Reply to Anonymous Referee #1

The authors would like to thank the reviewer for those well-founded comments, which helped to
increase the readability and the scientific quality of the paper.

General comments:

It seems crucial for this study to define the anticyclonic boundaries explicitly. There is no clear indication
of when the anticyclonic circulation was strong, in terms of temporal and spatial variability throughout
this studly.

Placing the measurements into the context of temporal and spatial ASMA variability was already part of
an earlier version of the paper, but a thorough discussion of that aspect is very voluminous and we could
not reconcile it with a detailed discussion of the measurements in one concise paper. Now the more
climatological aspects are the focus of an accompanying follow-up study (Gottschaldt et al., 2017).
Nevertheless we agree with the reviewer that the evolution of the ASMA before the flight is relevant for
understanding the measurements. We added a new figure (now Fig. 3) to the main text, showing a daily
sequence of streamlines and geopotential height from 9 days before to 1 day after the HALO flight at the
altitude of the measurements. Another figure (now S1) has been added to the supplement, showing
streamlines over PV on an isentropic level. Geopotential and PV were proposed as proxies for
characterizing the ASMA and its boundaries (Barret et al., 2016; Ploeger et al., 2015), alternatively on
pressure or isentropic coordinates.

Streamlines represent an instantaneous snapshot of transport barriers, because there is no large scale
transport perpendicular to streamlines. This complements the existing trajectory plots, which in contrast
to streamlines include information about the evolution of the time dependent flow.

The ASMA boundary definitions we are aware of (Ploeger et al., 2015; Barret et al., 2016; Pan et al.,
2016) are based on Eulerian fields (PV, geopotential, wind) and emphasize the concept of a closed ASMA
volume or transport barriers on monthly or seasonal time scales. We refrain from using such a
methodology in the study, because our analyses rather aim to explain observed UT tracer distributions
resulting from daily-scale dynamics. The latter is best captured by Lagrangian trajectories, which unlike
the above Eulerian approaches inherently reflect the time-dependence of the flow. Our choice of POls
and the delineation of the ASMA is thus based on back-trajectories (starting from the flight path) and the
observed trace gas signatures. Some elaboration on our approach has been added to section 3.

POI 1 through 7 — Dividing the flight tracks into multiple segments (POIs) provide great detail on the
dynamical and chemical evolution of the anticyclonic circulation. However, it seems that there is a lot of
information to digest. One thing the authors might consider is focusing on the relevant flight segments
that is more relevant to this study to emphasize all the findings of this study.

Documenting the HALO ESMVal measurements in the ASMA is one of the objectives of this paper, also as
a base for follow-up studies. Nevertheless we agree with the reviewer that the paper would be more
concise, if not all flight segments are discussed in great detail. Considering the recommendations of
reviewer 2 we even went a step further and now consequently focus on POI3 in the main text. All other
flight segments have been moved to an appendix. They are now discussed in the main text only as far as
needed to put POI3 into the context of the entire flight.



Specific comments:

P2, L5-6 (Abstract) - This statement is somewhat misleading. Previous studies may have shown ozone
minimum inside the anticyclone during monsoon maximum period (July-August) and this study is focused
on measurements in September near the edge of the anticyclone. | would recommend removing this
sentence to avoid any confusion.

Reformulated, avoiding the reference to previous studies.

P2, L26 - What is ‘above processes’ referring to? It would be better to describe it explicitly. Also it is
important to mention this process is important for trace gas budgets in September.

In the revised version the processes are stated explicitly and it is pointed out that trace gas signatures
differ between July/August and September.

P3, L14 (Introduction) - June to September (reference).

We included references for the interpretation of the monsoon as sea breeze and for the monsoon
period.

P3, L27 (Introduction) - South of the anticyclone (reference).

We reformulated the sentence to make clear that we refer here to our measurements only. The location
of the anticyclone at the time of the flight arises from streamlines, back-trajectories and the definition of
POI3 in our paper.

P3, L29 - Konopka et al., 2010 (http://www.atmos-chem-phys.net/10/121/2010/acp-10-121-2010.pdf)
can be a good reference here. For instance, their Fig. 7 shows general idea of transport of ozone in the
Asian monsoon anticyclone.

Konopka et al. (2010) had not been mentioned in the original draft, because they focus on the
stratosphere, and we focus on the troposphere. However, we agree with the reviewer that their idea of
ozone transport is related to the in-mixing we are describing, and we added a corresponding reference
to section 1.

P4, L22-23 - EMAC global simulations ... reproduced well -> EMAC global model ... reproduced well in the
simulations.

IM

According to the EMAC glossary at www.messy-interface.org, “model” refers to one executable. We only
refer to a specific set of simulations with a specific model setup (chemistry climate model with specified
dynamics) in the paper. We prefer to stick with the original formulation, because there are other
simulations with the same executable, but different model setups.

P5, 18, 12 & 15 (section 2) - Full names of GLORIA, ANEAS and FAIRO have to be included here
Done.

P5, L26-27 - the aircraft campaign — Is this referring to one specific campaign or multiple campaigns in
general?

The specified dynamics setup is designed to globally reproduce observed large scale dynamics. It is
understood that the results need to be validated for each region. Output of the Eulerian EMAC model is


http://www.messy-interface.org/

available globally on a Gaussian grid and should in general be suited for all campaigns falling into the
simulated period. A corresponding statement has been added to the text.

