Author Comment to Referee #1

ACP Discussions doi: 10.5194/acp-2020-552-RC1, (Editor - Gabriele
Stiller), ‘Strong variability of the Asian Tropopause Aerosol Layer
(ATAL) in August 2016 at the Himalayan foothills’ by Sreehar-
sha Hanumanthu et al.

We thank Referee #1 for the positive review and for important further guidance on
how to revise our manuscript. Our reply to the reviewer comments is listed in de-
tail below. Questions and comments of the referee are shown in italics. Passages
from the revised version of the manuscript are shown in blue.

Based on COBALD measurements in North India in 2016 August, the variability of
the ATAL features is analyzed, and the source regions is simulated with trajectory
model - CLaMS. Some interesting results are derived, such as the strong variabil-
ity of the ATALs altitude, vertical extend, and aerosol backscatter intensity. Some
important transport pathways are identified for different ATAL intensity, such as
continental convection and maritime typhoon. The phenomena with no ATAL de-
tected is puzzling. Overall, this manuscript is well written and is recommended to
be published in ACP.

Minor issues:

1. P2LI12: 17km — 18km

done

2. P2L19-20: The Asian summer monsoon circulation is affected first by the
land-sea contrast, and second by the presence of the Tibetan Plateau. There-
fore, this sentence should be modified.

We agree and modified the sentence in the revises version of the manuscript
as follows:



The dynamics and thermodynamics of the Asian monsoon are caused by
the land—sea contrast and are influenced by the orography of the Himalayas
and the adjacent mountain ranges (e.g. [Turner and Annamalai, 2012, and
references therein).

3. P2L21: The monsoon anticyclone is linked to deep convection in summer
over the Indian subcontinent AND OTHER ASIAN MONSOON REGIONS.

Many thanks for this advice. We revised the sentence as follows in the
revised version of the paper:

The Asian monsoon anticyclone is linked to deep convection in summer
over south Asia and the associated diabatic heating (Hoskins and Rodwell,
1995 Randel and Park, 2006).

4. P3L18-20: The Asian tropopause transition layer in summer is first investi-
gated by Pan et al. (2014). Pan, L. L., L. C. Paulik, S. B. Honomichl, L. A.
Munchak, J. Bian, H. B. Selkirk, and H. Vomel, 2014: Identification of the
tropical tropopause transition layer using the ozone-water vapor relation-
ship, J. Geophys. Res. Atmos., 119, doi:10.1002/2013JD020558.

We added the following sentences regarding the Asian tropopause transition
layer (ATTL) in the revised version of the paper to the introduction:

Pan et al. (2014)) identified the tropical tropopause transition layer (TTL)
using chemical tracer-tracer relationships in the tropics and over the Asian
monsoon. Their comparison shows that the tracer-identified transition layer
over the Asian monsoon is similar to the TTL, although the ATTL is located
at higher potential temperature levels. However, during the monsoon sea-
son the vertical upward transport caused by radiative heating at the top the
Asian monsoon anticyclone is faster than elsewhere in the tropics (Vogel
et al., 2019)).

5. P4L1-2: How to show the size, radius or diameter?



The reviewer raised a very relevant point here. In the revised version of
the paper we give more details about size distribution of ATAL particles as
follows:

Only few measurements of size distributions of particles in the ATAL are
available, but measurements with an optical particle counter (OPC)
from Hyderabad, India and measurements with a Printed Opti-
cal Particle Spectrometer (POPS) (Gao et al.,[2016) from Kunming, China,
(both in 2015) confirm the presence of the ATAL (Yu et al.l 2017 Vernier|
2018). The OPC measurements indicate that the concentration of
ATAL particles is highest close to the cold point tropopause and decline to-
wards greater altitudes; concentrations (up to about 25 particles per cm™>)
are dominated by particles in the r > 0.094 um channel, whereas particle
number concentrations for the » > 0.15 um channel, and the r > 0.30 um

channel are lower by a factor of 30 and 300, respectively
2018, Fig. 9).

. P4L3-4: 0.6W/m2 and 0.5K???

