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Ice sheets - Antarctica
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Ice sheets — Antarctica
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Ice sheets - Antarctica
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Deformation of polycrystalline ice




Physics of polycrystalline ice




The system

outlet glacier




Stresses along a cross section of ice sheet 2 ice front

ice divide
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Stresses along a cross section of ice sheet 2 ice front
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Horizontal velocity profiles

ice sheet

ice stream / outlet glacier

‘ ice shelf




Observation versus experiment

observation fracture mechanical experiment
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Observation versus experiment

observation fracture mechanical experiment
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Observational Methods




Shallow cores — accumulation rates
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Deep cores — climate history
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Observational Methods




Radio echo sounding
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Radio echo sounding
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Radio echo sounding
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Radio echo sounding




Radio echo sounding

S Profile length in km N
153 250 246 242 238 234 230 226 221 216
3225
Surface
598 % ..,o-'.v‘-'-- B TURAS s e VA g e e bt o — e = e 2808
555 2385
975 1965 &
g
8
4 g
_g 1395 1545 g
Ao -
= 4
£ 3
1815 1125 §
2235 705
2655 285
3075 -135
0°/75.17° 8 Profile length in km 0°/ 74.84° S
UH
m Universitat H,mbu'g % KI i ma Ca m pus

DEN FORSCHUNG | DUR LENES | DEN BROUNG



Data coverage — radio echo sounding
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Observational Methods
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Observational Methods




Altimeters — satellite based

data filtering / editing
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Altimeters — satellite based




Surface elevation

1.73e+06

1.72e+06

1.71e+06

1.7e+06

1.69e+06

1.68e+06

Yutmias(M)

1.67e+06

1.66e+06 ¢

1.65e+06

1.64e+06

W

1.63e+06

420000 430000 440000 450000 460000 470000 480000 490000 500000 510000
Xutmras(m)

i Universitit Hamburg % I(IimaCampus

DEN FORSCHUNG | DUR LENES | DEN BROUNG



Changes in the last decade
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Data coverage — satellite altimetry
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Observational Methods




Data coverage — mass change
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Observational Methods




GPS observations of horizontal and vertical position




GPS observations of horizontal and vertical position

vertical: z

detrended horizontal: y

detrended horizontal: x
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Observational Methods




Flow velocities from remote sensing — feature tracking

1:O 1:1
reference chip search area chip
calculate the correlation-index between select the chip
the reference chip and the search-area chip with the largest correlation
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Flow velocities from remote sensing — speckle tracking

1:O 1:1
master slave
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Flow velocities from remote sensing — interferometry
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Flow velocities from remote sensing — interferometry

- flat earth correction

differential
interferogram




Data coverage — surface velocities
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ENVISAT ASAR — May, 16, 2009
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Pine Island Rift




Pine Island Rift
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Pine Island Rift
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Data coverage — surface velocities
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Horizontal velocities
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Horizontal velocities
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Subglacial lakes
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The hydrological system

melting
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Observational Methods




Physics of polycrystalline ice

Balance equations: Constitutive equations
e Mass balance  Incompressible non-Newtonian
e Momentum balance fluid - Glen‘s flow law

 Energy balance (kin+internal)

D =FA(T,W)f(o) tP with flo) = o" ! n=3
empirical, Glen / Steinemann 1955/58
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Mathematical description

Balance equation of ....

Mass (incompressible) Vu =0
Momentum Vo = piceg
1T
Energy pcp((ﬁ =V (kVT) + 4pd?
Constitutive equation w(T,p.de) = L[EA(T, ]))]—l/n(lgl—n)/n

1, 0u;  Ou;
] — tD— ‘ D=-— l - 4
with o - pI 2(0;1‘._,- o x;

)

= 2uD d. = \/2trD?
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Boundary conditions

Surface
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Lateral margins
and ice divide

(c-m)-t=0
u-n=>0
symmetry, free slip

Calving front
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