Response to reviewer #1

We thank the reviewer for reading the last versibrihe manuscript and for his/her new technical
corrections. We hope that the corrections suggéstede two referees, which are implemented in that
new version, will satisfy the reviewers and coneititem about the potential of the IASI HNO3 dataset

Technical corrections

[1289: 'indicates’ -> 'indicate’]

[I381: 'demonstrated’ -> 'demonstrate’]

[I391: 'a factors' -> 'of factors']

[1455: 'represents’ -> 'represent’]

All the technical corrections are implemented ie tiew version of the manuscript.

Response to reviewer #4 — M. Santee

We deeply thank Michel Santee for her review, fading the manuscript with attention and for her
help in rewriting some unclear sentences; her cooms are clearly improving the paper. We address
all her comments below on a point-by-point basi® Kdpe that with the corrections made in the
manuscript and the clarifications given below, Miktsantee will consider that the paper can be
published in ACP.

Comments

[L19: in the mid-stratosphere --> in the lowerAnd stratosphere; also, delete “causal’]
Done

[L23: This wording is very awkward; | suggest: awabn of the pair HN@temperature --> evolution
of HNOstogether with temperature]
Done

[L24: The meaning of “in the cycle of IASI” is notear — do the authors mean “annual cycle™?]
Indeed, “annual” has been added.

[L27-28: delete “differentiating”; add “to be diffentiated” after “profile”]
Done

[L28: Two different values for the average drop pemature are given in the text on p. 6 (L265 and
L290). These values need to be reconciled anddireat one quoted here.]

194.2 = 3.8 K is the drop temperature including ylear 2014, while 194.1 + 2.8 K is the drop
temperature when 2014 is excluded. The year 20Iabve taken into account through the revised
manuscript when mentioning the average drop tenyrera

[L32-33: It is a bit of an exaggeration to say ttiats paper highlights the capability of IASI toomitor

the long-term evolution of polar stratospheric cosipon and processes involved in the depletion of
stratospheric €. It would be more accurate to state that “thipgrahighlights ... evolution of polar
stratospheric HN€) a key player in the processes involved ...”]



Done as suggested.

[In a number of places in the presentation of bemlgd material (e.g., L39, L42, L45, L51), a few
citations are given for very well-established cgrtsgbut many other equally suitable papers coale:h
been cited instead of or in addition to the ongedl. Obviously not all relevant papers can beeefzed
for these points, but “e.g.” should be added is¢hienes to avoid giving readers the impressionttie
selected references are the only appropriate ones.]

Done

[In addition, the recently published PSC reviewgrdpy Tritscher et al. (Rev. Geophys., 2021) covers
all of this background material and should alseibed in several places in this section.]

We thank Michel Santee for suggesting that impweseeview paper. As required, it is now cited in
several places in this section.

[L44-45: Technically, denitrification delays onlye reformation of CION®- HNCsis not required for
HCI production, thus it is not quite correct to Selglorine reservoirs” here.]

Changed to: “The denitrification of the polar stigithere during winter delays the reformation of
CIONG;, a chlorine reservoir, and...”.

[L46-47: PSCs surface --> PSC surfaces; PSCs [gartie PSC patrticles]
Done

[L47-48: three 3different --> three different]
Done

[L56: delete comma after “()"]
Done

[L60: A reference should be provided for the pdinat NAT nucleation was thought to require
temperatures belowick]
Zondlo et al. (2000) and Voigt et al. (2003) haeerbadded here.

[L73: the PSCs formation --> PSC formation]
Done

[L74: add a comma after “2019)"]
Done

[L74-75: This sentence (“The influence of Hbi@ modulating @abundances in the stratosphere is
furthermore underrepresented in CCMs”) is out @ftpl and potentially confusing for many readers,
who will naturally assume that it has somethindaavith PSC processes in the lower stratospheite as
comes at the end of a long paragraph discussingngpbut PSCs. Kvissel et al. (2012), however,
describe HN®@enhancements between 10 and 1 hPa induced by gogrggeicle precipitation. It's not
clear why this sentence has been included herkapsiit is meant to provide motivation for thisdstu
but | doubt that IASI total column measurementdwitaximum sensitivity around 50 hPa could shed
much light on modest (< 6 ppbv) HN@nhancements in the middle and upper stratosplnefiact, this
issue is not explored in the manuscript. Thusgbigtence should be deleted.]

The sentence has been deleted as suggested.



[L77: measure --> have measured]
Done

[L79-82: This poorly composed sentence is gramralyiencorrect and hard to interpret. I'm not sure
what is meant by “follow their formation mechanismssuggest alternative wording, but I may have
misunderstood the intent: Spaceborne instrumenth sas the CALIOP/CALIPSO lidar and
MIPAS/Envisat measuring in the infrared are capalbléetecting and classifying PSC types, allowing
their formation mechanisms to be investigated (Larnét al., 2016; Pitts et al., 2018; Spang efall8,

and references therein); these satellite data cammait in situ measurements (Voigt et al., 2005) and
ground-based lidar (Snels et al., 2019).]

