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Chapter 1

EISMINT

The tests described in this chapters follow the work of Vincent Rommeleare [10].

1.1 Test 1: Mass concervation

1.1.1 Setup of the experiment

We use an idealized geometry of a square ice shelf of length 200km. The velocity is imposed everywhere as
up = 400m/yr and the initial thickness is 500m.

The boundary conditions are free radiation on all sides except on the left boundary where a thickness
wave is imposed:
HO 27t
H(t)=Hy+ —sin | — 1.1
()= o+ s (57 (L)
We want to check if the conservation scheme is able to propagate the signal along the shelf. The analytical
solution is:

H(z,y,t) = Hy + % sin (2% (t - i)) (1.2)
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Test 1: Mass concervation

1.1.2 Results and comparisons

6000 —T7

L“
H "‘\l
i ,..u\
1
W \
Ly
sso0 (4 B4
|
§ o
N
.‘\
5000 O
- Q
a'
(T
L A
o
|
4500 — 'I\I Op
) O
1 A
L La — amaly
LIt Cadva
. n/ Dadvb
4000 1 ? 1 Madve
o 00 500_ ., 1000 150.0 200.0 advd
Distance (km) —— adve
(a) Vincent Rommeleare’s results (b)
580 T 600 T
/
/
( \\ 580 /A N il
560 / \ g /
/ \\ 560~ ) 1
540 \ B / /
\ 540(- / // ~_ 4
— {
40 A J o\ /)
\ /o / .
500 \ / / 1 el \ / \ / |
\\ / g // \ / \
~— ago- \ -
480 \\ / 7] \ / \ /
\ 460 - \\ / \»\/ 4
460 \\ . i wl \\ /
\, 1
o ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 20 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 0.2 04 0.6 0.8 1 1.2 14 16 18 2 0 0.2 0.4 0.6 0.8 1.2 14 16 18
X 105 X 105

(c) Thickness with artificial diffusivity (d) Thickness without artificial diffusivity

Figure 1.1: Comparision of the ISSM results with Vincent Rommeleare’s



Test 2: Diagnostic 1 6

1.2 Test 2: Diagnostic 1

We use a square ice shelf with an imposed velocity everywhere except on the front where a dynamic boundary
condition is imposed (water pressure). Here are the results:
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Figure 1.2: Comparision of the ISSM results with Vincent Rommeleare’s
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1.3 Test 3: Diagnostic 2

The geometry is exactly the same as the previous one except that the upper boundary condition is change
to account for an ice stream entering the ice shelf. The y-velocity becomes:

vz, (y = L)) = 400 ({x;_;oo} o 1) Heav (1 - {x;_;oo} 2) (1.3)
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Figure 1.3: Comparision of the ISSM results with Vincent Rommeleare’s



Chapter 2
ISMIP-HOM

The tests described in this chapters follow the works of Laura Perichon [9] and Frank Pattyn [4]. For a
comprehensie description of the experiment, please see [6].

2.1 Test A

2.1.1 Geometry

This is a 3d ice-sheet flow over a bumpy bed experiment. Periodic boundary conditions are applied. The
geometry follows:

— surface s(z,y) = —x tan(0.5°)
(2T
— bed b(z,y) = s — 1000 + 500 sin < )sin{ —y

- 5km <L <160 km
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Figure 2.1: Test A geometry



Test A

2.1.2 Results
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Test A

2.1.2.2 10km
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Test A

2.1.2.3 20km
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Test A

2.1.2.4 40km
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Test A

2.1.2.5 80km
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Test A

2.1.2.6 160km
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2.1.2.7

Test A

global (comparison)
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Test B

2.2 Test B

2.2.1 Geometry

This is a 2d ice-sheet flow over a rippled bed (flowline). Periodic boundary conditions are applied.

geometry follows:

— surface s(z,y) = —x tan(0.5%)

2
~ bed b(z,y) = s — 1000 + 500sin (

—b5km <L <160 km
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Figure 2.2: Test B geometry
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Test B

2.2.2 Results

2.2.2.1
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Test B

2.2.2.2 10km
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Test B

2.2.2.3 20km
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Test B

2.2.2.4 40km
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Test B 22

2.2.2.5 80km
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Test B

2.2.2.6 160km
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Test B

2.2.2.7 global (comparison)
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2.3 Test C (detailed)

2.3.1 Geometry

This is a 3d ice-stream flow over a slippery bed. Periodic boundary conditions are applied. The geometry
follows:

— surface s(z,y) = —xtan(0.1°)

— bed b(z,y) = s — 1000

2 2
~ sliding a2(x, ) = 1000 + 1000 sin (%x) sin <%y>

— 5km <L <160 km

1000
500
o

Figure 2.3: Test C geometry



Test C (detailed)

2.3.2 Results
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Test C (detailed)
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Test C (detailed)

2.3.2.2 10km
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Test C (detailed)

2.3.2.3 20km
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Test C (detailed)

2.3.2.4 40km
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Test C (detailed)
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2.3.2.5 80km
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Test C (detailed)
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2.3.2.6 160km
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Test C (detailed)
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Test C (detailed)

2.3.2.7 global (comparison)
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Test C (detailed)
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2.4 Test D

2.4.1 Geometry

This is a 2d ice-stream flow over a slippery bed (flowline). Periodic boundary conditions are applied. The
geometry follows:

— surface s(z,y) = —x tan(0.1°)

— bed b(z,y) = s — 1000
- 9 .2
— sliding o*(z,y) = 1000 4 1000 sin s

- 5km <L <160 km

1000+
500
0= =
L /
=— L

Figure 2.4: Test D geometry
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2.4.2 Results
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2.4.2.2 10km
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2.4.2.3 20km
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(e) Vx (m/yr) computed by ISSM (Pattyn)
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2.4.2.4 40km
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(e) Vx (m/yr) computed by ISSM (Pattyn)
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2.4.2.5 80km
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2.4.2.6 160km
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(g) Txz (kPa) computed by ISSM (Pattyn)
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2.4.2.7 global (comparison)
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2.5 Test E

2.5.1 Geometry
This experiment deals with the cross section of a real glacier: Haut Glacier d’Arolla. Two cases are studied:
— basal velocity = 0 on the bed

— sliding a?(z,y) =0 for 0.44 <z < 0.5

3200

31001

3000

2900

2800+

Elevation [m]

27001

26001

2500
0

Scaled distance

Figure 2.5: Test E geometry
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2.5.2 Results
2.5.2.1 Frozen Bed
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2.5.2.2 Sliding
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