Review of egusphere-2023-1259: On the quasi-steady vorticity balance in the mature stage of
hurricane Irma (2017)

Using a high resolution NWP simulation, this manuscript studies the vorticity budget of a tropical
cyclone (hurricane Irma, 2017) during a 12 hour period in its mature stage when the storm was
relatively steady in terms of intensity. This steady state is achieved through a balance between the
outward radial flux vorticity due to divergence and the inward radial flux of vorticity due to diabatic
heating. The topic is potentially of interest and the underlying analysis seems sound, however I
have concerns over the motivation of the study, the presentation of the work and the discussion of
the results which mean I cannot recommend this for publication at the moment. My major concerns
are outlined below followed by a list of more minor points.

1) While there is a paragraph in the introduction on what the paper will do (lines 39-44), this does
not really say why, or what the importance of these tasks is. Why do you want to evaluate the
vorticity budget? In a sense the diabatic flux component has to balance the advective component to
maintain a steady state. Any turbulent contribution is likely to be small above the boundary layer
and will be diffusive so is not likely to balance advection. What would we gain from confirming
this? Similarly, the budget should be closed — if not then either there is a model issue, some missing
term or (more likely) there is a discrepancy in the discretisation of the terms between the model and
the calculated diagnostics. A clearer statement of the problem that is being tackled would increase
the impact of the paper.

2) The description of the model is rather brief and lacks key details. For example, there are model
results presented in section 1, but the model itself is not actually introduced until later in section 3.
From the resolution I assume it is convection permitting rather than using a convection scheme, but
it doesn’t say anywhere. This is crucial detail for modelling TCs. Similarly there is no mention of
the microphysical scheme. We are told the HARATU turbulence scheme is used, but unless you are
a HARMONIE user this probably doesn’t mean very much. Aspects of the turbulence scheme (i.e.
the turbulent length) are used later so a bit more detail might be warranted. What length simulations
are being run here? How long in are the results shown?

3) Throughout there are examples of ideas which are not clearly or thoroughly explained. This
makes the paper difficult to follow. I have given some more specific examples below, but please
review the manuscript from the perspective of a reader. What do they need to know to understand
and interpret the results presented?

4) The conclusions are rather brief and do not really highlight the novelty in the results. A number
of possible sources of error in the budget are identified, without much real though about whether
these can be addressed or what their impact might be. There is no real clear indication of how this
paper is a step forward in our understanding or how the results might be of use. Just presenting the
budget comes across as quite a technical exercise. Using the budget to gain some new
understanding / insight into the evolution of Irma for example would make for a much more
interesting and novel paper. I would suggest thinking more carefully about the message you are
trying to convey. This links back to point 1) above.

Minor / specific comments

Line 28. remove duplicate “models”.

Figure 1. Aside from the issue that the model has not been introduced yet there is no explanation of
why these pressure levels and times are used to average over. At least a line or two of justification in
the text would be helpful.



Lines 57-69. This paragraph is on vortical hot towers. While I don’t disagree with what you say,
there is no evidence presented later that these structures are present in your simulations so it is hard
to see how this is relevant without more detailed analysis.

Line 64. “usefull” - “useful”

Line 92. “middle and overworld” is a rather odd term that doesn’t really make sense in English. I
assume you mean that away from the boundary layer 1) is simply advected?

Lines 111-112. This sentence is very hard to understand without reading the de Rooy (2022)
reference. Is the turbulent lengthscale the same as the displacement | ? How is this determined? And
why do you multiply by 100? What do you mean by make the TKE similar to that in the model?
Isn’t this scheme what the model uses? This seems entirely ad hoc. Please explain more careful.
Line 124. T agree it is important to see whether the model is able to reproduce the dynamical and
thermodynamical structure of Irma, but this was not mentioned as an aim of the paper in the
introduction. Perhaps mention there?

Lines 132-137. I struggled a bit to understand what you were saying here. Can you explain more
clearly how you deal with cases where the potential temperature does not increase with height? Is
this actually a problem? I assume it is just in the boundary layer, and you are primarily interested in
n above the boundary layer? The last sentence also seemed a bit of a sweeping statement. Can you
justify this a bit more?

