Author Comment to Referee #3

https://doi.org/10.5194/egusphere-2025-5609, ‘Continental and marine source
regions contributing to the outflow of the Asian summer monsoon anticyclone
during the PHILEAS campaign in summer 2023’ by B. Vogel et al.

We thank Referee #3 for the positive review and for further guidance on how to
revise our manuscript. Our reply to the reviewer comments is listed in detail be-
low. Questions and comments of the referee are shown in italics. Passages from
the revised version of the manuscript are shown in blue.

General comments

1. This paper provides a meticulous analysis of selected ASMA-related trace
gas in situ measurements taken by the HALO research aircraft. It is very
well written and of excellent scientific quality.

We thank Referee #3 for this positive assessment.

2. Complementing previous campaigns, PHILEAS probed within the same sea-
son the western ASMA flank and also its eastern outflow. Three case studies
are used to work out the differences between the respective measurements
in detail. But are the selected cases really comparable? Measurements in
the east probed a detached filament, i.e. ASMA outflow. The two western
cases probed the edge and partly the interior of the ASMA, which may not
be representative of the eastern ASMA outflow. Outflow via eddy shedding,
for example, is likely to mix air masses across the transport barrier of the
anticyclone.

Many thanks for this comment. We agree that the selected research flights
addressed somewhat different situations; however all flights were influenced
by tropical cyclones. And we further agree that we need to better motivate
why we selected research flights FO2, FO6, and FO8. For clarification, we
have added the following text to the introduction of the revised manuscript.



We will show that in general the PHILEAS measurements are influenced by
tropical cyclones from the western Pacific. Further, the chemical composi-
tion of monsoon-influenced air measured during PHILEAS varies strongly
and depends on the geographic source region at the Earth’s surface. We dis-
cuss three research flights (F02, FO6, and FO8) as case studies because, on
the one hand, they sampled very different dynamical and geographic situa-
tions: the western part of the anticyclone, typhoon-influenced air within the
westward outflow of the anticyclone, and the eastward outflow of the anti-
cyclone. On the other hand, all three flights were influenced by marine air
uplifted by tropical cyclones in the western Pacific, which contributes to the
chemical composition of the air at the edge of the ASMA and its outflow.
This results in mixing of polluted air from the Asian monsoon with marine
air from tropical cyclones, particularly within eddies or filaments separated
at the eastern flank of the anticyclone.

. The paper highlights the previously recognized interaction with tropical cy-
clones at the eastern ASMA flank (Vogel et al., 2014), which could lead to an
asymmetry between eastern and western ASMA outflow. Gaining a general
insight into the differences between the two types of outflow would require
analyses that go beyond individual case studies. For instance, the extremely
valuable ground truth provided by the case studies could be linked to satel-
lite data or simulations, which provide longer temporal and wider spatial
coverage, allowing for more general insights.

We agree that the interaction of the ASMA with tropical cyclones at its
eastern flank has already been discussed in several previous studies (e.g.
Vogel et al., 2024; L1 et al., 2017, 2020, 2023). In these studies, in situ trace
gas measurements of CO, CH,, H,O, and O, obtained from aircraft or bal-
loon observations were used. In addition, our study contains high-resolution
in situ measurements of very short-lived substances such as CH,Cl, and
CH,Br,, as well as the chemical composition of aerosol particles (which
were previously not available. This allows a better source attribution to
maritime and continental sources to confirm our CLaMS model simulations
using surface-origin tracers. This is a clear added value compared to previ-
ous publications to this topic.

For clarification, we added the following to the introduction of the revised



manuscript.

In addition, trace gas measurements and the chemical composition of parti-
cles are used to link the PHILEAS measurements to specific source regions
such as marine (e.g. CH,Br,, marine-influenced particles) and continental
sources (e.g. CH,CI,, nitrate-containing particles) as well as monsoon air
(e.g. CH,). This allows a better source attribution combining model and
measurement results.

We agree that it is also important to analyse a longer temporal and wider
spatial coverage; however, this is not possible using only PHILEAS aircraft
data, which are limited in both time and space (but provide very good spatial
and temporal resolution). Such an analysis would constitute a completely
different type of study, focusing on seasonal or climatological scales. This
is something we may consider in future work, but can not be part of the
present study focused on the PHILEAS measurements.

