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Author § response to reviewer comments for Tomsche et al. (2018)

-Reviewer 1:

The EMAC model, on the other hand, has a much coarser resolutiox®f2d@grees and 90 levels. Unfortunately the
EMAC simulation used is not described in detail, leaving open some importsitans: Is EMAC used in an offline CTM
mode? If this is the case, what is the model then driven by? @hen words: Do both models, the Lagrangian as well as
WKH (XOHULDQ PRGHO 3VHH" WKH VDPH EDFNJURXQG DWPRVSKHUH"

What kind of vertical velocity was used for the EMAC simulation? Aaptmportant point of course would be the
initialization of the model, the length of the simulation and whether a cegiirup time was necessary.

Since during the analysis of the data results from both models vestesinsultaneously (e.g. footprints and emission data)
or observations of tracers obviously transported upward byectiom are compared to distributions modified by vertical
transport in EMAC, a more detailed description of the model setup would beelefyl. A very interesting diagnostic in

this context would e.g. be the vertical transport time of tracers emitted feosatface to reach the 200 hPa level in EMAC.
Author:

We thank the reviewer for pointing out the lack of information reggrthia model simulation. Here additional details are
given, also added to manuscript.

Authors changes in manuscript:

P5-6 L30-9: The EMAC model was not run in an offine CTM mode, as the radiationlatitms were based on simulated
GHGs concentrations. Nevertheless, the model was weakly nudged towards EGRANRtEim data (Jeuken et al., 1996)
and therefore reproduced very similar dynamics to the ECMWF modeadghimot binary identical). The simulation is an
extension of simulation RC1SD-base-10 (Jockel et al. 2016) so totbeviell OMO campaign. Few changes to the original
simulation have been applied (i.e. increased South AsigeB3sions and reduced lightning NCas described in Lelieveld
et al. (2018). Although the simulation is the continuation of a well eteduexperiment, the simulation was running from
March ¥, 2015 so to give time to the 3@nd NQ to balance to the new emissions (i.e. 4 months spin up time) ti@nly
data from July and August 2015, which covers the field campsigatuially used. The EMAC model is a hydrostatic model
and the convective transport is parameterized (Ouwersloot et al. 2015, Tost et allri2i€jon of the vertical transport

time in EMAC can be found in Krol et al. (2018), where also a congravisgth model of similar complexity is shown.
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-Reviewer 1:

The derivation of threshold values for CO and,@bldistinguish between the inside of the monsoon anticyclone and th
outside by using vertical profiles for NH and SH background and AMA leatthe tguestion, why profiles over Egypt are
considered as influenced by AMA and profiles over Cyprus are not. At l&asit at the figures showing the different AMA
modes (figures 18 to 21) would lead to a different expectation. Bustjust judged by visual measure (and only on

204 hPa), so if there are distinct differences between profiles at these loctteasthors would be well advised to please
show them. Since the classification of profiles influences the thickshlues, this question may be quite important for the
further analyses.

Author:

In the classification of the profiles used for the calculation of the Nortiemisphere background and AMA-influenced air
masses, respectively, and not only the geographical location but also theotogteal context hae been accounted for

The profiles over Egypt were sampled during the second double antieyolode, with the westerly part of the anticyclone
extending over Egypt. Profiles over Paphos were obtained over a larget, pepresenting background conditions but
partly also AMA-influenced air masses. We calculated the NH backgroun@dmdtivithout profiles over Paphos. For
profiles only over Oberpaffenhofen and Etna the averagen@xing ratio is 1871.2+9.2 ppbv and for profiles over
Oberpfafffenhofen, Etna, and Paphos the, @terage is 1863.4+14.0 ppbv. Thus the profiles with and withaphos
profiles agree within their standard deviation. Due to a better statistics, wéhadéH background profile including

profiles over Paphos.
Authors changes in manuscript:

P7 L5-7 As observed, the CO and ¢profiles measured during OMO indicate different altitude distributions démgeod
the geographical location and partly also on the meteorological situation, esdeciBiyhos and Egypt. Profiles over
Egypt weremeasured when the AMA extended over this region. Profiles over Bapdre sampled during periods with and
without the AMA being positioned over Cyprus.

