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CISM / CISM 2.0 update
Full parallelism of SEACISM dycore complete; release in fall as CISM 2.0
Coupling to BISICLES / Chombo ongoing; release with CISM > 2.0

For realistic, 2-5 km resolution Greenland problems, SEACISM scaling to
~103 cpus (running on ~10% cpus)

CISM 2.0 currently undergoing testing, “robustification”, and general
code clean-up (e.g., splitting of SIA and HO code; test cases;
documentation; improving build system)

Work on implementation of CISM 2.0 in CESM 1.1 ongoing

Work on ocean model coupling ongoing

Work on coupling to other dycores (e.g., ISSM, PISM) and coupling to
other climate models (e.g., NASA GISS, NASA Goddard)
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Predicting Ice Sheet and Climate Evolution at Extreme Scales
(PISCEES)

5 yr SciDAC?! Earth System Modeling project with goals to:

* develop and apply robust, accurate, and scalable dynamical
cores (“dycores”) for ice sheet modeling on structured and
unstructured meshes with adaptive refinement

e evaluate ice sheet models using new tools and data sets for
verification and validation (V&V) and uncertainty
quantification (UQ)

* integrate these models and tools in the Community Ice
Sheet Model (CISM) and Community Earth System Model
(CESM)

* Links to DOE SciDAC Institutes (FASTMath, SUPER, QUEST)

Jointly funded by the DOE Office of Science offices of Biological and Environmental Research
(BER) and Office of Advanced Scientific Computing Research (ASCR)



PISCEES participants

LANL (W. Lipscomb (PI), S. Price)
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SNL (A. Salinger, M. Eldred, R. Tuminaro)

Florida State Univ. (M. Gunzburger)

MIT (P. Heimbach)

Univ. South Carolina (L. Ju)

Univ. Texas at Austin (C. Jackson, G. Stadler, O. Ghattas)

NCAR (M. Vertenstein, W. Sacks)



PISCEES dynamical cores

Building on ISICLES dycores, we will develop two scalable, hierarchical
(e.g., Stokes/1st-order/shallow-shelf/shallow-ice) dycores for CISM:

 FELIX (Finite Elements for Land Ice eXperiments)
— Finite element methods on unstructured, variable-resolution grids
— will use SEACISM’s JENK/Trilinos framework
— will use Model for Prediction Across Scales (MPAS) framework

e BISICLES (Berkeley ISICLES)

— Extend current model to solve different equations (e.g., Stokes
and 3D higher-order) in different regions

— Use embedded boundaries to improve grounding-line treatment

— will continue to use Chombo’s block-structured adaptive
mesh refinement
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PISCEES project website: www.scidac.gov/PISCEES
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Predicting Ice Sheet and Climate Evolution at Extreme Scales (PISCEES)

PISCEES is a SciDAC Earth System Modeling project with the following goals:
¢ To develop and apply robust, accurate, and scalable dynamical cores for ice sheet modeling on structured and unstructured meshes with adaptive refinements
e To evaluate ice sheet models using new tools and data sets for verification and validation (V&V) and uncertainty quantification (UQ)
e To integrate these models and tools in the Community Ice Sheet Model (CISM) and Community Earth System Model (CESM).
Using improved estimates of ice sheet initial conditions, we will simulate decade-to-century-scale evolution of the Greenland and Antarctic ice sheets, running
CISM both in standalone mode and coupled to CESM. We aim to provide useful, credible predictions, including uncertainty ranges, of future ice-sheet mass loss
and resulting changes in climate and sea level.

PISCEES is jointly funded by the Office of Biological and Environmental Research (BER) and the Office of Advanced Scientific Computing Research (ASCR) of
the DOE Office of Science.

Participating institutions:

Los Alamos National Laboratory (LANL)

Lawrence Berkeley National Laboratory (LBNL)
Oak Ridge National Laboratory (ORNL)

Sandia National Laboratories (SNL)

Florida State University (FSU)

Massachusetts Institute of Technology (MIT)
University of South Carolina (USC)

University of Texas at Austin (UT)

National Center for Atmospheric Research (NCAR)

SciDAC | Disclaimer

add publications, presentations, highlights, and links to personal web pages
thanks to Daniel Pack, ORNL
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LIWG Computing Resources

The CESM Land Ice Working Group will receive ~4 million cpu-hrs
for CISM development on Yellowstone, from fall 2012 to early
2014.

