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(1) It should be said that the manuscript seems to be a resubmission of a previously pa-
per published in ACPD in 2014 http://www.atmos-chem-phys.net/14/12725/2014/acp-
14- 12725-2014.html that was not further published in ACP. Two versions do not show
substantial differences and no indications are given in how the pertinent remarks of the
reviewers in 2014 were addressed.

Reply: Point to point reply to a previously paper published in ACPD in 2014 were
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uploaded at the time of resubmission. We thank reviewer for careful reading and valu-
able suggestions. We have incorporated suggestions given by the reviewer which are
marked in red color in the revised manuscript.

(2) The 2015 paper from Fadnavis et al. addresses the role of transport on the UTLS
concentrations of PAN based on a 10-years CCMI simulation. The topic is certainly
interesting and there is a huge amount of information on different issues that, however,
is not treated sufficiently in deep; this is a crucial weakness since the focus of the paper
is smeared out and the analysis should be improved. Below a series of major and other
issues that should be addressed.

Reply: The important points are discussed in depth. Considering the length of
manuscript (already 63 pages) we have discussed in deep the important points and
not all. We have incorporated suggestions given by the reviewer in this version of the
manuscript.

(3) This paper shares a non marginal fraction of information with a previously published
paper from the same authors (http://www.atmos-chem-phys.net/14/12725/2014/acp-
14-12725-2014.html). Especially concerning the comparison with satellite and aircraft
observations.

Reply: The text related to comparison with satellite and aircraft observations is revised
(page 15, lines 308-317). The text overlapping with companion paper is removed.

(4)The role of deep convection on PAN distribution (that is obvious) is mentioned in the
companion paper and it should be essential to clearly state what is really new.

Reply: To our knowledge this is the first paper showing the pollution transport from
Asia, North America and Africa into the UTLS in one consistent model framework. The
numbers of papers have documented large amount pollution transport occurs cross
tropopause from Asia (Park, 2006; Fu et al., 2006; Park et al., 2007). However trans-
port from other monsoon systems (WAM, NAM) and their contribution to Asia gotten
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less attention (see page 3, lines 63-68).

The companion paper is different than the current paper. The companion paper shows
contribution of transport of PAN from Indian and China (Asia) to the PAN trends in the
UTLS. The companion paper shows Chinese emission has greater impact than Indian
emission on the UTLS.

(5) The comparison with satellite data is misleading. As mentioned by the other review-
ers the model n covers a different period with respect to the MIPAS database and that
attribution of differences and biases is not sufficiently addressed and remains specu-
lative. Authors claim that this simulation should be considered as a mean climatology
but two points should be clarified: The simulation is driven by 1995-2004 SSTs and
year 2000 emissions and hence is representative of a specific period for climatic vari-
ability and chemical regimes. The simulation is 10-years long and it should be clearly
demonstrated that a relatively short period could be sufficient to include the necessary
variability.

Reply: As suggested, model simulations are now performed for the period 2000-2010
overlapping period of MIPAS (2005-2011). We ran model for 11-years period in order
to obtain a reasonable statistics. The simulated features are almost unchanged in new
simulations but there is marginal improvement in model biases.

(6) The comparison with aircraft data has several weaknesses as well. A point-to-point
correlation is to my opinion inappropriate while comparing sporadic observations (as
the in-situ ones) that can be biased by specific flight strategy and a coarse simulation
that should be representative of mean large scale conditions. It is necessary to define
appropriate diagnostics (as done for instance in several CCMVAL analysis) to extrapo-
late from the aircraft database some synthetic and representative data to be compared
to a CCM run (i.e. mean profiles, tracer-tracer correlations, latitudinal transects).

Reply: We want to validate performance of the model during monsoon season. Hence
we computed point to point correlation as suggested by the previous reviewers of 2014
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manuscript. We have checked that Aircraft observations are within area 150 km x
200 km which are comparable with the model grid (280km x 280km). Text related to
comparison with aircraft data is revised (page 15, lines 308 -317).

This is common method reported by number of authors in the past. Vertical pro-
files of model output are compared with ozonesonde observations in our compan-
ion paper (figure S3). Also, Latitude-longitude transects of PAN, NOx, O3 and
HNO3 are compared in our companion paper (figure 1) (http://www.atmos-chem-
phys.net/14/12725/2014/acp-14-12725-2014.html). This is now mentioned in the re-
vised manuscript (page 15, lines 308-312).

