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We thank the reviewer for his/her constructive comments which help us to improve the
manuscript. Please find below our point-by-point answers.

Reviewer’s comment: “However, the reasoning for exploring the effect of a moderate
eruption on chemical composition at Arctic latitudes in summer must be better rational-
ized in the introduction. Why is this important? Currently only the relevant chemical,
aerosol and some dynamical processes are explained.”

→We agree with the reviewer that our introduction and the abstract can be misleading.
We better explain the rationale of our study in the abstract and in the introduction. Our
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main point is to study the enhanced aerosol effects in mid-latitude and high tempera-
ture conditions, not to specifically focus on impacts on polar summer chemistry which
typically correspond to the late spring-July period (see POLARIS campaigns and Fahey
and Ravishankara, Science, 1999). Here we pay attention on the August-September
period for which we explain in new section 3.1 (formerly section 3.2 in the ACPD ver-
sion) that photochemical conditions closely reflect mid-latitude conditions even at 68◦N.
Note that is why the title does not mention “polar summer” and remains rather general.
Because these recurrent moderate eruptions span different characteristics in terms of
latitude and altitude of injection (directly connected to aerosol residence times), and
season (temperature effects, solar illumination for photochemical issues), different as-
sociated potential impacts on stratospheric chemistry and ozone are expected. The
goal of the paper is to focus on the specific extra-vortex situation outside the winter-
time low temperature conditions (i.e. comparable to mid-latitude conditions). A next
step would be to investigate tropical eruptions (situation for the Kelud eruption) or in-
jections in winter with some volcanic aerosols trapped in the polar vortex (situation for
the Calbuco eruption).

We have therefore modified the end of the introduction: “. . .In periods following major
eruptions, the year-to-year variability in stratospheric ozone at northern mid-latitudes
appears closely linked to dynamical changes induced by the volcanic aerosol radiative
perturbation (e.g. Telford et al., 2009; Aquila et al., 2013) and to changes in chlorine
partitioning (e.g. Solomon et al., 1999; Chipperfield, 1999). Effects on stratospheric
chemistry are expected in periods of elevated chlorine levels from anthropogenic ac-
tivities (Tie and Brasseur, 1995; Solomon et al., 1996)... Their effects depend on the
amount of released SO2 and on latitudes and altitudes of injection which directly in-
fluence aerosol residence times. The season of the eruption is also important for
photochemical processes which are directly connected to temperatures and solar illu-
minations. The goal of this paper is to show how such moderate eruptions are likely to
modify the chemical balance of the northern hemisphere lower stratosphere at periods
excluding wintertime/springtime halogen-activating photochemistry. We specifically fo-
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cus on the eruption of the Sarychev volcano on 15 and 16 June 2009 which injected
0.9 Tg of sulfur dioxide in the lower stratosphere (Clarisse et al., 2012) resulting in
enhanced sulfate aerosol loading up to 19 km, for a period of about 8 months ending
before winter (Haywood et al., 2010; Kravitz et al., 2011; O’Neill et al., 2012; Jégou
et al., 2013). The approach consists in analysing some key aspects of lower strato-
spheric chemistry and ozone loss in a context of high aerosol surface area densities
and high stratospheric temperatures using balloon-borne observations conducted in
August-September 2009 from Kiruna/Esrange in Sweden (67.5◦N, 21.0◦E) within the
frame of the STRAPOLETE project. To our knowledge we show here the first high-
resolution in situ observations of chemical compounds obtained within the volcanic
aerosol plume of a moderate eruption. We show that at the period on which the study is
focused N2O5 has reformed and the role of its hydrolysis becomes important again af-
ter the sunlit summer period justifying the use of these balloon data for the investigation
of heterogeneous processes. Aerosol-constrained simulations using a 3D Chemistry
Transport Model (CTM) are compared to the observations. These model calculations
ignore possible dynamical effects induced by the volcanic aerosols but are used to es-
timate the amplitude of the chemical impacts and ozone loss with some comparisons
with the post-Pinatubo eruption period.”