Corrected as suggested.

[L84: the PSCs formation --> PSC formation; Urb&neb al. --> Urban et al.]
Done

[L86: depends --> depend]
Done

[L92: similar to the limb --> similar to that frothe limb]
Done

[L94: where the PSCs cloud form --> where PSCs form
Done

[L95: 10-years --> 10-year]
Done

[L96: for providing --> to provide]
Done

[L104: embarked on --> onboard (“embarked” is &t tight word)]
Done

[L117: FWHM --> full width at half maximum (FWHM)]
Done

[Figure 1 caption:

0 L446: molec.cn¥molec.cmz--> molec.cre/molec.cne

0 L446: after “molec.cmmolec.cne” add “; colored lines, with the altitude of eactrikel represented
by the colored dots)”

0 L447: Height --> Heights; 169,40 --> 169.40]

Done

[L122 & 125: Height --> Heights]
Done

[L126-127: Above (in L119) it was stated that theglest sensitivity of IASI is from ~70 to ~30 hRag
here it says “the altitude of maximum sensitivity &round 30 hPa for this case)”. This is confusing
because the grey line in the Arrival Heights paofdFig. 1 depicting the “sensitivity profile” pealas
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~75 hPa, not 30 hPa. | believe that it is the totdmn averaging kernel, not the “sensitivity jiesf
that determines the altitude of maximum sensit®ityie authors should take into consideration that n
all readers of this paper will be experts on IA&tador will have read Ronsmans et al. (2016). Bleas
clarify the meaning of the “sensitivity profile”(gy curve) and the total column averaging kerniaofo
curve) and how they relate to the altitude wher8llprovides the most information on HBID

- The averaging kernel profile describes how the Bita#e changes the estimate at a specific
altitude, i.e. how the retrieval smooths the trugfife (d(HNO3e)i/d(HNO3rue)j).

- The total column averaging kernel (d(colugfd(HNO3re)j), i.e. the sum of the averaging
kernels, indicates how the true state at a spedlifittide changes the retrieved total column, i.e.
the sensitivity of the total column measurementdhtanges in the vertical distribution of HNO3,
hence, the altitude to which the retrieved totdiom is mainly sensitive/representative.

- The sensitivity profile (d(HNO)i/d(columnre)), i.e. the sum of the elements of an averaging
kernel characterizing the retrieval at a specilicugle, returns the sensitivity of the retrieval a
that altitude, i.e. to which extent the retrievalliaat specific altitude comes from the spectral
measurement rather than the apriori.

The following sentence has been added in the r@wisesion: “The total column averaging kernel (in
black) indicates the sensitivity of the total columeasurement to changes in the vertical distobuti
of HNGQg, hence, the altitude to which the retrieved totdimn is mainly sensitive/representative, while
the sensitivity profile indicates to which extehetretrieval at one specific altitude comes from th
spectral measurement rather than the a priori.”

Indeed, the altitude of maximum sensitivity of tb&al column measurement refers to the total column
averaging kernel (black curve). This is now cladfin the revised text in order to avoid confusion.

[L127: At Lauder on the contrary, --> In contreastt | auder]
Done

[L128: “larger range of maximum sensitivity” — agais this conveyed by the “sensitivity profile’ré&y
curve) or the total column averaging kernel (blegkve)?]
See our response to the comment [L126-127] hereeabo

[L129-130: The statement “from around 3% at ... ptdtitudes to 25% above the cold Antarctic surface
during winter” is confusing, because of courseAhgarctic is at polar latitudes. Please be moreipee

in the wording here.]

Corrected: “... from around 3% at mid- and polartistes (except above Antarctica) to 25% above cold
Antarctic surface ...".

[L130: DOFS --> degrees of freedom for signal (DQFS
Done

[L132: “lower than 12%” is ambiguous here; assunthmag the values are biased low by more (not less)
than 12%, this should be rewritten as “low biaé@ding 12%)”]
Corrected to: “... and a low absolute bias (smahent12%)".

[L135: FTIR measurements which is not possiblerdyst> FTIR measurements, which cannot be made
during]
Done



[Figure 2 caption:

0 L454: It should be explicitly stated here (notyoim the text) that the MLS total column estimates
were obtained by extending the MLS partial stratesic column values using the FORLI-HNO3 a
priori information.

0L454:25%x25-->25°%x25°

0 L454: middle --> bottom

0 L455: Figure 2 does not include a panel showidy-30°S EqL]

Corrected

[L137: 2.5 x 2.5 --> 2.5° x 2.5°]
Done

[L139: The meaning of “the averaging kernels ... wesasidered” will not necessarily be clear to all
readers. It would be better to state explicitlytttiee I1ASI averaging kernels were applied to the co
located MLS profiles.]

