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Abstracts
Why it matters
Robert Bindschadler, NASA Goddard Space Flight Center
Dramatic ice sheet dynamics has burst upon the earth science scene as fact, not fantasy, in less than a decade.  Disintegrating ice shelves, suddenly accelerating outlet glaciers and seasonal lubrication of ice sheet bases have all contributed to a radical upheaval of thinking in the glaciological community.  Torn from the back pages of paleoclimate histories, observations of ice sheet behavior are now being pasted on the front pages of newspapers and included in Congressional briefs.  Time-scales of change once thought too long to matter are being shortened to intervals that astonish even ice dynamics experts.  
An unwelcome consequence of this awakening is that it reveals significant weaknesses in what were once thought to be the community’s best numerical models of ice sheet behavior.  The relative importance of the numerous physical processes involved in ice sheet flow is being revised and some new processes, particularly those that operate at the ice sheet boundaries, are being inferred from the observations. 
The need to provide quantitative predictions of future ice sheet behavior is pressing.  The short time-scale (i.e., century and shorter) problem can be viewed as a subset of a larger set and, arguably, is the one most in need of attention given its relevance to policy makers and societal actions.  Many field programs, already underway, are well-designed to inform the scientific community on the important physical processes, but they are unlikely to provide clear results for many years.  In the interim, a concentrated effort by both climate and ice-flow modelers to address the issue of short-term ice-sheet behavior driven by interaction with its environment is desperately needed.
Overview of the St. Petersburg ice sheet modeling workshop

Kees van der Veen, University of Kansas
Recognizing the importance of ice sheets in controlling global sea level, and the inadequacies in current efforts to model observed rapid changes in ice sheets (outlined in detail in SCAR Report 30, “A need for more realistic ice-sheet models” by C.J. van der Veen and ISMASS), a Workshop was considered timely to develop a community strategy on how best to (i) improve the physical understanding of ice sheet processes responsible for rapid change; (ii) incorporate improved physical understanding into numerical models; (iii) assimilate appropriate data into the models for calibration and validation; and (iv) develop prognostic whole ice-sheet models that better incorporate non-linear ice-sheet response to environmental forcings (such as change in surface mass balance, loss of buttressing from floating ice shelves and ice tongues, and rising sea level).  The Workshop was held July 5-7, 2008, prior to the SCAR-IASC Open Science Conference in St. Petersburg.  About 45 scientists from different disciplines (ice-sheet modeling, subglacial geophysics and hydrology, oceanography and atmospheric science) participated in formulating a Science Plan, outlining a community strategy for the next 5-10 years to address current inadequacies in prognostic ice-sheet models.  Realizing what can realistically be accomplished over the decade, three key questions were formulated and research strategies outlined to answer these.  A draft version of the Science Plan will be submitted to the broader polar community for comments and input during fall 2008, with publication of the final version anticipated by the end of this year.  The next step will be a Summer School to be held in 2009, and organized by ISMASS.  We aim to bring together scientists from various disciplines for an intensive Summer School to improve ice-sheet models used to predict sea level change, and to train young researchers.
Ice dynamics and physics in a next-generation ice sheet model

Steve Price, Los Alamos National Laboratory

I will give a review of the available options for the representation of ice dynamics (equations of motion) and physics (constitutive relation(s), sliding parameterizations, subglacial hydrology, etc.) in a next generation ice sheet model. Emphasis will be on trying to clearly identify:

(1) areas where current models perform adequately,

(2) areas where recent advances (in the understanding and representation of physical processes) may be incorporated into newer models with relative ease and,

(3) areas where an improved understanding is necessary before models stand to benefit.