We have also added in the last paragraph in new section 3.1 (formerly section 3.2 in the
ACPD version): “This situation implies that the balloon flights performed from August
7, 2009 in the Kiruna region match the photochemical conditions for which volcanic
aerosols likely have an impact on NOy partitioning via elevated N2O5 hydrolysis and
can be suitably used to investigate heterogeneous processes.”

Reviewer’s comment: “From the satellite data presented in Haywood (2010) and Jegou
(2013) and also Fig.5 it seems obvious that the plume is not homogeneously mixed
over the Arctic region by August/September 2009. Therefore the expected horizontal
and vertical structure has to be discussed in some more detail. The STAC balloon data
from different flights needs to be introduced in Fig. 1 (e.g. grey underlayed traces?),
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not just ranges of the observations so the reader gets a better impression of the ver-
tical structure of the plume and its variability. Horiz. and vertical variability should be
discussed at least. Currently no filtering for high/low or even background aerosol re-
gions is done for the interpretation of the data which may well be warranted but must
be better supported.”

→ If we have well understood the reviewer’s point, our description about the mixing
state of the Sarychev plume in section 2.2 (model calculations) is not consistent with
results reported in the literature. It is true that space-borne data shown by Haywood et
al. (2010) and Jégou et al. (2013) reflect still unmixed conditions throughout August-
September 2009. In this case our discussion about the Sarychev aerosol spatial distri-
bution in section 2.2 is not convincing and even contradictory with respect to the results
presented in Figure 5 (now Figure 4 in the revised version; the new figure numbering
is provided at the end of this reply). Actually, the two simulations driven by the STAC
balloon-borne aerosol observations have been performed to account for the aerosol
spatial inhomogeneity. In other words the two cases correspond to the 1-sigma spread
of the in situ SAD observations by the STAC instrument reflecting the range of variabil-
ity of the aerosol content over the northern hemisphere.

Figure 1 (which is now figure 2) has been modified accordingly. It now includes the
various STAC data (average between balloon ascent and descent) and the two profiles
inferred from the 1-sigma of the mean used for the Bal-sim simulation. The STAC
profiles have been interpolated to a fixed 500-m vertical scale and smoothed (over 3
points, i.e. less than the plot presented on the first version of the manuscript). We have
excluded data from two flights (2nd and 26th August) for which balloon outgassing is
suspected as deduced from joint water vapour measurements. Also, flights revealing
the sporadic presence of clouds are not considered to derive the range of SAD below
12 km.

As a result, the text in section 2.2 has been changed to: “We have conducted another
type of simulation (hereafter called Bal-sim) consisting in adjusting the input H2SO4
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mixing ratios so that the model output matches SADs observed by the STAC aerosol
counter. Although similar aerosol SAD values were observed by Kravitz et al. (2011) in
November 2009, i.e. ∼2 months after the STAC measurements as mentioned by Jégou
et al. (2013), a single vertical profile may be not representative of the geographical
distribution of the still unmixed volcanic plume throughout summer 2009. To account
for the range of aerosol variability as observed by STAC over the Arctic region for the
August-September period (Figure 2) we have performed two simulations based on the
spread (1σ standard deviation) of observed SADs. We have excluded data suspected
to be spoiled by balloon outgassing as deduced from joint water vapour measurements.
Also, flights revealing the sporadic presence of clouds are not considered to derive the
range of SADs below 12 km. Each Bal-sim simulation is respectively driven by the
lower and the upper bound of observed SAD values below 20 km (Figure 2) from the
beginning of August until the end of the model run for latitudes above 40◦N. Note that
in Bal-sim, H2SO4 mixing ratios in July are taken from the Sat-sim simulation.”

We have added some discussion about the non-homogeneity of the plume when de-
scribing Figure 5 (now figure 4): “For the Sarychev situation, minima in NO2 con-
centrations appear closely correlated with enhancements in aerosol amounts in the
lower stratosphere (Figure 4). Thus the empirical evidence supports the view that NOx
chemistry is largely driven by heterogeneous processes even in the case of a moderate
volcanic eruption. The vertical structures depicted in figure 4confirm that the plume is
not homogeneously mixed over the Arctic region ∼2 months after the eruption. Mini-
mum concentration values of 1 to 2 particles.cm-3 (for sizes > 0.4 µm) correspond to
unperturbed background extra-vortex conditions (Renard et al., 2010) and therefore in-
dicate air masses unaffected by the volcanic aerosols. Conversely, layers with aerosol
concentration increases by more than a factor of 3 (with respect to the mean profiles)
can be assigned to the presence of the volcanic plume and show associated reductions
in NO2 by up to a factor of ∼2.”

