Second-order Shallow Ice Approximation with Non-linear Rheology: @%20
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1. Goal T . 2. Numerical Test of the Scaling
- By numerical experiments we [H] X Elmer is run for the problem in Figure 1. The length, L,
investigate if the shallow ice of the domain is varied between 10 km and 10 240 km, ' [—a=Full Stokes
approximation assumptions are valid. 1 which means that € is varied. ,| | = Polynomial i

We have used the full Stokes code Elmer. _ _ |
For each g, the L,-norm of the field variables is

computed. Doing a polynomial fit for the norm for
the smallest € (Figure 2), scaling relations are
obtained (table below).

- We compute the accuracy of SIA and
SOSIA (Second Order Shallow Ice \
Approximation) [1] numerically, and

illustrate how the accuracy depends on

- _ Variabl N ical Th
the aspect ratio €. We have implemented the L ariable e o | _
SOSIA in a MATLAB-code to perform experiments and 1.0 1 Y T
used Elmer for comparison. Figure 1. Model problem. [H] is constant at txz 0.61pglHle pglH]e” [1] 10 10 g 10 10
1 km, while L is varied.
_ _ . _ txx 2.8pg[H]e*> pglHle* [1] Figure 2. The L,- norm of the vertical shear
- We investigate how sensitive SOSIA is to . _ stress ty- for different € (black line). The
the choice of finite viscosity law, that is, using A modified ISMIP-HOM experiment B Vy 2.4g30 2.25¢% [2] polynomial fit (pink line) agrees well.
the creep response function f(o)=02%+k? instead of [3] Is used. For the shallow ice theory
f(o)=0” to avoid singularites, where k is a constant. to hold, the angle should be a =
We use both numerical results and an analytical arctan(g), where ¢ is the aspect ratio, The scalings for each variable agree well with theory, except for the normal deviatoric stress,
solution for the SOSIA that we have constructed for e=[H]/L. t.«. When decreasing the amplitude of the bumps, the scaling of t,, approaches theory. In line with theory
the problem in Figure 1. In [4], a boundary layer exists. We find that the scalings are better, but not good, if the boundary layer is
excluded.
3. Accuracy of SOSIA 4. Iterating SOSIA 5. Conclusions
We have run SIA and SOSIA for varying g, and compared to Elmer results to compute the 150 | | | | - The shallow ice scalings are correct
racy. - -
accuracy B T e—— for all field variables for the problem
Erom[ :Ge aAn?Iytlcal s”olugolns (;Netsee dt.ha.t k shtt_Julld :e — o | | | Fsomedes in Figure 1, except for the normal
pglHle. A too small a C leads to a dip in vertical shear 1. |---so0siA c=011 - | —cosIA - -
stress and velocity at the trough. A too big a C gives a b ecencan s . — SIA deviatoric stress, t,,.
large extra zeroth order term, leading to a too high E S T AL = ‘ Ex
overall velocity (Figure 3). These behaviours are Mol T ol - The SOSIA is sensitive to the choice
explained by the analytical solutions. r of the parameter k in the finite
o viscosity law. Further, k should not be
160 " 202IA/C_0'35 : — . f — | | added everywhere, but should be used
----- SOSIA,C=1.12 B y 10 0 0.2 0.4 0.6 0.8 1 . . .
14f —— Full Stokes : . . normalized x as a lower limit of the effective stress.
12 B S | Figure 5. Velocity in x-direction at the
’ U g ; surface, L=40 km. SOSIA is iterated. -
o Figure 4. SOSIA and SIA velocity error for different €. In the - For small g, the SOSIA is more
small picture, k is added everywhere. In the large picture, k accurate than the SIA, but for large s,
i imi i When iterating SOSIA (fixed point i
Is used as a lower limit of the effective stress o. arations of thegve|ocity)( " P the accuracy of SOSIA is far worse.
| | D! : Due to its sensitivity to k, bump amplitude
Adding k everywhere leads to a SOSIA error that is converges to a solution that is and &, it is risky to use SOSIA, without
. . . . never smaller than the SIA error. Using k as a lower close to the full Stokes solution, ro ) !
80 100 120 140 160 limit on the effective stress, the accuracy is improved. even for larger € and a non- some kind of automatic error control
x [km] optimized k that is added or iterations.

Figure 3. Velocity in x-direction at the surface, L=160 km. ~ The error of SOSIA is very large for large &. everywhere.
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