. Correlations between methane and dichloromethane are shown to be sen-
sitive to different source regions, providing a valuable tool for studying
ASMA-related transport. On the other hand, it would be worth discussing
the different chemical compositions in the context of emission inventories
for these trace gases, too.

Many thanks that reviewer #3 appreciates the added values of the methane
and dichloromethane correlations presented in our study. In addition with
the surface-origin tracers from the CLaMS model, we can attribute en-
hanced dichloromethane and methane mixing ratios to certain source re-
gions in Asia (e.g. eastern China and northern India) using high-resolution
ERAS reanalysis data with the best spatio-temporal resolution that is cur-
rently available from ECMWE

In current chemistry-climate model simulations presented in Dubé et al.
(2025), CH,Cl, are constrained at the surface by annual mean observa-
tions in five latitude bands using surface values from NOAA https://gml.
noaa.gov/hats/gases/CH2C12.html. In Claxton et al. (2019), three—
dimensional chemical transport model simulations were performed to anal-


https://gml.noaa.gov/hats/gases/CH2Cl2.html
https://gml.noaa.gov/hats/gases/CH2Cl2.html

yse how chlorine perturbations vary with emission location of CH,Cl,. For
this, CH,Cl, abundance at the surface is modelled using 5 regions broadly
correspond to major industrialised areas (Temperate North America, Eu-
rope, Temperate Latin America, Temperate Asia, and Tropical Asia) as-
suming a 1-Tg/year emission. Thus, to simulate chlorine including CH,Cl,,
some rough assumptions had to be made. discussed the spa-
tial distribution of CH,Cl, emission in eastern China as shown in Fig. m of
this reply highlighting China as an important source region that is not re-
flected either in [Dubé et al. (2025) or in [Claxton et al.| (2019). However
in our study, we do not present CLaMS simulations including chemistry,
therefore any lower boundaries or emission inventories for CH,Cl, will not
be very helpful.

We revised our manuscript for better clarification as follows.

Dichloromethane (CH,Cl,), a chlorine-containing very short-lived halo-
genated substance (VSLS), originates mainly from anthropogenic sources
— in particular from China and India (Feng et al., 2018}, [Say et al.| [2019).
An average annual increase of 13% in emissions of the industrially pro-
duced CH,Cl, was reported for the time period between 2011 and 2019 —
primarily from eastern China (An et al., 2021)). Recent studies highlight the
increasing influence of chlorine-containing VSLS such as CH,Cl, that is
not regulated by the Montreal Protocol on the stratospheric chlorine bud-

get and therefore their possible role in ozone depletion (e.g.
2017}, [Claxton et al., 2019} [Dubé et al., 2025). The coincidence of strong

CH,Cl, sources in Asia in particular in eastern China and the Asian sum-
mer monsoon that transport surface emissions from Asia very fast into the
northern lower stratosphere, makes CH,Cl, measurements in the ASMA
and in its outflow very important.

Previous aircraft measurements already confirm that CH,CI, is enhanced
over Asia. Over the Indian subcontinent CH,Cl, mixing ratios up to ~140 ppt
were measured during the StratoClim aircraft campaign in 2017, a factor
of more than two more than reported previously at the tropical tropopause
(~50ppt) (Adcock et al, [2021). During the ACCLIP aircraft campaign in
2022 record-breaking mixing ratios up to ~ 600 ppt CH,Cl, were measured
at tropopause altitudes at the eastern edge of the ASMA (over Korea and
Japan) (Pan et al.l 2024). Export of air from the ASMA to the northern ex-
tratropical UTLS leads to enhanced CH,Cl, mixing ratios over the Atlantic
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Ocean and Northern Europe (Lauther et al., [2022) as well as in the Arctic
(Laube et al., 2025]).
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Fig. 3 Spatial distribution of CH,Cl; emissions in Eastern Asia with focus
on China. a The average mean emissions of CH2Clz in 2011-2012. b The
average mean emissions of CH,Cl, in 2015-2019. ¢ The difference between
a and b. The two time periods are divided by the rapid increase in emissions
from China which occurred in 2012-2015. Black dots in the figures
represent measurement sites active during that time period; pink triangles
are the known chloromethanes factories in China. The spatial distribution
for each year is shown in Supplementary Fig. 8. The difference between the
spatial distribution of the mean lapﬂown and a priori emission is shown in
Supplementary Fig. 9.