Solving the 3D Stokes system on a variable resolution mesh

Todd Ringler, Los Alamos National Laboratory

Max Gunzburger and Lili Ju, Florida State University

This talk will discuss an on-going effort to develop a model of ice sheet dynamics that solves the full Stokes equations discretized on a variable resolution mesh. We will discuss our list of model requirements, along with our current ideas on the numerical methods to be used. We will also present our methodology for generating variable resolution meshes that we expect will allow us to resolve ice streams with resolutions on the order of 1 km, while retaining coarser resolutions on the order of 20 km elsewhere. We hope that the end result of this effort will be an IPCC-class ice sheet model applicable to Greenland, WAIS and possibly even large mountain glacier systems.  A primary purpose of the presentation is to solicit feedback from workshop participants on all aspects of this effort.
Basal boundary conditions for ice sheet models

Slawek Tulaczyk, University of California, Santa Cruz


Observed ice sheet velocities show large scatter when plotted against the driving stress.  This is partly due to variable partitioning of the driving stress between basal resistance and internal, viscous resistance to flow.  However, there is also large variability in the basal resistance itself, which is dependent on poorly constrained factors such as bed roughness, presence/absence of subglacial sediments, and distribution/variability of subglacial water pressures.  I will use my presentation to set the stage for a discussion on practical treatment of such uncertainties in an ice sheet model.
Modeling the transport of subglacial discharge:  

A case study from Adventure Trench

Sasha Carter, University of Texas, Austin

The transport of subglacial water beneath the East Antarctic Ice Sheet is an enigmatic and difficult to observe process which affects the flow of the overlying ice and mixing of the oceans in the sub ice shelf cavities, and ultimately global climate.  Periodic outbursts are a critical mechanism in this process.  Recent analysis of satellite data has inferred a subglacial hydraulic discharge totaling 2 km3  traveling some 260 km along the ice-bed interface of the Adventure Subglacial Trench between 1996 and 1998 (Wingham et al., Rapid discharge connects Antarctic subglacial lakes, Nature 440 1033-1036, 2006).  Here, we combine airborne ice penetrating radar data from the Adventure Subglacial Trench region with the satellite observations reported previously to calculate a mass budget and infer a flow mechanism for the 1996-1998 event.  A comparison of subglacial lake heights and areas reveals the volume released from the source lake exceeded the volume received by the destination lakes by ~1.1 km3. We therefore contend that some water must have escaped downstream from the lowest destination lake from 1997 onward.  The downstream release of water from the destination lakes continued until at least 2003, several years after the 1998 cessation of surface subsidence at the source lake.  By 2003 a total of 1.5 km3 or nearly 75% of the water released by the source lake had traveled downstream from the destination lakes.
Although the initial growth in discharge from the source lake appears consistent with that expected for a self-enlarging semicircular conduit at the lake exit, the observed 3 month delay between water release at the source lake and water arrival at the destination lake, appears more consistent with a shallower and more broadly distributed “canal” system.  The canal system is also more stable than the semicircular conduit for the known ice-bed geometry.  Observations of intermittent flat bright bed reflections in radar data acquired along the flow path are likewise consistent with the presence of a broad shallow water system.  Subsequent drainage of the destination lake was likely accomplished by hydraulic lifting of the ice at the downstream end of the lake. Subsequent channel closure may have been enhanced by accretion of supercooled water in the seal region of the lowest lake.  Ultimately the presence of large subglacial lakes along the flow path of the 1996-1998 Adventure Subglacial Trench flow path delayed the arrival of water to points downstream by approximately 12 months.
New and old approaches to ice sheet modeling: 

