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We would like to thank the reviewer for his careful and detailed comments; it helped us
significantly improve several aspects of the manuscript that were not clear, such as the
background description and the details about the model setup. However, we think that
there have been some misunderstandings about the point of our paper, which might
be due to the language and the writing style we used. We did not intend to prove that
damage mechanics should not be used in ice sheet models and, certainly, it was not to
claim that the whole concept of damage mechanics is incorrect. Our paper is meant to
provide an alternative way for improvement of fracture modelling in Antarctica, which
can be used in parallel with physics-based models.
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Our approach is to try to develop a model that can predict the location of fractures in
glaciers and ice shelves in a low-advection cycle. We do this by building a statistics-
based model that includes a combination of predictor factors. Our selection of these
factors was based on a careful literature search of what other authors considered to
affect fracturing and calving. The reviewer is correct that some of them turned out to
be irrelevant, but we chose to mention them in our paper in order to provide full infor-
mation about our results. Furthermore, fractures occur in ice at particular geographical
locations for reasons that can be explained by physical processes (which is the basis
of the damage approach). Once a fracture has formed, it is transported downstream
by the flow of the glacier. Therefore, any physical process-based model should predict
zones of fracturing that are upstream of the observed fractures. There are cases in
Antarctica where fractures are visible in satellite imagery yet damage models do not
identify zones of damage upstream (see enclosed Fig. 1, Fig. 2, Fig.3). It is this issue
that our manuscript seeks to address, by trying to use a logistic regression analysis
together with satellite images.

The reviewer raised a valid issue that we did not include the advection and that the
locations where fractures are visible are not necessarily the locations where they were
formed. In this research, we did not focus on the damage advection nor the probability
advection because the focus was on modelling the location of fractures and not on
describing if they were advected to this location or directly formed there. For example,
one might argue that by claiming that we correctly predicted 3 fractures it is possible
that we predicted only one of them and the other two fractures were visible on the
satellite image just due to their advection downstream. However, the main point we
introduce here is that if the stress was becoming compressive (or other factors we
include) the fractures would close and would not be visible on the satellite image. The
fact that we see fractures provides the basis to think that there are certain factors
that act in favour of this fracture continuing to exist, irrespective of whether it forms in
this particular location or remains open after being advected from upstream. In this
case, the absence of advection does not affect the outcome of the location of modelled

C2

https://www.the-cryosphere-discuss.net/
https://www.the-cryosphere-discuss.net/tc-2017-98/tc-2017-98-AC3-print.pdf
https://www.the-cryosphere-discuss.net/tc-2017-98
http://creativecommons.org/licenses/by/3.0/


TCD

Interactive
comment

Printer-friendly version

Discussion paper

fractures.

We did not provide a detailed description of damage mechanics because it was not
the focus of this paper. Instead, we focused more on the details of our method. We
utilized the existing damage method that was already implemented in ISSM and, there-
fore, did not modify or add anything that needed a detailed description beyond what we
referenced in existing published articles. We have taken the reviewer’s feedback into
account and have added the initialization of the damage method we used in the revised
manuscript. Overall, there are many valid issues with the wording and the way we ex-
plained our method, but we did not identify a strong argument in the review comments
that our approach does not make a valuable contribution to the existing models. We
intend to add all the suggested modifications and rewrite the manuscript to clarify the
above points, as well as the details on the model setup.

Respond to the line-by-line comments:

RC: "The grounding line needs to be shown in the figures"

Corrected.

RC: "There are many fractures visible in your figures that are not represented with the
ticks that you have placed for “identified” fractures. I’m not sure I have confidence in
your “observations” against which you are comparing the different models."

For the plotting purposes, we did not mark each single fracture but some of them a few
in order to show the regions where fractures were observed.

RC: This manuscript describes a new probabilistic method for representing the location
of fractures in Antarctic ice shelves (although the title indicates “glaciers” it is really ice
shelves that are the focus).