-Reviewer 1:

The observations shown for the case study for flight 19 indicate by sighctured CO and CHlistribution in the vicinity
of the AMA boundary region. The distributions simulated by EMAC egcthe observations only very roughly. In

particular the Chivalues are underestimated significantly. By looking at the horizontal atichVéistributions one gets the
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impression that the vertical transport of the model is probably too weekmBly have several reasons: First, the vertical
velocity may be too slow, e. g. the processes leading to strong updmafitly convection) are too weak or insufficiently
parameterized, or second, the numerical horizontal diffusion implied by treeapéd resolution dampens the strong
updraft plumes (approximately above 500 K). Adding horizontal wind as@olines to the cross sections could shed some

light on this problem. The included lines of potential temperature already poithigtirection.

Author:

Indeed, the referee is correct in mentioning a possible too low tran§poeetitane and carbon monoxide as a reason for
underestimation in the upper troposphere. As shown by Krol et0dIBJ2EMAC seems to have a weaker transport of
surface tracers than other models. Both reasons suggested bfethe are possible, and it is difficult (if not impossible) to
really distinguish the real reason for the underestimation of the tndnblevertheless we would like to notice that for the
comparison of CO with the model, the results are in line with other literatudies at such resolution (e.g. Baret et al.,
2016. Horizontal wind components are added to the cross sectionsriesfigl2, in detail: eastward wind component in

cross sections along a longitude and northward wind component irseat&gss along a latitude.
Authors changes in manuscript:

P11 L13-18 The simulated CO pattern, especially the enhanced values over Oman, fitstelbbserved CO mixing

ratios along the flight track. The EMAC model underestimatesaid CO in the upper troposphere. As shown by Krol et
al. (2018), EMAC seems to have a weaker transport of surface ttaaersther models. There are two potential reasons for
that, but it is difficult to distinguish them. First, a too slow vertical velotitys the convective updraft is too ineffective, or
second, the numerical diffusion implied by the coarse resolution restricts tledttpdrstrong. Nevertheless we would like
to notice that for the comparison of CO with the model, the results are iwitim other literature studies at such resolution
(e.g. Baret et al., 2016).

Horizontal wind components are added to the cross sections in FigliP{$9541)

-Reviewer 1:

However, although the EMAC distributions may be consistent within tidemthese effects may lead to a too small AMA
region, when defined by an observational-based tBi¢shold. A dynamical shape of the AMA could be gained by using



10

15

20

geopotential height or stream function. In this context | would suggestiteoade contour lines to the figures displaying the
horizontal CO and ClHdistribution including the threshold values and lower values to dbedter visual feedback of the

AMA and its position relatively to the flight tracks.
Author:

In Figures 7,8, 18-21 and also in Figures 22 and 23 now contour lmas@ed for the Cithreshold (1879.8 ppbv) and the
CH. background (1859.4 ppbv) values according to the calculatidve @it threshold in section 3.1. In the horizontal CO
distribution also the Clthreshold is added. Now the position of the AMA is easier to identifynespect to the flight

tracks.
Authors changes in manuscript:

Figures 7,8,(P31-32),8-21 (P42-45), 22 (P47),23 (P48)

-Reviewer 1:

A comparison between footprints of last PBL contact derived froodeyMackward trajectories from FLEXPART and the
surface emissions from EMAC could be much more efficient, wbetpfints would be graphically added to the surface

emission charts.
Author:

Footprint is now added as white contour lines for the number of particlesigheety = 2 to the surface emission charts for
CHj and CO (Figures14 and 15).

Authors changes in manuscript:

Figure 14,15 (B8 and P39)

-Reviewer 1:

The analysis with respect to the different AMA modes defined by thedBt4bution of the EMAC simulation leads to

very interesting results, which are almost impossible to interpret from thes\adltable 2 without the knowledge of the



10

flight tracks and the position of the AMA. Probably one could usedigtance not to the anticyclonic centers but to the

boundaries of the anticyclones.
Author:

In Table 2 we add a column for the relative position to the AMA, whichite descriptive. As most of the flight tracks are
in and outside the AMA a more detailed geographical location with respect to thecaMBe realized better in a graphical
way. Thus we added for each flight in the supplement thetidshold (1879.8ppbv) for the AMA-influence and the
background value (1859.4ppbv) as contour lines in the EMAZ&d CO distributions as already done in the manuscript,
e.g. Figure 7 and 8 for flight 19. In these plots the position of thlet firack with respect to the AMA is more obvious.