Figure 1: From|An et al.| (2021, Fig. 3)




5. The above aspects (eastern vs. western outflow, quantification of ASMA-
cyclone interactions, CH2CI2) are examples that could provide novel in-
sights into ASMA-related processes or inventories. However, each would
require analyses/quantification beyond the interpretation of the measure-
ments. In the current draft I am having difficulty identifying the scientific
focus. What do we learn about the ASMA that is not already known from
previous studies, some of which are discussed in the introduction?

Many thanks for this comment. We agree that we need to better underline
the novelty of our study. Major novel points are further aspects of tropical
cyclones and for example the added value of correlations between CH, and
CH,CI,. Therefore, revised the introduction accordingly (see above item
no. 2).

6. Nevertheless, the current draft provides a valuable, in-depth analysis. It
is certainly worth publishing. Rather than revising the paper as suggested
above: Why not making it a measurement report? Then it would likely re-
quire only minor revisions. Given the interesting dataset and the impressive,
elaborate analyses, it even has the potential to be a highlight paper.

We thank Reviewer #3 for the appreciation of our work and for recommend-
ing it as a potential highlight paper. We would be glad if the editor would
think about that. A major component of our study is the back-trajectory
analyses and global Lagrangian model simulations with CLaMS (the first
global CLaMS simulation using high-resolution ERAS reanalysis data) in-
vestigating the outflow of the ASMA (transport and mixing) and air-mass
origins in Asia. According to ACP, ‘Measurement reports are peer-reviewed
publications that present substantial new results from measurements of at-
mospheric properties and processes from field and laboratory experiments.
Analysis of the measurements may include model results and conclusions of
more limited scope than in research articles.” We do not consider a Mea-
surement Report to be an appropriate format for our manuscript; CLaMS
model simulations constitute an important part of the paper (see above)
therefore, we submitted it as a Research Article. None of the other two
reviewers raised any concerns regarding the manuscript type.



Specific comments

1. L59: eastward — > westward?

‘Eastward’ is correct here. For better clarification, we revised the sentence
as follows.

The eastward outflow of the ASMA, transported along the subtropical jet
toward North America and further downstream, was observed during two
aircraft campaigns over Europe and the North Atlantic.

2. L145: Is there an additional parameterisation for convection available
(Konopka et al.), but was not used here? Or did Konopka et al. evalu-
ate a setup without additional convection parameterisation? GENERAL:
The representation of convection seems to be central for this study. If an
alternative setup is available, a comparison would be warranted.

The authors thank the reviewer for this comment and agree that this point
requires further clarification. We revised the text as follows.

The upward transport and convection in CLaMS (in both trajectory calcula-
tions and three-dimensional simulations) depend on the underlying reanaly-
sis data (Li et al.} 2020}, |Clemens et al., 2024} [Vogel et al.| 2024)). For the use
of high-resolution ERAS data, no additional parametrisation for convection
is applied in our simulations. Although an additional parametrisation for
convection in CLaMS has been developed (Konopka et al., 2019] 2022), it
is in its present form intended only for use with down-sampled ERAS data
(with a 1° x 1° horizontal resolution and a 6-hourly temporal resolution).
This approach is a computing-time-saving alternative that is well suited for
global, multi-annual CLaMS simulations. The representation of convection
and tropical cyclones (e.g., typhoons) in ERAS5 is substantially improved
compared to its predecessor, ERA-Interim (e.g., [Hoffmann et al.| 2019;
et al., 2020; Malakar et al., [2020; |[Clemens et al., 2024} [Vogel et al., 2024),
and represents the best data currently provided by ECMWE. However, un-
resolved small-scale convection in ERAS represents a potential limitation
of our simulations. Furthermore, vertical transport in the lower stratosphere
in ERAS5 has been found to be somewhat too slow (Ploeger et al., 2021}, [Vo-




gel et al.| [2024)), which may affect air masses transported upward into the
stratosphere and subsequently advected isentropically to higher latitudes.

