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Firstly, we would like to thank the two anonymoesiewers for their very fruitful comments,
together with the comments from Dr Georgoulias. Naee replied in detail below to all the
guestions and comments. We have considerably reddifie manuscript in order to clarify
the motivations and the main outcomes of the stWdy.hope the manuscript meets the high
scientific standard of the ACP journal to be acedgor publication.

Secondly, in order to reply to several commentateel to the motivations of our study, we

have modified the title to explicitly focus on tpeocesses studied. The title has thus been
changed from:

Variability of tropospheric methane above the Meddanean Basin
inferred from satellite and model data

to:

Impact of the Asian Monsoon Anticyclone on the ¥aility of mid-
to-upper tropospheric methane above the MeditearaBasin

We hope this change in the title of the manusaenifitbe acceptable in the review process of
the ACP journal.



Short Commentsfrom A. K. Georgoulias
ageor@auth.gr
Received and published: 17 April 2014

Since this interesting study is focused on theargif Mediterranean Basin and the authors
do part of their analysis separately for the Westard Eastern part, | suggest that they should
include the following paper in their citation listo our knowledge this is the only paper
dealing with tropospheric methane from satellitethie region.

Georgoulias, A.K., Kourtidis, K.A., Buchwitz, M.,cBneising, O., Burrows, J.P.. A case
study on the application of SCIAMACHY satellite rhahe measurements for regional
studies: the Greater Area of Eastern Mediterrang@n,J. Remote Sens., 32(3), 787-813,
doi:10.1080/01431161.2010.517791, 2011.

- We were not aware about this paper. We thank Dor@aeilias to send a short comment
relevant to our discussion. The reference of theephas indeed been inserted in the revised
manuscript for three main reasons.

a) Indeed, this paper deals with tropospheric nmetha the region of the Mediterranean
Basin and a sentence has been inserted in thelumation.

Total columns of CH 4 as measured by SCIAMACHY over land and
the Eastern Mediterranean from 2003 to 2004 show
latitudinal and seasonal variations that cannot be

attributed to volcano eruptions (Georgoulias et al. , 2011).

b) The paper is also based on the SCIAMACHY measeantés of CH in the NIR domain
above land. Thus, we have considered a sentenatedeto the capabilities of the NIR
measurements, compared to the SWIR and TIR measuatsnfsee replies to the reviewer
#1's comments).

c) This paper finally presents some interestinglteon CH from space in the vicinity of the
Mediterranean Sea, but only over land and essintia¢r the East of the Mediterranean. The
paper states that the seasonal evolution of thal wilumns of ChH as measured by
SCIAMACHY in 2003 and 2004 has an obvious maximanAugust above the Greater Area
of the Eastern Mediterranean. The authors do nal d@eth the interpretation of this
maximum, that at least cannot be attributable tp emiptions from mud volcanoes. Being
given that the sensitivity of the SCIAMACHY GHotal columns covers the vertical domain
1000-200 hPa from the vertical structure of theragieg kernels presented in Buchwitz et al.
(2005), we note that 1) this maximum localized ungést is consistent with our study, and 2)
the impact of the Asian Monsoon Anticyclone on tGeél, fields in the mid-to-upper
troposphere cannot be ruled out. This point haa bederlined in the discussion section.

One new paragraph has been inserted in the discussction together with the reference to
Buchwitz et al. (2005) and to Georgoulias et a01(D).

Finally, Georgoulias et al. (2011) present some int eresting
results of CH 4 from space in the \vicinity of the
Mediterranean Sea, but only over land and essential ly over



the Eastern Mediterranean. The authors found, from the
total columns of CH 4 as measured by SCIAMACHY in 2003 and

2004, an obvious maximum in August that could not b e
attributed to any volcano eruptions although this a rea
hosts a significant number of geological formations that
could potentially contribute to the total CH 4 burden. Being
given that the sensitivity of the SCIAMACHY CH 4 total
columns covers the vertical domain 1000-200 hPa fro m the
vertical structure of the averaging kernels present ed in

Buchwitz et al. (2005), we note that 1) this maximu m

localized in August is consistent with our study, a nd 2)

the impact of the AMA on the CH 4 fields in the mid-to-upper

troposphere cannot be ruled out.

Buchwitz, M., de Beek, R., Burrows, J. P., Bovensma nn, H.,
Warneke, T., Notholt, J., Meirink, J. F., Goede, A. P.
H., Bergamaschi, P., Kérner, S., Heimann, M., and S chulz,
A.: Atmospheric methane and carbon dioxide from SCI AMACHY
satellite data: initial comparison with chemistry a nd

transport models, Atmos. Chem. Phys., 5, 941-962,
doi:10.5194/acp-5-941-2005, 2005.

Georgoulias, A.K., Kourtidis, K.A., Buchwitz, M,
Schneising, O., Burrows, J.P.: A case study on the
application of SCIAMACHY satellite methane measurem ents
for regional studies: the Greater Area of Eastern
Mediterranean, Int. J. Remote Sens., 32(3), 787-813 ,
doi:10.1080/01431161.2010.517791, 2011.

In addition, it would be nice if the authors addedheir discussion a number of ground-based
studies that were conducted in the area. It hae toighlighted that the greater Mediterranean
area hosts a significant number of geological fdroma that could potentially contribute to
the total methane burden.

- This point has been dealt in point c) above.



Anonymous Referee #1
Received and published: 11 May 2014

General comments:

1. The authors mentioned:

a. The IASI methane profiles have not been valilated therefore, not operational (p.9983,
[.29)

b. The number of daily total column of methaneighly variable.

c. The different height of maximum sensitivity: IA& 8 km (p.9983, |. 26); AIRS at 9-12 km
(p. 9984, 1. 23).

The authors should comment on these 3 issues amdréspective influence on the results
obtained.

- Below are the replies regarding the three points.

a) As we state in the manuscript (p. 9984, I. Ihe“methane products [for IASI] are
experimental products, routinely generated for destration and evaluation.” It is one of the
outcomes of the present paper to point out theitguaf this satellite product, since the
seasonal variation of the East-West differenceial tolumns of Ckifrom IASI as delivered
by EUMETSAT is consistent with theoretical resuNge have inserted a sentence in that
direction in the conclusions.

Despite the fact that IASI CH 4 data are not operational, the

seasonal variation of the East-West difference in t otal
columns of CH 4, from IASI as delivered by EUMETSAT is
consistent with theoretical results and measurement s from
AIRS and IASI.

b) We agree the number of daily total column oftmaet is highly variable for IASI. But we
can also present the same argument for the veproéiles of AIRS, together with TANSO-
FTS on GOSAT. For that main reason we have coreideronthly-averaged data into bins of
1°x1°. If we consider, over one year, the numbelAS]| pixels (total columns) used in each
of the Western or Eastern box, we can find valaeging from 30,000 to 80,000 depending
on the month considered, with a median value that lmze approximated to 40,000 that is
consistent with our statement p. 9995, |. 1. THaesobtained for AIRS are approximately a
factor 5 less than the ones obtained for AIRS. FANSO-FTS on GOSAT, the number of
pixels available in each of the boxes are much medeiced, by a factor 10 compared to
IASI, mainly due to the weak quality of the calita@ spectra (L1B data) that has impacted on
the quality of the vertical profiles (L2 data inrs®n 0.1) for which only pixels with Degrees
of Freedom of Signal greater than 0.6 were selectmhsequently, GOSAT monthly-
averaged data appear to be slightly noisier inamalyses (see e.g. Fig. 8) compared to AIRS
monthly-averaged data. This important point hasilmisecussed in section 4.3 by inserting a
new paragraph. Note that IASI total columns arearat cannot be directly compared with
AIRS or GOSAT profiles in our analysis. We havedimserted a new paragraph.