Authors changes in manuscript:

Column added in table 4B
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K3D
in situ at 300-140 hPa
metgoro!ogica flight no. date position relative to AMA CO[ppbv] CHs€ %0 %0 A
situation
background sigma| monsoon| sigma |backgroung sigma monsoon | sigma
#8 21.07.2015 partly in the western AMA 67.8 8.7 89.8 7.4 1847.1 12.3 1898.6 7.8
double #9 25.07.2015 in the western AMA 83.1 9.4 94.5 6.1 1870.0 11.4 1913.7 16.7
anticyclone | 410 | 28,07.2015 in the western AMA 761 | 164 | 91.4 5.1 1856.4 24.8 1896.4 | 12.4
#11 | 01.08.2015| partly in residuals of the AMA 92.8 6.8 108.6 45 1823.5 21.0 1889.0 4.8
80.0 10.3 96.1 5.8 1849.3 17.4 1899.4 10.4
#12/13 | 06.08.2015 in outflow region 78.6 33.3| 117.3 22.2 1827.4 26.8 1893.5 9.8
#14 | 08.08.2015| in background south of the AMA 76.3 8.0 1788.2 9.2
centralmode| 415/16 | 09.08.2015|  at the south western edge 775 | 12.0 18126 | 343
at the south eastern edge and i
#17/18 | 10.08.2015 outflow region 76.5 7.9 98.3 7.8 1832.0 19.5 1909.3 15.0
77.2 15.3 107.8 15.0 1815.1 22.5 1901.4 124
#19 | 13.08.2015| at the western edge of the AMA 74.7 10.4 99.4 13.8 1848.0 16.3 1907.3 20.8
Tibetan model #20 | 15.08.2015| at the western edge of the AMA 1855.2 11.6 1905.2 13.9
#21 | 18.08.2015 in and outside the AMA 87.9 16.3 104.8 9.8 1853.0 12.9 1917.1 20.6
81.3 13.4 102.1 11.8 1852.1 13.6 1909.9 18.4
at the western edge of the weste
#22 | 23.08.2015 AMA 1857.0 8.2 1927.9 22.6
anctiic():;gllgne at the western edge of the weste
#23 | 25.08.2015 AMA 65.7 12.4 93.8 7.6 1855.9 8.5 1926.4 21.0
#24 | 27.08.2015 outside the AMA 1853.7 14.6 1889.1 8.8
65.7 12.4 93.8 7.6 1855.5 10.4 1914.4 17.5




-Reviewer 1:

The last case study focusing on an outflow event tracked with tragscéord probed twice within 4 days seem to
give better agreement with EMAC results (again only judged by viseabure). Maybe an additional figure

showing observed and simulated tracer distributions would corapletims very interesting manuscript.
Author:

According to the suggestion of the reviewer the CO ang didtributions along the flight track as a time line are
added in Figures 24 and 25. The trace gas mixing ratios (observetratated) show clear enhancement due to the
outflow event for both flights (flight 12/13 and flight 17/18). Theflouv regions are marked in grey in the Figures.
Additionally, we add in the manuscript the average CO and CH4 miatitg rcalculated from EMAC for the

outflow periods for both flightgflight 12/13: CO=112.2+1.2 ppbv and ¢#1891.7+1.2 ppbv and flight 17/18:
C0=90.8+3.1 ppbv and GH1864.6+5.9 ppbv) for a better comparison with the measured da@ontflow.

Authors changes in manuscript:
Figures 24 and 25 added to manuscrig® P

P17 L18-22: In the air mass CO and Glhixing ratios increased to 117.3+22.2 ppbv and 1893.5%th8,
respectively (background: CO=78.6+33.3 ppbv and=1H27.4+26.8 ppbv), which can be seen in Figure 24. The
second probing of this air mass took place at August 10 (flight 17id@&e 23) over the Red Sea yielding mixing
ratios of 94.2+6.8 ppbv and 1903.7+19.2 ppbv. This corretpto the increase at around I2UTC in Figure 25.

P17 L2528 Comparing the EMAC simulations with the in situ data along the flight tr&igare 24 and 25), the
trends for the outflow agree. The EMAC average mixing ratio€@mand CH are 112.2+1.2 ppbv and
CH4=1891.7+1.2 ppbv for flight 12/13 and 90.8+3.1 ppbv and=QB64.6+5.9 ppbv for flight 17/18, respectively.
Thus also the values agree within their standard deviation besidia @ight 17/18, where the outflow is

underestimated by the model.
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-Reviewer 2:

The goal of this study is not clearly stated. Is it to explore transport @gghinside the anticyclone or in the

vicinity? For instance, flight 19 suggests the measurements tack putside the anticyclone based on the



boundaries estimated from the model simulations (Fig. 7 & 8). | thiskmportant to clarify the goal of this study

and explain different transport pathways separately.