Changed the title to: A statistical fracture model for Antarctic ice shelves. RC: “The
introduction and background is rather meandering, and paints a quite critical picture
of the use of fracture mechanics and damage mechanics for representing fractures in
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glaciers.”

First, we do not intend to criticize linear elastic fracture mechanics in our paper. More-
over, whereas we talk about uncertainties and shortcomings of the damage-based
method in ice sheet models we do not claim that it should not be used. In fact, we said:
“. . .we can see that to date Continuum Damage Mechanics [7] and Linear Fracture Me-
chanics [11] are the most common methods to model fracture formation. In addition,
Krug et al. (2014) [8] showed that combining these two methods provides a significant
improvement towards modelling of calving.”

We did not intend to draw a critical picture of damage mechanics, but rather demon-
strate that it has some deficiencies when applied to Antarctic ice shelves in order to
motivate our approach. We did not claim that the damage method should not be used
at all. As the reviewer mentioned, every method has uncertainties and we suppose
that damage-based method is not perfect either. Therefore, we suggest another way
of predicting fracture initiation. We present our method as an alternative and we use
damage mechanics to compare our results to existing approaches.

To make it clear we add:

P3L5: “It is important to note that the physics-based methods such as LEFM and
damage mechanics are necessary when modelling fractures in Antarctica. In this study,
we do not intend to substitute them but rather find a method that can improve on some
aspects and cases when physics-based models cannot predict fracture formation.”

RC: “Indeed, the naive reader might be left with the impression that these methods are
completely arbitrary and without merit.”

Our main focus was to describe the motivation for developing an alternative method
based on observations and statistics. We have added a better description of dam-
age mechanics in our manuscript and articulate better the advantages of the existing
methods.
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Changed: P4L17 “Damage is a parameter that can be used to determine failure of
ice. . .” Added: P4L18: Damage mechanics has been successfully applied in a large
number of engineering research and to model damage at individually selected ice
shelves such as the Ross, Filchner– Ronne, Amery [1], Larsen C [3] and Larsen B
ice shelves [4].

RC: “It does not appear that the authors have a very thorough awareness and under-
standing of the damage mechanics literature as it has been applied in recent years to
glacier and ice shelves. Inversions for damage of the type presented in the manuscript
only produce damage in areas where fractures are actively forming or widening. It
is important to distinguish between the “high-advection lifecycle” and “low-advection
lifecycle” crevasse definitions of Colgan et al. (2016).”

We outlined the main aspects of damage mechanics following Krug et al., 2014 [8]. We
appreciate the reviewer pointing out one of the recent papers we were not aware of.
We have added the method described by Borstad et al. (2016) to the revised version
of the manuscript. High-advection and low-advection life cycles described in Colgan et
al. (2016) is worth mentioning, however, it would not affect the results of our method
as it accounts for both.

Added: P6L8: Fractures in a certain location can be a result of advection of frac-
tures from upstream (high-advection) or a result of the local stresses (low advection)
(Coglan et al.,2016). It is important to note that in this method we do not distinguish be-
tween these high-advection and low-advection cycles. The main goal of the proposed
method is to determine the most likely location of fractures without focusing on their
initial source.

RC: “If crevasses have advected far from where they formed, then the appearance of a
crevasse is not a representation of local stresses/strain rates! In the presented statisti-
cal method, no difference is made between where fractures are initiating versus where
they have been advected for long distances after initiation. This history-dependence is
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very important and is a key shortcoming of the present approach.

The reviewer is correct that the appearance of crevasses is not always a representation
of the local stress (though in a low-advection cycle it is). However, the appearance of
crevasses in a certain region reflects the fact that the stress is not compressive, which
keeps them open even if they were advected from upstream and not directly formed
in the region. We did not articulate this point well enough in our first submission, but
make it clear in our revised version.

We understand that where fractures are formed is not the same as where they are
advected, but the focus of this paper is on knowing where the fractures are located
(without an attempt to determine where exactly they were formed as the main purpose
of this is to predict the calving front location), the propagation and advection of fractures
is out of scope of this research.