Solid earth geophysics and the cryosphere

Jeremy N. Bassis and Douglas R. MacAyeal, University of Chicago

Current interest in ice sheet modeling stems from the pivotal role ice sheets (might) play in climate change scenarios.  However, unlike other components of the climate system (such as the ocean, atmosphere and sea-ice), studies of ice sheet dynamics have more in common with classical problems in solid-earth geophysics (e.g., slow viscous flow of non-Newtonian fluids, friction, fracture and yielding). Because of these similarities, progress in ice sheet modeling should be informed by the success (and failure) in the approaches, parameterizations and numerical strategies used by our allies in solid Earth geophysics.  In this presentation I will give an account of some of the ideas percolating through the solid earth community that may also be useful to ice sheet modelers.  More specifically, I will talk about approaches that might benefit ongoing research into key physical questions such (1) What are appropriate simplifications to the full "Stokes" equation that self-consistently marry different flow regimes (i.e. inland ice, ice streams and ice shelves)?  (2) How do we model basal sliding over a granular material?  (3) How do we model iceberg calving in ice sheet models?  (4) How can we resolve and track grounding line migration?  

Review of progress in observations and modeling of ice-shelf physics

David Holland, New York University

The interaction of the floating periphery of the major ice sheets with ocean waters represents one mechanism by which rapid changes in ice sheet mass balance may occur.  Three key processes central to the understanding of the evolution of ice shelves are:  calving flux at the ice front, grounding line migration and mass flux, and basal melting in the sub ice-shelf cavity.  Over the past few decades progress, to varying degrees, has been made in observing and modeling each of these processes.  In this talk, an overview of the main advances in both observations and models is presented for each process and suggestions for future work are given.
Short time-scale variation in grounding line position on the Siple and Gould Coasts, West Antarctica

Christina Hulbe, University of Portland

Century-scale stagnation and reactivation events on the Ross ice streams must have been accompanied by widespread changes in ice thickness across the ice stream outlet region.  These cycles must in turn have been accompanied by transgression and regression of the grounding line due to ungrounding and regrounding in the outlet region.  Here, the importance of bathymetry and ice rise development in directing grounding line migration is explored and interesting geometries are produced.  If ice stream stagnation and reactivation cycles are of interest in ice sheet forecasting, then careful thought is warranted regarding the treatment of the grounding line in ice sheet models, beyond the selection of a mechanical framework.  The most important issues may be such mundane practicalities as knowledge of the sea floor geometry and identification of appropriate length scales over which grounding line location may be approximated (that is, some reentrants are probably more equal than others).

Lessons from adaptive-mesh modeling of marine ice sheets

Dan Goldberg, New York University

The West Antarctic Ice Sheet is marine in nature, meaning most of its base is below sea level. At the sheet's margin (known as its grounding line), its outlet streams flow into large floating ice shelves, which are thought to play a large role in the dynamics of the ice sheet. Gravity applies stress to an ice shelf, and this stress is both taken up by the stiff margins of the shelf (a phenomenon known as buttressing) and transmitted back to the grounding line. The amount of stress felt at the grounding line determines flux within the area just upstream (known as the transition zone), which in turn controls the evolution of both the thickness and grounded extent of the ice sheet. In the case of a foredeepened bedrock, this can lead to the Marine Instability predicted by Weertman (1973). However, Thomas (1979) and others pointed out that this instability may be lessened by buttressing within the ice shelf.

One of the obstacles to the numerical modeling of a marine ice sheet is the difficulty in representing grounding line movement in such a model, especially when conditions are such that the transition zone of such a sheet is small compared to the overall length scale. This is due to sharp transitions in stress near the grounding line, necessitating very high grid resolution. We have developed a numerical model that makes use of grid adaption in order to provide the resolution needed near an evolving grounding line, while still being computationally tractable. The model has two modes of adaption: a moving mesh scheme and an adaptive refinement (so-called "h-adaption) scheme.
We show that our model overcomes the problems previously observed in models that move the grounding line, such as strong dependence on mesh size and on initial conditions, and that it is in good agreement with quasi-analytic results (those of the Marine Ice Sheet Intercomparison, or MISMIP). We also investigate the ability of buttressing to counter the marine instability of a sheet resting on a foredeepened bed, and how this ability is affected by the bottom slope, the width of the shelf, and the basal strength of the sheet.