— Most of this time has been set aside for PISCEES; should be
enough for development

— Also have ALCC and LANL institutional resources in 2012-13
for POP/CISM runs

— May need additional resources (ALCC, INCITE) for production
runs down the road
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SeaRISE and Ice2Sea Greenland simulations

SeaRISE

8 simulations; control, 3 climate forcing only (1-3x A1B SMB, Ts anomalies), 3
sliding forcing only (2-3x sliding), 1 combo (1x A1B SMB + 2x sliding)

Ice2sea

4 simulations; control, 1 climate forcing only (A1B SMB anomalies), 2 combo
(A1B SMB + high/low sliding forcing)

Notes

SMB forcing for SeaRISE is probably biased LOW w.r.t. SLR (our problem)
Sliding forcing for SeaRISE is probably biased HIGH w.r.t. SLR

Sliding forcing for Ice2Sea based on observations of speedup vs. runoff



GIS diagnostic ice speed for SeaRISE sliding experiments
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SEARISE: cumulative SLR
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SEARISE: cumulative SLR
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SLR (mm)

SeaRISE vs. Ice2Sea: cumulative SLR
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Starting point: ISICLES

Two parallel, higher-order dynamical cores developed for the ASCR ISICLES project are being integrated in
CISM and CESM:

*  SEACISM (ORNL/SNL/LANL)
— Payne-Price velocity solver (3D higher-order equations)
— Trilinos linear and nonlinear solvers
— Structured grid, finite difference
— To bereleased in CISM 2.0, CESM 1.1 (fall 2012)
e  BISICLES (LBNL/LANL/U. Bristol)
— Chombo adaptive mesh refinement framework
— Vertically integrated higher-order equations
— Nested block structure (fine mesh < 1 km), finite volume
— Has been linked to CISM

— higher-order dycore
— FastMATH (scalable algorithms and software tools)
— SUPER (computer performance science/engineering)
— QUEST (uncertainty quantification)

 IMPACTS (abrupt climate change)

— LANL project on ice-sheet/ocean coupling and marine ice sheet instability

* CESM



Status of MPAS land ice / FELIX dycore

Modeling for Prediction Across Scales - land ice component
LANL, NCAR, FSU, USC, ORNL, SNL

Goal: Hierarchical suite of FEM-based ice sheet dynamical cores (FELIX:
Stokes, 15t-order, LIL2, etc.) based on MPAS SCVT mesh generation and
modeling framework

- Stokes, 1%t-order, LIL2, SSA, and SIA solvers and tested-2
(outside of MPAS)

- coupling between 15t-order solver and MPAS complete / tested
(LIL2, SSA, SIA partially complete / tested)
- coupling between Stokes solver partially working / partially tested
- mass transport / evolution working in MPAS
(simple 15t-order upwinding for now; FCT later?)

- temperature evolution schemes partially done (straightforward)

lLeng et al., JGR, 117 (2012) 2perego et al., J. Glac. 58 (2012)



Status of MPAS land ice / FELIX dycore (cont.)
- Native MIPAS SIA solver (not using LifeV)

- handles floating vs. grounded ice
- handles margin advance / retreat naturally
- linear friction basal boundary condition (“betasquared”)
- allows for non-zero, time evolving SMB field
- tools external to MPAS for:
- setting up ice sheet grids (e.g., data copies from CISM to MPAS)

- diagnostic tools (e.g., visualizing output)

Next Steps:

- allow for variable resolution meshes

- tracer advection using MPAS routines (e.g., heat advection)
- HO thickness advection using MPAS routines

- Merge current MPAS ice with trunk for updates (e.g., PIO)

- (long term) move from LifeV to Trilinos
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CESM 2012

Land Ice Working Group Summary
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