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This is an excellent manuscript of high scientific quality presenting a new volcanic
plume model able to describe the non-equilibrium dynamics of eruptive plume mixture.
The formulation is rigorous and the assumptions and limitations of the model clearly
stated. Moreover a few tests are simulated and described in order to validate and show
the performance and the code.

However the presentation style is a bit too technical and mathematical for GMD and
volcanological audience and I would suggest improving the presentation quality where
possible.

I have also a few specific comments that I have listed below:
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1- In the Abstract citations should be avoided unless strictly necessary; in this case
I reckon they may be removed; line 18: "able to reproduce their observed averaged
and.. " -> "able to reproduce the averaged and.. "

2- Pag. 5, lines 18-20: sentence a bit confused, I would rephrase the sentence as
"Above that level, the plume rises up to its maximum height and then starts to spread
out as a gravity current (e.g. Costa et al., 2013) forming an umbrella ash cloud dispers-
ing in the atmosphere..."

3- Pag. 7: Add reference after "Sod’s shock tube problem";

4- Pag. 8: in order to avoid confusion using similar symbols (\hat{\rho}_s and \rho_s)
I would use \rho_b to denote bulk density;

5- Pags. 9-10: Eq. (4) is valid for spherical particles only (Ganser, 1993). Tephra
particles can differ significantly from spheres and terminal settling velocities of volcanic
particles be up to a factor 2-3 with respect spherical assumption (e.g. Dellino et al.,
2005; Pfeiffer et al. 2005). Although for the aim of the manuscript is not necessary to
change the assumption of spherical particles, the limitations of this assumption should
be commented and also the effects of particle sphericity and variation of air density
and viscosity with altitude on the estimations Re_s etc should be discussed;

6- Section 5: This part can be a bit shortened referring to other works of the authors
where simulations are discussed in more detail (e.g. Suzuki et al, submitted; Cerminara
et al., submitted)
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