Corrected as suggested.

[L140-141: “column profiles” is an oxymoron. Pleaggecify the MLS retrieval pressures over which
the partial stratospheric column was calculatedisT hather than “... grids, then converted into calum
profiles. They were also extended down to the serfay considering the ...”, it would be better to
rephrase along the lines of “... grids, and partiatespheric columns above xxx hPa were calculated.
MLS total columns were then estimated using the]...".

Rephrased to: “The MLS VMR profiles over the 215-hPa pressure range were first interpolated to
the FORLI pressure grids and extended down toulface by using the FORLI-HNO3 a priori profile,
and then converted into partial columns.”

[L155-165: In their Short Comment, Manney & Sanpeinted out: “It is highly problematic to use a
single theta level to distinguish inside from odésivortex regions for column measurements. This
approach implicitly (and erroneously) assumesttiatortex does not tilt, shrink, or expand witlghé
over the altitude range considered. A better apgireauld have been to check PV over a range ofdeve
and discard measurements classified as outsidetlex at any one of those levels.” In my opinithre
authors have not adequately addressed this poumdérstand that 530 K falls in the region of the
atmosphere where IASI has maximum sensitivity toddNNevertheless, it is simply not credible that
changes in the size, shape, or location of theexaver the 30—70 hPa domain primarily coverechiey t
measurements had no effect on the results on anydihe 10-year IASI record. At this point, | aratn
suggesting that the authors redo their analysé$wnuld like to see added to the manuscript gulieix
acknowledgment of the fact that relying on the deieation of the vortex boundary on a single patnt
temperature surface for interpretation of totaluomh measurements inevitably introduces some
uncertainty into the results because it fails twoaat for the possibility of changes in the sizee, or
location of the vortex with altitude.]

In order to address this comment, we have addsg#ragraph in the revised section 4.1:

“Finally, it should be noted that, because the,shape or location of the vortex vary slightly otle
altitude range to which 1ASI is sensitive (from ~80~70 hPa during the polar night), the use ohgls
potential temperature surface for the calculatiodirop temperatures could introduce some uncerégint
into the results. However, several tests suggestlhiese variations of the vortex are overall maul,
hence, could only have limited influence on therdightion of the inner polar vortex (delimited by a
PV value of —10x16K.m?.kg?.s' at 530 K) and on the detection of the average thoperature inside
that region.”
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[L158: closing “)” missing after “2016)” — it shédube “2016))”]
Done

[L158: “starts a few degrees or slightly below’awkward and confusing — “slightly” could mean “a
few degrees”. It would be clearer to say: “starithiv a few degrees below”]
Done

[L161: Itis not quite correct to say “to identifye PSCs-containing regions” — regions with termjpees
below the threshold do not necessarily contain P8Q@guld be better to say “to identify regions of
potential PSC existence”.]

Done

[L170: delete the comma after “S)”]
Done

[L170: This wording — “over the whole period of nsegements (2008-2017)" — seems to imply that
IASI has taken no data since 2017, which | do mdiele is the authors’ intention.]
Changed to: over the whole study period

[L172: 2018) where the contribution of the PSCe mt 2018), where the contribution of PSCs To]
Done

[L173: delete “here”]
Done

[L175-176: The wording “along the HNf®emperature cycle” is not clear. | think the authmean
“within the HNGs/temperature annual cycle”. Or maybe “during” ratthen “within”]
Changed to: during the HNfdemperature annual cycle.

[L184: “R1 in Figures 3a and b” — since the regiraes clearly labeled in the panels of Figure 3, I'm
not sure that this statement is needed. Moreokerabel “R1” is also used in Figure 3c.]
“R1 in Figures 3a and b” has been deleted.

[L189: deployment --> development (“deployment’nist the right word); also, add a comma after
“vortex”]
Done

[L190-191: lower latitudinal airmasses --> lowetilade airmasses]
Done

[L193: A problem with the definition of R2 is thats shown later in the paper, the onset of stral@H
depletion actually begins in mid-May in most yefrs.

Changed to: “R2, which extends from June to Octdibdows the onset of the strong decrease in HNO
total columns, which starts around mid-May in mgesirs when the temperatures fall below 195 K, and
is characterized by a plateau of total H\N@inima.”