Many thanks for this important advice. We revised the paragraph as follows
in the revised version of the paper:

Based on CALIOP measurements, the summertime aerosol optical depth
over Asia associated with the ATAL has increased from ~ 0.002 to 0.006
between 1995 and 2013, resulting in a short-term regional forcing at the
top of the atmosphere of —0.1 W/m? — compensating about one third of
the comparable radiative forcing associated with the global increase in CO,
(Vernier et al.| 2015)). The regional radiative forcing caused by the ATAL,
differs for clear and total sky conditions; total sky calculations show less
shortwave radiative forcing over the monsoon region because of cloudiness

(Vernier et al.| 2015).

It is likely that, over Asia in the past ~ 20 years, the altered radiative forc-
ing has led to summertime reductions in surface temperature, although this
effect is not quantified yet. However, the radiative forcing caused by the
ATAL could be compared with the global aerosol forcing caused by moder-
ate volcanic eruptions since 2000, which translates into a surface cooling of

0.05 to 0.12 K (Ridley et al.| 2014).




7. P4L7-10: In some ATAL studies, volcanic eruptions are removed, because
volcanic signal is much stronger than ATAL, which will mask the effect of
ATAL.

Following the reviewer’s advice we revised this paragraph in the revised
version of the paper as follows:

The co-occurrence of the ATAL with volcanic eruptions in the region fur-
ther enhances the radiative forcing by the ATAL; Fairlie et al.| (2014} Fig. 8),
based on monthly accumulations of CALIOP aerosol data between 14 and
40 km altitude, reported a top of the atmosphere radiative forcing locally
over Asia and Europe during July 2011 in response to the Nabro volcanic
eruption of about —0.8 to —1.5 W/m?. Therefore, periods of volcanic erup-
tions are removed in some ATAL studies; because the volcanic signal is
much stronger than the ATAL signal itself, a volcanic signal will mask the

ATAL (e.g.[Thomason and Vernier}, 2013} [Vernier et al., 2015]).

The impact of the ATAL is furthermore modulated by El Nifio. During El
Nifio, the ATAL is thicker and broader over the Indian region, resulting in
a reduction of the solar flux and a surface cooling of about 1 K over North
India. An elevated ATAL over South Asia exacerbates the severity of Indian

droughts (Fadnavis et al 2019).

8. P4L28-29: Nitrate aerosol is dominant in the ATAL is first suggested by Gu
et al. (2016) by simulation. Gu, Y., H. Liao, and J. Bian, 2016: Summer-
time nitrate aerosol in the upper troposphere and lower stratosphere over

the Tibetan Plateau and the South Asian summer mon- soon region, Atmos.
Chem. Phys., 16, 6641-6663, doi:10.5194/acp-16-6641-2016.

Many thanks for this advice. We revised the paragraph as follows in the
revised version of the paper:

Only limited information on the chemical composition of the ATAL par-
ticles is available from measurements so far. From simulations, there is
evidence that desert dust is lifted to UTLS altitudes and entrained into the
ATAL (Fadnavis et al.| 2013}, [Lau et al., 2018; [Yuan et al, [2019). Further,
simulations show elevated aerosol concentrations of sulphate, nitrate, am-
monium, black carbon and organic carbon within the ATAL with contribu-

tions of nitrate dominating (Gu et al., 2016}; [Fairlie et al.,[2020). Moreover,
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10.

11.

12.

Fairlie et al.|(2020) found in model simulations for summer 2013 a different
chemical compositions of the ATAL depending on the location within the
Asian monsoon anticyclone with nitrate aerosol as the dominant component
on the southern flank of the anticyclone.

. P6L30: CI>7.0, BSR940>2 AND Sice>70% — OR

We have replaced the following text in the ACPD version:

‘We reject layers with CI > 7.0, BSRg40 > 2 and Sjce > 70% as cirrus clouds
(Vernier et al., 2015; L1 et al., [2018; Brunamonti et al., [2018))....’

in the revised version of the paper with:

We reject layers showing a CI > 7.0, and a BSRg49 > 2 as well as an en-
hanced ice saturation (Sice > 70%) as cirrus clouds; clearly the CI criterion
matters most for the detection of cirrus particles (Vernier et al.l 2015} L1
et al.| [2018; |Brunamonti et al., 2018)).

