Reply to Anonymous Referee 1

We thank the reviewer for her/his helpful comments on the manuscript. In the following, reviewer’s comments are in
italics, authors’ responses are in normal font. Numerous figures are shown in our response to illustrate our points but
are not included in the revised manuscript.

1. General Comments.
As the role of moistening and drying effects of tropical storms on the UT, TTL, and LS are still under discussion this
is a relevant and well suited topic for publication in ACP.

We thank the reviewer for the positive assessment.

The manuscript is well written, however the structure needs improvement. Data validation and interpretation are
mixed up at places which makes the argumentation quite hard to follow. The number of figures could also be reduced.
As discussed in detail below, the data presented are not sufficient to conclusively support several of the topics
discussed in length in the manuscript. As a result | recommend to focus the discussion to the conclusively identified
source-signature relations mentioned above and submit a revised and more focussed manuscript taking into account
the comments below.

We agree that the structure of the paper needed improvement and that it could be shortened/more focussed. The
number of figures has been reduced from 12 to 9 in the revised manuscript. We have changed the overall structure of
the manuscript to better separate the description of observations/Lagrangian simulations and the discussion of the
general results. We have restricted our analysis on essential results and shortened the data validation/interpretation as
suggested by the referees.

2. Detailed Comments.
1.100: Apart from the CFH specifications the altitude dependent temperature measurement accuracy of the radiosonde
must be given in order to judge the reliability of the relative humidity (RH) used later. Derivation and specifications
of the measured vertical coordinate(s) should also be mentioned briefly.

The IMET-1-RSB has a temperature measurement uncertainty of 0.3°C, or 5% in RH, with an altitude independent
bias of 0.5+ 0.2 °C (Hurst et al., 2011). As for vertical coordinate, we use the geopotential height calculated from the
iMet-1-RSB measurements of pressure, temperature and RH. Hurst et al. (2011) reported altitude-dependent
differences of -0.1 to -0.2 km above 20 km between the geopotential altitudes derived from the Vaisala RS92 and
Intermet iMet-1-RSB sondes. This description has been added in section 2.1 (Balloon data) of the revised manuscript.

Structure of the Data/Results sections: | recommend to move all validations (instrument intercomparisons) and
derivations of climatological differences to one dedicated section where they are derived and presented without
discussing them along with interpretational details. The argumentation would be much easier to follow when
giving/deriving temperature differences, water vapour intercomparisons, RH, differences to monthly mean MLS H20
profiles first and then later discuss them all together with respect to the FLEXPART trajectory model results for the
consecutive atmospheric layers and flights. Also | propose to discuss the possible CFH lower strat. dry bias on 3
March 2017 in this early section and just mention it later in the interpretation. In this last aspect it is also important
to point out the reliability of the CFH results up into the UT supported by the good agreement with the lidar.

As suggested by the reviewer, we have reorganized the manuscript. The section that describes the FLEXPART model
is now section 2.4. In section 3, TS Corentin and TC Enawo are described (Figure 1 of the revised manuscript), the
mean convective cloud cover is presented (Figure 2) and the MLS water vapor mixing ratio gridded in the SWOOSH
data set at 215&100hPa averaged over January 2016 and March 2017 (Figure 3).

In section 4, the water vapor and ozone profiles are described (section 4.1, Figure 4), the relative humidity and
temperature profiles (section 4.2, Figure 5) and the Lagrangian analysis of air mass origin with FLEXPART (section
4.3, Figures 6 and 7). The MLS and CFH comparison is presented in section 5.1 (Figure 8) and temperature anomalies
derived from the NDACC/SHADOZ radiosonde dataset are discussed in section 5.2 (Figure 5). Finally, the water
vapor anomalies, derived from the MLS climatology are discussed in section 5.3 (Figure 9). The dry bias found in the
lower stratosphere has been reduced by restricting the MLS profiles to those directly impacted by TC Enawo in the
revised manuscript.
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CFH-MLS intercomparison: The efforts to validate and intercompare the data employed for the study are very
welcome! The few (6 and 10) MLS profiles selected employing the given criteria and presented in Fig.9 may, however,
not be the best to compare to the CFH data since temporal and/or spatial vicinity alone doesn’t really help. These
single MLS profiles may very closely resemble the air masses probed by the CFHs on some altitudes but have very
different origin for others. Therefore a low number of profiles will not be representative even when regarding the
std.devs. | wonder if searching for matches for the measured air particles in the CFH profiles with previous or later
MLS measurements in a given time window employing the Flexpart trajectories wouldn’t do a much better job and
provide at least a similar number of satellite measurements with less 'variability’.