. L147: Is this necessarily a lower limit? Assume that a similar amount of
instabilities is occurring in any resolution and that instabilities are removed
by vertical motion: Small scale convection in high-res, larger scale in low-
res. The locations and trajectories of the vertical exchange might differ, but
not the amount of exchange. This means that the surface tracers are not
necessarily at a lower limit. Instead, the low resolution imposes an addi-
tional uncertainty on the origin of the tracers. Comparisons to observed
convection (clouds, lightning) might provide an idea of model performance
in this context.

Yes, we agree and removed the expression ‘lower limit’ that was mislead-
ing (see revised text above item no. 2). In the past, several studies were
performed to infer the different behaviour of CLaMS trajectories driven by
ERA-Interim, ERAS 1° x 1° and high-resolution ERAS reanalysis data in
the vicinity of typhoons (more details see L1 et al., 2020) in the western
Pacific and of the Asian summer monsoon (more details see |Clemens et al.|
2024} |Vogel et al., 2024)).

. Since this aspect of vertical transport seems to be crucial for the study, a de-
tailed discussion or even a dedicated evaluation of this aspect in the model
seems to be warranted.

Yes, we agree that the vertical transport is crucial. In one of our previ-
ous studies, we have evaluated the vertical transport in CLaMS using high-
resolution ERAS reanalysis data using high-resolution in situ CO, measure-
ments in the Asian summer monsoon 2017 up to ~20km altitude from the
StratoClim aircraft campaign. [Vogel et al. (2023) show that the Lagrangian
transport in CLaMS using diabatic vertical velocities and driven by the Eu-
ropean Centre for Medium-Range Weather Forecasts’ new high-resolution
reanalysis ERAS is very well suited for CO, reconstruction. They show
that spatio-temporal patterns of carbon dioxide on the Indian subcontinent
driven by regional flux variations rapidly propagate to approximately 13 km
with slower ascent above.



5. L151: Are the gradients right for the right reasons? How sensitive are
those evaluations to the representation of convective transport? See pre-
vious comment: An evaluation specifically for convection / the campaign
period would increase confidence in the simulations.

In L1 et al| (2020), we performed a detailed analysis of the behaviour of
CLaMS back-trajectories with respect to convection in tropical cyclones, as
briefly explained below. Figure [2] (of the reply; same as Fig. 14 in[Li et al.
(2020)) displays the brightness temperature from the FY- 2G satellite with
air parcels’ locations at the corresponding time based on ERA-Interim dia-
batic trajectory calculations and ERAS kinematic and diabatic trajectories.
On 5 August, Naha was located at the northern edge of Typhoon Soude-
lor (Fig. [2n). On 6 August, air parcels from ERA5 kinematic and diabatic
trajectory calculations were located above the centre of Soudelor (Fig. [2b).
Some of the air parcels from the ERA-Interim diabatic trajectory calcu-
lations were still located at the edge of Typhoon Soudelor. Air parcels
moved westward toward Kunming on 8 August (Fig. 2c), and the lowest
brightness temperature is 190 K above Taiwan. On 9 August, air parcels
arrived in Kunming under clear-sky conditions (Fig. 2d). Both the kine-
matic and the diabatic trajectory calculations using ERAS data show much
faster and stronger vertical transport than ERA-Interim primarily because
of ERAS’s better spatial and temporal resolution, which likely resolves con-
vective events more accurately.

6. L160: Back trajectories essentially serve the same purpose. Consider to
add a few sentences explaining the purpose, the pros and cons of the two
approaches. Forward simulations with source regions provide an impres-
sion of the air surrounding the measurements and they account for mixing.
Do the back-trajectories also account for mixing?

We thank the reviewer for this comment and added the following clarifica-
tion to the manuscript.

CLaMS trajectory calculations consider only advective transport, neglect-
ing mixing processes entirely. However, back-trajectory calculations are
well suited to analyse the detailed transport pathway, transport time, and
surface origin of air parcels and therefore provide added value compared to
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Figure 2: Brightness temperature from the FY-2G satellite on (a) 5 August, (b)
6 August, (c) 8 August, and (d) 9 August 2015 with backward trajectories (grey
circles: ERAS diabatic; black asterisk: ERAS kinematic; purple circles: ERA-
Interim diabatic) for air parcels started from balloon measurement in Kunming
(China) in flight segments with low ozone and low water vapour as indicator for
the impact of a tropical cyclone.

three-dimensional CLaMS simulations including irreversible mixing (this

has been shown in previous publications, e.g. [Vogel et al. 2019} 2023|
2024).

