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The paper entitled “A finite element approach to ice sheet balance velocities” by Dou-
glas Brinkerhoff and Jesse Johnson presents a new approach, based on the use of the
finite element method, to solve for balance velocities of ice sheets.

I reviewed this manuscript in April 2013 for another journal. I liked the paper but thought
that it was out of the scope of this specific journal, so I am happy to see this manuscript
submitted in GMDD, which is much more appropriate. However, I was disappointed
because this “new” version of the manuscript is entirely identical to the one I reviewed
almost a year and a half ago. The authors did not change a single word, did not
address any of my comments/suggestions, even the typos are still there! My review is
consequently very similar to the one I submitted last time.

Overall, this manuscript is interesting, introduces a new approach to solve for balance

C1767

velocities and is worth publishing in GMD. I found that this paper lacks mathematical
rigor here and there, but that should be easily corrected in the next version. The authors
should take advantage of the fact that there is no limitation in space (compared to
the journal this article was first submitted to) to provide a more in-depth analysis of
their application. Though relying on the mass conservation equation to derive balance
velocities is not a new idea, the technique presented here is novel and has some
significant advantages over previously published methods (e.g., Bamber et al. 2000).

I don’t have any major concern and recommend this manuscript for publication in Geo-
scientific Model Development after some revisions (which will, I hope, be taken into
consideration this time).

1 Main points

One of the main issues is that, although this method is applied to the Greenland Ice
Sheet, no significant scientific advances are apparent. We do not learn anything from
a science point of view. It would have been interesting to discuss the regions where
the balance velocities do not match the surface observations and investigate whether
these inconsistency are related to ice sheet imbalance, or to numerical artifacts of the
method.

Second, the results obtained with this new technique are not of significantly higher
quality than the ones from Bamber et al. 2000. Some ice streams are poorly repre-
sented (e.g., North East ice stream), some others are artifacts of the method, and ice
flow in the South East coast is not realistic: velocities are too high compared to Moon
et al. 2012 or Rignot et al. 2012.
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2 Minor points

As the authors must know, there are several new ice thickness datasets that are much
more realistic and include many more features than the one from Bamber et al. 2001
that is used here (e.g. Bamber et al. 2013, Morlighem et al. 2014). I highly recommend
to update the results with one of the new datasets, and even maybe assess whether
these new datasets make a difference compared to the old one of 2001?

Page 5185 line 8, the authors mention that balance velocities can be used to fill the
gaps in surface velocity observations. I don’t believe that this statement is mathemat-
ically correct since. As the authors mention later on, only one constraint per flow line
can be applied (page 5187 line 17). We cannot constrain the velocity all around a
“patch”, where observations are not available as this would constrain the velocity twice
(or more) per flow line.

The Leibniz integration rule applied to Equations (2) and (3) does not give (4). This is
because Equations (2) and (3) are not correct, (2) should be:

∂S

∂t
+ u(S)

∂S

∂x
+ v(S)

∂S

∂y
− w(S) = ȧ (1)

and same goes for the equation for B (3).

• p. 5186: I don’t think Morlighem et al. 2010 use this equation

• p. 5186: define norm 2

• p. 5187 line 21, I am not sure to understand what it means to say that the equa-
tion is symmetric. The bilinear operator that appears in the weak formulation is
symmetric, maybe this is what the authors meant?
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• Eq. 10: you assumed the following boundary condition here:
∫

∂Ω
φ · (lH)2∇τs n dS = 0 (2)

which translates into ∇τs · n = 0 on ∂Ω. It is ok but this has to be mentioned.

• Eq. 11: you have not integrated your equation by parts and no boundary condition
is specified, so the solution of your equation might not unique. You have not
defined the solution space either (in what space are Ū and λ).

• p. 5188 l. 11: λ is not an operator, but a test function, and cannot be “bilinear”. I
guess the authors meant piecewise linear? But that would make the assumption
that we are using P1 finite elements on a triangle mesh, and the method could
be applied with other types of finite elements.

• p. 5192 l. 1: should read “Lambert Glacier-Amery ice shelf”

• references: lots of missing capitals (e.g., Greenland, GPS, Antarctica, etc.)

• Fig 1: define L2 norm, why Ū
(
25
)
?
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