We have also to remind that statistically the numbe r of

spaceborne measurements used in our analysis (see s ection
2) is ~5 times greater in IASI compared to AIRS, ~3 0 times
greater in AIRS compared to GOSAT. Consequently, GO SAT
monthly-averaged data appear noisier than AIRS mont hly-
averaged data. Note that IASI total columns are not and
cannot be directly compared with AIRS or GOSAT prof iles in
our analysis. Nevertheless, although IASI data are not
operationally produced, the IASI E-W seasonal varia tion is
very consistent with the E-W seasonal variation as deduced
from all other datasets. The monthly random error

attributed to the E -W IASI CH , is about 0.1%, much less than

the observed peak-to-peak yearly variation. We esti mate
that the AIRS monthly random error attributed to th e E-WCH
is twice greater than the one calculated for IASI, and that
the GOSAT monthly random error is about 5 times gre ater
than the ones calculated for IASI. We discuss in th e next
section the origin of the summer peak in the E -W seasonal
variation.

c) IASI, AIRS and TANSO-FTS on GOSAT are all instrents measuring CHn the TIR
domain, but not in the same bands. Basically, TiEasarement sensitivity is in the middle
troposphere. In the literature, some pieces ofrmétion are given in order to have a broad
idea of the vertical sensitivity of the measureraghtat depends on several key parameters
mentioned in the manuscript (surface emissivityfage temperature, thermal contrast at the
surface), together with the location (latitude}tué pixel considered and the time of the day.

For GOSAT (Saitoh et al., 2012), the Calreraging kernels peak at 10 km with a sensitivity
defined as the full-width at half-maximum of theseaging kernels, from 5 to 15 km. But this
averaging kernel is evaluated for measurementsopeeld in the tropical Pacific Ocean
within a box 10°N-35°N and 140°E-150°E. For IASla@vi et al., 2009), the tropical ¢H
averaging kernels are centred at 10 km with a 8eitygifrom 5 to 15 km, consistently with
GOSAT. At mid-latitudes, the CHaveraging kernels are centred at 8 km with a geitgi
from 4 to 14 km. For AIRS (Xiong et al., 2008), threpical CH, averaging kernels are
centred at 200 hPa (~11 km) with a sensitivity fre0® to 70 hPa, consistently with GOSAT
and IASI. At mid-latitudes, the GHaveraging kernels are centred at 300 hPa (~9 kith)av
sensitivity from 700 to 100 hPa, consistently WAISI.

In conclusion, the values attached to the versealsitivity of the three instruments at mid-
latitudes are all consistent to each other. We hantlined this point in the revised
manuscript.

In section 2.1, we have defined the vertical seisitof the TIR measurements as:

Therefore, the vertical sensitivity of the TIR

measurements, defined as the full-width at half-max imum of
the averaging kernels from the optimal estimation m ethod
(Rodgers, 2000), over the sea is consistent during day and

night and concentrated in the mid-troposphere.

In section 2.1.1, we have clarified the verticalstvity of IASI measurements.



At mid-latitudes, the vertical sensitivity of the t otal
column CH 4 is peaking in the mid-troposphere at ~8 km from 4

to 14 km (Razavi et al., 2009) and, in the tropics, at ~10
km from 5 to 15 km.

In section 2.1.2, we have clarified the verticalstvity of AIRS measurements.

At mid-latitudes, the most sensitive layer of AIRS channels
to CH 4 is at 300 hPa (~9 km) with a vertical sensitivity from
700 to 100 hPa (Xiong et al., 2008), and, in the tr opics, at

200 hPa from 500 to 70 hPa consistently with the 1A SI TIR

measurement sensitivity.

In section 2.1.3, we have clarified the verticahsgvity of GOSAT TANSO-FTS TIR
measurements.

The TIR measurements from Band 4 (5.5-4.3 pm) provide
vertical profiles of CH 4 along 7 vertical levels (Imasu et

al., 2007) by using the optimal estimation method w ith a
vertical sensitivity in the tropics peaking at 10 k m
(higher than at mid-latitudes) from 5 to 15 km (Sai toh et
al., 2012), consistently with the vertical sensitiv ity of
IASI (Razavi et al., 2009) and AIRS (Xiong et al., 2008) in
the tropics.

2.

a. The MOCAGE calculated profiles seem to be noisistent with the seasonally averaged
profile obtained from AIRS and GOSAT for 2010 (R#).neither consistent with the modeled
profiles for JJA 2009 (Fig. 3).

b. The calculated methane concentration differetedseen EMB and WMB by CNRM-
AOCCM and LMDz-OR-INCA are not very consistent retiass of the IPCC scenarios (Fig.
10).

The manuscript would benefit much if the authordude a section while discussing these
large discrepancies while explaining their possibkesons.

- Below are the replies regarding the two points.

a) “The MOCAGE calculated profiles seem to be raitsistent with the seasonally averaged
profile obtained from AIRS and GOSAT for 2010 (F&).” This is related to the impact of
the vertical resolution of the TIR measurementawsdel data. The model data resolution can
be degraded by using the averaging kernels attaohtbe measurements. This is explained in
detail in the reply to the point 27) of the review’'s comments.

“(...) neither consistent with the modeled profiles §JA 2009 (Fig. 3).” We have carefully
checked the Figures 1-8 (new Figures 1-6) sinceyoted by the reviewer, differences were
coming from the use of different runs of MOCAGE.efhare now consistently produced
considering the same run of MOCAGE. Compared tqtlegious version, Figure 6 (Figure 8
in the previous version) shows amounts of,@Hthe lowermost troposphere from MOCAGE
of about 1700-1740 ppbv, much less by 150-200 pgpbhr the ones from GOSAT (and also



from surface measurements (not shown) at Lampediabpand Negev Desert, Israel). Note
that part of this point is also discussed in thalies to the reviewer#2’'s point 27. Global
models are known to underestimate mixing ratiosrate species largely due to coarse
horizontal resolution and large uncertainties itinested surface emission. Also note from
new Fig. 10 that LMDz-OR-INCA surface GHis about 1720-1750 ppbv in the

Mediterranean, consistently with MOCAGE.
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Figure 6. (From top to bottom and from left to right) Seaasltyraveraged vertical profiles of
CH; as measured by AIRS (blue lines) and GOSAT (gliees), and as calculated by
MOCAGE (thin red lines) over the Eastern (dashedd) and Western (solid lines) MBs in
winter, summer, spring and autumn 2010. Also shaserthe seasonally-averaged MOCAGE
profiles convolved with the AIRS averaging keriigfick red lines) for the four seasons over
the Eastern (dashed lines) and Western (solid )ivi#3s.

We have thus modified the section 4.2 by consigeand discussing the GHow bias
between MOCAGE (and overall global models) and ghtellite data. We have inserted a
sentence relative to the low-to-mid vertical predilof MOCAGE.

Separately, whatever the season considered, the MOC AGE low-
to-mid tropospheric CH 4 is low biased compared to the
measured profiles by ~150-200 ppbv.

We have inserted a sentence relative to the su@akef MOCAGE.