Reviewer’s comment: “In order to explore the sensitivities of the model study to dif-
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ferent parameters such as differences in aerosol surface area or dynamical effects a
number of differently constrained simulations have been carried out and are intercom-
pared in the figures and tables presented. Therefore partly the figures and tables and
consequently the discussion gets quite busy and confusing. The results for the runs
termed sat-sim and bal-sim generally don’t differ by more than 10%, mostly much less.
Therefore this just needs to be shown in one plot (Fig. 6) but then can be neglected
just stating that differences for other species are also minor. The same is true for the
1D simulations which are meant to check on dynamical influences. Once the results of
these model experiments have been stated the following discussions can be simplified
a lot by leaving all the other simulations out. Especially Table2 should be consider-
ably simplified, I’m not aware that all the various differences presented there are even
discussed in the text.”

→ We have simplified the figures and shortened the text accordingly. Figure 9 of the
ACPD version presenting the HNO3 profiles has been removed since it is difficult to
distinguish between the various simulations which appear very close to the observa-
tion. We have written in the new section 3.3: “All the REPROBUS simulated profiles for
HNO3 are mostly within the errors bars of the SPIRALE measurements and only differ
by less than 10% on average (not shown). Calculated amounts from Bal-sim are in-
creased by 10-13% when including volcanic aerosols below 19 km, highlighting limited
effects on HNO3”

All the simulations, i.e. Bal-sim, Sat-sim and 1D calculations, are shown only for NO2
(now figure 5). For the NO2/HNO3 ratio we show only the Bal-sim results. The Sat-
sim profile is maintained for the remote-sensing profiles of NO2 and BrO because both
figures are still understandable.

The description of the model-measurement comparisons have been shortened. Sec-
tions 3.2 to (previously) 3.6 have been reduced from 3 to 2 pages. Section 3.4 (HNO3)
and 3.5 (NO2/HNO3 ratio) have been merged and reduced. The description and dis-
cussion of one-dimensional model calculations have been transferred to the new sec-
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tion 3.2 (NO2).

Tables 1 and 2 have been removed.

Reviewer’s comment: “The balloon-borne measurements aquired during the Strapolete
experiment represents a data set that nicely covers an interesting episode of aerosol
enhancement in this atmospheric domain and therefore publication is of it’s own value.
Possibly a link or links to the appropriate data base(s) should be also given in order to
enable use of the data for other studies.”

→ We thank the reviewer for his/her comment. Data can be found at http://www.pole-
ether.fr. This address has been added in section 2.1 of the manuscript.

Answers to detailed and minor Comments:

Reviewer’s comment: “p4:l16 Is the wording “We focus here on ...” meant to discrimi-
nate against the aerosol measurements or does it just refer to gas-phase data?”

→ It refers to gas-phase data. We now write: “Our study presents in situ vertical profiles
of the N2O, NO2 and HNO3 gases as observed by the SPIRALE. . .”

Reviewer’s comment: “p4:l16ff Why are there only ascent data used for the SPIRALE
measurements? It would be interesting to see also descent data to get a feeling on
variability and possible contamination issues on ascent since the cell extends below
the payload.”

→ We would agree with the reviewer but firstly we have been advised to shorten the
manuscript and secondly conclusions through model-SPIRALE comparisons are the
same when focusing on the descent data. Thirdly, though it is always tricky to de-
rive definitive conclusions (i.e. discriminating between contamination and fine scale
variability), we have of course compared ascent/descent profiles and no obvious con-
tamination effect, at least on a scale of 1 to a few km on the vertical axis, resulting from
gondola/balloon outgassing has been pointed out. Note that independent water vapour
observations were not available during the SPIRALE flights, which could have been an
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interesting way to infer possible fine scale contamination effects. To summarize, con-
tamination effects, unlikely in this case, would not change our conclusions.

