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We thank reviewer #3 for their input and agree that the revisions have improved the
manuscript significantly. We have addressed the remaining comments below. We fixed
all typos and followed all suggestions except for the last one.

Reviewer #3

| congratulate the authors for the considerable work they put in this revision, and | think
the manuscript has been greatly improved. In particular, the link between the physical
aspects and the numerical methodology is now much stronger, as was pointed out as
the main weakness by two reviewers. The authors also added a simple model of melting
as a third regularisation technique, improved the structure of the manuscript, improved
the presentation of results, and addressed reviewers' comments in a satisfactory way.

I would like to comment on the role of regularisation methods that may have been
misunderstood by the authors, although | expect no additional work on this in the
current manuscript. Yes, both physical and numerical parameters may introduce new
uncertainties and non-linearities in the model. However, it is desirable that those
numerical techniques are still grounded in physics, and then it is important to
understand their effect on model results. In some of their answers to reviewers'
comments, the authors defend their numerical approaches (i.e., that physical
parameters are often not constrained by laboratory experiments) --- maybe too much. It
is also alright to acknowledge that a regularisation scheme may work in practice, but
that there is no immediate explanation for its physical meaning. The goal of modelling is
to understand natural processes by solving physical laws. Numerical schemes may
violate these laws, such that the end results are not useful anymore to the original goal.

The methods shown in this manuscript are very informative, but also highlight that the
regularisation of ductile localisation remains an open issue. | think the authors are
headed in the right direction to think about an energy balance of sources and sinks to
potentially identify missing physics in the problem --- because nature localises
deformation with reasonable temperature and stress changes.

| am happy with the current status of the manuscript and will be a valuable contribution



to GMD, however, | found a number of typos and minor corrections to the text, that |
hope will be corrected during copy-editing.

Typos and suggested text corrections

L17: shear band or shear zone

Reply: Fixed.

L21-22: add e.g. for the given references

Reply: Done.

L23: rephrase: modeling strain localisation accurately and robustly remains...

Reply: Done.

L29: due to its coarse

Reply: Fixed.

L80: typo viscous

Reply: Fixed.

Table 1: there is an overline for the value of bulk modulus

Reply: This is intended. The value is 400/3, so we are indicating the periodically
repeating digit.

L189, Section 3.4.3, L305, Section 4.3.3: Change to "Inclusion of latent heat of melting".
Enumeration should be between strategies (e.g., regularisation and inclusion); it is not
correct to enumerate regularisation (method) and latent heat (physical parameter).

Reply: Done.

L231: rephrase: The basic model behaviour is described in Figure. 1b.

Reply: Done



L246: delete "during it:"

Reply: Done.

L301: solver converges

Reply: Done.

L306-310: numerical resolutions between 63-1023 cells, eta_reg between 10%6-10"18
Pa.s), lambda_reg between 1-32 m. It is obvious from figures which values in particular
are used.

Reply: Done.

Figure 5 caption: Effect of viscosity regularisation (left column) and gradient
regularisation (right column). Later, eta_reg and lambda_reg (not backlash which might
mean something else).

Reply: Done.

L345: delete "either of"

Reply: Done.

L347: 1 assume Tmelting = 1900 degC at 10 GPa? It would be good to mention this for the
reader, who will wonder why choose 1900 degC.

Reply: Correct. We added an explanation.

L378: no significant limitation

Reply: Done.

L401: guarantee

Reply: Fixed.

Section 4.4: Viscosity convergence

Reply: Done.



L468: we neglect

Reply: Fixed.

L472: remains justified

Reply: Fixed.

L483: delete "even"

Reply: We think that the sentence is better with “even”.



