Response to referee comments

Reviewer comments are pasted in dark grey, and responses are in red.

------------------ Referee #1: Mingming Li

This study solves an important numerical artefact when simulating mantle convection with significant density
contrast between layers. The paper is well written and easy to follow. The results are supported by the
experiments. | recommend ‘accept’ after a few very minor changes as detailed below.

Thank you for your suggestions, which | have followed.

Line 60, 118: ‘Where’ -> ‘where’

Corrected

Line 108: \Theta is not defined in Eq. (13), or change \Theta to ‘the \theta in Equation (5)’

Changed to " @ in equation (5)"

Equation 16: | do not quite understand this equation. Could you include some derivation for this equation?

| have added an extra step in equation (16) and some explanation below it.
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__________________ Referee #2: Boris Kaus

This is a very interesting manuscript that points out that the stabilisation algorithm as originally proposed in
Kaus et al. (2010) requires modifications before it can be applied to cases with adiabatic compression. It is
well-written and logically argued, and the provided julia code works well.

I have only a few very minor suggestions (listed below), but would strongly suggest acceptance as soon once
this is accounted for.

Thank you for your suggestions, which | have followed.

I. 25: Our original algorithm was in fact applied everywhere in the domain and not just at cells with a free
surface. Obviously, since those cells have the largest density difference, most of the correction ended up being
applied here.

Clarified in the revised manuscript.

I. 25: An additional paper that proposed a slightly different algorithm along with rigorous numerical stability
analysis was by Rose et al. (2017), which is at least worth citing in this context. Also, fully implicit timestepping
schemes can be used to circumvent the problem altogether as discussed by Popov and Sobolev (2008) and
Kramer et al. (2012)

Added sentences about these references to the revised manuscript.



I. 147: Nusselt numbers are the identical => Nusselt numbers are identical (remove “the”)
Corrected

I. 147: the rms. velocity => the rms velocity (remove “.”)

Changed

. 155: DGS => DJS

Corrected
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