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RESPONSESTO THE REVIEWERS

We would like to thank the reviewers for their gisiful comments that were
helpful in improving substantially the presentatiand contents of the revised
manuscript. We hope we have addressed appropriatelgsues raised by the
reviewers. The reviewers' comments are repeatenvlial blue and our responses
appear in black.

We have inserted this sentence in the acknowledtgmen

W finally would like to thank the two anonynous
reviewers to their fruitful comments.

The following changes have been made in the revisaauscript.
Anonymous Refer ee #2

1) This paper explores the possibility of assinmigtMLS H20 into analyses and
generally shows improvements that can be gainedidyg so. | am mostly

satisfied with the analysis but one thing | did naderstand was the difference
between the background runs and those that asgohiMLS. It seems like the

background was also assimilating MLS data in somag ®also. It was not clear

exactly what the background run is. If this candbeified, then the paper is

publishable in my opinion.

- We understand the confusion between background amadlysis, that was
present when reading the first version of the mampis This major comment was
very consistent with the comment 1) from the Reesit. We have already
replied to this point (first item of the reply tdhved comment 1) from the
Reviewer#1) by detailing the formulation of the iasktion method in a
variational point of view, highlighting the costrfction J, separated into the
background cost functiad and the observation cost functi@n

Minor points

2) page 2 line 4@8hange assess to assessment of
- Done

3) page 3 line 4thange Southern to South
- Done

4) page 4 line 48hange earth’s to Earth’s
- Done



5) page 4 line 5@8hange in form of to as
- Done

6) page 4 line 58hange gas to gases
- Done

7) page 4 line 5&arth to Earth
- Done

8) page 4 lines 63-65Specialized models seem to capture TTL water vayatlr
(e.g. Lagrangian trajectory type models). Thellehge is why GCMs and
Analyses seem to do so poorly when | would presthey have the same
physics.

- Global GCM and CTM are generally 3D Eulerian anséagrangian models,
either free running or assimilating data. Althoutlose models allow complex
dynamical, radiative, and chemical interactiongythypically present coarse
horizontal and vertical resolutions (~9km/137 lesvat ECMWF). Also, cloud
microphysics and vertical transport are known wesakes and active areas of
research and development. As a result, short sbale/ term variability of
temperature and humidity, cloud, and severe coreeire often misrepresented
in the TTL.

In advanced models, the implementation of semi-&dagian scheme has been
used to estimate the Lagrangian transport of meaehbles such as temperature
and humidity. Nevertheless, semi-Lagrangian traridpoks the full Lagrangian
skills, which conserves advected quantities (Moig @'Neill, 2000).

Fueglistaler et al. (2005) and Fueglistaler and rtid¢ay(2005) showed that a
synoptic-scale full Lagrangian model can reprodiiee long term variability of
H,O in the TTL and LS. However, in a more recent giudessler et al. (2007)
suggested that this apparent correct representatiorH,O resulted from
compensating errors in the over simplified modeb.(dack of saturation or
convective transport of ice). Accounting for theneective ice lofting in
Fueglistaler's model, the authors obtained an iwmgdosimulation of the D
isotopologue HDO in the TTL without degrading thait H,O. Those results
demonstrate the need for a better representaticutugrid scale non-hydrostatic
processes in order to realistically simulate theadslity of H,O in the TTL and
LS.

The simulation of short scale/short term variapi(itonvective/hourly scales) of
H,O and temperature associated with deep overshootingection requires the
high resolution of cloud resolving models. Thosadais allow the analysis of the
impact of convective transport, mixing, and/or ramnysics by reproducing both
timing and structure of severe convective evente(@el et al., 2009; Hassim and
Lane, 2010). However, with an horizontal resolutainl km or less (Chemel et
al., 2009), such simulations are computationallgemsive and limited to small
areas.
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stratosphere. Monthly weather review, 137(8), pp322514.
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entering the stratosphere in the tropics. Jourhdeophysical Research:
Atmospheres, 110(D8).
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variability of stratospheric water vapor. JournélGeophysical Research:
Atmospheres, 110(D24).
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Physics, 10(20), pp.9833-9849.

