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Clarity of Purpose
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Ice Sheet Models: What is needed?
EQOS Trans., 88(52) 578

Processes that should be incorporated into models includes:

@ interaction of ice sheets with the ocean, which requires models
of regional oceanic circulation, melting and freezing in sub-shelf
cavities, a better representation of continental shelf processes,
and coupling to the global ocean,

@ ice streams, whose modeling requires higher-order flow physics,
a basal processes sub-model and a nested mesh approach,

@ iceberg calving, which is important in ice shelf collapse as well
as outlet glacier dynamics and requires the application of
fracture mechanics,

@ flow of water at the surface, within, and beneath the ice.
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Strategy for Implementing Improvements

@ Alter existing code, rather than write new code.

@ Glimmer has many attractive features leading us to use it;
Well validated thermal mechanically coupled, shallow ice
approximation flow

FORTRAN 90/95

NetCDF 1/0O, CF 1.0 compliant

History Tony Payne 1997, modular rewrite 2002-

Well documented

Open Source, with typical management tools

@ Now issues are related to extension, rather than creation

@ Leading to the creation of a Community Ice Sheet Model
(CISM)
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Remainder of the Talk

@ Discuss some of the proposed improvements to ice sheet
models in the context of

e Extending shallow ice models
e Extending GLIMMER in particular
@ My intention is to:
@ Familiarize the audience with software issues related to ice
sheet model development and extension
@ Familiarize audience with the architecture of Glimmer
@ Throughout the focus is on what can be achieved in ~ 2
years, rather than what is ideal.
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Coupling Land Ice Models to Other Earth Systems

Especially oceans, but also atmosphere

@ Bill will discuss upscaling and downscaling of CCSM fields
to and from land ice dynamics model.

@ Compliance with any and all earth systems modeling
standards (ESMF?); time stepping, configuration, logging,
and (eventually) data types.

@ Scaling to thousands of CPUs.

e Present model; six month time step requires ~<2 seconds
on a single modern CPU (~ 300 x 300 x 11 grid)

e Strategy (for now) focus on new components, make certain
they scale well

e POP and CICE routines for MPI communication, explicit

schemes for transport.
e “Canned” parallel non-linear solvers (PETSc, PARDISO)
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Ocean/Ice sheet coupling

The entry points for an ice/ocean interaction are:

Ice shelf basal melt enters the continuity equation
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Higher Order Physics

Why is it desirable?

Where 7! = 74:

Where is that? Where and when ever dynamics are interesting,
or 90% of ice entering oceans.
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The momentum balance, Vo = pg, is:
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The momentum balance, Vo = pg, is:

a (.2 0 2 o)
(Tx(f Txx — P) ay€ Txy 927Xz 0
9 2 g (.2 0
WG Tyx W(E Tyy — p) ETyz = 0
a o)
%GZTZX 37,627'zy 5(527'22 -p) rg

Presently Glimmer does:

Upon integration, the shallow ice velocities:
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Glimmer Run Process

Where does a higher order estimate of velocity enter?

Glimmer’s main time step loop does:
@ Compute surface and thickness derivatives
© Call temperature evolution
© Compute basal traction
@ Compute ice transport
© Compute mask
O Calveice
@ Isostatic response
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Glimmer Run Process

Where does a higher order estimate of velocity enter?

We need to alter the red ones!

Compute surface and thickness derivatives
Call temperature evolution

Compute basal traction

Compute ice transport

Compute mask

Calve ice

Isostatic response

000000
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Glimmer Run Process

Where does a higher order estimate of velocity enter?

And the green!

@ Compute surface and thickness derivatives
(2]

© Compute basal traction

@ Compute ice transport

© Compute mask

O Calveice

@ Isostatic response

Temperature advection

aTﬁ 2 1 .
pcpﬁ =u-VT+VT+ Etr (éo)
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Water Transport

Unrolling the continuity equation subroutines

@ Currently velocities are computed within the ice transport
schemes.

@ Vertical velocity is computed from incompressibility, in the
temperature routine.

@ Move to a concept of the ice sheet model time loop
working as:

@ Compute velocities based on geometry and temperatures
will require shallow ice and higher order estimates

@ Evolve temperature field

© Evolve ice field

@ Each component has a well defined signature for calling.
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Water Transport

How do ice masses sense the environment

@ The dynamical evolution
of the basal traction field
is coupled to basal
hydrology.

@ Surface energy balance

@ Englacial flow eventually
reaches the bed. This is
poorly understood, and
unlikely to enter our
model.
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Attracting Others with accessibility |

Interactive System for Icesheet Simulation (ISIS)

File Help

Configuration | Execution | Visualization | Analysis
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Providing the initialization with ISIS

Scenarios Greenland Climate Evolution
£l | Model Intercomparison Experiments | Estimated Run Time: 120 Minutss
Ee- i EISMINT Phase L Description: Uses the equibrium conditions from the steady-state experiment as the intial conditions.
Ee- i EISMINT Phase I Afile is provided by the EISMINT group thak provides temperature valuss derived from the GRIP ice
- |, 15MID HETNG. core For the past 250,000 years. A fie describing the change in sea-level change is also provided. The
£ |, North America model s run for 250,000 years based on the data in these files and the equllbrium data from the first
- North America T experiment.
“- ® North America 1
&+ Northern Eurape Refrences: Dansgasrd, and al. (1993). Evidence for general instabilty of past clmate from  250-kyr
i % Northern Europe 1 ice-core record. Nature , 218-220,
i@ NorthernEurope T
= Tibet
Low Tistl
e Thetnl
= Antarctica
i+ @ Western Antarctica
‘- # Amundsen Sea Embayment

Greenland 500 No Climat Change

Greenland 500 Year Cimate Warmin
Greenland 500 Year with Bas3l Sldin
Graenland 500 Year wih Basal Sldin
Graenland 500 Year wih Basal Sldin
Greenland 500 Year wih Basal Sldin
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Surfacs Elevation (meters): Year 1
1
l
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Inverse Model
Calving Physics

Prognostic Equation
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Agreed upon formats for data transfer

The colored regions represent interfaces that must be defined!

Momentum Balance Solver,

Inverse Model
Calving Physics

Prognostic Equation
Solver




Recruiting Others
Summary Statement

Concluding Thoughts on Model Development

Determine the impact of climate change
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