[L193: add commas after “R2” and “October”]
Done



[L195: the HNQtotal columns average below --> average Hi@al columns are below]
Done

[L198-199: To avoid the potential for confusion vBSWs: Despite the stratosphere warming with 50
hPa temperatures up to 240 K --> Despite 50 hPpdeatures increasing up to 240 K]
Done

[L202: by the PSCs sedimentation --> by sedimeorabif PSCs]
Done

[L203: add “e.g.” to the list of references]
Done

[L203-204: add commas after “2012)” and “2016)"]
Done

[L204-205: The meaning of “can hardly be inferréslambiguous. | expect that the lack of sensitivity
of IASI total column HNQ@to the LMS precludes detection of renitrificatioorh those measurements.
Thus: can hardly --> cannot]

Done

[L206: where --> when]
Done

[L210: occurs --> occurred]
Done

[L212: HNGstotal columns in 2010 were higher in Septemberasas in July and August.]
Changed to: “in July - September”

[L219: add “and” after “(R2),”]
Done

[L220: Based on Figure 3a, the plateau of low Hldundances begins in July, not August.]
Corrected

[Figure 3c:

o Figure 3a clearly shows that the “strong andd&tiNGs depletion” (as stated also in L219) occurs
mainly during June, so why is the steep drop in HMOFigure 3c labeled “Jun-Aug”?

The strong HNO3 depletion starts in June and timéma in HNO3 levels are reached in July or August.
Based on Fig. 3c, it is quite hard to dissociags¢hmonths.

o | do not find the regime markers (R1, R2, R3)tlis panel particularly helpful — these labels are
essentially floating in semi-arbitrary positionstbe plot and convey no real meaning.

We agree that the regime markers are already gleahtioned in Figures 3a and 3b, but, for more
consistency, we believe it is useful that theyiadécated in Figure 3c as well.

o It is stated that this panel “highlights the matenual variability in total HN@ (L221). But interannual
variability is much easier to interpret in Figura. 3or example, the anomalous behavior in July—
September 2010 so evident in panel (a) does nod stat in panel (c). In fact, | would argue thaisit
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not necessary to color-code the lines by year mepg), as the details of individual years aredyeteen

in panel (a) anyway. Just having 10 separate k@sld still illustrate the interannual spread even
without distinguishing the specific years. If tieels are not color-coded by year, that would allioem

to be color-coded in adifferent manner. For examp®different colors could be used to indicate the
portions of the curves corresponding to each mofitis would allow the interannual variability in
different months to be compared at a glance. Intiadl different line styles (e.qg., solid, dashddited)
could be used to differentiate the three regimegofulating the plot along these lines would make
this panel much more useful than it currently is.

As suggested, we have tried to color-code the linesrder to represent the portions of the curves
corresponding to each month, but the dissociatfdhe months is not that evident with superposition
of the HNO3-temperature values over the previoustmand the next month, which makes the plot
quite hard to visualize. We concluded for this orathat it is better to keep Figure 3c as it igshvaine
color per year.

o Please add minor tick marks on the axes (x amd &) of the panels in Figure 3.]

Done

[L221-222: The two parts of this sentence (“hightiythe interannual variability in total HNGand
“shows a strong consistency in the onset of théetiep between each year”) seem contradictorynef t
behavior is consistent from year to year, therrarteual variability is small. The sentence shodadds
written using more careful language. The wordingls® awkward: shows a strong consistency --> is
very consistent; between each year --> every year.]

Rephrased as follows:

“Figure 3c also highlights a large interannual &hiiity in total HNG in R3, while the strong depletion
in HNGOs in R2 is consistent every year”

[L223-224: Given the span of PSCs formation ovdarge range of altitudes --> Given that PSC
formation spans a large range of altitudes]
Corrected as suggested

[L224: et al., 150 2006 --> et al., 2006]
Done

[L225: that of maximum IASI sensitivity to HNG-> that IASI has maximum sensitivity to HNO
Done

[L229: larger temperatures --> higher temperatures]
Done

[L230: The corresponding R2 temperature at 50 bRehich the ~180 K value at 30 hPa and the ~185
K value at 70 hPa are being compared is not ctetiris discussion.]

As stated in the manuscript, the relationship betweNQG and temperature has been tested at two other
pressure levels, namely 70 and 30 hPa. The resdiibit a similar HNG-temperature behavior at these
levels with lower and higher temperatures in R8peetively, at 30 hPa and at 70 hPa, but stillveelo
the NAT formation threshold at these pressure evie@mperatures down to ~180 K at 30 hPa and down
to ~185 K at 70 hPa as compared to temperatures dow182 K at 50 hPa are observed. It is now
better explained in the corrected manuscript.

[L234: enabling the PSCs formation --> enabling R&@ation]
Done



[L234-235: The “onset of the strong total Hl@epletion” in Figure 3c clearly occurs more thaK 5
below 195 K (i.e., well to the left of the vertiaa&d line). So | do not see how this statement atheu
consistency between 195 K and the onset of Elti&pletion is supportable. Perhaps the authors are
accounting for the fact that HNGtarts to condense at temperatures 2—4 K below, But (a) if so they
need to state that explicitly, and (b) the differeim Figure 3c is larger than 4 K.]