Mote, P. and O'Neill, A. eds., 2000. Numerical nodgof the global atmosphere
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9) page 5 line 768hange such as to such as those. Also IPCC ItitenafdPanel
on Climate Change.
- Done

10) page 5 line 86hange Heggling to Hegglin
- Done

11) page 6 line 112hange 60 hybrid to 60 vertical hybrid
- Done

12) page 6 line 11dhange beyond to above
- Done

13) page 8 line 156hange order that to order to that
- Done

14) page 11 line 226hange upper stratosphere to mesosphere
- Done

15) page 12 line 25The tropopause generally varies between 100 andP&3
Could consider interpolating the values betweertlwelevels to the TP.

- Indeed, the tropical tropopause pressure canhetwyeen 120 and 80 hPa (see
e.g. Carminati et al., 2014), depending on themeathe latitude, and also the
longitude considered. But this is not the scopeowf paper. The 3 layers we
mention (following the approach presented in Caatiret al.,, 2014) are
considered 1) to provide independent pieces oforimétion relative to the
observations and 2) to be, on a climatological pomview, representative of 3



different vertical layers in the TTL: UT, TP and LSonsequently, our approach
is to keep the information within the three indegem layers and not to
interpolate the H20O values to the TP, whose actafle and definition are
multiple.

16) page 12 line 26&hange on the rejection to the rejection
- Done

17) page 13 line 278hange MIPAS run to MIPAS operates.
- We preferred using the term “MIPAS operated”.

18) Page 14 line 302hange the South of to South (2 places)
- Done

19) page 17 line 38B is curious that using the MLS AK made things ser
- We have already replied in detail to this paracypoint in the comment 18)
from the Reviewer#1.

20) page 18 line 4060 you mean assimilation run rather than free run?
- In order to avoid misinterpretation (see also t@mmment 20) from
Reviewer#l), we have rephrased the sentence into:

On 1 Decenber 2011 at 00:00 UTC, we perform a free
nmodel si mul ation (w t hout assimlating M.S
observations) that is initialized by the obtained
anal ysis state.

21) page 20 line 46W/hy should ARPEGE represent the true H20?

- You are right, ARPEGE cannot be considered asrtilk but as the reference
in the Upper Troposphere. We changed the term ditggly, also in the abstract
and in the conclusions.

22) page 20 line 46dhange constraint to constrain
- Done

23) page 20 line 468hange continents to continent
- Done

24) page 21 line 47dhange constraint to constrains
- Done

25) page 21 line 488hange cannot cope with to allows unrestricted
- Done, see also the comment 24) from Reviewer#1

26) page 22 line 506hange constraint to constrain
- Done

27) page 24 line 566hange to assess the to an assessment of the
- Done



28) page 25 lines 582-5808stead of comparing Jan to Feb where the lattdr ha
some missing days as a data sampling, you coukhtépe January with 4 days
of data removed.

- You are, in theory, perfectly right. But you hate remember that, in our
study, we have performed a long run starting onAlgjust 2011 and ending on
28 February 2012 in an operational mode. That isalp we have used all the
MLS data available over this period and procesdseint according to the
assimilation method and parameters presented ipaper in one single run. The
sensitivity study related to the improvement of Mti&a quality (V4 vs. V3) is
also performed in an operational mode from 1st Audt011 to 28 February
2012. Consequently, the only possibility we hadpésform a sensitivity study
when considering periods with no measurements wéscus on a month with a
lack of measurements as in February 2012.

29) page 26 line 606hange Southern to South
- Done

30) page 26 line 61&hange the Southern American to South America
- Done

31) page 28 line 666hange prevent to assess the to prevent the assassim
- Done

In conclusion, we have inserted 4 new referencéisamevised manuscript:
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