Reviewer’s comment: “p5:l3ff This paragraph is somewhat chaotic and hard to under-
stand and should be polished. Before switching to the BrO profiles a new paragraph
might be started.”

→We have modified the text accordingly: “Variations of solar zenith angle (SZA) along
solar occultation lines of sight and associated concentration variations are likely to im-
pact the retrieved vertical profiles near sunrise and sunset especially below 20 km
(Newchurch et al., 1996; Ferlemann et al., 1998). Some works propose to use a pho-
tochemical model to correct for this effect (e.g. Harder et al., 2000; Butz et al., 2006)
depending on the considered chemical compound, the observation geometry (i.e. bal-
loon ascent or occultation) and daytime (SZA variation). Typically concentrations are
converted to values expected at 90◦ SZA. In our study, the NO2 profile from the SA-
LOMON instrument recorded on 25 August 2009 from a typical solar occultation at
constant float altitude is not photochemically corrected since conversion to 90◦ SZA
conditions results in differences of less than 6%, in agreement with the work of Payan
et al. (1999). The vertical profile observed by the DOAS instrument was recorded on
7 September 2009 with a different observation geometry, i.e. during the balloon as-
cent. In this case applying a photochemical correction gives differences of 24% and
the model-measurement comparison is done for SZA = 90◦.”

The BrO paragraph is now separated.

Reviewer’s comment: “p5:l21ff The fact that REPROBUS is used without any detailed
sulfur chemistry should be clearly stated right away then referring in which different
ways the aerosol plume is prescribed.”

→ The REPROBUS CTM does not compute gaseous sulfur chemistry at all. Aerosols
in the model are produced from H2SO4 mixing ratios provided by the UPMC 2D model
(see Weisenstein and Bekki, SPARC aerosol report, chapter 6, 2006). This now spec-
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ified in the Appendix and in section 2.2 (Model description). We have added in the Ap-
pendix: “Gaseous sulfur chemistry is not included in the REPROBUS CTM. The UPMC
2D model climatology (Bekki and Pyle, 1994) provides the initialization of H2SO4 mix-
ing ratios for the background aerosols.” And in section 2.2: “As sulfur chemistry is not
included in REPROBUS we have conducted a simulation (hereafter called Ref-sim)
constrained with typical background aerosol levels inferred from H2SO4 mixing ratios
provided by the UPMC 2D model (Bekki and Pyle, 1994).”

Reviewer’s comment: “p5:l53 The Haywood (2010) reference is missing.”

→ Reference added.

Reviewer’s comment: “p6:l33 The analytical expression for the derived correlation in
Fig.3 should be given.”

→We have only plotted N2O vs NOy from MIPAS/Envisat observations in figure 3 (now
figure 7 in the revised version). Conversely to the Michelsen et al.’s work we did not
calculate an analytical expression for the N2O-NOy correlation since we have found
unnecessary to do so in our case. The method is very simple. We have inferred the
MIPAS N2O/NOy ratios for a range of (mean) stratospheric pressures, then we have
interpolated these ratios to the pressure range observed during the SPIRALE flight
and we have finally deduced SPIRALE “pseudo-NOy“ (called here NOy*) by multiplying
SPIRALE observed N2O by the interpolated ratio. We have written in the new section
3.2.2: “. . .An example of the estimated vertical profile of NOy (hereafter NOy*) derived
from the conversion of the SPIRALE N2O profile (Figure 1a) using the N2O-NOy ratios
derived from MIPAS data is presented in Figure 1b. . .”

Reviewer’s comment: “p6:l37 Better leave out the phrase in the model.”

→ The sentence has been removed.

Reviewer’s comment: “p9:Sect.3.4 can be considerably shortened since it doesn’t add
new results (see Fig.9).”
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→ As said above, former section 3.4 dealing with HNO3 has been merged with section
3.5 (NO2/HNO3 ratio) and the associated discussion substantially shortened.

Reviewer’s comment: “p9:l53 Why is the nomenclature changed here to Balloonaero-
sim instead of Bal-sim etc.?”