From Fig.3a, it is true that the onset of the HNd@Bletion occurred in June with temperatures rangin
from ~188 K to ~195 K. Note, however, that (as nmred in the manuscript and the caption), Fig. 3c
represents the evolution of daily averaged HNd@al columns with the highest occurrence; it @ n
based on averaged values as in Fig.3a. To avouhaesstanding, “Fig. 3¢” has been deleted in tee la
sentence of the paragraph.

[L251: areas --> area; also, the fact that the BMes specified is for 530 K should be stated]
Done

[L252: regions --> region]
Done

[L253: total HNQG depletion occurs --> the largest depletion of tetlIOs occurs]
Done

[L258: | have no idea what “as the daily secondedénce HNQ@total column” means. The rest of the
sentence makes sense, so perhaps this part coyly sie deleted. Otherwise, if it is supposed tovey
important information, then it has to be rephraedlarity.]

It indicates that the second derivative of HiNtOtal column with respect to time is calculatedizes
daily second-difference “in” HNgxotal columns. “in” has been added in the sentence

[Figure 4 and its caption:

0 Why is the red line at 195 K dashed? SimilardimeFigure 3 were solid, which would be a
better choice here too as the temperature timessevialso shown as a red dashed curve.
The red line at 195 K is now solid as suggested.

0 L482: temperature --> 50 hPa temperature]

Done

[L262: around the 195 K threshold --> around theetithat temperatures drop below the 195 K
Threshold]
Done

[L262: “some days” suggests to the reader “a feysavhereas 23 days is more than 3 weeks. Thus:
within some days --> within a few days to a few ksje
Done

[L265-266: The drop temperature in 2014 does starido some degree, but nevertheless | do not think
that it can simply be excluded from the IASI-missaverage just because it is a bit of an outlignrg)
justification is needed to exclude any individugay from the climatological mean, otherwise the
authors risk being perceived as “cherry-pickinggithresults.]

Cfr comment [L28] above. The year 2014 is now takémaccount when calculating the 50-hPa average
drop temperature. The 50-hPa average drop tempetads, hence, been corrected consequently.
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[L269-270: It is very good to remind readers of theaning of the term “drop temperature”, but this
definition should come earlier in this section sitise term has already been used above (L264, L266)
Corrected

[L270: PSCs formation temperature --> PSC existéacgperature]
Done

[L271: could reflect the preponderance by one euld reflect variations in the preponderance oflone
Done

[L276-278: The average drop temperatures for 307dhtdPa appear to have been calculated over the
full 10-year record, which supports my contentibatt2014 should not be excluded from the 50-hPa
average drop temperature calculation.]

See the response to the comment [L265-266] ab@4el B now included in the calculation of the 50-
hPa average drop temperature.

[L284: zonal distribution --> climatological zondilstribution]
Done

[L285: Does Figure 5 use geographic or equivalatitude? If the former, the difference from other
figures (which use EqL) needs to be explainedjrbany case it should be made clear.]

Both Figures 5 and 6 which represent zonal didtidims use geographic latitudes. This is now clearly
mentioned in the revised figure captions. The dsmuaivalent latitude does not make sense here.

[L287: It is stated that one isocontour of 50 h&aperature is overlaid, but actually two are
shown in Figure 5.]
Corrected in the text.

[L289: lines indicates --> line indicates]
Done

[L290: The average drop temperature is given herE94.2 + 3.8 K, but above in L265 it was stated to
be 194.1 + 2.8 K. These values need to be recahfile

See responses to the comments [L265-266] & [L27&-aBove: 194.2 + 3.8 K is the 50-hPa average
drop temperature including the year 2014, while.1942.8 K is the 50-hPa average drop temperature
when 2014 is excluded. As suggested by the reféheeyear 2014 is now taken into account in the
revised manuscript when calculating the averagp thmperature.

[L290: rate in --> rate of]
Done

[L291: delete “of some days”]
Done

[Figure 5 and its caption:

o Figure 5b is referred to in L284, but there isfadher discussion of this panel in the text. The
relationship between IASI total column Hil&nd 50 hPa temperature has already been investigate
connection with Figures 3 and 4; moreover, Figuadrtludes two contours of 50 hPa temperature.
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Thus, in the absence of specific discussion aliontthe text, Figure 5b seems superfluous andldhou
be deleted]

The two contours of 50 hPa temperature are nowlglepecified in the revised text and Figure 5b is
now discussed: “ ... and the isocontours for the K3mperature (pink) and for the averaged 194.2 K
drop temperature (purple) at 50 hPa. They furthestrate the relationship between the IASI totAl®}
columns and the 50 hPa temperatures.” “... It shtvasthe strongest rate of HN@epletion occurs on
average end of May, a few days after the temperatecreases below 195 K.”.

[0 L493: As noted above for the main text, whethés is geographic or equivalent latitude needseto
made clear.]