Added: P6L8: It is important to note that where fractures are formed is not necessary
where they are located.

Added: P6L10: The main point we introduce here is that even if a fracture did not form
at a particular location, but advected there with the ice flow when a certain combination
of factors is met the fractures would close and would not be visible on the satellite
image. The fact that fractures can be seen provides an indication that there are certain
factors that act in favour of the fractures to exist, whether they formed in a particular
location or remain open after being advected from upstream. Using this approach we
do not directly model advection but predict the locations of both initiated and advected
fractures.

RC: It also makes the comparison with the damage inversion a sort of apples-vs-
oranges comparison. The two approaches shouldn’t necessarily produce the same
thing.” We compare each of the methods with observations. The damage-based
method based on inversion should only predict the location of the formation of frac-
tures only (unless it’s a low-advection cycle). Therefore, this approach should predict
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damage zones at the formation location or upstream from observed fractures, which is
not always the case in our damage inversions.

To clarify this as well as the damage initialization we added a new section 2.3 “Damage-
inversion set up” where we describe the model details and initialization. We added: “We
utilize the damage-based model in order to compare it with observations and to identify
areas where it can and cannot predict observed fractures. Thus we do not compare
our probability-based model with the damage model directly; rather, we evaluate the
ability of both to predict the formation of fractures in ice.”

RC: “As for the statistical approach, there are many arbitrary and strange choices in
its formulation. It seems as if every possible observational factor has been thrown
into the mix just to see what comes out. Surprisingly, factors like the principal stress
axes (components of unit normal vectors) and proximity to mountains end up being
predictive, even if they have no physical relation to fracture mechanics, which should
be the foundation of even a statistics-based fracture model.”

We tested a number of observations to see if they had any effect on the results. The
observational factors were not “thrown into the mix”, but chosen from a list of factors
considered by other authors, analyzed to qualify the effect that they had on fracturing
and removed if found not to be relevant/required. We now clarify the choice of the
parameters more clearly.

The term “mountains” here is indeed misleading. What we meant was proximity to the
edges that can cause lateral drag and fracturing. Thus, proximity to mountains (edges)
ended up being predictive because lateral friction along mountains is not generally
considered in ice sheet models when stresses are calculated, therefore the stress field
alone does not have the full ability to predict zones of fracture formation. Proximity to
mountains is not a physical parameter here, but a parameter that is used for param-
eterization. Without the lateral drag only transverse, longitudinal and radial splaying
crevasses can be predicted. They are all formed due to opening stress and are nor-
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mally considered in former methods. However, the prediction of marginal crevasses
requires a parameterization of the lateral drag. We now explain this better in our re-
vised manuscript. The term “mountains” is replaced with the term “edges”.

Added to P8L14: Generally, the lateral friction along the edge of a glacier is not con-
sidered in ice sheet models when stress is calculated. Therefore the stress field alone
does not have the full ability to predict zones of fracture formation because without
the lateral drag only transverse, longitudinal and radial splaying crevasses can be pre-
dicted. They are all formed due to opening stress and are normally considered in
existing damage modelling methods. However, the prediction of marginal crevasses
requires a parameterization of the lateral drag.

RC: “In the end, the most heavily influential factors in the statistical model are factors
that would lead to higher stresses (and thus higher damage or predictions of crevasse
depth) in a properly formulated and initialized model. This would seem to actually argue
in favour of continuing with physical models such as the continuum damage mechanics
models that are roundly criticized in the manuscript.”

While a perfect model would capture all of the factors, at this stage ice sheet models
do not include important factors such as tidal deformation at the grounding line or
lateral friction along the edges of glaciers. Thus, in our method we suggest a way to
parameterize those factors in order to predict zones of fracture initiation. We do not
argue that damage should be abandoned. All methods are valuable when combined
and they can improve our limited knowledge about fracturing in Antarctica.

