Response to Referee #2:

We thank the referee for her/his comments. Respaosadividual comments that have been quoted [...]
are given here below.

[There are major differences between IASI trendgh(for this submitted paper and in the TOAR) and
trends measured from other independent sourcampbipheric ozone. The reported negative trends (in
both NH and SH) for IASI tropospheric column ozdoenot appear to be reproduced by other key data
sources of tropospheric ozone. This paper doesarapare IASI trends with several key studies amdige
and also does not compare IASI trends directly thidse derived from other independent data. Theeatir
paper will require major analysis/changes by theéhaus — they should compare more extensively with
other studies on tropospheric ozone trends and reit® differences. In addition the authors should
compare with either ECC sondes or aircraft measu@is (or even both) to evaluate the trends from.IAS
As a note, just like the ECC sondes, aircraft daien MOZAIC+IAGOS for 1994-recent are public domain
and can be compared on a region-by-region basis #ASI trends. A recent paper by Petetin et al1@0
examined the long record of MOZAIC+IAGOS aircrafippospheric ozone for 1994-2012 and did not
measure negative trends in any season as repomtee for IASI. Here is a paper that describes the
MOZAIC and IAGOS ozone instruments and showsltleairto time series can be joined for trend studies:
Instrumentation on commercial aircraft for monitogi the atmospheric composition on a global scéde: t
IAGOS system, technical overview of 0zone and cammmoxide measurements Philippe Nédélec, Romain
Blot, Damien Boulanger, Gilles Athier, Jean-Marc s, Benoit Gautron, Andreas Petzold, Andreas
Volz-Thomas & Valérie Thouret Tellus B: Chemical &hysical Meteorology Vol. 68, Iss. s1,2016. Near
daily MOZAIC/IAGOS ozone profiles are available eb&rankfurt since 1994. These profiles extend from
the surface to 12 km and cover the full depth efttbposphere at the latitude of Frankfurt.

There is no drift in the observations as theserimsénts are routinely calibrated. In terms of dgtality

and sampling frequency, Frankfurt is the world'st@ata record of tropospheric ozone profiles anid i
ideal for evaluating monthly satellite troposphedzone products. The MOZAIC/IAGOS data are open
access. Monthly mean profiles on pressure surfaanse easily provided by Herve Petetin. He caa als
limit the analysis to the portions of profiles meaeesl below the tropopause. Papers by Hervé Petetin:
Herve.Petetin@aero.obs-mip.fr, Laboratoire d'’Aégim Université de Toulouse, CNRS, UPS, France.
The following paper shows no tropospheric ozonedrat Frankfurt for 1994-2012 in any season, except
for winter where ozone has actually increased. TOAR-Climate provides an update with data through
2013 and gets similar results. Petetin, H., V. TequA. Fontaine, B. Sauvage, G. Athier, R. Blat, D
Boulanger, J.-M. Cousin, and P. Nédélec (2016), r@tterizing tropospheric ozone and CO around
Frankfurt between 1994-2012 based on MOZAIC-IAGiD3adt measurements, Atmos. Chem. Phys., 16,
15147-15163, doi:10.5194/acp-16-15147-2016. httwsnv.atmos-chem-phys.net/16/15147/2016/

The following paper demonstrates that many profilesavailable at Frankfurt during the morning, arcd

the time of the IASI overpass:

Petetin, H., et al. (2016), Diurnal cycle of ozaheoughout the troposphere over Frankfurt as meedur
by MOZAIC-IAGOS commercial aircraft, Elem. Sci. Ant 4:129, DOI:
http://doi.org/10.12952/journal.elementa.000129/.]

We thank the referee for his/her comments and stiggeabout reconciling the trend divergence as
recorded from independent datasets, but, at the same, we feel that this is well strongly beyomhe t
scope of the present paper. Also the discussidheuapper tropospherics@alls outside of the manuscript
which focuses, on purpose, on the middle-low trppesic Q column from IASI. We would like to draw
the attention of the referee to the following:



As co-authors of that TOAR-Climate paper lead byGaudel and O. Cooper, we are of course
aware of the trend divergence between the TOARsd&awhich is for now an open question and
which deserves further investigatiomd@t huge piece of work will be attempted if theseaai
TOAR-2 projec}. We hope that the reviewer will appreciate thatsa multi-instrument analysis

is completely beyond the scope of this paper. énpitesent study, we use the dataset from a single
instrument (IASI) and we intend to go further irethnalysis of the ozone time series and,
specifically, we seek to derive significant tremadgropospheric @by applying to the IASI data
record a full multilinear regression (MLR) modelinstead of the straightforward but over-
simplistic least-squares single linear regressfItR) method used in the TOAR-climate. In fact
the shortcomings from the SLR over the MLR are Hjpedly discussed in the dedicated section
4.3 of the present manuscript, which demonstrdtesnterest of the MLR for better determining
accurate/realistic trends and for further resolvirgd biases between independent datasets (see
also the conclusion section).