As you suggested, we have used FLEXPART backward trajectories to better identify MLS coincident profiles for the
comparison with the CFH measurements. We agree that some MLS profiles may very closely resemble the air masses
probed by the CFHs on some altitudes but have very different origins for others. The map below shows the location
and time of the 10 and 6 MLS profiles initially used for comparison with the CFH data on 25 January 2016 and 3
March 2017 respectively. These profiles correspond to match criteria of +18h, £500 km North-South distance (around
+5° latitude), £1000 km East-West distance (around +£10° longitude).
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Figure 1: MLS coincident profiles on 25 January 2016 (left) and 3 March 2017 (right). The green square indicates the
location of the Maido Observatory on Réunion Island.

We initialized FLEXPART backward trajectories for each of the locations shown on the map above and for each of
the 19 MLS pressure levels between 316 and 10hPa. FLEXPART backward trajectories were also run from the
location of the CFH measurements and similar pressure levels as MLS. This was done to ensure that we select MLS
profiles that have the same origin as the air masses sampled by the CFH on 25 January 2016 and 3 March 2017.

FLEXPART can provide gridded output of the residence time (in seconds) as a function of latitude/longitude/altitude.
We ran backward simulations over 1 week and the residence time field was reported on a regular latitude/longitude
grid with 0.25°x0.25° resolution, 1 km vertical spacing from the surface to 25 km and every 3 hours. The gridded
residence time can be summed in time and altitude to indicate the total time an air parcel resides at a given grid point
for a given period/altitude range. For example, the residence summed over the altitude range 0-5 km will indicate how
much time an air parcel stayed in the low troposphere. Figure 2, below, shows the 0-5 km residence time of 50,000
trajectories released at 178 hPa from 6 different locations which are the locations of the CFH on 25 January 2016
(upper left)/3 March 2017 (upper right), MLS profile on 25 Jan at 21:39UTC (so-called MLS03, middle left), MLS
profile on 04 Mar at 10:21UTC (MLS 04, middle right), MLS profile on 26 Jan at 09:49UTC (MLS 07, bottom left)
and MLS profile on 04 Mar at 10:20UTC (MLSO03, bottom right). The red contours indicate residence time summed
over 0-5km and 2 days before the launch. Thus, the pattern on each panel corresponds to the principal region of origin
in the low troposphere for air parcels initially released at 178 UTC. We produce similar maps for all MLS locations
(shown on Figure 1 above)/19 pressure levels and the CFH launch location/pressure levels. The residence time was
summed over altitude layers 00-05km (low troposphere), 05-10km (middle troposphere) and 10-15km (upper
troposphere) and a period of 2 days before the launch time. Thus, a total of 11x19x3=627 and 7x19x3=399 maps were
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produced for 25 January 2016 and 3 March 2017 respectively but to illustrate our comparison we only show 6 maps
of residence time on Figure 2. For each CFH launch, we then select coincident MLS profiles that have a common
origin in the low troposphere as we are interested in convectively influenced profiles. For example, Figure 2 shows
that MLS profile #3 (MLS03, 25/01 21:39UTC, middle left) at 178hPa has the same lower tropospheric origin as the
25 Jan 2016 CFH (upper left) while MLS profile #7 (MLS07, 26/01 09:49UTC, bottom left) has an origin further east
of 60°E. For the CFH on 3 Mar 2017, MLS profile #4 has the same origin north of 15°S while MLS profile #3 comes
from the south of 20°S.

By comparing several maps of MLS/CFH residence time, we further restricted our selection of coincident profiles: 5
for 25 January 2016 (MLS02, 03, 04, 05, 06 in blue on Figure 1) and 3 for 3 March 2017 (MLS04, 05, 06 in blue on
Figure 1).
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Figure 2: Total residence time in the low troposphere (0-5km) and over 2 days for CFH/MLS locations on 25/26
January 2016 (left column) and 3/4 March 2017 (right column). The residence time was computed using
bactrajectories initialized at 178hPa. The green squares indicate the location of the Maido Observatory and the blue
squares indicate the position of the MLS/CFH profiles.