RC: “The manuscript would benefit from a careful rewrite to avoid the use of vague or
unscientific language, and to better describe the background material and theory. The
modelling methods and results need to be described and shown in much more detail
in order for a competent peer to be able to attempt to reproduce the study and check
its findings.” We have added all the details in the revised version.

RC: “The description here of the use of damage mechanics is lacking in sufficient de-
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tail both to judge and to be able to reproduce the study. The authors are very vague
in describing how they calculated damage for comparing to their statistical results. I
am suspicious of the damage results, although there is simply not enough information
for me to say one way or another whether their results are reasonable. I am not con-
vinced that the new statistical model is actually better, in any quantifiable sense, than
a properly formulated damage model.”

We describe our calculation of damage as an inversion that was already implemented
in ISSM, based on inversions suggested in [2] and [4]. We were focused on describing
all the details of our probabilistic method because we only used the damage inversion
as a way to compare our approach to existing methods.

We have added more details on the damage inversion that was used in the revised
version of the manuscript.

We show the results of both methods and their ability to predict fracture formation
zones. It is difficult to always distinguish on satellite images where fractures are formed
and where they are advected, but we believe that, in general, our model was able
to predict those regions well. The proposed method has uncertainties, but overall it
describes the observations well.

RC: P1, L9: 50% improvement in what specifically?

Added: improvement in predicting the location of zones of fractures.

RC: P1, L10-12: what kind of grouping? What insight is gleaned from this?

Changed to: We found that Antarctic ice shelves can be classified into groups based
on the factors that control fracture location. It gives insights on the fact that factors that
trigger fracturing as well as sustain existing fractures advected from upstream can vary
from one ice shelf to another.

RC: P1, L21: not sure the reference supports the assertion that ice shelf calving is the
biggest source of uncertainty in sea level rise estimates
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Changed to: with a great uncertainty related to calving dynamics, as it is not a part of
the CMIP5 simulations (Church et al., 2013) [5].

RC: P2, L2: not sure this reference supports the claim about increased calving from
1998

Corrected to: Shepherd et al., 2012 [10]

RC: P2, L3: increased with respect to what? some reference amount or time?

Added: increased number of calving events in the last two decades. For example,
break off Larsen B and Larsen C ice shelves.

RC: P2, L6: again, what do you mean by “increased” calving?

Changed to: “..showed that this increased the number of calving events.”

RC: P2, L17: the correct term is “Linear Elastic Fracture Mechanics”

Corrected.

RC: P2, L22: you need to be more specific when criticizing previous work: approxima-
tion of what? how is it "only" first order? describe what this actually is.

Added: first order approximation of a calving rate that includes spreading rates of the
first order and assigns all higher order terms to zero. The idea is based on the obser-
vations of the increase of calving rate with along-flow ice shelf spreading rates and the
spreading rates perpendicular to the calving front.

RC: Equation 1: no need to show this equation if you are just describing it among other
methods of representing calving. Either show equations for all methods, or none.

Removed.

RC: P2, L28 (and L31, and elsewhere): avoid starting sentences with “Also, ...”

Removed in many places throughout the text.
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RC: P2, L30: this is important background material, especially since you are critical of
damage mechanics and use it to compare with your new method. The table is helpful as
a reference, but you should describe the different approaches in the text here. Describe
what "limitations" and "uncertainties" are associated with these methods, especially
since you state that these are reasons to doubt them. We have presented the main
limitations and uncertainties of these studies in section 2.1: “Current state of calving
computations in ice sheet models”. To clarify that we added: In addition, Krug et al.
(2014) showed that combining these two methods provides a significant improvement
towards modelling of calving (the uncertainties and limitations of these methods are
described in section 2.1)

RC: P3, L2-3: which is it? where they are located or where they initiated? Where they
are initiated. Changed to: it is essential to know where those fractures are initiated.

RC: P3, L14: damage mechanics is not limited to “small” fractures Removed small.

RC: P3, L14-15: this is incorrect and misleading. Damage mechanics is much more
general. You might be warranted in criticizing one particular study for its limitations
here, but you cannot cast doubt on all of damage mechanics in this way.