Near the surface, the amount of CH
for MOCAGE, and is on average less than the CH

4 1S about 1700-1750 ppbv
+ GOSAT data

by about 150-200 ppbv. (...) Consequently, the amount of
surface CH 4 in the MOCAGE run for 2010 is actually low
biased by about 150-200 ppbv (8-10%) but is very co nsistent



with the LMDz-OR-INCA surface data of ~1725-1750 pp bv over
the Mediterranean (Fig. 10).

And we have discussed the reasons why the modgidelss than observations.

Convolved MOCAGE CH , profiles are now consistent with AIRS

CH, profiles whatever the season considered but a syst ematic
low bias of ~150-200 ppbv (8-10%) between AIRS and MOCAGE
convolved profiles is observed. This might be due t o the
fact that no a priori information contributes to th e
convolved profile. This is also due to the overall

underestimation of CH 4+ by global models. Indeed, due to

coarse horizontal resolution and large uncertaintie s in the
estimated surface emissions, tropospheric CH 4 lifetimes,

e.g. evaluated by the multi-model intercomparison p roject
ACCMIP, are about 5-13% lower than observation esti mates

(Naik et al., 2013; Voulgarakis et al., 2013).

We have added two references.

Naik, V., Voulgarakis, A., Fiore, A. M., Horowitz, L. W.,
Lamarque, J.-F., Lin, M., Prather, M. J., Young, P. J.,
Bergmann, D., Cameron-Smith, P. J., Cionni, I., Col lins,

W. J., Dalsgren, S. B., Doherty, R., Eyring, V.,

Faluvegi, G., Folberth, G. A., Josse, B., Lee, Y. H "
MacKenzie, I. A., Nagashima, T., van Noije, T. P. C "
Plummer, D. A., Righi, M., Rumbold, S. T., Skeie, R "

Shindell, D. T., Stevenson, D. S., Strode, S., Sudo , K.,
Szopa, S., and Zeng, G.: Preindustrial to present-d ay
changes in tropospheric hydroxyl radical and methan e
lifetime from the Atmospheric Chemistry and Climate Model
Intercomparison Project (ACCMIP), Atmos. Chem. Phys . 13,

5277-5298, doi:10.5194/acp-13-5277-2013, 2013.

Voulgarakis, A., Naik, V., Lamarque, J.-F., Shindel [, D.
T., Young, P. J., Prather, M. J., Wild, O., Field, R.D.,
Bergmann, D., Cameron-Smith, P., Cionni, I., Collin s, W.
J., Dalsgren, S. B., Doherty, R. M., Eyring, V.,

Faluvegi, G., Folberth, G. A., Horowitz, L. W., Jos se,
B., MacKenzie, I. A., Nagashima, T., Plummer, D. A. ,
Righi, M., Rumbold, S. T., Stevenson, D. S., Strode , S.

A., Sudo, K., Szopa, S., and Zeng, G.: Analysis of

present day and future OH and methane lifetime in t he
ACCMIP simulations, Atmos. Chem. Phys., 13, 2563-25 87,

doi:10.5194/acp-13-2563-2013, 2013.
b) Discussion of the results shown in Fig. 10 (fegv 9).
We have detailed the interpretation of the diffeesnseen by the models in the SHW
seasonal variation regarding the different IPCQades, focussing on the layers 200 and 100

hPa.

It is not obvious to understand why the E-W seasona I
variation at 200 hPa is positive in summer for RCP 4.5 and



not for the other RCPs (except RCP 8.5 in August). The
horizontal distribution of CH 4 calculated by the two models

at 200 hPa (Fig. 11) drastically differs but local maxima
are centred within the AMA. A zonally-symmetric str ucture
showing a strong South-North gradient in CH 4 1S modelled by
CNRM-AOCCM with maxima in the tropics (1800 ppbv) a nd
minima at high latitudes (1700 ppbv) and a local ma Ximum
centred within the core of the AMA with values grea ter than
1807 ppbv elongated towards two axis: 1) South-East Asia
and 2) Middle East and EMB. The CH 4 field calculated by
LMDz-OR-INCA considering the 4 scenarios also shows two
maxima over Northern India and over North-East Asia but the
horizontal distribution is not zonally-symmetric du e to a
zonally-asymmetric CH 4 surface field. In all the scenarios

considered, the CH 4 maxima within the AMA range from 1710 to

1750 ppbv with increasing RCPs from 2.6 to 8.5. An

elongated tongue of enriched CH 4+ enters the EMB. More
precisely, we can argue that in RCPs 2.6, 6.0 and 8 .5, the
primary maximum of CH 4 is located northward at 50°N, 135°E

(CH; values greater than 1720, 1730 and 1750 ppbv,

respectively) although it is a secondary maximum in RCP 4.5
(CH; values less than 1720 ppbv). Through long-range

transport, this mid-latitude maximum is transported

Eastward within a band 40°N-50°N enriching CH 4 in the WMB
and producing a E-W minimum in summer for RCPs 2.6, 6.0 and
8.5. Since there is a North-South gradient with a m aximum
in the South for CNRM-AOCCM, CH 4-depleted air masses reach

the WMB although CH  4-enriched air masses from the AMA reach

the EMB producing a systematic peak in summer, cons istently
with RCP 4.5.

In the lower stratosphere (100 hPa, Fig. 9), all th e
model outputs are consistent to each other showing an
annual oscillation, with a wide maximum in summer ( 60-80
ppbv) and a wide minimum in winter (20-35 ppbv). Th is is
apparently surprising keeping in mind that both mod els
significantly differ from the surface (see Fig. 10) to ~500
hPa. But, in the WMB, the 100-hPa pressure correspo nds to
420-K potential temperature both in summer (Fig. 2) and in
winter (Fig. 4) whilst, in the EMB, it corresponds to 390 K
in summer and 400 K in winter, namely closer to the
tropopause in summer than in winter. Consequently, whatever
the model considered, the E-W CH 4 seasonal variation at 100
hPa a) is always positive and b) shows a peak in th e summer
period. We note that the summer peak in E -W seasonal
evolution from the middle to the upper troposphere has also

been observed and calculated by considering other
constituents like CO and O 3 (not shown). This is the main
topic of a forthcoming paper.

Specific comments:

1) p. 9979, 1.3-24: | strongly suggest to insefiiadle which includes all these details on the

several platforms, their time of operations andrtteasured species.

- A new Table 1 has been inserted according toahiewer's comments.



Tabl e 1. Nadir-viewing instruments having the capabilities
to actually measure long-lived species in the tropo sphere.
Please, refer to the text for the acronyms.

Platform I nst runent Operation Wavel engt h
time
ADEOS-1 IMG 1996-1997 TIR
ENVISAT SCIAMACHY 2002-2012 NIR
Aura TES 2004-date TIR
GOSAT TANSO-FTS 2008-date SWIR & TIR
AIRS Aqua 2004-date TIR
MetOp-A ASI 2008-date TIR
MetOp-B ASI 2012-date TIR
MetOp-C ASI Expected in TIR
2016

2) p. 9979, |. 23-28: The authors are encouragediescribe briefly the benefits and
drawbacks of other measurements as done for TIRS&WER channels.

- We have added a sentence related to the capadbititithe NIR measurements, essentially
over land.

In the NIR, analyses are essentially restricted to areas
over land because the retrievals over sea are consi dered
less reliable due to fairly low surface albedo of w ater,

which results in low signals thus low signal-to-noi se
ratios (Georgoulias et al., 2011).

Reference to Georgoulias et al. (2011) already riede (see Short Comments from
Georgoulias).