We also would like to recall here that the TOARy@te assessment report has identified as
possible causes for the trend bias in TOCs therdiffces in the tropopause calculation (same
tropopause definition but different temperaturefigs are used) and in the instrument vertical
sensitivities and sampling. This is described ie TOAR-climate report at the end of the
Tropospheric Ozone Burden Section 5.7 (Ozone testignation): “... This can be taken into
account by sampling and applying the AKs of eaclasueement type to a common model
simulation with a known trend in tropospheric coluozone to find the resulting trend bias, if any.
These validation and model sampling exercises lvdlithe focus of future intercomparisons of
remotely sensed tropospheric column ozone dataupted This is an important but huge piece of
work which will be attempted in the follow-on TOAROoject.

The difficulty in comparing, because of the lackhomogeneity between the existing datasets and
between the methodologies, the trends from oulyaisalvith those reported in the TOAR-climate
assessment report, as required by the refereemisdptter underlined in the revised manuscript,
especially in the introductory Section 4.3 (L.41%6%

“... Substantial effort in homogenizing independeapbspheric @column (TOCs) datasets have
been performed in the TOAR-climate assessmenttréBaudel et al., submitted to Elementa), but
large SLR trend biases remain between the TOARsdttain particular, between the satellite
datasets. The lack of homogeneity in terms of tpapise calculation (same tropopause definition
but different temperature profiles are used), aftriimment vertical sensitivities and of spatial
sampling has been specifically pointed as poss#ilses for the trend divergence.

Reconciling trend biases between the datasets lfg.gpplying the vertical sensitivity of each
measurement type to a common platform, as proposie® TOAR-climate assessment report) is
beyond the scope of this study, but the improvernrensing a MLR instead of a SLR model for
determining more accurate/realistic trends is exguldnere ...”

A last point that we would like to highlight heethat, from an instrumental point of view, there
is no drift in the IASI radiance data. This canilgdse assessed as there are currently 2 IASIdlyin

which show similar radiance measurements. IAShésreference instrument used in the Global
Space-based Inter-Calibration System (GSICS)nktumental design (based on the Michelson
interferometry which spreads and, hence, attendhgesffect of the degradation, if any, over the
whole spectral range, as opposed to UV soundegsepts any instrumental degradation/drift and
assure a very good radiometric accuracy and dtabllhe good performance of IASI is indeed

confirmed from the excellent stability in the reded radiances that are monitored daily at the



EUMETSAT ground segment, and from a series of ssfoé validation studies which are
mentioned in Section 2 of the manuscript.

However, it is true that two recent validation esipeents lead by Arno Keppens/BIRA-IASB and
Anne Boynard/LATMOS that were not available at time of the submission but that are now
submitted to this QOS special issue (and listethénreference section) suggest a drift between
IASI and the sonde data. Actually, the drift hasrbdemonstrated in Boynard et al. (this issue) to
result from a “jump” in the IASI @time series between the period before and aftpteGeer
2010. The reasons for this jump are still uncléairanslates to an “artificial” negative drift of
around ~2.8 DU/dec in the N.H. (cfr Boynard et tidis issue) and, more particularly, of around
~2.7 DU/dec in the mid-latitudes of the N.H. (basedthe stations characterized by the better
temporal sampling). The amplitude of that driftoiaer than the one of the averaged negative trend
derived from the MLR in the N.H. (~5 DU/dec on age in summer; i.e. the drift cannot fully
explain the trends reported in the present stugyjthermore, the drift strongly decreases (<|[1]
DU/dec on average) after the jump and becomes ruarsignificant for most of the stations
(significantly positive drifts are also found fasrae stations) over the periods before or after the
jump.

For overcoming the drift issue and avoiding anyeptill overestimation of the amplitude of the
negative trends derived from the whole IASI databet constant term used in the MLR model has
been split into two components: one covering théopebefore the jump and one after the jump.
We show that the resulting trends are quite sinbildhe previous ones. In particular, the band-like
pattern of negative trends in the N.H. in summetilsclearly observed (i.e. the impact of the jum
was likely compensated by the adjustments of atbeariates in the previous model regression).
The only major difference between the regressisulte is that significant negative trends that
were detected in the high latitudes of the S.H.ran turning non-significant (cfr Figure 1 here
below which compares the distribution oft@ends derived from the two regression models@séh
new results are incorporated in the paper. The gdwrthat have been made to address the
reviewer’s concern include the following:

1. The drift reported in the two companion papers asvrctlearly mentioned in the revised
manuscript:
In Section 2, L.118-124: “Note, however, that &tdrn the N.H. MLT & over the whole IASI
dataset is reported in Keppens et al. (this isand)Boynard et al. (this issue) from comparison
with Oz sondes. This drift (~2.8 DU/dec in the N.H.) iswh in Boynard et al. (this issue) to result
from a discontinuity (“jump” as called in Boynartas., this issue) in September 2010 in the IASI
Ostime series, for reasons that are unclear at preSerthermore, the drift strongly decreases (<|1|
DU/dec on average) after the jump and it becomes eon-significant for most of the stations
(significant positive drift is also found for sorsgtions) over the periods before or after the jump
separately.”
In Section 2, L.137-140: “In order to take accoohthe observed “jump” properly, we modified
the previously used MLR model so that the LT tesnsplit into two components covering the
periods before and after the September 2010 “j@jparately.”