Changed to: The damage-based method is used in ice sheet models to calculate zones
where ice is weakened due to a formation of fractures.

RC: P3, L18: “very high frequency of fracturing” needs a reference or better description
here, this is quite vague.

Changed to: as well as a high frequency of fracturing as can be visible on satellite
images (up to every 50 metres).

RC: P3, L18-19: this is the whole point of using inverse methods to infer the location of
damaged ice, as you don’t need to “see” the fractures from visible imagery, rather you
infer them from their influence on velocities/strain rates

Added: Satellite observations alone are difficult to use because of the very high reso-
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lution required to see all the small fractures and snow can often cover the fractures in
the image; in which case, inverse methods are often used [3,4]

RC: P3, L21-11: LEFM isn’t about fracture propagation actually, people just assume
that fractures will propagate until the stress intensity factor falls below some value, but
this is not actual fracture modelling.

Corrected: The LEFM approach in ice sheet models is focused on calculating a stress
intensity factor around fractures and assuming that they propagate until falls below a
certain critical value.

RC: P3, L22-24: this is too vague of language for a scientific paper. You need to
describe the crevasse depth criterion rather than just name it in quotes. You have to
say what you mean by "interesting" results, and describe the "different mechanics" that
preclude its use for ice shelves.

Modified: Water-depth calving models second uses flotation criteria to estimate the
location of glacier terminus. It allows linking calving to glacier dynamics as well as
surface melting when applied to marine terminated glaciers in Greenland (Nick et al.,
2010). However, it cannot describe calving at the floating ice shelves in Antarctica due
to the fact that the water-depth requires glacier to calve once it reaches flotation.

RC: P3, L28: damage mechanics is about both the initiation and subsequent evolution
of fractures.

Added: The evolution of damage can be also modelled using approach suggested by
Borstad et al., 2016. There are a number of other studies suggested [Krug et al., 2014;
Albrecht and Levermann, 2014, Pralong and Funk, 2005; Duddu and Waisman, 2012),
but they might be not applicable in a generalized large scale case. RC: P3, L31: Linear
Elastic Fracture Mechanics

Corrected.

RC: P3, L32: what do you mean that calving occurs “mainly” at the ice shelf front?
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Corrected: occurs at the ice front.

RC: P4, L1-10: Borstad et al (2016) showed how to model damage evolution in an
ice shelf based on stresses. Although this didn’t explicitly treat calving, it provides a
foundation for calving using damage evolution.

Added: Finally, Borstad et al (2016) showed that evolution of damage in an ice shelf
could be modelled using the stress field. This method has a number of advantages as
it allows calculating mechanical ice weakening and predicting the degradation of ice
shelves. The constant parameters that define damage have not been tested for other
ice shelves apart from Larsen B, and so it is not demonstrated whether the approach
is valid for other locations and settings. The validity of the parameter values can only
be tested when an ice shelf undergoes pronounced mechanical changes, as did the
Larsen B ice shelf. Moreover, the error in the observed ice temperature can be crucial
in affecting the accuracy of the viscosity parameter (Bassis and Ma, 2015) [1].

RC: P4, L12-13: unjustified statement. This method has not been applied to ice
shelves, so you have to support your claim that this can help understand calving in
Antarctica "much better"

Modified: We present the main studies of calving in Table 1 and among them a pro-
posed parameterization of calving by Krug et al. (2014) that is based on combining
damage and fracture mechanics. This method is more complex in comparison to the
other approaches suggested before 2014 as it allows for both viscous and elastic be-
haviour and it is able to reproduce development of small crevasses over a long time
scale. However, this method has not been applied to ice shelves in Antarctica.