→ Sorry, this was a mistake now corrected.

Reviewer’s comment: “p10:Sect.3.6 The stated improvements of the 1D simulations
above 20km are not at all obvious to me and are certainly not significant improvements
that can be employed for the conclusion drawn in this section.”

→ We agree that our initial discussion about the effect of 1D calculations was over-
stated. We now write: “As a result of the NOy* input in the calculations, the 1D ref-
erence simulations show very good agreement for NO2 (in red in Figure 5) with the
SPIRALE measurements above 20 km. The 1D simulations constrained by observed
volcanic aerosol quantities (in yellow in Figure 5) match well with the in situ measure-
ments. The calculated chemical impact on NO2 gives percentage values similar to the
3D simulation results certainly because both NOy* and 3D NOy profiles agree well in
the lower stratosphere (Figure 1b). We note that fine structures in the measured profile
are not reproduced by the 1D model as a matter of height resolution and interpolation
(Berthet et al., 2006). Overall the 1D NOy-constrained simulations do not significantly
improve the comparisons. This result confirms that the model-observations differences
in the lower stratosphere can be mostly attributed to heterogeneous processes and not
to spurious calculations of transport.”

Note that we now include in this new section 3.2.2 (dealing with 1D simulations) the
description of the method to derive NOy* in situ profile use to drive the 1D simulation.
This is more consistent than splitting the discussion about transport calculation issues
in former ‘Impact of transport on simulated N2O and NOy’ section 3.1.

Reviewer’s comment: “p12:l10ff With the introduction of Fig. 11 the dramatic difference
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of the two BrO profiles should be explained (sza?). Also what is the tropopause height
for the DOAS measurement? More than 1 ppt of BrO below the tropopause seems
quite suspicious to me.”

→ We now mention in section 4.2.1: “Differences between both profiles in terms of
BrO amounts are mainly due to differences in SZA.” Firstly, measured BrO at the local
tropopause (here 10 km on Sept. 7, 2009 based on PTU sounding) is in agreement with
previous measurements at high latitudes (Harder et al.., 1998; Dorf et al., 2006). The
2-km vertical segmentation in the BrO profile retrieval encompasses layers scanned
below (upper troposphere) and above (lower stratosphere) the 10 km altitude level
at which the BrO mixing ratio is provided. As a result the value at 10 km does not
correspond to be purely tropospheric conditions. Secondly, the error bar at 10 km is
almost compatible with 0 pptv and largely encompasses the modelled BrO. Finally, we
must keep in mind that we are dealing with a lower stratosphere impacted by volcanic
aerosols which are likely to enhance BrO amounts.

Reviewer’s comment: “p12:l35 The meaning of the percentage changes for switching
off the BrONO2 hydrolysis must be more clearly explained. For the example given it
should be 16% of the daytime BrO production not 18%.”

→ Sorry, this was a mistake. It is indeed 16% of BrO production due to BrONO2 hydrol-
ysis. We have rewritten the sentence: ”It particularly shows that under the Sarychev
aerosol loading, only 16% of the 22% (0.9 pptv) increase in daytime BrO at 16.5 km for
the August-September 2009 period is produced from BrONO2 hydrolysis.”

Reviewer’s comment: “p12:l39 This result implies ...”

→ corrected

Reviewer’s comment: “p12:l52 ... the active chlorine family species ..."

→ corrected

Reviewer’s comment: “p13:l30ff I propose to use absolute values for the ozone loss
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discusion (see the comment on Fig.12).”

Reviewer’s comment: “p13:l39 ... into the lower stratosphere.”

→ This sentence has been changed following reviewer1‘s remark.

Reviewer’s comment: “p15:l33 When switching to absolute values for the accumulated
ozone losses the discussion why “largest” losses occur just above the tropopause will
become obsolete, I guess.”

→ Indeed, the sentence has been removed.

Reviewer’s comment: “p16:l35 It might be interesting ...”

→ corrected

Reviewer’s comment: “p18:l19 Does the uncertainty represent accuracy? Since sev-
eral balloon-borne measurements are used along with each other and are compared
to other aerosol SAD data it is not sufficient to just state the precision of the measure-
ments.”