In the previous manuscript we have shown latitudinal transects which are replaced
with point to point correlations plots, as it is suggested by previous reviewer of 2014
manuscript. There are number of other methods, every method has its own merit and
demerit. Our aim of model validation is achieved by this method.

(7) Since the main focus of the paper is the role of transport and hence an evaluation
of the model dynamics or at least of Monsoon(s) circulation should be done. This
can be done evaluating the mean Monsoon annual cycles, the extent of Monsoonal
circulation at the ground, the distribution of deep convection. The same applies for
the Asian Anticyclone discussed in P15104 (see detailed points) Moreover, it should
be discussed how vertical velocities in a large scale model can be used to infer rapid
uplif in deep convective regions. - Most of the discussion refers to the role of deep
convection in different regions. The fact that authors treat PAN is a secondary issue
since this is considered as a proxy for NOx tropospheric emissions. So, it would be
desirable to coupe that to PBL tracers (as done in many studies) to desantangle the
role of emissions from different regions.

Reply: There is some misunderstanding about monsoon system and monsoon circula-
tion. Monsoon season is for four months June to September hence it is impossible to
evaluate mean Monsoon annual cycles (12 months) as suggested by the reviewer.
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As suggested, figure showing distribution of deep convection at the surface, Outgoing
Long-wave Radiations (OLR) and 850 hPa winds (monsoon circulation near surface)
has been now added (supplementary figure S5(a)-(b)).

To show vertical uplift by monsoon deep convection (refereed to monsoon clouds)
we have added a figure (supplementary figure S5(c)-(e)) showing distribution of cloud
droplet number concentrations and ice crystal number concentrations over ASM, WAM
and NAM. Role of vertical velocities is also mentioned (see page 17, lines 366-367).
Hope, lifting up of boundary layer PAN from different emission regions by monsoon
convection (clouds) is now clear.

(8) Moreover, the discussion remains often speculative and sometimes misleading , as
for example in the case of overshooting convection that is often invoked in the text. I
agree that this may eventually play a role in the LS chemical budget but I have some
doubts that this could be seen in satellite data (due to their coverage / vertical resolu-
tion) and it is certainly impossible to consider it with a T42 CCM.

Reply: We have replaced the word overshooting convection to deep monsoon convec-
tions.

(9) The role of horizontal vs vertical transport in UTLS is certainly fundamental and is a
focus of a vast literature. Here no real information is added and, again, the simulation
strategy cannot really help.

Reply: To our knowledge this is the first paper showing pollution (PAN) transport from
different monsoon system into the UTLS in one consistent frame work. Large amount
of literature has documented transport of pollutants Asia to UTLS; however pollution
transport from WAM and NAM to Asia in the upper troposphere which is then lifted to
lower stratosphere by the Asian monsoon convection is not reported yet.

The discussion on horizontal and vertical transport in UTLS highlights new findings
which are listed in conclusion section. Three of them are listed below.
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(1) Caribbean region is source of pollution transport into the stratosphere, convective
transport from South Africa, South America and Indonesia-Australia into the UTLS.

(2) The horizontal transport of PAN analyzed from ECHAM5–HAMMOZ simulations
show that the PAN from southern Africa and Brazil is transported towards America by
the circulation around a large upper-level anticyclone and then lifted to the UTLS in the
NAM region.

(3) The vertical distribution of simulated HNO3 over the monsoon regimes shows low
concentrations above 10 km at the foothills of the Himalayas. In contrast, the results
show strong uplifting of HNO3 into the upper troposphere with NAM convection. This
may be due to the fact that NAM convection is not as intense as the ASM and there
may be more wet removal of nitrogen oxides in the ASM convection. The model simu-
lations indicate a higher efficiency of NOx conversion to HNO3 over the Indian region
compared to NAM.

As suggested emission sensitivity simulations over Asia, North America and Africa are
analyzed and results are discussed.

