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MATHEMATIC REPRESENTATIONS OF SEA ICE DYNAMIC
THERMODYNAMIC PROCESSES

Wu Huiding

(Narional Research Center for Marine Environment Forceasts, Beijing, 100081)

ABSTRACT

In this paper, the mathematic treatment of dynamic thermodynamic processes in a sea ice
model is described. The thermodynamic process determines, on the principle of the conservation
of energy, the thickness and temperature structure of the ice. The dynamic process determines,
on the principle of the conservation of momentum, the drift and ridging of the ice. Both proces-
ses contribute to the determination of the open water or lead area within the ice cover.

The thermodynamic calculations center on balancing the incoming and outgoing energy
fluxes at the air/ice and air/water interfaces. The fluxes included are solar radiation, inco-
ming and outgoing longwave radiation, sensible and latent heat, conduction through the ice la-
yer, an ocean heat flux and absorption and emission of energy due to the change of state bet-
ween ice and water,

Sea ice dynamics tends to be calculated by creating a momentum balance among the fol-
lowing major stresses acting on the ice: wind stress, water stress, coriolies force, the stress pro-
duced by dynamic topography and internal ice stress. Sea ice is modelled as a viscous-plastic
material, sometimes being considered incompressible, sometimes partly compressible. The rela-
tionships between ice stress and strain rate are modelled according to the viscous-plastic rheo-
logy felt to be appropriate for the Bohai Sea ice.

The continuity equation is used for connecting both sets of calculations. Thermodynamic
growth rate and deformation function are introduced into the ice model for representing the
air/ice and air/ice/sea interaction and parameterizing the effects of ice ridges and leads on
the physical processes of sea ice. The parameterization for the sea ice model is discussed as
well.



