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o Optimization

e Before assessing ice sheet sensitivity to climate, the ice sheet model must be
initialized to match current ice sheet observations and trends. Optimization
algorithms are used for the data assimilation step.

Tasks:

e Provide deterministic inversion (MAP point) and sensitivities to be used in inference
problem and science (e.g. MIPs) experiments.

e Simultaneously invert for multiple parameters to improve agreement with
observations and reduce unphysical transients.
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Challenge:

e [nversion of ice thickness (constrained to be self consistent w/ the computational
model and climate forcings) proved to be very challenging especially when inverting
simultaneously for other field.
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Verification & Validation

We will automate the process of verifying and validating our ice sheet models and
the relevant climate model forcing.

Goal:

Tasks:

e Enable full surface mass balance validation in E3SM over Antarctica and Greenland

e Enable physical validation of ice dynamics in MALI and BISICLES

e Enable performance V&V of BISICLES and MALI

Progress:

e LIVVKkit 2.1 includes a pseudo-SMB analysis of E3SM v1 using available output fields
with extended analysis of atm and Ind coupling related fields

e Development of glc-mec (land) to allow a E3SM v1 restart to output of all required
SMB fields for analysis

e Developed (preliminary) high-resolution Antarctic model input dataset and
comparison masks

g 100 -

(vears)
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variable for 1970-2005, compared to the (orange) RACMO2.3 E3SM (left), ISCCP (middle), and CLOUDSAT (right). The
(orange). downscaled E3SM values are used for all elevation contours. Refer

to Evans at al. (2018) for details.

Challenge:

Data wrangling; discovering, acquiring, processing, cleaning, and analyzing data from
many disparate data and modeling centers is time and effort intensive, often
involving creation of new grids, masks, etc.
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~ Uncertainty Quantification

e We are working towards providing uncertainty estimates on sea level rise predictions
using UQ methodologies that scale to our large problem sizes.

Tasks:

e |nfer basal friction uncertainties.

e Propagate these uncertainties forward in time assuming steady climate forcing to
estimate uncertainties in 21st century sea-level change projections.

Progress:

e Performed Bayesian Inference of 26 thousands random variables, for 8km resolution
realistic Greenland ice sheet problem, using a low rank Gaussian approximation of
the posterior distribution (lsaac, Petra, Stadler, Ghattas) to reduce computational

complexity.
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