Regional models of ice-shelf/ocean interaction

Paul Holland, British Antarctic Survey

In collaboration with others, researchers at the British Antarctic Survey have developed a hierarchy of approaches to modelling the ocean beneath ice shelves.  These ocean cavities are extremely difficult to observe, so the models help to explain and extend the hard-won field observations obtained by our colleagues.  Matching the observations requires a fine spatial resolution, so our models generally have a regional focus.  In this talk I will briefly describe two of our models, a two-dimensional 'plume' model and a three-dimensional isopycnic model, and present results from their application to the ocean beneath Pine Island Glacier and Filchner-Ronne Ice Shelf.  I will then discuss our plans for observing and modelling ice-shelf cavities over the next few years.
Dynamic ice fronts: Implementing an empirical ice-shelf calving law

Todd Dupont, University of California, Irvine

It is important to include calving into the larger ice sheet models, to allow for realistic evolution of ice shelf geometry. Calving laws abound, some derived from fracture mechanics, some employing empirical relationships. We are in the preliminary stages of implementing such laws into smaller-scale ice stream/shelf models, with an eye toward elucidating the impact of calving dynamics on the stability of stream/shelf systems. At the present time our primary, if unsurprising, finding is that inherent instability can make the resulting simulations less than straightforward. 

The CCSM and ice sheets

Peter Gent, National Center for Atmospheric Research

First, the history of the CCSM project will be reviewed, and then the overall management of the project will be explained.  This will be followed by some recent scientific highlights from the project, concentrating on sea ice and ocean results.  The rationale for a land ice component as part of the next CCSM release will be given, and the timetable for finalizing CCSM version 4 and its release will be shown.
Software design issues for ice sheet models

Jesse Johnson, University of Montana

Some consensus is now emerging on what the characteristics of improved ice sheet models will be. Specifically, recent planning documents highlight the importance of coupling land and floating ice to ocean and atmospheric models; a more complete treatment of the conservation of momentum for fast moving ice; improved model resolution at and near the grounding line; movement of water in, through, and under ice sheets; improved data assimilation; and iceberg calving. Broadly speaking, there are two ways to achieve an improved model: extending existing models, and creating entirely new ones.  I will discuss the former in the context of extending GLIMMER, presently the most recognizable community modeling effort and containing none of the desired improvements. In so doing I hope to acquaint the audience with the strengths and weaknesses of the GLIMMER architecture. I will also detail what I see as the logical entry point for each of the desired improvements, and how modularity of the land ice model might be achieved by making prudent decisions about the signatures of subroutines now. To conclude I will discuss some of our efforts to construct a high level interface to ice sheet models, and describe what I believe will be achieved by these efforts.

Performance, portability, coupled components, and the pirate code

Philip Jones, Los Alamos National Laboratory

In this presentation, we will present some general rules of thumb for developing portable code that runs efficiently on a variety of computing architectures.  We will also discuss paradigms and architectures for model coupling and the use of frameworks.  And we will relate this all to the pirate code.

Implementing an ice sheet model in CCSM

William Lipscomb, Los Alamos National Laboratory

CCSM has a hub-and-spoke design, with several physical components exchanging information on different grids through a coupler.  I have implemented the GLIMMER ice sheet model in CCSM as a fully coupled component (along with atmosphere, land, ocean, and sea ice).  Also, I have developed a surface mass balance scheme for land ice in the CCSM land component, CLM.  The ice surface mass balance is computed on the coarse (~100 km) land grid in ~10 elevation classes and downscaled to the finer (~10 km) ice sheet grid.  This approach improves energy consistency, avoids code duplication, reduces computational cost, and allows us to simulate albedo feedbacks on the atmosphere during runtime.  Coupled runs with a dynamic Greenland ice sheet are under way.
GLIMMER uses the shallow-ice approximation, which is inadequate for climate prediction.  For upcoming IPCC simulations we will want a coupled, high-resolution, whole-ice-sheet model with higher-order dynamics and more realistic physical processes.  I will suggest some strategies for developing such a model quickly:  (1) Use existing code (e.g., POP and CICE) to the extent possible; (2) Develop modular code; (3) Begin with (relatively) simple parameterizations of complex physics; and (4) Create an organizational structure for ongoing CISM development in a CCSM context.