Done

[0 L496: The meaning of “The vertical grey dashedd encompass the period of the second derivative
minima” is unclear — the steepest rate of decreasers on a particular date each year, not over a
prolonged period. What | believe the authors afi@drto say is that the grey lines mark the earbesl
latest dates for the drop temperature in the 10-§gx0rd, but this statement needs to be writteremo
clearly.]

Re-written as suggested

[0 Panel 5b: the date labels (which are nearlygiliee) for the overlaid lines indicate that theliest
drop temperature date is 12 May, whereas in L2&3gtated to be 11 May.]

Corrected

[L295: The PV contours are specified at 530 K, 5®hPa.]
Corrected

[Figure 6 and its caption:

o In the case of Figure 6, panel (b) is not eventioeed in the text. It should be deleted.

For the purpose of the illustration, we would prefekeep the figure as it is. Figure 6b is nowdssed

in the revised version: “... as well as the reprodility of the NAT threshold temperature region that
encompasses the inner vortex core. Except for ¢lae 009, the dates for the strongest rate of HINO
depletion matches those for the onset of decreasimmgeratures below 195 K.”.

0 The x-axis date labels are illegible.

The labels have been enlarged in the revised versio

o L501: Again, whether this is geographic or eglamtilatitude needs to be made clear.]

Done

[L302-305: I'm a little confused about how the —818s5 Km2kg-1s1 contour of PV comes into the
analysis in this section. It is a bit jarring t@tst in one sentence that the figure examines tiene
delimited by the —8 PV contour and then in the nextitence characterize the =10 PV contour as
delimiting “the region of interest”. | presume ththe authors want to investigate a region larganth
that of the strong depletion in total HBl@ncircled by the —10 PV contour) while excludihg tollar
region (=5 PV contour), but that rationale showdstated explicitly.]

This was indeed our intention. The text has beanfiedd as suggested: “... inside a region delimtigd
a PV value of -8x18 K.m?.kg?.s? for each year of the IASI period in order to invgate a region a bit
larger than that of the strong depletion in tothl®tencircled by the PV isocontour of -10x3K.m2.kg
1.s1, averaged over the 10 May — 15 July period fohegar, which delimits our region of interest (in
green).”

[ Figure 7:
o Similar maps of the corresponding dates aremmwe, but they would be a useful addition and would
help to clarify some points in the discussion, ated below.
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Such a figure is provided for the referee in Figleelow. We find it, however, not necessary fa th
paper.

o The dark green color for the —10 xsKm2kg-1s1 PV contour does not show up well (at least

not on my monitor). A brighter green would work tieet

The color of that PV contour has been changed|éoity.

0 Why are some of the temperature contours noedds

The contours are not closed in case of missingegdlor the gridded temperatures.

o The fonts for the years in the map titles inttsyerow look odd.

We do not see odd fonts for the years in the nibgs{i

[L303: delete the comma after-1§
Done

[L303-307: Switching back and forth between tempemand PV makes these lines harder to follow.
It would be better to discuss both the averagedtla@dninimum PV contours together and then move
on to the two temperature contours.]

Changed as suggested.

[L306: The PV contour is specified at 530 K, nott8®a.]
Done

[L307: Add a comma after “period”.]
Done

[L308-309: | have several comments on this pathefanalysis:

0 The range of 50 hPa drop temperatures found iseo®nsiderably broader than that found in
connection with Figure 4 in Section 4.1 (~180-21@sk~189-203 K), as is the range of corresponding
dates (mid-May to mid-July vs mid-May to early Juriéhese differences between the results based on
vortex averages and those based on 1°x1° bins ¢hmulcommented on in the text. Do the two
approaches agree in terms of which years show ginwer/higher drop temperatures or earlierfiate
dates? The discrepancies are of concern becausmithadvantage that the IASI HN@tal column
measurements bring over vertically resolved HM@ta sets (for which vortex averages can be
calculated) is their dense horizontal sampling.

Indeed, the 50 hPa drop temperatures representédura 7 and the corresponding dates are broader
than the those reported on Figure 4 that represemtsmge values inside the region delimited by a PV
isocontour of -10x10® K.m?.kg?.s'. Hence, the two figures are complementary andtdsimow any
mismatch. For instance, the year 2014 that showsifjhest drop temperature in Figure 4 is indeed
characterized by the highest drop temperaturesiledéc] above the eastern Antarctic. It is now tjear
mentioned in the revised manuscript.

0 The high extremes in the drop temperature aréduatitd to issues with the retrievals over eastern
Antarctica that are not fully screened out by dyationtrol measures. But Figure 7 shows that
unrealistically high drop temperatures are not iceaaf to eastern Antarctica.

This is true, but inside the inner vortex core mékd by the PV isocontour of -10x¥&.m?.kgt.s?,
averaged over the period 10 May — 15 July, moshefunrealistic drop temperatures are found above
the eastern Antarctic.

