Probabilistic Sea-Level Projections from Ice Sheet and Earth System Models 1:

New Model Physics
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Subglacial Hydrology Damage, Fracture, & Calving Solid Earth Physics

Goals: Goals: Goals:

e improve the representation of glacial sliding — the primary control on the e iceberg calving accounts for up to 50% of the mass lost from ice sheets * solid earth response to ice sheet load ot ool carth foedbacks (gacinl socta aciuaroment, or G1A) with
flux of ice to the ice sheet margins — by coupling glacier sliding with e link a physically-motivated model foriceberg calving to climate forcing for changes can stabilize marine ice sheet epecttomerineice sheet evelstion [ater Whichouse etel, 221
physically motivated, evolutionary subglacial hydrology models improved sea level projections retreat by raising the bed elevation at the f

e explore parameter space reduction for optimization and UQ efforts e better understand and reduce uncertainty in Antarctic sea level projections grounding line s -
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Progress: e parameterize crevasse distributions as a continuum damage variable to * Observations suggest that parts of West o o ==

« stand-alone hydrology solver working and tested on idealized problems investigate the stability of ice shelves in the Amundsen Sea over decadal to Antarctica are underlain by very weak (thin | l -
from literature (uncoupled) century timescales . | lithosphere, low viscosity) mantle (e.g., g
] ] o Below: Schematic diagram of crevasse evolution . . b

e inversion of hydro'ogy model for hydro'ogy and S||d|ng law parameters > mechanisms (after Bassis and Ma, 2015). Nield et al., 2014, Barletta et al., 2018), | Raveses | |

. . . I r r : State of Stress Melt Rate . . . . efe o Y ' g e | Bofore GIA feedbacks
working (one-way coupling with sliding) qg €55 od enoth f f which implies substantial stabilizing feed- S
: : : . : : * incorpor ng-wavelen rm : o line ratreat | e
e solver for inversion through iterative (weak) coupling of ice and thCOBpO ate . :ﬂ 5 2812 ed sth 10 dOI ’ backs for ongoing grounding line retreat | nb oo
: : 1 is an m m 3 |
hyd rOIOgy prOblem aImOSt Complete (tWO-Way Coupllng Wlth Slldlng) . e aSS S a a (. ) a age O e Large tensile stress, damage Warmoceanwater,damage i
. |nt0 BISICLES (OngOIng fOr MALI) increases increases | Left: Decay time t by load
Next steps:  validated the model with established 05, sols 18 P
» complete and test two-way coupled, iterative solver " 1 dealred tect f A e S
: : : : : analytic and idealized test cases from | > quickly to load changes | e Afer i eedbacks
 adapt MALI solver libraries for simultaneous (coupled) solution of ice y with CISM e s i oo e das £ than the svrsge vaper Tz, A
. . r VI W r WI ecreases ecreases mantie , dashed; E"
dynamics and subglacial hydrology pre OUSI, ° - lati ¢ b : : ] e e g e s ;
: : * ran preliminary simulations o ine ] =ppropriate for Pine sland =Ll LCEIER =
* exploit small hydrology model parameter space for UQ experiments P naty- | Below: Damage evolution in a BISICLES adaptive mesh Slacter and it grounding R | o e
ISland GIaC|er W|th damage |nC|UdEd, refinement simulation of the Pine Island Glacier under a ] J W S N2 | —_—T S A
. . . representative subshelf-melt forced scenario. (left) initial 10! 102 10° ~=="""Land upiit
USI ng d |ffe rent SuU b marine me It condition, (center) after 8.27 years, and (right) after 13.62 Wavelength (km)
(4) t . t years. Damage values of 1 indicate where ice would have likely
recover ARy . . . aramesterizations calved based on the damage evolution. Black and magenta
"'lﬂltla' e Eagm s Iczgfjtr.)l\i/r\:(g)rcl)(]]:li(z;\;vfflcc)):/\;taer:ztlve p boxes illustrate locations of refineL::I meshes. Progress:
velocity O3 subglacial hydrology e e o * implemented coupling with spectral, time-domain, flat-earth GIA model
4 optimization: o asonois i / .
. S -y -y -y of Bueler et al., 2007 (see eq. below) in BISICLES and MALI
J 4 (1) A 1) invert velocity solver to vy e 300 o 138
“> velocity obtain map of spatially- & ) - » . 1. Uplift Un+1is updated after time At using
solve varying basal friction : . : 01’?4—1 _ (7 — AUy +15 At(Ly ") previous uplift Un and computed ice load
parameters from observ- . : (T + LAt | T :
~tions of ice surface velocity 2 change : Tis decafy time (shown.above) and 6
contains information about the lithosphere
2) using map of inverted basal . : . :
friction parameters, invert ‘  model captures local viscoelastic behavior (distances < 1000 km).
(3) fwd | belacial hvdrol ' | Time= 8.27 years —— T - - - -
velocity v Sl:) g-ac;a Y -rcilogy sfo ver to Time= * (currently) IgNnores spherlcal geometry, self—graVItatlon EffECtS, bulk
: & R i obtain 5, spatially-unitorm ) ) ] ] ] ]
gofve T IEERASY  Fssesrs hydrology and sliding law Next steps: elastic deformation, rotation perturbations, all of which are important
parameters ¥ ' fot 4 del in MALI ( ng) over larger areas and longer timescales (e.g., Larour, et al., 2019)
* verify prototype damage model in ongoin . . . .
3) use forward velocity solve yP YP 5 & .g , * Pine Island simulation results submitted to GRL (Kachuck, et al., 2019).
with new updated sliding law * couple damage model to ocean and atmospheric forcing
to obtain modeled sliding  couple damage evolution to iceberg calving
velocity field , , , , Next steps:
o § .- : ,  apply models with mature damage physics to simulations of Amundsen . . .
uncertain £ (2)inverse M & uncertain 4) iterate steps 2-3 (dashed- Sea Embavment evolution * apply models to simulations of entire Amundsen Sea Embayment (ASE)
par ?’(‘)‘,S— g hydrology ¥ ihi\¢ D?E’”}% box) until convergence (e.g., Y e couple GIA model and damage model physics to further assess
=10’ . B = 10°-10° h in slidi locit e : . : -
Y3 no change I sliding velocity) Citations: sensitivity of ASE to marine ice sheet instability

e Bassis, J. N., & Ma, Y. (2015). Evolution of basal crevasses links ice shelf stability to ocean forcing. EPSL (409), 203-211.
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https://doe-prospect.github.io/