P6L30: Aerosol layers without cirrus can exist under the condition Sice >
70%.

We agree, see text change above item 9.

P6L32: Could you provide the vertical range of UTLS?

We replaced ‘UTLS’ by the altitude range as follows:

Other sections of the profiles measured during the August soundings, which
show substantially elevated values of BSR455 between ~140 and 70 hPa (~
14-18 km), are classified as ATAL.

POLI11-14: This ‘somewhat different picture’ can be explained by the results
from Pan et al. (2014) as mentioned above. The distribution of lapse-rate
minimum levels is compact in potential temperature scale but diffuse in the



13.

14.

altitude scale.

In[Pan et al.| (2014), it is described that the distribution of the level of min-
imum stability (LMS) is more compact in potential temperature space and
that the cold point tropopause (CPT) levels are more compact in the alti-
tude space. This is consistent with the behaviour of temperature and po-
tential temperature profiles in these two regions — LMS is the region of
near constant potential temperature so the minimum gradient in this region
can potentially vary over a large altitude range. The CPT has a very well
defined altitude from the temperature profiles, but it is a region where poten-
tial temperature has a large gradient. However, in our work the distributions
of ATAL with pressure and potential temperature as the vertical coordinate
are discussed. It is difficult to directly link the distributions of the levels of
CPT and LMS to the ATAL.

We revised this sentence as follows:

Using the backscatter measurements with potential temperature as the alti-
tude scale, a somewhat different picture emerges than when using pressure
as the altitude scale because the potential temperature has a large gradient
in this altitude region.

10L1: This result can also explained by the results on CPT from Pan et al.
(2014).

See above item 12.

PI8LI: The two branches are not easily found in the figure, could you show
more clearly?

We revised the description of the two branches to make the difference more
clear in revised version of the manuscript as follows:

Focusing on the trajectories from the BL (Fig. 8; in the ACPD Version) two
branches, a western and eastern branch, of trajectories are found depending
on the altitude of the measurements (Fig. 7a; in the ACPD Version); trajec-
tories from above 370 K are from eastern and trajectories from below 370 K
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are from western longitudes. In the western branch of the trajectories the air
masses are transported around the western mode of Asian monsoon anticy-
clone, while air masses from the eastern branch are coming from the Pacific
ocean and are transported along the southern edge of the eastern mode of
the anticyclone to the measurement location in Nainital.

P27L1-6: Why post-monsoon cases are used as background signal for aerosols

in the UTLS? Yes, theres no ATAL during winter. But, the general circula-
tion is quite different for summer and winter, so obviously the source regions
are different. Could you use cases with no ATAL during summer as back-
ground signal?

We agree that the general circulation in winter is very different to summer
conditions and therefore the source regions are different for air parcels in
the UTLS over Asia during summer and winter. Therefore the enhancement
in backscatter ratio (BSRys5) in August compared to the November mea-
surements is a good measure to infer the strength of the ATAL in summer
in relation to conditions in winter, when more unpolluted marine air masses
are transported to the UTLS over Asia. Therefore we use the November
cases as background signal.

It would be also interesting to use ‘no ATAL cases’ during summer as back-
ground for further analysis however our study is focused on the COBALD
measurements in Nainital 2016 which is a small statistical data base of 15
valid flights in August and two during November. In this data base, there are
only two ‘no ATAL cases’ during summer both overlaid by a cirrus cloud.
Therefore, we consider it premature using these two ‘no ATAL cases’ as the
background signal.

P27: For case 2, beside source regions, other parameters impacting ATAL
such as temperature and Sice should also be considered.

We agree and added the following sentence:

However, we can not exclude that also aerosol removal processes depend-
ing on temperature and S;¢. such as in-situ cirrus formation contribute to the



17.

existence of the no ATAL measurement on 15 August 2016.