0 As mentioned above, maps of the correspondingsdabuld be illuminating. What is the spatial
distribution of late dates vs early dates? Do thgeteerns match the variations in drop temperajunes
do they bear no relation to the temperatures?
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As already stated in the manuscript, the area sadldetween the two isocontours of 195 K for the
temperatures, the averaged one and the one faritiieum temperatures, shows generally higher drop
temperatures and less pronounced minima in thendederivative of the HN@®total column with
respect to time, as well as later correspondingd@fter the strong HNlepletion occurs in the inner
vortex core, i.e. after the 10 May — 15 July pegodsidered here). This indicates strong relatiqnh

the temperatures. As suggested by the referedasimaps of the corresponding dates are shown in
Figure 1 below for the purpose of the illustratidde can clearly see that the early strong depletion
(before 15 June) occur inside the isocontours @%10° K.m?.kgt.s! at 530 K for the averaged PV.

0 The authors need to directly confront in the pape fact that dates as late as mid-July for thged

of HNOsdepletion in the Antarctic are even more implawestblan drop temperatures as high as 210 K.
These findings will likely cause many readers tenmass their analysis methodology and/or the use of
IASI data for studying PSCs.]

We thank the referee for this recommendation. Scaneful sentences were already in the manuscript
with respect to these but the word unrealisticri@as been introduced twice to make it fully cleae. |
“Mixing with these already depleted airmasses cailsd explain the higher drop temperatures detected
in those bins. These sometimes unrealistic higp t#mperatures are generally detected later (iéer
strong HNQ depletion occurs in the inner vortex core, i.¢erathe 10 May — 15 July period considered
here — not shown), which supports the transpothase bins, of earlier HNgepleted airmasses and
the likely mixing at the edge of the vortex.”

In addition, it is also stated that: “Except ab®ane parts of Antarctica which are prone to larger
retrieval errors and where unrealistic high drapgeratures are found, the overall range in theP#® h
drop temperature for total HNGnside the isocontour for the averaged temperaiti®5 K typically
extends from ~187 K to ~195 K, which falls withiretrange of PSC nucleation temperature at 50 hPa”.
“... and where unrealistic high drop temperaturesfaved ...” has been added here to underline the
high drop temperatures calculated over Antarctica.

[L311 & 313: surface --> surfaces]
Done

[L318: Some years have sizeable regions with deagperatures below 195 K that are well outside the
averaged 195 K contour. Hence, encircles well ncireles fairly well.]
Done

[L319: bins inside that area characterize air massebins inside that area include air masses]
Done

[L322 & 325: show --> shows]
Done

[L327: is also enclosed --> is also typically erseld]
Done

[L330-331: The weakest minima in the second dekreadf total HNQG (not shown) observed in that
area indicate a weak and slow --> The fact thatwhakest minima in the second derivative of total
HNOz (not shown) are observed in that area indicatesakwnd slow]

Done
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[L333-334: Although I think it is good to point otlte possible impact of mixing on these results, it
should also be acknowledged that previous studiee bhown that in the Antarctic mixing between the
edge region and the vortex core is generally weak,(Roscoe et al., JGR 2012).]

It is now clearly mentioned in the revised versamsuggested: “Note, however, that previous studies
have shown a generally weak mixing in the AntarbBtween the edge region and the vortex core (e.qg.
Roscoe et al., JGR 2012).”

[L333: reflect a mixing with strong --> reflect niing with strongly]
Done

[L334: The mixing --> Mixing; explained --> expldin
Done

[L335-336: I'm confused by this sentence. The dtemperature is defined by the onset ofHINO
depletion, so how can it be that high drop tempeegtare detected “after the Hbd2pletion occurs™?]

It has been clarified in the revised text: “aftee strong HN®@depletion occurs in the inner vortex core,
I.e. after the 10 May — 15 July period considereckth

[L338-339: What is meant by “the range of maximwmnsstivity of IASI to HNQG"? Elsewhere in the
manuscript, it is stated that IASI has the largestsitivity to HNQin the 30-70 hPa range, but how is
that altitude information relevant to the spatiatiations in the maps of Figure 77?]

Changed to: “these spatial variations might alstiypeeflect some uncertainty into the drop tempera
calculation, introduced by the use of temperattieesingle pressure level (50 hPa) and of PV angies
potential temperature surface (530 K) while thesgasity of IASI to changes in the HNprofiles
extends over a range from ~30 to ~70 hPa duringale night.”

[L339-346: The second half of the sentence in L83¢hile biases ...”) starts a new discussion on
reanalysis temperature and is followed by sevetdated sentences, so it should be a separate senten
(not starting with “while”). In addition, it is natlear to the reader why all of the detail presgimethe
following sentences is really necessary. It wouddbbtter to either end the paragraph by statintjcitkp

that ERA-I temperature biases of the magnitudechotehese lines could not possibly account for the
large range of calculated drop temperatures, oplyicelete some of the details.]

