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The evolution of glaciers and ice sheets occurs on multiple time scales and frequently the slower of
these scales are of great scientific importance. Most models of ice sheets and other climate systems
are based on methods in which crucial components of the physics are treated explicitly. In addition to
reducing the accuracy, time splitting errors produced by such methods may radically change steady
states or mispredict hysteresis. With no measure of coupled residual, it is difficult to determine when
a system has reached steady state rather than just a period of slow evolution. Furthermore, explicit
methods must satisfy stability constraints such that the maximum stable time step is mesh- and
parameter-dependent, preventing weak scalability. If the resolution is increased, it is not sufficient
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to simply run on a larger number of processors since more time steps will be required. For non-stiff §

hyperbolic equations, it is often desirable to maintain time-accuracy of transport phenomena in which §

case the CFL condition cannot be circumvented and explicit methods are highly appropriate. Stiff =z
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interest and the necessity of explicit methods to resolve these scales prevents scalability.

Implicit methods offer the ability to take time steps independent of mesh resolution, only tracking
the time scales of interest. Additionally, bifurcation analysis is most effective when the Jacobian
evaluated at a steady state is available, allowing, for example, efficient exploration of a branch jump in
multi-dimensional parameter space.
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Figure: Strong scalability on Shaheen for different problem sizes with different coarse level solvers.

Model equations

Consider the hydrostatic equations (aka. Blatter, Pattyn, “first order”) coupled to surface motion and Weak scaling on Shaheen, 532k dofs per process
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where m = 1 is linear (Navier) slip, m = 1/3 is “Weertman sliding”, m — 0 is the Coulomb limit, and ¢,

IS regularization which is necessary for m < 1. Number of processes

Figure: Weak scalability for an entire grid-sequenced solve of a problem with m = 1/5 nonlinear
sliding with discontinuous coefficients over a bumpy bed. Subdomains of size 643.

Solution methods

We use a grid-sequenced Newton-Krylov multigrid to solve the coupled equations. An initial guess for
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