3) p. 9982, I. 23-25: The location of the statement NCEP/NCAR Reanalysis is not
appropriate, pls place it in another place alomrgtéxt.

- We indeed moved this statement to P. 9989 L. Ad re-wrote a new sentence as:

On Figures 2 and 4, the MOCAGE CH 4 fields are superimposed

with 1) the wind fields from ARPEGE analyses and 2) the
cold point tropopause pressure fields provided by t he
National Oceanic and Atmospheric Administration (NO AA)
National Centers for Environmental Prediction

(NCEP)/National Center for Atmospheric Research (NC AR)
reanalyses, all these data being averaged over the same

period.

4) p. 9991: Correction of the title of Section &tead of “Global” | suggest the following
title : “Methane spatial distribution over the MB”

- Done.

5) p. 9989, I.1-15: This part of the text shouldnh@ved to p. 9990 after |. 7.

10



- Since we develop our discussion of the atmosplvemnclitions controlling the CHspatial
distribution on both, Figs. 1-6 and already puldisiiterature, we absolutely need to present
first the Figures. So we did not change the ordethe paragraphs as proposed by the
reviewer.

6) p.9990, I. 18-20: The interpretation here iswg.oThe subsidence is caused mainly by the
Subtropical High positioned over the EM rather thiae cooler SST as compared to the land
surface temperature.

- We agree with the reviewer that the strong sulbsid®bserved over the MB is not due to
the surface temperature difference between thasgédhe continents. We have rewritten the
entire sentence.

A systematic subsidence is present over the MB (Fig . 2)

whatever the longitudinal bin considered due to the

presence of semi-permanent subtropical high pressur e
systems which are centred over the tropical deserts . More

precisely, in the WMB, the descent is caused by the

presence of a high pressure cell (Fig. 1) whilst, i n the

EMB, it is coming from the Hadley cell that is furt her
displaced over the Northern Africa producing a down ward

branch in the area 30°N-35°N.

7) p. 9989: The title of Section 3 is too vague aedommended to be changed by:
“Atmospheric conditions controlling the spatialtdisution of methane”

- Done.

8) p. 9994: | suggest to replace the title of Secd.3 to: “ The east-west seasonal variations -
measured and calculated differences”.

- Done.

9) Replacing some parts of the text. Please adtettidrom p. 9995 I. 10-28 to p. 9996 I. 1-
23 to Section 4.3.

- Done.

10) p.9996 I. 23: | strongly suggest changing ithe Discussion” to “Contribution of the
Asian Monsoon Anticyclone” before . 23.

- Done
11) p.9999 I. 18-26: The text in these lines wasaaly mentioned. Please omit it.
- Text removed.

12) p. 9999 I. 4: Please change to :” assess thiatpariability of methane over the EMB
and to attribute the variability to differing syrtapand global scales..”

11



- Done.
13) p. 9981 |. 8: Please change to : “ attribute \thriability to different processes at both,

synoptic and global scales..”

- Done.

12



Anonymous Refer ee #2

This study presents results of a comprehensiveysisabf atmospheric methane distributions
over the Mediterranean Basin in the troposphenegusoth satellite measurements and model
simulations. Multiple instruments with varying massment technique as well as global
chemistry transport model and chemical climate rsdee utilized in the analyses. | found
the contents of this study fairly presented andgéeeral subject of this work has scientific
significance. However, the overall structure of tpaper seems to be rather poorly
constructed. Below are my comments for the authuesy take into consideration for
improving clarity of this manuscript.

General Comments:

1.What is the motivation of this work? Apart frornet satellite retrieval issues, why the
Mediterranean Basin is important? Why are you Ingkat methane total column data from
IASI and methane profiles from AIRS? Why did yoglide GOSAT data even though there
are only few good measurements available? Why ateuging model outputs from three
different models? Is the purpose of this work tesent model intercomparison? The selection
of all the method and data used in the study ha®etqustified, preferentially in the
introduction.

- A detailed response is presented below.
The introduction has been more focussed on the tetedhean Basin underlining:
a) the results already obtained and presentedtaraiure considering CHbut also other

constituents and aerosols (including new referemgcdsonello, 2012; Giorgi and Lionello,
2008; Cros et al., 2004; Ladstatter-WeiRenmayatl. £2003; Scheeren et al., 2003):

The Mediterranean Basin (MB) is located in a transi tional
zone between subtropical and mid-latitudes regimes
(Lionello, 2012), highly sensitive to climate chang e. To
illustrate, simulations tend to show a pronounced d ecrease
in precipitation (2000-2100), especially in the war m season
(Giorgi and Lionello, 2008), and Lionello (2012) re ported
on an observed summer West-East dissymmetry in
precipitation (1979-2002). In terms of anthropogeni C
pollution sources, the MB is at the confluence of t hree
continents, Europe, Africa and Asia. The impact of these
distinct continental sources such as from manufactu res and
densely populated coastal areas (e.g. Marseille, Ba rcelona,
Athens, Tunis, Cairo, Genoa or Roma) or forest fire s (e.g.
South East of France, Corsica, Portugal, and Greece ) is
still not well understood, especially on the O 3 and CO
budgets. Besides these regional sources, polluted a ir
masses may originate from Asia during the summer mo nsoon
period, Africa through the Hadley cell and upper le vel
anticyclone and North America through the westerlie s. The
“Expérience sur Site pour COntraindre les Modéles d e
Pollution atmosphérique et de Transport d'Emissions 8
(ESCOMPTE) campaign (June-July 2001) in southeaster n France
aimed to characterize the summer time pollution eve nts over
there (Cros et al., 2004). The goal of the Mediterr anean
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Intensive Oxidant Study (MINOS) campaign (July-Augu st 2001)
in the eastern Mediterranean was to measure long-ra nge
transport of air pollution and aerosols from South East
Asia and Europe towards the MB (Ladstatter-WeiRenma yer et
al.,, 2003; Scheeren et al., 2003). They have demon strated
the importance of coastal and synoptic transport me chanisms
on the variability of constituents but were not ada pted to
assess the budgets of O 3, CO and long-lived species.

Cros, B., Durand, P., and Cachier, H.: An overview of the
ESCOMPTE campaign, Atmos. Res, 69(3-4), 241-279, 20 04.

Giorgi, F., and Lionello, P.: Climate change projec tions for
the Mediterranean region, Global and Planetary Chan ge,
63(2), 90-104, doi:10.1016/j.gloplacha.2007.09.005, 2008.

Ladstatter-Weillenmayer, A., Heland, J., Kormann, R. , von

Kuhlmann, R., Lawrence, M. G., Meyer-Arnek, J., Ric hter,
A., Wittrock, F., Ziereis, H., and Burrows, J.-P.
Transport and build-up of tropospheric trace gases during
the MINOS campaign: comparison of GOME, in situ air craft
measurements and MATCH-MPIC-data, Atmos. Chem. Phys CH
1887-1902, 2003.

Lionello, P. (Ed.): The Climate of the Mediterranea n Region:
From the past to the future. 592p, Elsevier, 2012.