Community Modeling Environment at the Southern California Earthquake Center:  Principles, architecture, and lessons learned

Jean-Bernard Minster, University of California, San Diego

The Southern California Earthquake Center (SCEC) Community Modeling environment (CME) was conceived to promote an effective interdisciplinary collaboration between earthquake and Information Technology scientists. Its aim is to improve model-based seismic hazards analysis (SHA) using high performance distributed computing capabilities, numerical simulations, management of large data sets, as well as state-of-the art workflow and KR&R technologies. I will review the architecture of the SCEC CME, and highlight a successful multi-year development strategy based on two disciplinary concepts: (1) the computational pathways identified to devise and implement new SHA capabilities, and (2) the series of computational platforms developed and assembled in support of these pathways.  My intention is to initiate a discussion of how these concepts might be fruitfully imported to design and develop a community ice sheet modeling capability.
An overview of the University of Toronto Glacial Systems Model

W. R. Peltier and Heather Andres, University of Toronto

At the University of Toronto, we will be coupling the University of Toronto Glacial Systems Model (UofT GSM) to the Community Climate System Model (CCSM).  This coupling will allow explicit calculations of the bidirectional effects of climate change on the Greenland and Antarctic ice sheets.  We will present an overview of the current state of the UofT GSM and the assets it brings to such a coupling.  

The UofT GSM is a 3D, thermomechanical ice-sheet model based on the shallow-ice approximation and Glen's flow law.  It includes a parametrised basal-slip calculation, a calving-velocity calculation, and a bedrock-topography calculation.  In this model, the bedrock topography is determined by convolving a radial, bedrock-viscosity profile, specified using the VM2 model, with a load distribution function.  The advantage of using a full convolution calculation is that it provides accurate surface-elevation profiles that can be used to determine the direction and pattern of meltwater runoff.  Another unique feature of the UofT GSM is it determines some of its parameters using a neural-network technique, which provides best estimates given a priori bounds.  The neural network is trained on relative sea-level histories at a few locations, predicted from a large ensemble of model calculations, and compared with those obtained from an ICE-5G geophysical calculation.  This method allows geophysical reconstructions to constrain ice-dynamical calculations, a pooling of resources that should provide more accurate glacial calculations. 
Integrating an ice sheet/ice shelf model into an EMIC: progress and issues

Jeremy Fyke, University of Victoria

Work is ongoing in coupling the integrated ice sheet/ice shelf model of David Pollard into the UVic Earth System Climate Model framework.  Ideally, the ice sheet will interact with all surrounding model components (land, sea, sea ice, and atmosphere) in a physical and consistent manner.  Issues arise around the conservation of water and heat and interpolation across grids, treatment of large grounding line migrations, and sub-ice-shelf melt/freeze processes.

Scientific questions to be addressed with a coupled climate-ice sheet model

Miren Vizcaino-Trueba, University of California, Berkeley

The contribution of ice sheets to sea-level rise in the projections for the 21st century from the last IPCC report (AR4) has been calculated from the output of AOGCMs. The effect of ice sheets as active components of the climate system was not included, although future changes in the ice sheets might modify local and large-scale climate conditions. This would be done via changes in albedo, topography, and/or freshwater fluxes to the ocean. For a comprehensive approach that includes the effect of ice sheet-climate feedbacks in projections of future climate and changes in sea level, a fully-coupled ice sheet model - AOGCM is required. 

With this talk I will present some of the scientific questions to be addressed with such a tool with regard to future climate-ice sheet interactions: for instance, the possibility of abrupt weakening of the MOC by ice sheet meltwater, the impact of height reduction on melting, or the consequences of albedo change due to ice sheet retreat. 