→ We are not sure to understand the reviewer’s point. Here (p18 l19) we focus on
aerosol counting observations with 3 copies of the STAC instrument which have shown
±10% differences (random error or precision) using identical aerosol at high concen-
trations in the laboratory. Poisson statistics provide an estimate of the random error for
lower aerosol concentration conditions (i.e. 60% for aerosol concentrations of 10−3
cm−3, 20% for 10−2 cm−3, and 6% for concentrations higher than 10−1 cm−3). This
calculation of aerosol counting uncertainties (precision) is detailed in Deshler et al.
(2003). This reference is provided in this part of the manuscript. The accuracy (or
measure of the bias if the reviewer is dealing with this other definition) of this type of
instrument is very difficult to derive because one would need reference concentration
values (true value from another aerosol counter) which are extremely difficult to obtain.
In other words, no absolute reference aerosol counter is available. That is why, as in
Deshler et al. (2003) we provide here precision. We have then changed the text to:
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“Using a statistical approach as described in Deshler et al. (2003), STAC counting
precision (Poisson statistics and the ±10% measurement reproducibility) translate into
uncertainties on distribution moments, with estimated values of 40% for SAD.”

Reviewer’s comment: “p18:l41 I guess overall uncertainty represents accuracy? Re-
name or otherwise state the accuracy.”

→ This is total error combining precision and accuracy. “Overall uncertainties” has
been replaced by “total error”.

Reviewer’s comment: “p19:l17 The Voigt et al. reference is missing. Also the Pfeil-
sticker et al. reference (l20). Please check over completely!”

→We have checked all the references and added the missing ones.

Reviewer’s comment: “p21:l3 ... strong functions ...”

→ corrected

Reviewer’s comment: “p22 All citations should be thoroughly rechecked since several
citations have been missing from the references list.”

→We have checked all the references and added the missing ones.

Reviewer’s comment: “Table 2 Several of the tabulated differences are not used at all
in the text. The table can be reduced considerably or even removed completely.”

→ Table 1 and 2 have been removed.

Reviewer’s comment: “Table 3 In the caption it should better read: Numbers are taken
from the Sat-sim simulation. Also ... BrONO2 hydrolysis (Reaction 4) to changes ...
would help.”

→ Changes done in the caption.

Reviewer’s comment: “Fig.1 I propose to show the traces of the individual measure-
ments on the plot to give the reader an impression on the variability. Also the altitudes
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shown should be extended somewhat to 25km and possibly below 10km to give a better
impression on the vertical extend of the plume.”

→ As stated above Figure 1 (now ranked as figure 2) has been modified (almost) ac-
cordingly. We have added the individual profiles (excluding suspected balloon/gondola
outgassing cases) of Surface Area Densities (SAD) inferred from STAC size distribu-
tions (using a log-normal fitting procedure as described in Jégou et al., 2013) but this
calculation was not done for altitudes above ∼20 km (model outputs are used). The
altitude range of the plume is still visible on the 10-20 km range. Below 10 km the
presence of tropospheric clouds (depending on the varying tropopause height) is likely
to spoil the interpretation of the SAD profiles. That is why some profiles have been
truncated on the new figure 2. Note that the whole aerosol concentration profiles can
be found in Renard et al. (2010).

Reviewer’s comment: “Fig.2 For my taste in the right panel SPIRALE HNO3 should be
included.”

→ The idea of the reviewer is interesting but the figure (now figure 1b) would become
very busy (this is already the case here) when including HNO3 and therefore rather
confusing for the reader. That is why we have decided to keep the figure as is.

Reviewer’s comment: “Fig.5 The grey shaded (error bars?) on the NO2 profile should
be explained in the caption.”

→ These are indeed error bars. This is now indicated in the caption.

Reviewer’s comment: “Fig.9 Due to the high partitioning into HNO3 this species is not
sensitive for the aerosol effect. This plot therefore can be left out.”

→ The plot has been removed as said above.