On a related issue: The stirring provided by the storms generates a quite inhomogeneous atmosphere up into the TTL
(Cairo et al. (2008) and references therein). The spot measurement by CFH may by just hitting a fresh tropospheric
filament yield humidities much higher than any MLS point ever could, and the other way around. Employing the
averaging kernel of MLS on such an in-situ profile in a very inhomogeneous atmosphere will with low probability
yield a good comparison even with a good spatial match. This applies also to Fig.12 and the discussion. | think the
significance of any features can only be discussed within an at least 3 %o uncertainty in mixing ratio differences (or
relative difference, Fig. 12). Therefore some of the smaller features presented may be somewhat over interpreted in
the lengthy discussions that at the end do not yield a firm conclusion (wherever there are ‘mays’. These parts should
be severely shortened or even cut out. Also for the intercomparison and discussions the selection of MLS profiles is
somewhat intransparent, e.g. for Fig. 12. This procedure should be detailed.

Thank you for pointing out the Cairo et al. (2008) study. We have added this reference to the revised manuscript. As
you said, differences in CFH and MLS coincident profiles (using the match criteria+tFLEXPART trajectories) can still
arise because of the mixing in the troposphere induced by the tropical cyclone. We have clarified this point in the
description of Figure 8 of the revised manuscript (formerly Figure 9). Please see section 5.1 (CFH and MLS
comparison). We have also significantly shortened the description of the differences, please see section 5. 1..

For the calculation of the monthly climatological average the proper way would be to exclude all MLS profiles which
are probably affected by convection. Low UTLS ozone values could provide an indicator for those (e.g. Paulik and
Birner, 2012).

147-261 hPa Ozone distribution over Jan 2005-2017 147-261 hPa Ozone distribution over Mar 2005-2017
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Figure 3: Upper troposphere (261 to 147 hPa) MLS ozone distribution for January 2005-2017 (left) and March 2005-
2017 (right). The red numbers correspond to the mean and 25th/75th percentiles of the distribution.

Figure 3, above, shows the upper tropospheric distribution of MLS ozone for 10 January-9 February 2005-2017 and
16 February-18 March 2005-2017. We use the 25th&75th percentiles of the upper tropospheric ozone distribution to
classify MLS ozone profiles as low-0zone (mean 261-147hPa Ozone < 25th percentile of the entire distribution), close
to average ozone (25th percentile of the entire distribution < mean 261-147hPa Ozone < 75th percentile of the entire
distribution) and high-ozone (mean 261-147hPa Ozone > 75th percentile of the entire distribution). As you suggested
and as shown for example by Paulik and Birner (2012), low upper-tropospheric ozone is a sign of a convective
influence. We have further classified the associated MLS water vapor profiles in 3 categories corresponding to the
low, close to average and high upper-tropospheric ozone. A monthly climatological water vapor profile is computed
for each category. By keeping the MLS water vapor profiles with o0zone close to the average climatological value, we
make sure that we select profiles that most likely weren’t influenced by convection. The result is shown on Figure 4
below.
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Figure 4: Monthly mean climatological MLS water vapor profile for Réunion Island for January (left) and March
(right). On each plot, the 4 water vapor profiles correspond to low upper-tropospheric ozone (magenta), close to
average upper-tropospheric ozone (green), high upper-tropospheric ozone (blue) and the climatological profile using
all profiles (black).

The non-convective and monthly climatological MLS water vapor profile (using all profiles) look very similar (green
and black curves on Figure 4, note that it is quite difficult to distinguish the two curves). Thus, the climatological MLS
water profile using all profiles is used for comparison with the water vapor measurements on 25 January 2016 and 3
March 2017. This was added to the revised manuscript, section 5.3 (Water vapor anomaly).

Flexpart simulations: Why are the back trajectory studies for both flights limited to (or just only shown for?) the same
two altitude layers? They are not particularly well chosen for either of the flights, e.g. for 25.Jan the 14-15km layer
coincides with the crossover of AH20 from moistening to drying in Fig.12. Why isn’t a trajectory parcel initiated e.g.
for each data point shown in Fig. 12. Then the percentage of trajectories originating from certain altitude regimes in
the vicinity or away from the active storm influence regions could be shown. Figs. 10 and 11 present an interesting
way of doing a visual analysis but this is extremely hard to relate to the observations. | think at least a proper
adjustment of the analysis layers must be done/shown.

