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Abstract: The main topic of the presented thesis is the numerical modeling of large-scale ice-sheet evo-
lution over several glacial cycles. For this purpose a ”Shallow Ice Approximation” (SIA) is traditionally
adopted, a scaling approximation utilizing the fact that the vertical-to-horizontal aspect ratio in ice sheets is
typically a small parameter allowing for a perturbation expansion of the governing equations with respect to
this parameter. We present a formulation of the boundary value problem for a polythermal ice sheet based
on the rational thermodynamics of mixtures and derive its ”shallow-ice” form.We then provide a novel
SIA-I algorithm for iterative improvement of the SIA and thoroughly test its performance in a series of
benchmarks including the ISMIP-HOM benchmark and a realistic simulation forthe Dronning Maud Land
region, Antarctica. The SIA-I algorithm is implemented to an evolutionary thermo-mechanical numerical
ice-sheet model and this model is tested in the SIA regime in two EISMINT benchmarks, EISMINT - Effect
of thermo-mechanical coupling and EISMINT - Greenland Ice Sheet models.
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Abstrakt: Hlavńım tématem p̌redkĺadańe pŕace je numericḱe modelov́ańı vývoje pevninsḱych ledovc̊u na
časov́e škále ňekolika dob ledov́ych. Pro tytoúčely se tradǐcně poǔźıvá tzv. ”Shallow Ice Approximation”
(SIA). Jedńa se oškálovaćı aproximaci, kteŕa vyǔźıvá skutěcnosti,že pom̌er vertiḱalńıho a horizont́alńıho
rozměru ledovce je malý, cǒz umǒzňuje prov́est perturbǎcńı rozvoj řı́dı́ćıch rovnic vzhledem k tomuto
poměru. Prezentujeme formulaci okrajové úlohy pro tzv. polyterḿalńı ledovec zalǒzenou na raciońalńı ter-
modynamice sm̌eśı a odvozujeme jejı́ tvar v ŕamci dańe škálovaćı aproximace. Popisujeme námi vyvinut́y
SIA-I algoritmus, kteŕy iterǎcně zp̌rešnuje SIA, a zevrubňe testujeme jeho použitelnost v śerii srovńavaćıch
přı́kladů ISMIP-HOM a d́ale v realisticḱe simulaci oblasti Dronning Maud Land v Antarktidě. Algoritmus
SIA-I je zǎcleňen do termomechanického numericḱeho modelu evoluce pevninských ledovc̊u a tento model
je testov́an v SIA rězimu pro dva EISMINT srovńavaćı přı́klady, EISMINT - Efekt termomechanické vazby
a EISMINT - Modely gŕonsḱeho pevninsḱeho ledovce.
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