Scheeren, H. A,, Lelieveld, J., Roelofs, G. J., Wil liams, J.,
Fischer, H., de Reus, M., de Gouw, J. A., Bolder, M ., van
der Veen, C., and Lawrence, M.: The impact of monso on
outflow from India and Southeast Asia in the upper
troposphere over the eastern Mediterranean, Atmos. Chem.
Phys., 3, 1589-1608, 2003.

and b) the motivation of the present work:
The aim of the present paper is to assess the varia bility
of CH 4 in the mid-to-upper troposphere between the East a nd
the West of the Mediterranean Basin and to attribut e the
seasonal variability of the East-West gradient to d ifferent
processes at both, synoptic and global scales depen ding on
the season and the altitude layer considered. We wi Il study
in detail the impact of the summer-time long-range
transport of CH 4 from Asia to the Eastern MB through the
Asian Monsoon Anticyclone. Since we have already un derlined
that measurement and modeling of the tropospheric C H,
distribution are  challenging, we will adopt a
climatological approach and will use a wide variety of
space-borne measurements and model outputs to verif y that

they give consistent results.

In order to support the general description of pinecesses operating during the summer
season on a global scale and affecting the diktribution in the Eastern Mediterranean, we
have draw a schematic Figure (Figure 12) that sgmts the different processes. (1) Trapping
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of lower tropospheric pollutants in the Asian mamso(2) Updraft of pollutants in the Asian
monsoon up to the upper troposphere. (3) Buildfypotutants within the Asian monsoon in
the upper troposphere. (4) Large-scale re-disiobubf pollutants by the Asian Monsoon
Anticyclone to the Middle East and North Africa time upper troposphere. (5) Build-up of
pollutants through descent down to the middle tsppere above the Eastern Mediterranean
Basin. This Figure has been inserted in the disonssection 5.

Transport in the

—— Middle troposphere

SR
P T :
oy S e L

Subsidence (Zc e

5 ¥ @ Mediterrane

¥ Basin .

R

ik

~3 L0rig-range transe®

Figure 12. Schematic representation of the processes impgactile mid-to-upper
tropospheric pollutants, including GHabove the Eastern Mediterranean Basin in summer
(July-August). (1) Trapping of lower tropospheriollptants in the Asian monsoon. (2)
Updraft of pollutants in the Asian monsoon up te thpper troposphere. (3) Build-up of
pollutants within the Asian monsoon in the uppeptsphere. (4) Large-scale re-distribution
of pollutants by the Asian Monsoon Anticycloneh® Middle East and North Africa in the
upper troposphere. (5) Build-up of pollutants thbudgescent down to the middle troposphere
above the Eastern Mediterranean Basin.

We have also modified the title to explicitly focas the processes studied. The title has thus
been changed from:

Variability of tropospheric methane above the Medanean Basin inferred from satellite
and model data

to:

Impact of the Asian Monsoon Anticyclone on the Vari ability
of mid-to-upper tropospheric methane above the
Mediterranean Basin
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2.What is the main goal of this study? The autls@esmed to have their main focus on the
satellites and model description rather than newlifigs about methane climatology and
transport. If the goal of this paper is to describe data and the model, there is not much
exciting science to be claimed. If the authors’eimion was to focus on the methane
climatology, the overall structure of this papes babe reconsidered.

- See point 1. above and detailed description ofrtam goal of the study.

3.The background of methane climatology, seasoaahbility in the troposphere including

what has been done or what has not been done geayipus literature), why measuring

methane from space is important but difficult hasbe clearly mentioned. Each figure
containing methane distribution has to have its @haar point, separately. In my opinion,

section 3 seems to be the most important parteopper but the inclusion of the figures are
all lumped together, which makes it hard to follthe authors’ explanation.

- We have removed Figures 3 and 6 (north-south écrat different longitudes and two
seasons) that did not bring too much informatioroider to focus on our main topic, the
impact of the AMA on the mid-to-upper troposphetiel, in the EMB in summer. Sections 4
and 5 are now as important as section 3 sinceotigelange transport is discussed in detail.

4.There seems to be lack of supporting evidencexplanation showing strong connection
between methane distributions and meteorology gfrart). | recommend the authors only
include the wind fields when they are needed arwvsig clear correlation with the tracer
fields. For example, Fig. 1 is a very busy plothvihany arrows. Either removing the
horizontal grid lines or change the color of theangtay would make the arrow look more
dominant.

- Firstly, we have modified Figures 1 and 4 (newuFgg 1 and 3) by removing horizontal
and vertical grid lines. We carefully checked ttie presence of the wind arrows did not
overload the incriminated Figures. We have remdvaa the revised manuscript the Figures
3 and 6 that did not bring new information.

16



New Figure 1.

XCH, MOCAGE Summer (JJA) 2009. @200 hpa

1630 1685 1740 1795 1850
CH, - 200 hpa [ppbv]

XCH, MOCAGE Summer (JJA) 2009. @500 hpa

1720 1740 1760 1780 1800
CH, - 500 hpa [ppbv]

XCH, MOCAGE Summer (JJA) 2009. @850 hpa

1650 1672 1695 1717 1740
CH, - 850 hpa [ppbv]
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XCH, MOCAGE Winter (DJF) 2009. @200 hpa

1480 1517 1555 1592 1630
CH, - 200 hpa [ppbv]

XCH, MOCAGE Winter (DJF) 2009. @500 hpa

o
i

1700 1707 1714 1721 1728
CH, - 500 hpa [ppbv]

XCH, MOCAGE Winter (DJF) 2009. @850 hpa

| | r 3

1670 1697 1725 1752 1780
CH, - 850 hpa [ppbv]

New Figure 3.
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- Secondly, in order to deal with the comment relate “lack of supporting evidence or
explanation showing strong connection between methdistributions and meteorology
(transport)”, we have performed back-trajectorycakdtions over a long time period (10
years) in order to study the origin of air massaching the Eastern Mediterranean Basin
according to the season and the pressure leveiderad.

We have thus inserted a new Figurec@responding to the climatological six-day back-
trajectories from the point at 33° N, 35° E locatedhe Eastern Mediterranean Basin (red
filled circle) calculated from the British Atmospie Data Centre trajectory service

(http://badc.nerc.ac.uk/community/trajectory/) fralst July to 31st August from 2001 to

2010 every 12 hours at 850 (red line), 700 (ordimgg, 500 (green line), 300 (blue line) and
200 hPa (yellow line). The position of the gravigntre of each distribution at each level is
represented every 24 hours by a star. Data from BEMrchive (2.5 degree/pressure levels)
are used in the calculation.

6-Day Backtrajectories from the Eastern Mediterranean Basin
July-August 2001-2010

t,—1 day

<4 200 hPa
<4 300 hPa
+—— 500 hPa
+ <4 700 hPa
+——+ 850 hPa

6-Day Backtrajectories from the Eastern Mediterranean Basin
January-February-March 2001-2010

4 200 hPa

o <+ 300 hPa
o red +—————— 500 hPa
i Y + < 700 hPa

+——+ 850hPa

Figure 8. (Top) Climatological six-day back-trajectories finothe point at 33° N, 35° E
located in the Eastern Mediterranean Basin (retkdil circle) calculated from the British
Atmospheric Data Centre trajectory service (httpatic.nerc.ac.uk/community/trajectory/)
from 1st July to 31st August from 2001 to 2010ed@rhours at 850 (red line), 700 (orange
line), 500 (green line), 300 (blue line) and 200ahfyellow line). The position of the gravity
center of each distribution at each level is reprdged every 24 hours by a star. (Bottom)
Same as top, but calculated frothJanuary to 31 March 2001-2010.

19



This new Figure is a synthesis of the back-trajgctbstributions of the position of the air
masses from the point at 33° N, 35° E located enEhastern Mediterranean Basin (red filled
circle) calculated by the BADC trajectory servidetlae considered 6 pressure levels from
July-August 2001-2010. Examples for the pressurel$eof 200, 500 and 850 hPa are shown
in Figs. R1, R2, and R3, respectively. The methogliphas been first used over the Dome C
(Concordia) station in Antarctica and presenteRicaud, 2014.