RC: P4, L13-15: not true! look at Borstad et al. (2016) for modelling ice shelf damage.
Also, this is not really true in general, a properly parameterized damage model doesn’t
need to "know" where fractured zones are in advance

Corrected: To apply the method suggested by Krug et al. (2014) to any ice shelf, the
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modelled fractured zones need to be in a good agreement with the observed surface
fractures. Therefore, modelling of the formation of the fractured zones is an important
basis for the consequent estimation of fracture depth as well as calving and it needs
to be described in the ice sheet models in an accurate way. On the other hand, the
method proposed by Borstad et al., 2016 does not require modelling of the fracture for-
mation zones, but it can only account for the viscous propagation of damage. RC: P4,
L18-20: unsubstantiated claim, damage mechanics has been successful in modelling
very complex fracture processes in a wide range of engineering and natural materials...
this is a disingenuous characterization of damage mechanics to suit your needs here

We indeed were not looking at application outside of glaciology. We are proposing
an alternative approach based on statistics. We do not need the other methods to be
“wrong” in order to suggest an alternative approach and revised the text accordingly.
To clarify this we add: This method has been successfully applied in a wide range
of engineering problems, but has not yet been applied at the scale of the Antarctic
continent with good agreement with observations of actual rifts and crevasses. It is
possible that the nature of fracturing of the ice sheet is more complex and requires a
combination of methods to better parameterize fracture formation. In fact, it is claimed
that damage may not be justified for glacier ice, especially at the ice front [9].

RC: P4, L21-22: all methods have uncertainties, and this is not a reason to criticize
them. You have to be a lot more specific.

Changed: The propagation of damage is usually calculated using an advection equa-
tion and a source function (Krug et al., 2014, Albrecht and Levermann, 2014). However,
this method has a number of uncertainties such as the choice of the source function as
well as the number of decisive parameters that define the damage evolution (damage
threshold, initiation threshold and the enhancement factor).

RC: P4, L25: see Borstad et al (2016)

Modified: In fact, the source function is the controlling factor in the damage propagation
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and the hypothesis of what should be used as the source function has been proposed
by Pralong and Funk, 2005 as well as Krug et al., 2014, but they are not generalized to
be applicable to all ice shelves. Recently Borstad et al. (2016) suggested a framework
where instead of computing a damage source term, as is usually done, the damage
is part of a generalized constitutive relationship. This can significantly improve the
accuracy of the zones where the ice is weakened by illuminating the uncertainties
related to the source function. However, the used value of stress threshold 130 +/-
14 kPa found for Larsen B ice shelf may vary for other ice shelves. In addition, when
performing an inversion the greatest uncertainty comes from the sparse data about ice
temperature. Moreover, it accounts only for the vicious behaviour of fracture formation
and ignores the elastic behaviour.

RC: P4, L26: this is value language and sounds unscientific. You need to be much
more specific when criticizing other models/papers. All models have assumptions and
uncertainties, and this is especially the case for some of the decisions you have made
about setting up your statistical model.

Removed.

RC: P4 L29-30: this is only the case when inverting for damage, not in general damage
evolution or when using the method described in Borstad et al. (2013) for calculating
damage as a post-processing step after an inversion for the rate factor ‘B’. It’s not
actually clear which you did, and the latter does not require selecting an initial damage.
In our case, we focus on the inversion, not the general case proposed by Borstad,
2016 [4], because we are interested in the zones of initiation of fracturing, not the
propagation. The mentioned line refers to Borstad et al. (2012) [3], we did not say it
was the case in any damage method.

Modified: this line is moved to the paragraph describing Krug et al. (2014) and Borstad
et al. (2012)

RC: P6 L20: it’s unclear how and why you used the components of the principal stress:
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it’s unclear how and, which are components of a unit normal vector describing the
direction of the principal stresses. As this is a 2-component vector, how did you use
these components? Individually, or combined somehow? What does a unit vector
have to do with fracturing? We agree that using principal axes is misleading. We have
removed this parameter from the list of predictors. This does not affect the outcome
when modelling the location of fractures.

RC: P7 L15: this should be strain rate (with a dot)âĂĺ

Corrected.

RC: P7 L16: where did the strains come from? Why did you use strains?