Figures 10&11 showing the FLEXPART back trajectories have been redone. They are now Figures 6&7 in the revised
manuscript. We ran FLEXPART trajectories for all MLS pressure levels shown on Figures 8&9 of the revised
manuscript. Trajectories (50,000) are initialized at the location of the Maido Observatory for each MLS pressure level
between 316 and 10 hPa and run backward in time for two weeks. The positions of the back trajectories are outputted
every 3 hours. In the revised manuscript, Figures 6&7 show the positions of trajectories 2 and 3 days before the CFH
launch date, i.e. 25 January 2016 for Figure 6 and 3 March 2017 for Figure 7. We now show the positions of trajectories
released at pressure levels 178 hPa (~12.6km, top panels of Figures 6&7) and 100 hPa (~16.8 km, bottom panels of
Figures 6&7). The pressure level 178 hPa corresponds to layers L1 and L4 on Figures 4, 8&9 of the revised manuscript.
These layers correspond to moistening/low ozone. The pressure level 100 hPa corresponds to layers L2 and L5 on
Figures 4, 8&9 (25 January 2016 and 3 March 2017 respectively). They correspond to regions of drying. We did also
produce maps of infrared brightness temperature/trajectories’ locations for layer L3 (68 hPa/19.6) on 25 January 2016
but they are not included in the revised manuscript in order to keep the number of figures to a minimum.

As you suggested, we now include an estimate of convective influence for each of the 19 pressure levels between 316
hPa and 10 hPa. Each of the 50,000 trajectories released at a pressure level is examined for coincidence with deep
convection. The infrared brightness temperature (IR BT) data from METEOSAT 7 are used as a proxy of deep
convection and are interpolated along the trajectories. Hence, the change of IR BT can be studied along the trajectories.
Air parcels are tagged as convectively influenced, when the IR BT observed by METEOSAT 7 along their back
trajectories falls below 230 K (we also used thresholds of 210 and 230 K but the results are pretty similar). A second
check is that the altitude along the back trajectories falls below 5 km, indicating a lower tropospheric origin.



Pressure (hPa)

Figure 5 shows an example of altitude/IR BT evolution as a function of time (backward) along a trajectory released at
178 hPa on 25 January 2016. The initial position in altitude is ~12.6 km and IR BT ~240K. After 25h of backtrajectory,
both altitude and IR BT decrease. The air parcel experienced a rapid change in altitude (from ~12 to 1km) as the IR
BT falls below 230K. Thus this trajectory can be tagged as convectively influenced. By applying the 230 K and 5 km
criteria to all trajectories at a given pressure level, we can identify which trajectory is convectively influenced. The
convective fraction of a layer is then defined as the ratio of the number of convectively influenced trajectories to the
total number of trajectories (i.e. 50,000). It is shown on Figure 9 of the revised manuscript for both CFH flights (red
line on Figure 9). The definition of convective fraction shows little sensitivity to the IR BT threshold used to identify
deep convection (210, 220 or 230 K) as shown on Figure 6 below.
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Figure 5: Example of altitude/Infrared brightness temperature along a backward trajectory released

at 178 hPa on 25 January 2016 18UTC. Time (in hours) is relative to the beginning of the trajectory

and the symbols indicate values every 3 hours.
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Figure 6: Sensitivity of the convective fraction to the IR BT threshold used to define deep

convection: 210K (left), 220K (middle) and 230K (right).




I. 696ff: Since the need for accurate and spatially well resolved data on tropical storm events is stressed later in the
summary | would like to recommend adding ozone sondes and possibly backscatter sondes to the CFH payloads for
future measurements as deployed in e.g. Li et al. (2017). Inclusion of BS sondes would certainly be a major additional
cost and weight factor (regarding that the instruments will be lost) but give very valuable information on the
condensed water phase which here can only be approximated from the CALIPSO tracks. However, also regarding the
major efforts in flight planning, ozone sondes would offer a very cost effective option yielding really parallel profiles
which would help to better identify air mass origins. Here independent ozone profiles from sondes launched on
different dates are utilized which is generally a good add-on but can’t replace parallel ozone measurements for the
interpretation of observed signatures (in absence of other tracer information). E.g. RH shows a very structured profile
which is obviously driven by the temperature profile for 25.Jan.2016, however the RH structure on 03.Mar.2017 is
not as obvious from the observed temperature (Fig.7). Here an online ozone profile would be extremely valuable to
discriminate on air mass origin signatures. The 4.Feb. ozone profile nicely shows the remaining signatures of Corentin
in contrast to 18.Jan. but is useless to discuss detailed dynamical features of the H20 profile.