Ricaud, P.: Variabilités de la vapeur d’eau etadeempérature troposphérique mesurées par
le radiométre micro-onde HAMSTRAD au Déme C, Antayee. Partie Il: Résultats
scientifiques, La Météorologie, 85, 35-46, 2014.1D10.4267/2042/53749.

This Figure undoubtedly shows that air parcelshigagcthe EMB during the Asian monsoon
period of July-August from 2001 to 2010 are origgtafrom Asia in the upper troposphere,
from Northern America and Northern Africa in thedatiroposphere and from Europe in the
low troposphere.

Back Trajecteries: 200 hPa
—JUL-AUG
—2001-2002-2003-2004-2005-2006-2007-2008-2009-2010

D - 1 doys D — 4 days

T T [ [ T ||
0 2 4 6 8

10 15 25 40 80 %

Figure R1. (From left to right, and from top to bottom) Battijectory distribution of the
position of the air masses from the point at 33° 3%° E located in the Eastern
Mediterranean Basin (red filled circle) calculaté@m the British Atmospheric Data Centre
trajectory service (http://badc.nerc.ac.uk/commyftigjectory/) from 1st July to 31st August
from 2001 to 2010 every 12 hours at 200 hPa afi&, B, 4, 5 and 6 days.
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Back Trajectories: 500 hPa

—JUL-A
~2001 - 200220032004 -2005— 2006~ 2007 ~ 200820092010

D~ 5 days

D — 6 days

[ LN EEEEEasS L.
0 2 4 & 8 10 15 25 40 80 %

Figure R2. Same as Fig. R1, but at 500 hPa.

Back Trajectories: 850 hPa
—JUL-AUG
—2001-2002-2003-2004-2005-2006-2007-2008—-2009-2010

D - 1 days

I [T [ [ [ |
6 2 4 6 8 10 15

25 40 80 %

Figure R3. Same as Fig. R1, but at 850 hPa.

The same analysis has also been performed contegten the winter (JFM) 2001-2010
period (Figure 8) at 200, 500 and 850 hPa as showiiigs. R4-R6, respectively. The same
Figure also shows that in winter (and all otherssea but summer, not shown) air parcels
reaching the EMB are originated from the West (lBercAtlantic Ocean, North America,
Pacific Ocean) whatever the pressure level consitizom 850 to 100 hPa.
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Back Traojectories: 200 hPa
—JAN—FEB—MAR
—2001-2002-2003-2004-2005-2006-2007-2008-2009-2010

D - 1 doys D - 4 days

D - 2 days

D - 3 doys D — 6 doys

25 40 B0 %

Figure R4. (From left to right, and from top to bottom) Battijectory distribution of the
position of the air masses from the point at 33° 3%° E located in the Eastern
Mediterranean Basin (red filled circle) calculaté@m the British Atmospheric Data Centre
trajectory service (http://badc.nerc.ac.uk/commuftigjectory/) from 1st January to 31st
March from 2001 to 2010 every 12 hours at 200 hieerd,, 2, 3, 4, 5 and 6 days.

Back Trolector\es 500 hPa
JAN—-FEB—MAR
—2001-2002-2003-2004-2005-2006-2007-2008-2009-2010

D — 4 doys

D - 5 days

_H\I\HH-H\
25 40 60 %

Figure R5. Same as Fig. R4, but at 500 hPa.
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Back Trajectories: 850 hPa
—JAN-FEB—-MAR
—2001-2002—-2003-2004-2005-2006—-2007-2008—-2009-2010
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Figure R6. Same as Fig. R4, but at 850 hPa.

We have thus inserted a new paragraph that pretismtstudy related to the origin of air
masses in summer (July-August 2001-2010) and wifd@nuary-March 2001-2010) above
the EMB together with the associated Figure 8 (daation of Figures 8a and b).

In order to analyze the climalogical impact of the AMA onto
the EMB, we have calculated (Fig. 8) the climatolog ical
six-day back-trajectories from the point at 33° N, 35° E
located in the EMB (red filled circle on Fig. 8) ba sed on
the British Atmospheric Data Centre trajectory serv ice
(http://badc.nerc.ac.uk/community/trajectory/)  from 1st
July to 31st August (summer convective period) from 2001 to
2010 every 12 hours at 5 different pressure levels: 850 and
700 hPa (lower troposphere), 500 hPa (middle tropos phere),
and 300 and 200 hPa (upper troposphere). The positi on of
the gravity centre of each distribution at each lev el is
represented every 24 hours by a star on Figure 8. D ata from
European Centre for Medium-Range Weather Forecasts (ECMWEF)
archive (2.5 degree/pressure levels) are used in th e
present calculation. The methodology has been first used
over the Dome C (Concordia) station in Antarctica a nd
presented in Ricaud (2014). We have also performed the same
analysis but for the winter period from 1 st January to 31 st
March 2001-2010 (Fig. 8). Figure 8 undoubtedly show s that
air parcels above the EMB during the Asian monsoon period
of July-August from 2001 to 2010 are originated: a) from
Asia in the upper troposphere, b) from Northern Ame rica and
Northern Africa in the mid-troposphere and c) from Europe
in the low troposphere. The same Figure also shows that in
winter (and all other seasons but summer, not shown ) air
parcels above the EMB are originated from the West (Europe,
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Atlantic Ocean, North America, Pacific Ocean) whate ver the
pressure level considered from 850 to 100 hPa.

We have added the new reference Ricaud (2014 giRé#ference list.

Ricaud, P.: Variabilités de la vapeur d'eau et de la
température troposphérigue mesurées par le radiomet re
micro-onde HAMSTRAD au D6me C, Antarctique. Partie Il:
Résultats scientifiques, La Météorologie, 85, 35-46 , doi:

10.4267/2042/53749, 2014.

Specific Comments:

1. P9977, L28 — we can conclude -> we conclude
- Done.
2. P9978, L2 — Is this true for the all seasons?

- Yes, but in the lower troposphere, not in the nadbposphere. We modified the sentence
into (also in the conclusion):

In the lower troposphere, the local sources of emis sion in
the vicinity of the MB mainly affect the CH 4 Variability.

3. P9978, L13 —Does the net impact refer to naatae impact?
- Yes, we modified the text accordingly.

4. P9978, L24 — very variable -> variable

- Done.

5. P9978, L25 — Beside this -> Besides this

- Done.

6. P9978, L25 — P9979, L2 — The meaning of thistese® is not clear. What do
particularities and differences mean?

- We have removed the incriminated sentence.

7. P9979, L28 — In parallel. . . (This can be a panagraph).
- Done.

8. P9980, L3 — Acronym (ACCMIP) should be mentioned

- Done.
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9. P9980, L6 — recent studies (Ricaud et al., 2609)ly one study?

- We can note indeed some campaigns like the HIP&@paigns during which airborne in
situ measurements of ,@ have been done. But regarding space-borg@ tlopospheric
measurements, YES, this is the only study presesaddr. But the incriminated sentence has
been removed to mainly concentrate on,CH

10. P9980, L12 — What is the time period of ChArNMEXx

- The first phase of the ChArMEXx project is 2010-20This has been clarified in the
manuscript.

11. P9980, L14 — proposed by France — Does thimnitéaonly proposed or it's being
conducted as well?

- Indeed, proposed and conducted by France. Texifiesbdccordingly.