P6, L4-5 - References for those tropopause definitions should be included here.

Done.

P6, L14 - represented by this approach indirectly -> represented indirectly

Done.

P6, L22 (section 3) - sudden increase -> It may help to add exact flight time (for example: 7:50 am, UTC).
Done.

P6, L26 - yellowish -> yellow-brown to yellow

It’s called “shades of yellow” in the revised version.

P6, L29-30 - positions of streamlines -> For better definition of the interior vs. fringe of the anticyclone, it
might be helpful to add a figure showing streamlines (or boundaries) of the anticyclone. This can also be
done by adding streamlines (or boundaries) in Fig. 2.

A sequence of streamline plots has been added as Fig. 3 (see also the first section under “General
comments”).

P6, L35 - (supplementary material) -> (supplementary material, S4)
Done.
P8, L11 - Geographical locations, such as, Larnaca and Oman can be marked on the map if it is necessary.

Larnaca and Male were already marked in Fig. 2, and Oman has been added. Adding more geographical
locations might not be necessary, because in the revised version there is less emphasis on the discussion
of the entire flight.

P8, L17-18 - Deep convection ... considerably to POI5 -> | assume this statement refers backward
trajectories from the surface reaching up to higher altitude as deep convection. | am wondering if there is
any other evidence of showing deep convective activities during POI5.

Yes, there is. Fig. Add (please see the look-up table at the end of this document for a mapping between
figures in the original and the revised manuscript) shows that uplift took place at and before about 13
September 2012, 0 UTC. Fig. Adb shows that the uplift was confined to the eastern ASMA flank. This
location has now been marked in the corresponding Meteosat pictures of Fig. S8 (orange circles). White
shades dominate within the circles, indicating convective clouds. Fig. S8 had to be extended backwards
in time to cover the discussed period.

P8, L31-33 - Highly polluted ... though. -> This sentence is vague. It is not clear how this effect is shown in
PO/4.

We removed the sentence.

P9, L2 - measurement locations. -> Is this based on the trajectory calculations?



Yes. We included a reference to Figs. 4a / Ada / A5a (originally Fig. 3aei) here to make this clear.
P9, L8 - more natural definition -> meaning of this is not clear.

Formulation changed to “... more information about ...”.

P10, L5 (section 4) - stratospheric or TL air then -> stratospheric or TL air

Done.

P10, L23-24 - by the coarser output (time) resolution directly, and indirectly because the representation of
processes is limited by the grid resolution -> because of the coarser temporal resolution of the output
(direct) and the representation of processes is limited by the grid resolution (indirect).

Done.

P11, L2 - synoptic scale feature -> | am not sure | agree with this statement that ASMA is synoptic scale
feature. ASMA itself is a global scale feature and its variability is represented in this study.

We changed the formulation to “large scale feature” to avoid any confusion.
P11, L15 (section 5) - NO(x) -> NOx

Our notation was intended to cover discussions about NO (measured and modelled) and NOx (modelled
only). We changed it to “NO vs 03, NOx vs 03”.

P12, 125, 27 - then or though at the end of the sentences might not be necessary
Deleted.

P14, L1 (section 6) - | wonder if there is a way to reduce the amount of discussions in section 6.1. This
section only serves as an introduction and contains very detailed discussion.

In the revised version this section is more focused on our case. Some of the discussion of previous work
has been moved to section 1.

P14, L15 - Konopka et al. (2010) can be mentioned here.

We agree with the reviewer. However, in response to the previous comment we decided to reduce the
discussion of previous work in section 6.1., and Konopka et al. (2010) has been added to section 1
instead.

P15, L2 - foormed -> formed
Done.
P15, L7-8 - artefact of ... components -> | am not sure what the meaning of this sentence is.

Reformulated to: “Ascending trajectories in that region could also be the result of convective activity
that is not explicitly resolved in the reanalysis data, but still represented as regional uplift.”

P15, L23 - O3 correlates with HCI -> O3 is positively correlated with HCI

Done.



P16, L8 — where ... during POI3 -> where measurements of O3 were lower than outer streamlines during
POI3.

Done.

P16, L10 - minted?

Minted = reformulated

P16, L11 - Contrary -> On the contrary
Done.

P17, L18-25 - This paragraph can be revised just to emphasize that the focus of this study is on the
analyses based on measurements during September (not Jul-Aug) and in the fringe of the anticyclone
(compared to inside).

The paragraph has been reformulated to better relate to the problem posed at the beginning of the
chapter, and also to the rest of the paper.

P17, L30 (section 8) - | am not convinced that this study has showed dynamical and chemical coupling
with convection.

That bullet point of Randel et al. is included here, because the interplay of convective uplift and
subsequent transport in the ASMA are discussed in connection with tell-tale trace gas signatures to
explain the measurements.

P18, L4 — From ... available -> Based on the in-situ measurements data,

Done.

P18, L7-13 - match -> agreement

Done.

P18, L30 - Fig. 2, 6 -> Figs. 2 and 6

Done.

Figures (Supplement) - What do colors in Figs. 4S (c, g, k) mean? Maybe the same as d, h, m?

These figures are now part of Appendix A and the captions have been clarified.
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