This sentence has been rewritten in order to addhescomment of the referee. Details related ¢o th
uncertainties in ECMWF ERA Interim temperature haeen deleted.

[L339: for explaining --> to explain]
Done

[L344: just to be clear, add “in modern reanalyss$ér “reduced”.]
This part of the sentence has been deleted (sementrabove).

[L348: drop 50 hPa temperature --> 50 hPa drop &atpre; delete the comma after “195 K”]
Done

[L349: PSCs nucleation --> PSC nucleation]
Done

[L351: on the type of formation mechanisms --> loa $pecific formation mechanism (i.e., the type of
PSC developing)]
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Done

[L353: coverage of IASI that allows capturing thepid and critical depletion phase --> coverage of
IASI, which allows the rapid and critical depletiphase to be captured in detail]
Done

[L357: columns dataset --> column dataset]
Done

[L358: since other IASI instruments are mentioreger: Metop --> Metop-A]
Done

[L363-364: | find this wording unclear. | suggelstvel over a range where --> level, which lieshe t
range where; process occur --> processes occur]
Done

[L367: delete “various”]
Done

[L368: delete “and described along the cycle” (thiwding is confusing and unnecessary)]
Done

[L369: delete “at play”]
Done

[L370: Only Antarctica is considered here, thusthe poles --> over Antarctica]

The sentence “R1 is defined during April and Mayl aharacterized by a rapid decrease in 50 hPa
temperatures while HN accumulates in the poles” remains as it is. Trengtdepletion occurs in the
area defined by a PV of -10xt®&.m?.kg?.s! at 530 K (typically over Antarctica indeed) but BN
accumulates outside that area over the poles.

[L370: As mentioned earlier when this regime waBnael, R2 starts in June but the uptake of HNO
into PSCs starts in mid-May, as shown in this paperin previous studies.]

See comment [L193] above. Changed to: “R2, fronedarseptember, follows the onset of the depletion
that starts around mid-May in most years when thePa temperatures fall”.

[L371-372: PSCs nucleation --> PSC nucleation]
Done

[L372: between each year --> from year to year]
Done

[L372: R3 is actually defined (L198, Figure 3a)kgin in October, not November.]
Corrected

[L373: until March --> through March]
Done

[L374: PSCs sedimentation at --> PSC sedimentatipn
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Done

[L376: found particularly --> found to be partictig
Done

[L377: condensation to --> condensation into]
Done

[L379: 2.8 --> 2.8 K; also, as noted previouslyg thconsistency in the average drop temperaturessal
given in the text (L265 and L290) needs to be figsed the correct one quoted here. L380: As noted
above in Section 4.1, | do not think that the omissof 2014 from the climatological average is
justified.]

Corrected. See our response to the comment [L288]ea

[L381: demonstrated --> demonstrate; PSCs formateiPSC formation]
Done

[L384: PV at 50 hPa --> PV at 530 K]
Done

[L386: highest minima --> lowest minima]
Done

[L388: “from year to year” is not the right phragerhaps the authors mean “in some years”]
Corrected

[L388: As mentioned earlier, not all of the unretitially high drop temperatures were calculated ove
eastern Antarctica]
See our response to the comment [L308-309] above.

[L390: found in line --> found to be in line; PS@scleation --> PSC nucleation]
Done

[L395-396: It likely results --> These likely resuh mixing --> mixing]
Done

[L399: over the whole polar regions --> over theolghAntarctic region]
Done

[L401-403: | do not see how the authors could nthleestatement that the IASI dataset offers a new
observational means to monitor the relation of HiCtemperature and PSC formation because it can
make measurements in darkness. It is certainly rstatedable that they want to tout IASI’s excellent
spatial coverage and its potential for a long récdhose are indeed very valuable contributiong.iBu

is simply not acceptable to ignore decades of kild@asurements made “throughout the year (including
the polar night)” by numerous satellite instrumefgsy., LIMS, UARS MLS, Aura MLS, CLAES,
MIPAS, SMR, ILAS, SMILES).]

It is of course not our intention to ignore thedetime series already available from other instrotse
which are referenced in the introduction, but ratikeunderline the interest of the IASI record foe
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future. In order to avoid a feeling of oversellihglASI dataset offers new observational means to...”
has been changed to “...IASI dataset offers a vatuabservational means to...".

[L401-402: delete “capturing”; add “to be captured’the end of the sentence]
Done

[L404: allow to investigate --> allow investigatiof
Done

Figure captions

Figure 1. Spatial distribution (1°x1°) of the dates corresgiog to the drop temperatures at 50 hPa (calallate
from the total HNQ@ second derivative minima) for each year of IAS)q8-2017), in a region defined by a PV
of -8x10° K.m?.kg™.s*. The isocontours of -10xPK.m?%kg™.s* at 530 K for the averaged PV (in red) over the
same period are represented.
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