12. P9982-, section 2 - The model and data desmmitan be shortened by keeping the
information only needed for this study. Currentlyere is too much general information in
section 2.

- We have considerably shortened section 2 by 2gpage

13. P9982, L3 — This sentence can be rewrittentfaBa emissivity on the sea is relatively
smaller in magnitude and spatially uniform compdarethe one over land’.

- Done

14. P9982, L10 — The meaning of ‘somewhat condistemague.

- We removed the term “somewhat”.

15. P9982, L24 — Does this mean NCEP/NCAR rearsysi

- Yes indeed, this means NCEP/NCAR reanalyses. &tienas been modified accordingly.
16. P9983, L12 — Brief explanation of ‘feed-forwantificial neural network’ will be helpful.

- We have simplified the presentation of the retlewethod of IASI pixel into:

The retrieval algorithm for CH 4 IS based on the neural
network theory adapted from Turquety et al. (2004).

17. P9983, L24 — associated to -> associated with
- Done.

18. P9984, L3 — Roughly, how many profiles are aombhated by cloud and excluded (per
day or per region)?
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- We cannot answer this question. For IASI, onlyudidree pixels are retrieved. For
GOSAT, only CH retrievals with DOF greater than 0.6 are provideat. AIRS, only cloud-
free pixels are retrieved. It is beyond the scopéhis paper to go back to the calibrated
spectra (Level 1 data) in order to check whetheuds$ interfere within the line of sight of the
measurements.

To us, the most important point is to know how mamels (profiles or total columns) are
actually used in each box when considering mondivlgrages because this really affects the
statistics thus the random noise associated tondan. This is related to the point 20) below
for which we give a detailed response (reply of fh@nt 1.b from the reviewer#l's
comments).

19. P9985, L4 — gases research -> Does this maathib satellite is a research satellite?
- Yes indeed, GOSAT is a research satellite, natpanational satellite.

20. P9985, L25 — How many profiles are used in dach
- See the reply of the point 1.b) from the Revie#Es comments.

21. P9986, L24 — It is not clear if the emissiossdiin the model run are yearly or monthly
averages.

- The emissions used in the model run can be ewbarly or monthly averages but, for
CH,, these are monthly averages. We modified theaecordingly.

More precisely, the CH 4 Surface emissions are monthly
averages and split into anthropogenic sources taken (...).

22. P9987, L13 — | wonder why convection is notuded in this study and what this mean to
the results presented here?

- This is an important point that requires a detedaswer.

As it is mentioned in the manuscript, the chemisgtryhis version of the model is computed
down to the 560 hPa level while for higher pressuihe mixing ratios of a number of species
(namely N20, CH4, CO, CO2, CFC11, CFC12, CFC1134CCH3CCI3, CH3CI, HCFC22,
CH3Br, H1211, H1301, Ox, O3, Cly, Bry, NOy) areaxatd towards evolving global mean
surface abundances (see SPARC (2010) for the cdepleting substances and greenhouse
gases, and the CNRM-CCM technical documentatioriferother compounds). Explicit wet
deposition of chemical species is not considerettisversion of the model, and neither are
convective and turbulent transport (see Teyssetlral.e(2007); Michou et al. (2011);
Morgenstern et al. (2010) for further details)..

One has to note that state-of-the art CCMs raratysicler tropospheric chemistry
(particularly the non-methane hydrocarbon chemidiMHC) because of computer resources
(among the 18 models of CCMVal-2 only 3 represemtepospheric chemical reactions, see
Morgenstern et al. (2010)). The chemical schemeauseeis fully convenient for the study of
all the processes within the stratosphere, the Uai&down to the middle troposphere. This
scheme has been evaluated in a large number oicatibhs as the CCMVal-2 effort was
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aimed at assessing CCMs performances, both indilhdand collectively, among 17 other

CCMs models. The evaluated processes cover ragliaimatospheric dynamics, transport in
the stratosphere, stratospheric chemistry, UTLS$urahvariability of stratospheric ozone,

long-term projections of stratospheric ozone, and éffects of the stratosphere on the
troposphere. A number of CCMVal-2 related publimasi appear in Michou et al. (2011).

The choice of no considering tropospheric chemigggpecially NMHC chemistry) is
scientifically coherent with not considering the tewological processes that occur in the
middle and lower troposphere: namely, i.e. dry démm, wet deposition, diffusion and
convection. We exclude these chemical/physicalgsses from our simulations in the sake of
computing time, vital in climate modelling wherarsient simulations are performed. This
way of taking into account the lower troposphereasnmon among the CCMVal-2 CCMs
(see SPARC (2010)).

The impact of non considering the above-mentionedcgsses on the distribution of
atmospheric constituents in UTLS needs to be inyatsd further. This is indeed one of the
by-products of the present analysis. Finally, wa @adeed mention that, in the lower
stratosphere, CNRM-AOCCM and LMDz-OR-INCA give cment results presented in the
updated version. A new paragraph deals with tlsgagsee reply to the reviewer#1’'s point
2Db).

In the lower stratosphere (100 hPa, Fig. 9), all th e
model outputs are consistent to each other showing an
annual oscillation, with a wide maximum in summer ( 60-80
ppbv) and a wide minimum in winter (20-35 ppbv). Th is is
apparently surprising keeping in mind that both mod els
significantly differ from the surface (see Fig. 10) to ~500
hPa. But, in the WMB, the 100-hPa pressure correspo nds to
420-K potential temperature both in summer (Fig. 2) and in
winter (Fig. 4) whilst, in the EMB, it corresponds to 390 K
in summer and 400 K in winter, namely closer to the
tropopause in summer than in winter. Consequently, whatever
the model considered, the E-W CH 4 seasonal variation at 100
hPa a) is always positive and b) shows a peak in th e summer
period. We note that the summer peak in E -W seasonal
evolution from the middle to the upper troposphere has also
been observed and calculated by considering other
constituents like CO and O 3 (not shown). This is the main

topic of a forthcoming paper.

Huszar, P., Teyssedre, H., Cariolle, D., Olivie JDL., Michou, M., Saint-Martin, D., Senesi,
S., Voldoire, A., Salas y Melia, D., Alias, A., K&er, F., Ricaud, P., and Halenka, T.:
Modeling the present and future impact of aviabonclimate: an AOGCM approach with
online coupled chemistry, Atmos. Chem. Phys., 1)2¥-10048, doi:10.5194/acp-13-
10027-2013, 2013.

Michou, M., Saint-Martin, D., Teyssédre, H., Aligs, Karcher, F., Olivié, D., Voldoire, A.,
Josse, B., Peuch, V.-H., Clark, H., Lee, J. N., @méroux, F.. A new version of the
CNRM Chemistry-Climate Model, CNRM-CCM: descriptiamd improvements from
the CCMVal-2 simulations, Geosci. Model Dev., 438900, doi:10.5194/gmd-4-873-
2011, 2011.
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Morgenstern O., Giorgetta, M. A., Shibata, K., Bg;i V., Waugh, D. W., G. Shepherd, T.,
Akiyoshi, H., Austin, J., Baumgaertner, A. J. GekRi, S., Braesicke, P., Brihl, C.,
Chipperfield, M. P., Cugnet, D., Dameris, M., Dhans§., Frith, S. M., Garny, H.,
Gettelman, A., Hardiman, S. C., Hegglin, M. ., Kéi¢c P., Kinnison, D. E., Lamarque,
J.-F., Mancini, E., Manzini, E., Marchand, M., Mah M., Nakamura, T., Nielsen, J.
E., Olivié, D., Pitari, G., Plummer, D. A., Rozand¥., Scinocca, J. F., Smale, D.,
Strahan, S., Teyssédre, H., Toohey, M., Tian, Wid &amashita, Y.: Review of
present- generation stratospheric chemistry-clintatadels and associated external
forcings, J. Geophys. Res., 115, DOOMO02, doi:10®12209JD013728, 2010.