2. The figures 1 to 6 and 8 of the manuscript haveetbee been reprocessed and they depict now
the results derived from the improved regressiordehdincluding two constant terms to



account for the “jump” in Sep 2010 instead of oahe constant term over the whole 1ASI
period).

3. Finally, some words of caution have been addedhénconclusion section about a possible
impact of the reported drift on the trend estimatiigvertheless, it is worth noting that there
could be a possible impact of the sampling (becafiske cloud and quality filters applied)
and of the “jump” in September 2010 that has béentified in the IASI dataset (see Section
2), in both MLR and SLR trends.”

[In addition, the following paper in ACPD showsdemce that UT ozone has actually increased actass t
NH mid-latitudes from 1995 to 2013:

Cohen, Y., et al. (2017), Climatology and long-tewolution of ozone and carbon monoxide in the UTLS
at northern mid-latitudes, as seen by IAGOS fro@51%® 2013, ACPDhttps://www.atmos-chem-phys-
discuss.net/acp-2017-778/acp-2017-778.pdf/

We thank the referee for pointing out our attentionthis recent paper. It should be noted, howéhesr
the present study is restricted to the troposph@yicolumn from the ground to 300hPa, and hence avoids
the UTLS. Finding difference in trends in these taygers is not a surprise. Indeed, we show in gpeomon
paper (cfr Wespes et al., ACP, 2016; see Tablea2}lhe UTLS @from IASI (defined as the partial column
ranging from 300 to 150 hPa) is characterized bigaificant positive trend in the mid-and high taties

of the northern hemisphere —in agreement with @ehel., 2017 — while the lower troposphergcOlumn
features a significant negative trends in the 3BERN band. This finding, in particular, demonstsatiee
possibility to decorrelate the troposphere andiheS from the IASI measurements.

[In your paper you also mention negative trendhimSH from IASI that are hard to explain. Younrefee

an ACPD paper (Zeng et al., now published in AGI,72 that combined ozonesondes with a Chemistry-
Climate Model for evaluating ozone trends for Layddew Zealand during 1987-2014. The Zeng et al.
study found evidence of negative trends for 9-1Z&lmmn ozone, but no trends in upper tropospheric
ozone (6-9 km) and distinctly positive trends for tower troposphere (0-6 km). For most of the mid-
latitude troposphere (i.e., 0-9 km) the trends thay measure for Lauder actually appear as pasitather
than negative. It is also not certain how muchrt®el2 km layer ozone is impacted by decadal desgrea

in lower stratospheric ozone. Shown below is a @iapn that includes ozonesondes, Umkehr, and FTIR
ozone at Lauder (this figure appears in the supplenito TOAR-Climate). While IASI-FORLI shows a
strong ozone decrease at this location, the sorfelélR, and Umkehr data show no trends since 2000.
There seem to be substantial discrepancies intig8ts in not just the NH but also in the SH ad it

the authors will need to reconcile.]

On the contrary to the highly vertically resolvedone sonde profiles, 1ASI exhibits only one full
information level in the troposphere (meaning thate is no decorrelation between the sub-layetlsen
troposphere). The column ranging from the surfacD hPa was initially chosen (cfr Wespes eRall6

and 2017) to limit as much as possible the infleeoicthe stratosphere, but also to include théudki of

the maximum sensitivity of IASI in the troposphei¢ Lauder, this altitude is typically around 6-& land

the stratospheric contribution to the troposphesiamns (due to the IASI limited sensitivity aneé thatural
portion from the stratosphere) is estimated to edmgfween 40 and 50% (see the Supplementary nisiteria
in Wespes et al., 2016). In other words, we cammxpect to reproduce the exact same trends as those
derived by Zeng et al. in specific 3 km sub-lay&ste finally that negative trends in the UTLS amdhe

low stratosphere were also derived from IASI in 308S-50°S band (see Table 2 in Wespes et al.,)2016
and, hence, that the negative trends that we edécul the mid-latitudes of the S.H likely origiedtom

the stratosphere. This assumption is also suggésiadthe Q-CO correlation study in Section 4.4 of the
present paper and it would be in line with the arption of Zeng et al. (2017). It is clearly mené&d in
Section 2 and 4.1 of the manuscript.

The Zeng et al. reference has been updated.
Please, see our response to the first commentfefé&e#2 above about reconciling trends.



Regression model including only 1 constant term {over the whole IASI period)

Regression model including 2 constant terms (before and after Sept 2010)
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Fig.1: Comparison between the seasonal distributions of the adjusted trends (in DU/yr) obtained
from the MLR modéd including one constant term (over the whole |AS| period) vs those obtained
from the MLR model including two constant terms (one before and one after Sept 2010).