Author:

The goal of the present study is to understand the transport pathmythé source regions into the upper
troposphere via the convective uplift into the AMA and further witheaUT, especially towards the southern and
western areas of the AMA. The transport pathways in the UT includeatisport along the edges of the AMA, the
circulation in the AMA where air massare trapped and the transport across the AMA edges, and the outflofv ou
the anticyclone due to instabilities in the strong circulation. For instands, T8gtook place outside and at the
western edge of the AMA, which is now better visible in Figures 7 ahge8o addition of a contour line for the

CH, threshold.

Authors changes in manuscript: Adapted Figures 7 and 8

P2-3 L32-3: The measurement campaign OMO (Oxidation Mechanism Observations) tookplatgAugust
2015 with the German High Altitude and Long range (HALO) research Aircraft,rpeng flights at altitudes
between 11 km and 15 km over the above-mentioned regions ttigavethe dynamics and atmospheric chemistry

in the upper troposphere over five weeks during the monsooorseas

-Reviewer 2:

In introduction, brief background of the Asian monsoon anticycékits role in chemical transport in the UTLS
region should be mentioned first. Then why in-situ measurements aadusible but challenging and limited should
be mentioned along with pros and cons of other data sources, ini;|lsdtellite measurements. The purpose of
utilizing two separate models should be emphasized. The key factors of ©llGampaign should be included
with proper citations as well. Additionally, the goal of this paper amygl this paper is unique compared to previous

work should be mentioned clearly.

Author:

The introduction is reorganized according to the suggestions of the esview

We used the EMAC model simulations to extend our view on trace gas distrébfrom the regional scale along
flight tracks to a global scale, i.e. horizontal and vertical trace gas distributiohalsarto separate different AMA
modes. With the second model (FLEXPART) we calculated back trajectoriaettigate the emission sources and
the transport pathways from the source regions, via the convectiaghenfdA in the upper troposphere and

further westward towards the flight tracks. Thus the back trajectories ary osed for dynamical processes.

Authors changes in manuscript:



P13L2721: 7KH $VLDQ PRQVRRQ DQWLF\FORQH $0$ SNHODRPOPQRQ Q@ QOWKHHX S E
WURSRVSKHUH DQG ORZHU VWUDWRVSKHUH @K LZHNV W KH GE\RWHDWURSR B O
QRUWK DQG WKH HDVWHUO\ MHW LQ WKMHQWBRWWIIK OLQEG B HV (DQ/GW XRSY IR WARKXH,
LV IRUPHG E\ GLDEDWLF KHDWLQJ LQ WKH 6RRWWH @V LIDQGPRRG/RRIPWUHILR @
DQWLF\FORQH LV D VWURQJ DQG QHDUOLFORNH@ FMIFXQDW. RQ & \& RALPW |
30XPE 3RSRYLF DQG 30XPE FORIPI HIUQ BWs DQG H O 7KH VWURQJ Z
DFW DV WUDQVSRUW EDUULHU IRU FKHPH F®\W UTRQR/NELKWHXIH. @ WWU D@ HIUR/H B SIS
JHQHUDOO\ ORZHU FRQFHQWUDWLRQV LQVLGB QGHOSD® Z/BDONRXWVLGHRS
WUDFHUV OLNH&H ROGLEWHG WR WKH XSSHU WURSWVBRH @ KHEAHWKK-H B WALDF
FROQVWLWXHQWY FDQ EH WUDSSHG LQ WK H \D\@ WAL EQF &R & HX SFKHDUD WHU RVKRIV S ¥
VWUDWRVSKHUH DQG FOHDUO\ VLJQLI\ WKHKPRQVRP® KQHORHWKH BQWN FHI
LGHQWLILHG IURP GLIIHUHQW PHDVXUHPH®WJ S DYHRRRPD V OU N PIHODVWH D O
OLPLWHG LQ WLPH DQG VSDFH EXW UHVROYH VPIDSWRVFHFWHVE SR W HED BBVl
$LUFUDIW IRU WKH 5HJXODU ,QYHVWLJDWRRQWR & RGW MDLVQMRIV SK Bl U61F %DV ¢
5DXWKH 6FK|FK HW DO DQG ,$*26 02-ABFRD|H*ARU,Q VOIREFDPH2EVHUYLQ
02=$,& OHDVXUHPHQWYV RI 2=RQH E\ $LUEXO,Q VHUWMFKIRD HWF DDIW % DUH
WUDFH JDV PHDVXUHPHQWY LQ WKH $VLDRPBRQYBR Q QHHVYRQJID Y DG GVLKMWL &
GXULQJ WKH DLUFUDIW FDPSDLJQ 0,126 /HOL HYQH® & KNV (DOW K 6\VOFK P HRI
9DOLGDWLRQ (609DO FDPSDLJQ *RWWVFKDOGW HMW DIHU VSDWL FE @WUH D)
EH XVHG IRU ORQJ WHUP PHDVXUHPHQW VR YQ-HYSDMVK 90O HAVY/D\W K HD QDRU W IOH.\P |
UHVROXWLRQ 7KH REVFXUHG YLHZ IURPRRQRXGH LGN RIQDIOW K 1 H6\RW WIKF $WAL B
H J 2MKD HW DO ZKLFK UHTXLUHWKRRQG & H UFRR PY G PH QOWH IGQEW L B}
PHDVXUHPHQWY 6DWHOOLWH GDWD3RUNGHLWHUMHQW W BDBISHDVIHNYG GDNM +
DO 3DUN HW DO3DUN BQGD®H+ VKRZ WKH YHUWLBD® ID@G KRUL]JR!
DUH JHQHUDOO\ LQ DJUHHPHQW ZLWK PRIGWQHOLPANODWLRQV %HUJIJPDQ HW
7R LPSURYH PRGHO RXWSXWV DQG VDWHOODRWH GHMHD/YBIWULHYDOV DLUE

