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ABSTRACT
The Stokes equations model different types of fluid flows. Among these flows are the flow of
ice sheets in Greenland. Ice sheets move slowly, are viscous and are considered to be non-
Newtonian incompressible fluids. The unknowns are the pressure p = p(x, y, z) and the ice
velocity u = (u(x, y, z), v(x, y, z), w(x, y, z)). The viscosity in the Stokes problem is defined

as µ(u) = α
2

∣∣∣∣12(∇u +∇uT )
∣∣∣∣q−2, where q ∈ (1, 2], the symbol | · | denotes the Frobenius norm

and α is a function in L∞(Ω). The equations become nonlinear due to the dependency of the
viscosity on u.
The purpose of this work is to apply the least squares finite element method to show the unique
existence of a weak solution to the nonlinear Stokes equations and compute an accurate approx-
imation.
In order to do so, we first use a Picard method to linearize the system of equations. We then
rewrite the problem as a first order system, which can be done in several ways. In one way,
we add a strain tensor τ as an unknown, and in another way, we express the equations through
the full stress tensor σ. We then define two respective least squares functionals and seek their
minimizers. We prove the unique existence of each minimizer by showing that the functionals
are both norm equivalent to a their respective product of appropriately chosen Hilbert space
norms. This makes it possible to apply the Riesz representation theorem in each case.
The least squares finite element method offers computational advantages that we present and
we expect to have optimal accuracy for the computed solution.
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