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ABSTRACT 

Modelling the thermodynamics of a large ice sheet is 
in essence a problem of the deformation of a non
isothermal and relatively thin viscous layer. Reasons for 
forecasting the behaviour of a large ice sheet are: (a) to 
specify the relationship between the existence and 
development of the ice sheet and regional climatic and 
tectonic conditions; (b) to study the influence of variations 
in surface temperature, mass balance, and geothermal flux 
(as functions of coordinates and time) on the evolution of 
the thickness of the ice sheet. Hence the principal require
ments for modelling are: 
I. The model must be evolutionary; in particular, various 
stationary stages should be derived from it (rather than 
postulated). 
2. The model must be non-isothermal because temperature 
variations amount to some tens of degrees. 
3. Two-dimensionality of the model is essential if we are 
to use it for making realistic forecasts . 
4. Conditions at the boundary between land ice and the 
sea, which are the basic factors controlling the location of 
the margin of the ice sheet, should be taken into account. 
5. Finally, the model must be acceptable for digital 
analysis by computer. 

Contemporary mathematical models of the dynamics of 
the Antarctic and Greenland ice shee ts are too simplified 

and do not fulfil these requirements. Our mathematical 
model of the evolution of the Antarctic ice sheet is based 
on temperature parameterization. The parameteri za tion 
correctly describes the distribu tion of temperature and its 
dependence on surface temperature, advection of ictc', 
geothermal flux, and heat losses. The problem reduces to 
Cauchy's problem for a non-linear parabolic partial 
differential equation with three-step dependence of ice 
temperature on depth . A linear viscous flow law is ass umed. 
Tests treat the whole problem of the thermo- hydromec hanics 
of the ice sheet. The ice sheet is assumed to be bounded 
by a grounding line or ice wall where the ice is in 
hydrostatic equilibrium with the sea. In this case, the 
problem reduces to a non-linear parabolic partia l differential 
equation with a complicated boundary co ndition at the 
moving edge. A digital representation of the model is 
presented first. Tests demonstrated the possibility of using 
an explicit three-layered scheme. Calculations for the East 
Antarctic ice sheet indicated that the ice marg in shou ld 
retreat slightly under contemporary climatic condit ions 
(which corresponds to the field evidence). In future the 
boundary should tend towards a stat ionary state. A forecast 
of the behaviour of the ice sheet is derived . The East 
Antarctic ice sheet is fou nd to be stable during various 
changes in climatic factors. The calculated hydromechanical 
characteristics of the ice sheet agree with the observed f ield 
data. 
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