Community tools for model initialization, spin-up, and evaluation

Ed Bueler, University of Alaska, Fairbanks

Ice sheet models need tools.  I will describe some existing tools, ranging from NetCDF and CF standards for model files, to the public data sets coming from the reality-based EISMINT intercomparisons (Greenland, Antarctica, Ross ice shelf), to exact solutions for
verification.  Initial ice sheet model states, from which climate-model-coupled runs might start, will usually be built offline. This requires "spin-up" and modeling choices, but the construction and evaluation of such initial states is improved by rich sets of publicly-available observations of contemporary ice sheets.  Inverse modeling can also be part of initialization.  Discussion of improving and publicizing tools, and of initialization and evaluation of ice sheet models, can be continued in the "Initialization, verification, and validation" breakout session.

A new penalty based approach to large scale modeling of Antarctica using 2d-3d lower and higher order finite elements

Eric Larour, Jet Propulsion Laboratory

Large scale modeling of ice flow over the entire Antarctic continent is a difficult problem that needs to be addressed if we want to accurately assess the impact of the continent's mass balance in global climate models.  The challenge is twofold.  First, we need to address the sheer size of such a model, and the implications for the parallel technologies that need to be used. Second, the range of physics that need to be described is wide (grounding line migration, basal melting, firn densification, subglacial networks, etc ...).  In this work, we present a new finite element framework called Cielo, and a new hybrid 2d-3d mechanical model that tries to address both issues.  Cielo is a general purpose finite element model that can be used to model most types of physics, while seamlessly integrating parallel technologies.  Using this framework, we have implemented Doug MacAyeal's lower order 2d shelf-stream and integrated it with Frank Pattyn's higher order 3d model.  Lower order models can be used on most of Antarctica's surface. Higher order models can be used where the shallow ice approximation is not valid anymore. Both types of formulations can be integrated into one common model using penalty methods.  The end result is a model that can adapt its formulation to a local  set of physics, while taking advantage of the reduction of computational needs that comes with using lower order 2d elements.  We present our results on Antarctica, using our model, and a mesh with a level of refinement that reaches the 1 km mark wherever it is needed.  We show realistic results for the pattern of velocity distribution compared with InSAR data.
Data Driven Model Development

Charles Jackson, University of Texas, Austin

Archives of and anticipated campaigns to acquire basin-scale ice penetrating radar, satellite, and site-specific measurements provide a wealth of information that will be important to a process understanding of how ice sheets work and interact with their environment.  Inverse modeling provides a basic framework for incorporating these observations into model development and is especially important for constraining physical parameters that are only indirectly related to what can be observed.  I will present a brief review of some stochastic inverse modeling tools that we favor for identifying relationships and uncertainties between observations and models that make use of distributed computing resources.

We have plans (hopes, at this point) to use ice penetrating radar images of Thwaites ice stream, West Antarctica to advance the understanding of how sub-glacial water systems affect ice flow. We plan to use standard 2-D and planar view ice stream models within an inverse modeling framework to constrain the freeze-thaw distribution and production of basal water. Because this distribution is dependent on the flow itself and on a number of other under-constrained properties of the ice and frictional properties of the base, it represents an important example of a typical challenge that will exist for identifying connections between models and data of glacier systems.

We realize that there may be a mismatch in scales between whole-ice sheet models and process specific models. Perhaps there will be time to discuss the strategies for incorporating results from process studies into whole-ice-sheet models that will be used in coupled climate system models.
Icebergs, ice shelves, and sea ice

Todd Arbetter, National Ice Center

The talk will describe NIC Antarctic iceberg monitoring activities and the potential for using the data as a proxy validation for ice shelf calving rates. It will also touch on the interplay between icebergs, ice shelves, and sea ice and ask the question of how this could be represented in a coupled climate system model such as CCSM.
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