
The Cryosphere Discuss., 7, C3460–C3463, 2014
www.the-cryosphere-discuss.net/7/C3460/2014/
© Author(s) 2014. This work is distributed under
the Creative Commons Attribute 3.0 License.

O
pen A

ccess

The Cryosphere
Discussions

Interactive comment on “The effect of climate
forcing on numerical simulations of the
Cordilleran ice sheet at the Last Glacial Maximum”
by J. Seguinot et al.

J. Seguinot et al.

julien.seguinot@natgeo.su.se

Received and published: 3 April 2014

Dear Referee #2,

Thank you very much for reading our manuscript and positively commenting on it. We
apologize for the lack of detail regarding isostatic issues, which we discuss below.

Before publication, I do have one scientific concern about the way the experiments
were carried out. The model setup (Section 2) includes only brief mention of isostatic
effects. These are really significant in a run of this sort because the elevation of the
ice surface could be as much as ∼1800 m too high without the effect. Given that
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lapse rates are used to re-scale the climate data to elevations that are altered by the
presence of the ice sheet, and that the sliding relation is strongly controlled by bedrock
elevation, I think a more detailed discussion of isostacy is warranted. Specifically, given
that the goal is an LGM configuration, I’d like assurance that the bedrock elevation has
come close to equilibrium at the 10ka point that is reported on. This assurance should
be simple to provide with minor modifications to the model setup section.

The bedrock deformation model used in our study describes the flexure of an elastic
lithosphere on top of an infinite half-space viscous mantle (Lingle and Clark, 1985). It
can be described by a single differential equation of the bed elevation u(x, y, t),

2ν|∇|∂u
∂t

+ ρrgu+D∇4u = σzz, (1)

where ν = 1 × 1021 Pa s is mantle viscosity, ρr = 3300 kg m−3 is lithosphere density,
D = 5 × 1024 N m is the lithosphere’s flexural rigidity, and σzz corresponds to the ice
load Bueler et al. (2007). In the left-hand part of this equation, the first term accounts
for mantle relaxation, the second for point-wise isostasy, and the third for elastic flexure.
Please refer to Bueler et al. (2007) for a definition of the pseudo-differential operator
|∇|. Due to high mantle viscosity ν, there exists a time lag between the ice sheet
growth and the isostatic bedrock response.

We would like to emphasize that most of our simulations do not reach a climatic equi-
librium. In fact, simulations ran to climatic equilibrium (not shown in the paper) produce
excessive ice cover in continental regions regardless of the forcing climatology used.
Moreover, geomorphological and palaeoclimatic records give support for a short-lived
Cordilleran ice sheet. Because the modelled ice sheet is in constant expansion, and
because of the first term in the above equation, bedrock elevation does not come to
equilibrium with the ice sheet configuration in our runs.

To clarify our methods, we have reworked the last sentence of Sect. 2.1 into the follow-
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ing short paragraph:

Sea level is lowered by 120 m and basal topography responds to ice load
following a bedrock deformation model that includes point-wise isostasy,
elastic lithosphere flexure and viscous mantle deformation in a semi-infinite
half-space (Lingle and Clark, 1985; Bueler et al., 2007). It uses a litho-
sphere density of 3300 kg m−3, a flexural rigidity of 5× 1024 N m and a man-
tle viscosity of 1× 1021 Pa s. Due to the high mantle viscosity, there exists a
time lag between ice sheet growth and isostatic bedrock response.

We have emphasized the fact that bed elevation does not reach equilibrium at the
beginning of Sect. 5.4.

Most of the simulations presented in this study, and more particularly those
that reproduce the LGM ice margin reconstruction more closely (Fig. 15) do
not reach a steady-state. Instead, rates of growth remain high throughout
the run, and bed elevation does not come close to equilibrium with the ice
load.

Although we do not believe that bedrock elevation must have been in equilibrium with
the ice sheet configuration at the LGM, we recognize that through our simplistic palaeo-
climatic approach, isostatic effects are another significant source of error on modelled
ice surface elevation, as stated in a new paragraph of Sect. 5.5.

The bedrock deformation model uses homogeneous lithospheric properties
and a semi-infinite mantle of constant viscosity. Thus, it does not represent
lateral variations of crustal and mantle properties characteristic of tecton-
ically active margins such as the American Cordillera, nor does it include
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the influence from the neighbouring Laurentide ice sheet. These limitations
should be acknowledged when interpreting ice surface elevation and vol-
ume reconstructions presented in this study.

The only writing problem I found was in figure 5, ‘logarythmic’ should be ‘logarithmic’.
Many thanks to the authors for getting the wording right the first time.

Thank you for noticing this mistake. We have corrected it (in Figs. 8 and 10).

In general, thank you again for this supportive and constructive review.
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