7. L168: ASMA location and extent is very variable. Fixed surface regions
neglect that. Why don’t use some dynamic criterion (e.g. back-trajectories
from the actual ASMA) to flag tracers as ‘processed by ASMA’?

To flag the air ‘processed by ASMA’ would be also a possibility to flag
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10.

monsoon-influenced air. However, we would like to attribute the measure-
ments to different source regions in Asia, therefore we used the sum of
different surface-origin tracers as marker for the ASMA in our study. For
better clarification, we revised the text as follows.

Our simulations show that the following surface—origin tracers contribute
in general to the composition of the ASMA: Northern Indian Subcontinent
(NIN), Indian Subcontinent (IND), Tibetan Plateau (TIB), Eastern China
(ECH), Bay of Bengal (BoB), Northern Indian Ocean (NIO), as well as
the Near East (Neast) and Northern Africa (NAF), with the latter two con-
tributing only in small fractions. In the following, we use the sum of these
surface—origin tracers as a marker for air originating from the ASMA and re-
fer to it as the South Asia tracer (despite contributions from regions outside
Asia). The regional surface-origin tracers can be used to link the measure-
ments to sub-regions reflecting the influence of the South Asian monsoon
(Indian subcontinent) or the East Asian monsoon (eastern China) (Smith
et al., 2025 [Pan et al., 2024, [2025)).

. L225: How is that convection represented in ERAS?

This sentence was intended as a general statement. To avoid any misunder-
standing, we have removed it.

. L233: Consider to evaluate/discuss the representation of cyclones in ERAS

for cases or regions relevant in this study.

The representation of convection and cyclones in ERAS is already discussed
elsewhere (e.g., Hoffmann et al., 2019; L1 et al.,|2020; Malakar et al.,|[2020;
Clemens et al., [2024; Vogel et al., 2024). These papers are cited in our
manuscript (see item no. 2 above).

L255: ‘Air masses ... monsoon region.” — > Consider to either provide
some values (and references), or to omit the sentence.

Yes, we agree and added the following clarification to the manuscript.
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11.

12.

13.

In the PHILEAS campaign overview paper Riese et al.| (2025), air masses
with CH, mixing ratios exceeding a threshold of 1850 ppbv (referring to
Rolf et al.| (2018)) was used as a proxy for monsoon-influenced air. In our
study, no specific threshold is applied, because in the outflow of the ASMA,
mixing of monsoon air with surrounding air masses occurs, reducing the
enhanced CH, mixing ratios associated with the ASMA.

See also general comment item 4 above.

L261-1.269: The collection of facts about CH2CI2 is somewhat inconsis-
tent: Sources vs emission changes vs mixing ratios. How about showing or
describing a snapshot of an emission inventory (if available)?

A detailed comment on that issue can be found above (General comments;
item no. 4).

In general, reliable, however detailed emission inventories for CH,Cl, are
not available.

L296: Branch 3 has lowest CH2CI2. Is this consistent with the main source
in South Asia (as indicated in L262)?

We revised the text for better clarification as follows.

In contrast, in branch 3 the fractions from South Asia are up to 70%, with
minor contributions from the Western Pacific (tracer lower than 10%). Here
the Indian Subcontinent (IND) and Bay of Bengal (BoB) are the main surface-
origin tracers that contribute (Appendix Al; Fig. A2). CH,Cl, mixing
ratios in a similar range (up to around 140 ppt) were also measured dur-
ing the StratoClim aircraft campaign over the Indian subcontinent, near the
tropopause (Adcock et al., 2021).

