws and forced by periodic winds is first derived. 
Secondly a numerical, vertically resolved ice-ocean model is introduced. In the numerical model, 
the ice-water stress law is calculated from a turbulence model and the wind stress is calculated 
on the basis of a square law formation. By comparing the ice-ocean stress law formulations, it 
is illustrated that the numerical model predicts an ice-ocean stress law that has a power slightly 
less than 2 compared to 1 for the analytical model. The numerical prediction is in good accord­
ance with field observations and the slight deviation from 2 is due to wall effects close to the 
ice-water interface. It is then demonstrated that the ice-ocean response to variable winds could 
be well simulated by both models, but the analytical model did not capture the wind dependency 
properly (because of the linear approach). The ice and current factors are amplified at wind 
frequencies close to inertial (w = -f) and damped at high positive and negative frequencies. 
The maximum ice and current factors at a wind frequency equal to the inertial oscillation are 
shown to be dependent only on the friction coefficients. With the constants applied in the 
present study, the maximum ice drift and current speed are equal to 7.8% and 5.5% of the 
wind speed, respectively. These steady state values are however quite unrealistic as they would 
require a uniformly changing wind direction for many inertial periods. 

1. Introduction 

The response of sea ice drift to winds is well 
documented. From early studies with Fram in the 
Arctic Ocean pack ice, Nansen (1902) found that 
the surface ice drift deviated 20° to 40° to the 
right of the wind. Ekman ( 1905) derived analytical 
solutions for the vertical distribution of the ocean 
surface currents and explained the deviation to 
the right as being a consequence of the rotation 
of the earth. Ekman also examined the ocean 
response to variable winds and presented an ana­
lytical solution to frictional free oscillations of 
currents due to a sudden wind increase. 
Oscillations of this type are called inertial and 
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have been observed both in the ocean (Gustafson 
and Kullenberg, 1936) and in the ice (McPhee, 
1978, 1986). Pure inertial oscillation is a special 
case, in which there is a momentum balance 
between inertial and Coriolis accelerations. In the 
case of drifting sea ice, the momentum balance is 
due to air and water stresses, internal ice stress 
and surface pressure gradient (Hibler, 1986). When 
the ice interaction is weak (the free-drifting ice 
case), the problem becomes more simple, and a 
one-dimensional approach is possible. Several 
studies have started from this approach when 
analysing, for example, wind and surface currents 
(Price, 1981), wind and ice drift in a deep sea 
(Martinson and Wamser, 1990), wind and ice drift 
in a shallow sea (Overland et al., 1984) and wind 
and coupled ice-ocean response (Lepparanta and 
Omstedt, 1990). In general, different solutions to 




