P28L26: Some in situ measurements show that the aerosols concentration
in the middle troposphere is very low, which should be considered in the
argument.

We agree that the aerosols concentration in the middle troposphere is very
low in some in situ measurements which is also visible in the measurements
in Nainital presented in this work (see Fig. 2 in the ACPD version). In the
paper, we argue that the uplift (convection) of air masses from the lower
troposphere could transport enhanced concentrations of aerosol particles to
ATAL altitudes which is independent from the low aerosol concentration
in the middle troposphere. This is indeed consistent with the OPC mea-
surements presented by [Vernier et al. (2018) that found much lower aerosol
concentrations in the middle troposphere that at the ground or in the ATAL.
We have now mentioned this point in the paper explicitly.

We have replaced the text in the ACPD version:

‘...however the uplift (convection) of air masses from the lower tropo-
sphere could transport enhanced concentrations of aerosol particles to ATAL
altitudes (as proposed by |Vernier et al.| (2018)). Vernier et al. (2018) found
in some balloon-borne measurements of the ATAL from Hyderabad, India,
in summer 2015 that the presence of cirrus is associated ...’

in the revised version of the paper with:

... however the uplift (convection) of air masses from the lower troposphere
could transport enhanced concentrations of aerosol particles from close to
the ground to ATAL altitudes without much influence of aerosol in the mid-
dle troposphere (see Fig. 2 in the ACPD). This concept is consistent with the
results of |Vernier et al.| (2018), who found in OPC balloon-borne measure-
ments of the ATAL from Hyderabad, India, in summer 2015 that aerosol
concentrations and in the ATAL are of the same magnitude, while much
lower aerosol concentrations prevail in the middle troposphere. In their bal-
loon measurements |Vernier et al. (2018) further found that the presence of
cirrus is associated . . .
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P311.24-26: Factors impacting the variability of the ATAL include not only
source regions, but also other parameters related the formation and growth
of aerosol, the latter should also be considered.

We agree and added the reviewer’s argument to the revised version of the
manuscript as follows:

In this work, we show that there is a variety of factors impacting the variabil-
ity of the ATAL: continental convection, tropical cyclones (maritime con-
vection), dynamics of the anticyclone and stratospheric intrusions. All these
factors contribute to the observed day-to-day variability of the ATAL found
over Nainital in August 2016. The ATAL is also impacted by other pro-
cesses related to the formation and growth of aerosol as well as by aerosol
removal processes such as in-situ cirrus formation.

and add the following text to the second paragraph of the conclusions:

However, we have only one no ATAL measurement in August 2016
(partly influenced by cirrus), therefore we can not exclude that also aerosol
removal processes such as in-situ cirrus formation contribute to the exis-
tence of no ATAL measurements. More balloon-borne measurements would
be required to validate this hypothesis.

P32L1-4: Possibly, satellite data for aerosol can be used.

Many thanks for the reviewer’s suggestion, however the strong day-to-day
variability of the altitude, the vertical extent and the backscatter intensity
of the ATAL at UTLS altitudes is not visible in the climatological mean
values of the ATAL derived by satellite observations. Therefore we are not
sure if satellite data could really help to prove our hypothesis that the main
driver for ‘no ATAL cases’ are the dynamics of the Asian monsoon anticy-
clone. In any event, an in-depth study of the averaging procedure necessary
to derive ATAL information from satellite observations would be required
for such an analysis. This is more than what we can achieve in this paper.
Furthermore, a larger data base of high-resolution measurements (e.g. from
balloons or high-altitude aircraft) would also be very helpful to get a deeper
understanding of ‘no ATAL cases’ during Asian summer monsoon.



20. P32L20-22: I think its too early to talk about the regulations, because we
still dont know whether the ATAL existence is good or bad to human beings.

We agree and discuss this issue more controversially in the revised version
of the paper by adding the following sentence:

On the other hand, the ATAL impacts the radiative balance of the Earth’s at-
mosphere and could have potential positive side effects in terms of reducing
surface temperatures (Fadnavis et al., [2019), therefore more future research
about the ATAL and its impacts is required.
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