SPARC CCMVal, SPARC CCMVal Report on the EvaluatidrChemistry-Climate Models:
edited by: Eyring, V., Shepherd, T. G., and Waubh,W., SPARC Report No. 5,
WCRP-132, WMO/TD-No. 1526, available at:
http://www.atmosp.physics.utoronto.ca/SPARC, 2010.

Teyssedre, H., M. Michou, H. L. Clark, B. Josse Karcher, D. Olivié, V.-H. Peuch, D.
Saint-Martin, D. Cariolle, J.-L. Attié, P. Nédéldt, Ricaud, V. Thouret, R. J. van der A,
A. Volz-Thomas, and Chéroux, Atmos. Chem. Phys5815-5860, 2007.

23. P9991, L15-21 — The meaning of this sentenasisclear. Multiple shorter sentences
with clear key point rather than one long sentemidiebe desired.

- We have changed the incriminated sentence into:

Due to its long lifetime (~12 years), CH 4 is considered as a
well-mixed species in the troposphere. Nevertheless the CH .,
spatial distribution over the MB in summer (JJA) 20 09 shows
some gradients both in the East-West and the North- South
directions. Indeed, in the middle troposphere (infe rred
from the sensitivity of the IASI total columns) and in the
upper troposphere (200-260 hPa), an East-West gradi ent is
observed in the model and satellite data of ~60 ppb v (~4%)
in total column and ~30-150 ppbv (~2-9%) in mixing ratio. A
North-South gradient is also detected in the MOCAGE and
AIRS data but not in the IASI data set. Therefore, there is
systematically a maximum of CH 4 from the middle to the upper
troposphere in the East of the MB compared to the W est.

24. P9991, L21-25 — Long-range transport from Asianot convincing unless backward
trajectory model or something equivalent is used.

- A new Figure 8 has been inserted. See all theappmesented and discussed above.

25. P9992, L25 — Does this mean MOCAGE is sampkedAIRS (horizontally) as well?

- No, AIRS and MOCAGE are not initially sampled cstently. The MOCAGE vertical
profile closest to an AIRS pixel has been convolwith the AIRS averaging kernel attached

to the corresponding pixel. Note, for one particalay, the AIRS averaging kernels attached
to the AIRS maritime pixels over the Mediterrandzasin are all very consistent to each
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other. We have finally monthly averaged the coned\MOCAGE profiles and the AIRS
profiles within the same boxes (East and West) istargly.

26. P9993, L4 — very consistent -> consistent
- Done.

27. P9993, L5-7 — | don't think the difference beem AIRS and MOCAGE is only related to
a-priori. Global models known to be underestimabeimy ratios of trace species largely due
to coarse horizontal resolution and large uncetitsnn estimated surface emission.

- This is a good remark that cannot indeed be ralgd This issue is dealt in detail in the
replies to the reviewer#1’s point 2a.

28. P9994, L20 — E-W maximum -> maximum in E-W geatl?

- All over the manuscript, we defined the “East nsirW/est difference” as the term E-W.
So, the “E-W maximum” means a maximum in the “Eashus West difference”. This

implies 1) a maximum in the East-West gradient 2nthe amount of Clis greater in the

East than in the West.

29. P9994, L26-28 — Why the amplitude of seasonalecis consistent even though the
absolute values are different?

- In fact, the amplitude of the seasonal cycle imcst twice greater in the satellite
measurements (~25 ppbv) than in the model data |fpb%). Why? We can try to explain the
difference in amplitude between satellite and monddehe seasonal evolution of E-W by: a)
regarding the comparison technique, there is adarogertical domain in the measurements
compared to the model data, b) regarding the psesesm summer, we may have less,CH
trapped in the Asian Monsoon Anticyclone redistr@alitowards the Eastern Mediterranean
Basin in the models compared to the measurementsgarding the processes in winter, we
may have too much CHbrought over the Mediterranean Sea to the Easpaoed to the
West producing a too smooth E-W gradient in the @edompared to the measurements. We
have modified the incriminated sentence and haseriead some elements of interpretation.

The peak-to-peak amplitude of the E -W seasonal variation is
almost twice greater in the satellite measurements (~25
ppbv) than in the model data (~15 ppbv). This repre sents a
~1.5-2.0% variation of CH 4 in the E -W over the entire year.

The difference in amplitude between satellite and m odel in
the seasonal evolution of E-W may be due to: a) the

comparison technique. There is a broader vertical d omain in
the measurement data compared to the model data; b)

regarding the processes in summer, we may have less CH,4
trapped in the Asian Monsoon Anticyclone redistribu ted
towards the EMB (see section 5) in the models compa red to
the measurements; c) regarding the processes in win ter, we
may have too much CH 4 brought over the Mediterranean Sea to

the East compared to the West producing a too smoot h E-W

gradient in the models compared to the measurements
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30. P9996, L19 — We can note -> We note

- Done.

31. P9996, L22 — issue -> topic or subject

- We changed to “topic”.

32. P9998, L17 — non-zonally-symmetric -> zonalbyrametric

- Done.

33. P9999, L25 — ‘somewhat consistent’ is a vagseption.

- This paragraph has been removed from the concluSiee replies to Reviewer #1.
34. P10000, L17 — we can -> we

- Done.

35. Fonts size for the figure titles and color Haas to be bigger than the one currently used.

- We have updated the Figures 10, 11 and 12 acgptditihe reviewer’'s comments.

Difference between Eastern and Western MB CH4 2001-2010
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New Figure 10 (Figure 9 in therevised manuscript).
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CH4 (ppbv) 200 hPa JJA 2001-2010

LMDz-OR-INCA RCP26 LMDz-OR-INCA RCP45
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New Figure 11 (Figure 11 in the revised manuscript). Fields of CH as calculated by the
CNRM-AOCCM model (bottom) and the LMDz-OR-INCA rh(idp and centre) considering
the 4 IPCC scenarios (RCPs 2.6 (top left), 4.5 (tight), 6.0 (centre left) and 8.5 (centre
right)) at 200 hPa averaged over the summer sedddA) and the climatological period
2001-2010. Superimposed to the CNRM-AOCCM fiHds (bottom) is the wind field at 200
hPa averaged over the same period. Note that thgeaf the colour scale changes for each
figure and that the colour scale for the CNRM-AOCG@Iddel (bottom) is non linear.
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CH4 (ppbv) surface level JJA 2001-2010
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New Figure 12 (Figure 10 in the revised manuscript). Fields of surface Cldas calculated
by the CNRM-AOCCM model (bottom) and the LMDz-ORANmodel (top and centre)
according to the 4 IPCC scenarios (RCPs 2.6 (tdp),ld.5 (top right), 6.0 (centre left) and
8.5 (centre right)) averaged over the summer seqddA) and the climatological period
2001-2010. Superimposed to the CNRM-AOCCM f{#ds (bottom) is the wind field at the
surface averaged over the same period. Note theardhge of the colour scale changes for
each figure and that the surface ¢tdr CNRM-AOCCM (bottom) is constant.
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