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MALI configuration, initial condition and historical behavior

1e6 (a) observed velocity 1996-2016 (b) modeled velocity c. 2000 (c) modeled - ol?served velocity
e 4-20 km variable resolution mesh; 2.0 o = A
385k cells; 5 terrain-following vertical LT EEEE
layers 1'0'\*29;4‘ O~ | =l
« 3D higher-order (Blatter-Pattyn) stress . °°] ﬂ“--‘l IRE \
balance ol P |
« Thermo-mechanical coupling via NERE s 4 |
temperature-based thermal solver e hshanes: @ 4
- Non-linear Weertman-type sliding law " e
with exponent q=1/5 2 1 o 1 2 2 1 o 1 2
« Optimized basal friction and ice xm e K e xm e
stiffness fields to minimize misfit to B 0 N ‘ .
observed 1996-2016 velocities

(Rignot et al., 2017)

* Non-local quadratic sub-shelf melt
parameterization with mean Antarctic
calibration target (Jourdain et al.,
2020)

« BedMachine v2 bed topography and
ice thickness

* Ice thickness in Amundsen Sea
Embayment derived from
BedMap2 ice surface for more
stable c. 2000 geometry.

» Historical surface mass balance from
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ISMIP6-Antarctica-2300 ensemble
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PDE-constrained

é‘pﬁ mejﬁstlﬁness fields that \yeertman friction coefficient*
mize misfi erved velocities. | S—

Temperature field taken from previous
inversion on 8km mesh.

1e6 (a) observed velocity 1996-2016

sl

103 5x103
Surface velocity (m a™1)

* We can recalculate friction
coefficient field for different
choices of friction law exponent
without re-running optimization.

Optimized surface
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Adjusting seafloor topography within uncertainty
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dotted: 5 m drop Dropping seafloor by 20m (well within BedMachine
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volume change (Gt)

Adjustment to bed artifacts in troughs

solid: troughs not bulldozed
dotted: troughs bulldozed

FRIS

5000

—5000 1

volume change (Gt)

6000 A

4000 4

2000 H

0

Mass change (Gt)

—2000 A

—4000

Brunt-Stancomb

2000 A

1000 A

SME obs
outfiow obs
net cbs
— 0l Chg /
— B
—GL flux
GL mig flux

0+ : ::u:- no GLmig
—1000
—2000 - T T
0 10 20

Year

5 10 15

‘ﬁa‘
.
Ead
—2.0 A
-2 -1 0 1 2
x (m) le6
-40 -20 0 20 40

Bed elevation difference (m)

20

—400000

25

—420000 -
£ —440000 -
> —460000 -

—480000 -

—-500000

-1.65

-1.60 ~1.55
x (m) le6

400000 (C) /

E
> 200000 -

—1.6 -

le6

“4 "’b

4 ;»"'r; '
1.4 -12 -1.0
x (m) le6

2.0
€ 1.8

1.6 4

1.4 4

-5

00000 0
x (m)

F—100

r—200

-300

—400

—500

E

Bed elevation difference

Maps of changes made to BedMachine v2 bed elevation data



Adding Thwaites pinning point

5000 4
= o]
()
o
[
4]
-
o
@
£
=
o
>
0 10 20
Year

Solid: no pinning point
Dotted: with pinning point




Adding Thwaites pinning point Using BedMap_?2 ice surface in

ASE
— 2000 1 ‘ 5000
5 s
g 5O
3 3 -5000
S S
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Year Year
Solid: no pinning point solid: new ASE geometry
Dotted: with pinning point dotted: old ASE geometry
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Summary:

° Opt|m|zat|0n . Solve for fr|Ct|On 1e6 (a) observed velocity 1996-2016 (b) modeled velocity c. 2000 (c) modeled - ot_)served velocity
. . 2.0 - . 1 sy | i P AL :
and stiffness fields to match "
observed velocity. 1o %
05—

« Lower bed topography beneath £ oo 1
ice shelves by 20 m (except in Rl ;
ASE) 12

« Remove artifacts downstream e s
of grounding line in ice-stream xm 1"‘6
troughs —— 1 : i M aam——

10 10 10 10 10° 5x10 -300 -200 -100 0 100 200 300
Surface velocity (m a™?1) Surface velocity difference (m a™")

« Add pinning point back to
Thwalites Ice Shelf

» Use BedMap2 c. 2000 surface
elevations in ASE.