Line 142 and surrounding lines. Using a 41x41 box around the minimum sea level pressure to find
the storm centre seems a very large box (>120km). Again, I found it hard to follow the method.
Perhaps include a reference if it has been used elsewhere? Or a diagram might help.

Line 146 “Lagrangian”

Line 147 “Eulerian”

Line 151-152. Is it reasonable to assume hydrostatic balance in a tropical cyclone? This seems quite
a big assumption to me. I’m not sure that just ignoring the unstable regions in the model is good
enough. Surely this changes the results? Do you have evidence that this is ok?

Line 194. “deviates substantially stronger” does not make sense in English. Maybe just “deviates
substantially”?

Line 196-197. “By appropriately scaling the radial velocity, a transverse velocity vector is
constructed from the radial and vertical velocities.” I don’t quite understand what you mean here?
Are you just talking about the fact that you scale the velocity in the radial direction when you plot
the vectors so that they can be seen clearly? If so, perhaps this could be more clearly worded to
make it obvious this is just about the plotting, and not about calculating a new scaled velocity.

Line 212. “indicative to the” — “indicative of the”

Figure 3: You have shown the azimuthally averaged winds compared to in-situ aircraft observations.
What is the azimuthal variability in the model? Could this explain some of the difference between
the observations and model? I guess not for the pressure, but maybe for the winds? Perhaps adding
the standard deviation of the model as well would be useful?

Figure 3: From the results it looks like the radius of maximum wind might be a little far out in the
model. Could this be a result of the eye being poorly resolved in a 3.5km horizontal resolution
model?

Lines 217-218. “... where the radial flux diverges, i.e. the radial gradient of the vorticity flux is
positive.” I think this statement is wrong. There is a minus sign in the equation so an increasing flux
with radius (positive divergence), leads to a decrease in 1.

Figure 4 caption. The caption doesn’t not say what the different lines / colours / vectors are. Please
include in the caption.

Figure 4 caption. Again this is confusing defining the transverse velocity vector as 10 u rAhat +
theta”\dot theta/hat. This is just scaling the components to make the vector arrows clearer on the
plot?

Figure 4 caption. Why the threshold of 0.006?

Figure 6. Caption says I (dashed) and II (solid). The legend on the figure says the opposite. Which
is correct?



Figure 6 caption. “The vertical cross sections in panel a and b” should be “ ... panel b and c”?

Line 237. “this indicates that turbulence is insufficiently parametrized”. I don’t understand this
logic. The balance will still hold in the model whether or not the turbulence is correctly
parametrized compared to reality. Since you don’t actually compare with reality I’m not sure you
can conclude anything about the accuracy of the turbulence parametrization from these
experiments.

Line 239. I agree that the vorticity flux divergence and n-tendency should be equal, but they are an
order of magnitude difference according to the scales on panels b and c. Why?

Line 247. “... might in part be due to the lack of turbulent diffusion”. I don’t quite follow here.
There is parametrized turbulent diffusion in the model and you’ve shown it plays a relatively small
part in the budget. Whether or not the model is accurate in terms of parametrised turbulence, the
budget in the model should still close.

Line 248 “instable” — “unstable”.

Eq (A6). In the middle column of equations you introduce a new variable I. How does this relate to
I’ ? 1 found the notation in this equation mathematically confusing. The definition of e.g. u’ is fine —
you take the dot product of two vectors to get a scalar. u’u’ is also a scalar, however you have
written it as a product of the magnitude of I squared (fine — this is a scalar) and two vectors (grad(u)
grad(u)). This product of two vectors is not mathematically defined. I think what you actually mean
is (I’.grad(u))? which is the square of a scalar and so well defined? This same incorrect notation also
appears in the text on line 296. According to your definition of the eddy components you cannot
simply know the mixing length, you need to know the displacement too, i.e. the vector I not just |I.
Appendix A: This is definitely material for an appendix as it is relatively straightfoward and much
of it is “textbook”. What is still missing is any explanation of how I is actually derived. This is the
key aspect but the reader is just referred to the model documentation at this point, after several
pages of straight forward derivation of the equations. Please elaborate at little at least.