L315: Consider to colour code the flight altitude in terms of potential tem-
perature to indicate how it relates to the chosen isentropic level. A panel
zoomed on the flight path might help visibility. In such detailed panel for
the flight track you might also indicate the intervals used in figs 8, 11, 15.
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We agree that an additional panel zoomed on the flight track and indicating
the intervals shown in Figs. 8, 11 and 15 is useful. We have added such
figures to the revised version of our manuscript as shown in Figs. [3| ] and 5]
of this reply.
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Figure 3: Research flight FO2 on 6 August 2023 conducted from Oberpfaffen-
hofen, Germany, to the Mediterranean area intruding into the western part of the
ASMA (South Asia surface—origin tracer at 370K, 12:00 UTC, left). The en-
tire anticyclone (top) as well as a zoom to the flight area (bottom) are shown. A
belt of air from the western Pacific is found around the outer edge of the ASMA
(Western Pacific surface—origin tracer at 370 K, 12:00 UTC, right). The surface—
origin tracer distributions are based on a CLaMS simulation driven by ERAS. To
align the flight tracks with the synoptic CLaMS model output at 12:00 UTC, the
actual flight positions (white line) were extrapolated to 12:00 UTC positions us-
ing forward and backward CLaMS trajectories to calculate the synoptic HALO
flight track (black line). To indicate the edge of the ASMA (indigo line), the
boundary of the ASMA is calculated using the Montgomery streamfunction. An
optimised Montgomery streamfunction value gives the ASMA boundary (MSF =
357.3 x10° m?s~2) for 6 August 2023 at 12:00 and 370 K using ERAS reanalysis
data based on the method by Kachula et al. (2025)). The climatological isentropic
transport barrier (PV = 6.4 PVU) derived by Kunz et al.|(2015)) for the Northern
Hemisphere at 370 K during summer indicates the barrier between the tropical
tropopause layer and the extra-tropical lower stratosphere (olive line). Further,
horizontal winds from ERAS are indicated by white arrows. Time intervals 1-3
shown in Fig. 8 are marked in magenta.
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Figure 4: As in Fig. [3 but for research flight FO6 on 16 August 2023 conducted
from Oberpfaffenhofen, Germany, to the Mediterranean region (towards southern
Italy). Research flight FO6 reaches the outer edge of the ASMA (South Asia
surface—origin tracer at 370 K, 12:00 UTC, left), which is dominated by air from
the western Pacific (Western Pacific surface—origin tracer at 370 K, 12:00 UTC,
right). The ASMA boundary (indigo line) is given by MSF = 356.6 x10° m?s~2
for 16 August 2023 at 12:00 UTC and 370 K. Time interval 1 shown in Fig. 11 is
marked in magenta.
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Figure 5: As in Fig. [3|but for research flight FO8 on 26-27 August 2023 conducted
from Anchorage probing a filament over Alaska separated from the ASMA (South
Asia surface—origin tracer at 370 K and at 390 K, 00:00 UTC, left), which is mixed
with air from the western Pacific (Western Pacific surface—origin tracer at 370 K
and 390 K, 00:00 UTC, right). The calculated synoptic HALO flight track position
at 27 August 2023 is shown at 00:00 UTC (black line). The ASMA boundaries
(indigo line) are given by MSF = 357.0 x10° m?s~2 at 370K and MSF = 367.6
%103 m?s~2 at 390K for 27 August 2023 at 00:00. Climatological isentropic
transport barriers (olive line) at 370 K (PV = 6.4 PVU) and at 390K (8.6 PVU) are
given.Time intervals 1-3 shown in Fig. 15 are marked in magenta.
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14. Fig. 10: Consider to refer to fig. 9 for recurring descriptions of the annota-
tion etc.

Many thanks for this comment. We refer in caption of Figs. 10 and 13 to
Fig. 6 to shorten the text in the figure captions and to avoid duplication.

15. L409: Why outflow? South Asian air in FO2 seems to be mainly within the
ASMA (in interval 2).

Yes, we agree and revised the text as follows.

Air masses measured in this monsoon-influenced filament of the ASMA
originate mainly from East China (ECH) and the Western Pacific (NWP
and TWP) (Figs. 14 and 15), in contrast to the western part of the ASMA
measured during research flight FO2, where air originates mainly from the
Indian subcontinent (IND, NIN, BoB; Figs. 7 and 8).

16. L486: Case 1 also indicates that Pacific air might be transported around
the outer edge of the ASMA. Then it is just a question of how this Pacific air
is mixed with South Asian air during eddy shedding to the west. An outflow
event at the western edge has not been analysed here?

We revised the text as follows to make the point clearer.

Therefore, the chemical composition of air in the eastward outflow of the
anticyclone differs from the western part of the ASMA.
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