* 10-year relaxation run with 0
melt in ASE to remove fast
transients without significant
grounding-line retreat.

* Tune friction law exponent, g



Towards ISMIP7

Anticipated changes:

4—-20km 1 higher resolution mesh (21 or 2km)
BedMachine v2 [ BedMachine v4 or BedMap3
Velocity-constrained 1 dH/dt-constrained initialization
First order 1 Higher-order advection and time stepping
Retreat only calving [1 von Mises or crevasse-depth law
Weertman friction Regularized Coulomb friction

No GIA 1 Add coupling to global sea-level model

(likely) staying the same:

» Blatter-Pattyn velocity solver

o [Temperature-based thermal solver

o Quadratic non-local sub-shelf melt

o ~linear submarine melt of grounded termini
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Baseline ISMIP6-AIS-2300 projections from MALI

4—20 km variable resolution mesh
with 385k cells and 5 vertical layers
3D Blatter-Pattyn velocity solver
Thermo-mechanical coupling via
temperature-based thermal solver
Non-linear Weertman-type sliding law
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CESM2 forcmg with ice- shelf
hydrofracture



MALI ensemble design

Parameter Values

Earth System Model | CCSM4, HadGEM?2, CESM2, UKESM
" oecanduen basal Yo (myr™) 9 620, 14 500, 21 000 (5" , 50", 95" percentie)
. prqglst{'lrg:gty of basal friction q %, %, %

hydrofracture off, on

» Full factorial experimental design with 72 simulations
« Switch to depth-integrated first-order solver (3x speedup)

« Each simulation run on 8 NVIDIA A100 GPUs (2 nodes) on Perlmutter. Average of 74 node-hrs per
run.

 Plenty of processes/properties remain uninvestigated: calving, GIA, ice rheology, subglacial
hydrology



MALI ensemble results

Without hydrofracture With
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Analy5|5 of variance: whole ice sheet

b 100- } >2-way
& -4 J interactions
2 80-
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g Earth system model
[}
g 207
9 Sub-shelf melt parameter
a Basal friction exponent
2000 2050 2100 2150 2200 2250 2300

Year

ydrofracture and Earth system model terms are by far the largest
contributors to ensemble variance in the long term

 Influence of basal friction exponent important for initial decades

« Sub-shelf melt sensitivity parameter is never very important

« 22-way interaction terms are mostly negligible

» Earth system model-hydrofracture inicraction term is the exception



Analysis of variance: different dominant influences between regio

Filchner-Ronn Lambert-Amer
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* Introducing uncertainty in two key
iIce-sheet model parameters leads to little

ice-model variance relative to choice of L ———
ESM forcing and presence of hydrofracture ~ Zio.sset® M
> T R —
» |lce-model uncertainty more likely coming = e hydrofracture
from structural uncertainty and initial 5 o [N
condition uncertainty an
2(ii)|(:“ebra2i(‘)]5((j) et aI?100 ZYlZ? 2200 2250 2300
(2025)
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1e6 (a) ISMIP6, yo = 9620 m a~t

(b) ISMIP6, yo = 14500 m a1

(c) ISMIP6, yo = 21000 m a~?!

G2,
\ Y

T T T T

x (m) leb6 x (m) le6 x (m) le6
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
6T (°C)

Recalibration of ocean thermal forcing bias correction to match Rignot et al. (2013) melt
rates



comparing all dropped bed + trough bulldoze

Grounded mass change
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all runs using dT changes, q=1/5
solid: no bed changes

dotted: drop 5 m, bulldoze
dashed: drop 10m, bulldoze
dash-dot: drop 20m, bulldoze



