This study addresses the important question of vertical transport across the tropical
tropopause layer (TTL) in tropical deep convection. This is done at the local scale
and the authors use a single tropical storm observed on the 30" of November over
the Tiwi Islands as a case study for their high resolution model integrations. Overall
the model reproduces many of the storm features observed. Aircraft measurements
of O3 and CO are compared to similarly initialised passive tracers in the model
simulations and additional idealised tracers are also used to infer upward/downward
transport within the convective cloud. The authors have also investigated how
changes in water vapour are affected by different processes in the convective
system. Overall, the study includes some novel aspects (vertical transport in
convective updraft and downdraft) and is clearly structured and well written.

Major point:

The authors should use ‘appropriate’ scales for the inert tracers plots (Fig 6, Fig 7,
panels b and d in Fig 8 and 9) and the IWC plots (Fig 5). | think the scale used for
plotting a quantity should reflect a significance range interval for the quantity being
plotted. For IWC, convective clouds have a typical IWC of ~1g/m3 at the core while
values of 1e-4 g/m3 are generally associated to thin and sub-visible cirrus clouds.
The current scale extends to 1e-5 g/m3. Similarly, when looking at inert tracers
initialised in a specific layer, the main question the plots are trying to answer is “to
which height is a ‘significant’ fraction of this tracer being transported due to
convection?”. Having a scale that extends to very small values is misleading. The
current plots show which height an amount of tracers which is respectively 5 (Fig 6,
8, 9) or 15 (Fig 7) orders of magnitude smaller than the initial tracer concentration
can be moved by convection. In my opinion, a ‘significant’ amount of tracer would be
5% to 1% relative to the initial tracer concentration; given the strong vertical
gradients of some chemical species around the tropopause an amount as small as
0.1% of the initial concentration might still make a small difference. However, | find it
hard to justify plotting anything smaller than 0.1% of the initial tracer concentration
(this corresponds to scales down to 1e-3). Plots with smaller scales can be
misleading as they show transport of quantities that are so small they are not
significant therefore they don’t help in trying to explain observed changes in e.g. O3
and CO. It would also help if all scales used for inert tracers were the same
(currently plots of the T and A tracers use different scales).

Additionally, sentences in the texts which are currently vague or misleading as a
result of the scales used for plotting should be corrected. For example: sentence
starting on page 1049, line 27; sentence starting on page 1051, line 26; page 1051,
line 6 (note about different scales); page 1053, line 8.

Minor points:

a) A previous study using cloud resolving model simulations to investigate vertical
convective transport of chemical species (including ozone and CO) has been



b)

d)

f)

published in the literature and should be mentioned in the introduction (see Barth
et al., Cloud-scale model intercomparison of chemical constituent transport in
deep convection, Atmos. Chem. Phys., 7, 4709-4731, 2007)

Although overshooting convection has been observed (Corti et al. 2008, De Reus
et al. 2009) the relative impact of these very localised storms at the global scale
has not been fully quantified and could still be negligible if the horizontal extent
and overall number of such penetrating storm is small. This should be pointed out
and a caveat added in the Introduction (for example following sentence on page
1044, line 13-15).

Figure 2: the light blue Geophisica flight track is hardly visible on the green and
dark blue background. | suggest using a different colour and thicker line or adding
it in a figure inset showing a zoomed-in version of dO4. At the moment this
confuses the picture without adding much extra information.

Figure 3: it would be useful to add extra panels, or extra lines in the existing
panels, or an extra figure to compare these quantities (shown prior to Hector)
with the same during and after Hector (say at 6 and 12UTC). In particular, the
height of the tropopause (panel a) is critical to address the extent of modelled
cross-tropopause transport and at the moment it is not clear how this changes in
response to convection in the model.

Figure 6: it would be beneficial to add an extra column for QUTC. This would be
more consistent with Figure 10 and also illustrate the point made in the text about
BLA, Al and A2 reaching highest at QUTC (page 1051, line 21-22).

Fig 15: at the moment it appears that two different figures are labelled as Fig 15
(one with no caption). This should be corrected.