Added: It is included because if the strain rate is high enough, crevasses can propagate
at higher depth (Benn et al., 2014). In addition, stresses can trigger brittle fracturing,
but to model a gradual vicious process, strains have to be taken into account.

RC: P7 L19-20: not true: the axis defines the unit normal in the direction of the stress.
The sign of the stress determines whether it is compressive or tensile.

Corrected: In addition, principal stress shows the direction of the stress field, whether
it is compressive or tensile (- or + sign).

RC: P8 L1: what is a “vertical bend”?

Added: vertical bend, which is an uplift of the ice surface.

RC: Equation 9: of course, this would be implicitly accounted for by increased
stress/strain rates in a properly formulated physical model.

It is accounted for in ISSM. However, the idea here is to split all the factors into com-
ponents, to see which ones play the more important roles.

RC: P8 L12: completely arbitrary, it seems. And you criticized damage mechanics for
having uncertainties and arbitrary factors?! It is not arbitrary. We do not use this pa-
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rameter in the model as it is. The parameter is a distance used to identify the curvature
of the glacier; it does not affect the calculated curvature itself.

RC: P8 L13-16: you need to show this in the results. Has this been found before?
What might be the physical reason for such a grouping of fractures? What time range
of satellite data did you look at, e.g. is this a robust finding in space and time? The ice
velocity increases when moving to the ice front, therefore the consequent increase in
stress can lead to fracture formation. We provide a graph showing the relation between
the number of fractures and the distance to the ice front in the revised version of the
manuscript. We use satellite images from between 2011 and 2015. It was already
included in the manuscript (P9 L9). There is not sufficient data available for each year
for every glacier/ice shelf. However, for regions where high-resolution satellite images
are available for every year, it is a robust finding and the location of crevasses is the
same between the observed years.

RC: P9 L25-26: but this says nothing about the depth of the fracture, so an insignificant
surface crevasse will be represented the same as a through-thickness rift? An insignif-
icant surface crevasse will not be visible in the satellite imagery. The estimation of
fracture depth is beyond the scope of this research. We do not include observations of
rifts into the statistical framework, so there is no expectation at this stage that it would
predict them. We did not add any additional information to the manuscript.

RC: P10, L4-5: this seems like a needlessly simplistic definition, and avoids using the
knowledge we have about fracturing: fractures are a response to high stresses! You
cannot say that some node has a 50-50 chance of being fractured if you have modelled
ice stresses but have just chosen to ignore them. We do not ignore them and it is wrong
to say that we have. We scale the probability field due to the fact that the statistical
approach based on logistic regression requires scaling, as in general there are more
non-fractured nodes than fractured. In addition, scaling is required for calculation of
prior when applying Bayesian (it produces too large values when calculating it without
the scaling due to the fact that there are a large number of non-fractured nodes (if the
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probability of fracturing is less than 50 per cent))

RC: P18 L23-25: not true, these are geometric factors that influence the stresses,
which can be resolved in a properly-formulated physical model. There is no such
model at this point because currently ice sheet models do not include lateral drag
along glacier/ice shelf edges and grounding line flexure. Creating such a model would
be a research project in itself. Instead, we choose to approach this problem without
changing the physical models. We suggest a method based on logistic regression as
a way of parameterization.

RC: P20 L13: this is not true, a lot of fracture mechanics predates this work Changed:
Most previous research on fracture formation has been focused on applying fracture
mechanics as well as damage mechanics.
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Fig. 1. Modelled damage for Rennik IS. Observed fractures are shown in black
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Fig. 2. Modelled damage for Borchgrevnik IS. Observed fractures are shown in black
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Fig. 3. Modelled damage for Nivl IS. Observed fractures are shown in black

C22

https://www.the-cryosphere-discuss.net/
https://www.the-cryosphere-discuss.net/tc-2017-98/tc-2017-98-AC3-print.pdf
https://www.the-cryosphere-discuss.net/tc-2017-98
http://creativecommons.org/licenses/by/3.0/