(10) It would have been important (as mentioned above) at least to make use of dif-
ferent geographical PBL tracers. - The sensitivity analysis to lightning production is
certainly interesting but is somewhat disconnected to the main core of the paper and
appears to be still in a rough form. As mentioned earlier it would be necessary to
conduct other types of sensitivity studies.

Reply: In order to connect discussion related to transport of PBL tracers with lightning
production we have revised the text (see page 28-29, lines 621-625). As suggested,
emission sensitivity analysis is performed and related discussions have been added in
the revised manuscript.

(11)The discussions are often lenghty with unnecessary details on well-known items
and English form may be accurately revised throughout the paper - In addition to that
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I fully share the remarks of the 2 reviewers of the first version of the paper (that to my
opinion are still valid here) and the evaluation of reviewer 1.

Reply: As suggested, we have removed the lengthy discussion text from the sections
3.1, 4.2, 5 and 6.

(12) Other issues p15098L8 The production of PAN in deep convective regions is not so
striking. The high values at 16 km height may be better discussed. Model coarse res-
olution may play a role here. It is also not clear how to address the role of tropopause
folding. The last sentence of the paragraph is not clear to me.

Reply: The PAN production in deep convective regions is ∼5 ppt/day hence it is ∼150
ppt/month which we think is striking. We have now mentioned maximum PAN Produc-
tion in convective zones at 16 km (∼12 ppt/day).

In the last sentence of the paragraph we want to say that — In the UTLS, during mon-
soon season, there may be contribution of PAN due to exchange between the strato-
sphere and the troposphere, tropopause folding etc. Hope it is clear.

(13) P15099L4 What is a coherent location ? Are Aircraft data aggregated in some
ways ?

Reply: Coherent location is a grid point. Yes, Aircraft data are aggregated in the same
way.

(14) P15099 section 3.1 The database of PAN seems to be limited to few points. In
addition to the main issue raised before, it seems unappropriate here to calculate any
correlation or statistical significance test.

Reply: We want to validate performance of the model during monsoon season. Hence
we compared the simulated NOX, Ozone, HNO3 and PAN with observations available
during June-September. Yes, it is true that database of PAN during this season is
limited but other species, ozone, NOX and HNO3 are comparatively better. Therefore
we apply point-point correlation for all the species.
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This is common method reported by number of authors in the past. Vertical pro-
files of model output are compared with ozonesonde observations in our compan-
ion paper (Figure S3). Also, Latitude-longitude transects of PAN, NOx, O3 and
HNO3 are compared in our companion paper (Figure 1) (http://www.atmos-chem-
phys.net/14/12725/2014/acp-14-12725-2014.html). This is now mentioned in the re-
vised manuscript (page 15, line 308-312).

The previous reviewers of 2014 manuscript suggested computing point-to-point corre-
lation. Our aim of model validation is achieved by this method.

(15) P15102L21 I would not use WAM (West African) to identify land convection in
Africa south of the Equator.

Reply: In this paper we do not focus on land convection. In fact it discusses the global
transport.

(16) P15103L3 It is not straightforward that strong vertical winds are responsible for a
strong transport in the UTLS. The question of the wind intensity (not mentioned in the
paper) and vertical resolution is crucial here.

Reply: I think reviewer is refereeing to discussion — “Congo and Southern Maritime
Continent (Liu and Zipser, 2005). The analyses of vertical winds show strong transport
from 10–40âŮę E, 100–110âŮę E, 70–80âŮę W (in the belt 0–10âŮę 5 S). The amount
of high level cloud fraction is also high over these regions”.

The figure related to this discussion is not included in the manuscript although we
have analyzed simulated vertical winds and high level cloud fraction. Now it is clearly
mentioned that figure is not included in the manuscript.

(17) P15104L3 to 16 The whole discussion is confusing and not sufficiently robust.
The evaluation of the Asian Anticyclone would need a per-se evaluation. I cannot see
a region of mixing and the discussion on the role of tropical heating in generating the
“Gill-type” dipole is uncomplete and useless here.
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Reply: As suggested, above discussion is now removed from the revised manuscript.

Please also note the supplement to this comment:
http://www.atmos-chem-phys-discuss.net/15/C7231/2015/acpd-15-C7231-2015-
supplement.pdf

Interactive comment on Atmos. Chem. Phys. Discuss., 15, 15087, 2015.
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