Reviewer’s comment: “Fig.11 The solar zenith angles of the profiles have to be given
in the caption due to the diurnal variation of BrO.”
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→ The following information is now provided in the caption: “The SALOMON data in
the lower stratosphere were obtained between 19:15 UT (SZA=93.8◦ at 22 km tangent
height) and 19:25 UT (SZA=94.5◦ at 17 km tangent height). The DOAS profile was
measured between 15:15 UT (SZA=77.5◦ at 10 km) and 15:55 UT (SZA=81.3◦ at 22
km) during balloon ascent.”

Reviewer’s comment: “Fig.12 Showing the percentage changes in ozone is somewhat
misleading. In order to point out the altitude regime of highest impact in terms of ozone
loss an absolute scale should be used like loss rates of ppb/day. A percentage change
of 5% doesn’t have any major effect if ozone levels are negligible at the TP.”

→ The point highlighted by the reviewer is relevant. Most papers referring to the
Pinatubo aerosol-induced ozone loss provide plots with % values when the loss is
expressed vs altitude levels (e.g. Brasseur and Granier, 1992; Pitari and Rizi, 1993;
McGee et al., GRL, 1994; Kinnison et al., 1994; Tie et al., 1994; Solomon et al., 1996).
That is the reason why chose to plot percentage values.

To address the reviewer’s comment, we now plot (cumulated) ozone loss in pbbv (as
is widely expressed in the literature regarding polar ozone depletion, not really in
ppbv/day which in the case of the Sarychev will give too low numbers). We still provide
in the text associated percentage values for comparison with the literature dealing with
Pinatubo effects.

This is provided in section 5.1: “Accumulated ozone depletion reaches its maximum
above Kiruna near 16 km from around mid-September with changes of -22 ppbv cor-
responding to -1.5%. Below this level changes range from -10 ppbv to -18 ppbv, i.e.
-2.5% to -3.5%. From the upper bound of the Bal-sim outputs calculated ozone deple-
tion reaches -25 ppbv (-2.8%) and -35 ppbv (-4%) at 16.5 km and 14 km, respectively
(not shown). It should be noted that at the tropopause level the possible detailed in-
fluence of various organic compounds originating from the upper troposphere is not
taken into account in our simulations. We note that for the post-Pinatubo eruption pe-
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riod, ozone reductions as large as -30% were measured for the 12 and 22 km altitude
range monitored at some mid-latitude locations in winter and spring (Hofmann et al.,
1994) but these losses are both due dynamical and chemical perturbations. Through
2D modelling, ozone losses of up to -20% directly resulting from heterogeneous chem-
ical processes were calculated in the northern hemisphere lower stratosphere over the
first year following the Pinatubo eruption (Pitari and Rizi, 1993; Tie et al., 1994). The
calculated chemical loss had reduced to values much closer to those simulated for the
Sarychev aerosols, i.e. ∼-5%, at 60◦N in the autumn 1992 extra-polar vortex conditions
(Tie et al., 1994).”

We have added in the abstract: “As a consequence, the simulated ozone loss due to
the Sarychev aerosols is low with a reduction of -22 ppbv (-1.5%) of the ozone budget
around 16 km”.

And added in the conclusion: “. . .the magnitude of the ozone response to the Sarychev
volcanic perturbation appears restricted for instance -22 ppbv or -1.5% at 16 km)...”

And we have to remove the following sentence in the conclusion (p15 line 34 in the
ACPD version): “Eventually, the largest ozone destruction is restricted to the lowermost
stratosphere (the bottom of the volcanic aerosol layer close to the tropopause) where
catalytic cycles are primarily controlled by HOx and where the NOx photochemistry
plays a very minor role.”

→ It is important to note the new figures’ numbering:

Former figure 1 is now figure 2 Former figure 2 is now figure 1 Former figure 3 is now
figure 7 Former figure 4 is now figure 3 Former figure 5 is now figure 4 Former figure 6
is now figure 5 Former figure 7 is now figure 6

Interactive comment on Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016-763, 2016.

C16

http://www.atmos-chem-phys-discuss.net/
http://www.atmos-chem-phys-discuss.net/acp-2016-763/acp-2016-763-AC2-print.pdf
http://www.atmos-chem-phys-discuss.net/acp-2016-763
http://creativecommons.org/licenses/by/3.0/