We agree that adding an ozonesonde and a backscatter sonde to the CFH payload is important to better describe the
effect of cirrus clouds/deep convection on the TTL over the SWIO. Initial CFH payloads did not include an ECC
ozonesonde and backscatter sonde due to the cost. However, there is an ongoing project funded by the French National
Research Agency (ANR) in October 2017 to study the effects of convection and cirrus clouds on the Tropical
Tropopause Layer over the Indian Ocean (the CONCIRTO project:
https://anr.fr/en/funded-projects-and-impact/funded-
projects/project/funded/project/b2d9d3668f92a3b9fhbf7866072501ef-
3a188e016e/?tx_anrprojects_funded%5Bcontroller%5D=Funded&cHash=975f599a3b6d31bf21638b8272c285db)
This project aims to further our understanding of deep convection and cirrus clouds and how they affect the TTL over
the Indian Ocean. As you know, balloon sondes, a cost-effective mean to study TTL processes compared to high-
altitude aircraft that can reach the TTL, reveal fine-scale features that are below the vertical resolution of satellite
sounding systems. The CONCIRTO project has funded coincidental high-resolution balloon in situ measurements of
water vapor (CFH), ozone (ECC ozonesonde), aerosol (COBALD: Compact Optical Backscatter Aerosol Detector,
e.g. Brabec et al., 2012; Brunamonti et al., 2018)/ice particles with a Doppler polarimetric cloud radar observations at
the Maido Observatory. A total of 10 soundings with CFH/COBALD/ECC ozonesondes were performed in Austral
Summers 2018/2019/2020 to target convective events (e.g. tropical cyclones) and cirrus clouds. The results of the
CONCIRTO project will be the subject of a subsequent study.

3. Figures.
Fig.1: I think it would be worthwhile to also show the actual flight tracks of the CFH sondes.

We modified Figure 1 following the recommendation of Referee #2. It now shows in addition to the TS Corentin and
TC Enawo’s best trackss METEOSAT?7 Infrared Brightness temperature, the CALIPSO’s tracks on 25 January 2016
and 3 March 2017 (yellow lines) and the ECMWF winds&geopotential heights at 150 hPa. We did try to include the
flight tracks of the CFH sondes but because of the scale of the plot, they appeared as a point on Figure 1. Adding an
extra figure with a zoom on Réunion Island to only show the CFH flight tracks would increase the number of figures
in the manuscript.

Fig.2: This figure is trivial and could be dropped. The explanation given in the text is sufficient. The nested region
could still be given by a rectangle in Fig.1.

The figure has been removed in the revised manuscript, instead the nested region is defined in the text.
Figs.3+4: The climatological fields in the top panels of Figures 3 and 4 are not really needed as the respective
climatologies for the actual profiles are given and discussed later on. The bottom panels are useful giving insight into

the monthly mean situations at UT and TTL levels and could be combined into one figure then.

Figures 3&4 have been combined to produce Figure Figure 3 in the revised manuscript.
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Fig.5: It might be useful to indicate (shade) the most important signatures/layers and name them to help in the
discussion (possibly also in other related figures...). Caption: Is the std. dev. shown 1sigma? Please specify.

Important layers have been shaded and named on Figures 4/8&9.

Fig 6.: It would be sufficient to show the CALIPSO track only up to 22-23S (this would enable to blow up the figure
in the vertical). Please align the vertical axes on left and right panels, possibly also show the CPT as a line on the left
panels!

Figures 6&7 have been modified accordingly to produce Figure 5 in the revised manuscript.

Fig.7: The upper panels do not give essential additional information over the text and the derived temperature
differences to the climatology could be integrated into the left panels of Fig.6.
The figure has been combined with Figure 6 to produce Figure 5 in the revised manuscript

Figs. 10.+11.: See general comment above ...
They are now Figures 6&7 in the revised manuscript, please see our response to the comment “FLEXPART
simulations” above.

4, Typos
All typos have been corrected.
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