$ PRUH SK\VLFDOO\ PRWLYDWHG FULWHULR®XWUR ALY BILQI XOQVW KEH WS SHQ \
WKH SRWHQWLDO YRUWLFLW\ 39 HJ 30RHJHQ WAWHDDQWLF\FORQM 3O GY
LVHQWURSLF VXUIDFHV DUH ORZHU WKDQ 9R X WG GHIQ W KFHLQ! IR KK VB G°P DR F
KRUL]JRQWDO WUDQVSRUW EDUULHU DVVRFLDRMHGHAUWRQNKH GR¥ ¥ RIHDYH K
39 YDOXHV LQ WKH $0$ LQFUHDVH GXUHRVHVIKIR P RAMR ROVUIDDWR @ LEE @1
ZKLFK OLPLWV LWV XVHIXOQHVV 1HY HUMLKRHOEHMVK MW DV H X DW H5 K ¥\ B DEX !
VDWHOOLWH PHDVXUHPHQWV

'XULQJ WKH DLUFUDIW FDPSDLJQ 0,126 WKH RXWH CG-RZV RIHW K HO B GH WHW WD |
/JHOLHYHOG HW DO BFKHHUHQ HW \DWHP ORGEIOLOMHOG & D IWQR @ K6 { DRI\
VLQJOH IOLJKW ZDV SHUIRUPHG IURP ODOR BBD®GLYWYK DR L/ Q WEID MBi RWIHUEX V
DOWLWXG&BDRI*RWWVFKDOGW HW DO ,Q VLW ®IL WEKRU QHHG B WHUXUDHORH-
$UDELDQ 3HQLQVXOD DQG WKH $UDELDQ 6MIDP G HGQ H WHK®G! W R R X RR @/ K/ [
WKHVH UHJLRQV HLWKHU E\ LWV H[WHQVLRP R ¥LDFRXOWNORLZY WIHRIM ZK LFU
WKH $0$ EHWZHHQ WKH ,QGLDQ 2FHDQ D Q GVWHOH 8 B GLGW R ROH®IWV IR E @ H
2EVHUYDWLRQV WRRN SODFH LQ -XO\ $XJMQV U D @IHN K+ $V K H UHH\I K DIITFW LI
SHUIRUPLQJ IOLJKWYV DMNPDIDMLPVR GHIY WKW DHEHRRYH PHQWLRQHG UHJLRQV W
DQG DWPRVSKHULF FKHPLVWU\ LQ WKH XISSHWKHJIRBRVBRIQUHHRYRQ ILYH Z
7KH SUHVHQW VWXG\ IRFXVHMW D@ ® ki PAKDLVFXUGPFHQPMHOWIORQJ GLVWDQFH
SROOXWLRQ DV WKHVH VSHFLHV KDY H HOWHQIEME W IBWLPHV BIQG \HPRY



; LDR HW DO 7KHVH WUDFH JDVHV FDWQIBRPXWHKG WRUIGHR WLV \WKHAVIVUL
ZLWK RWKHU SROOXWDQWY 7KH\ KDYH \ERWVH BD V& X WRX DRHV DDQMKD @ W K WH
HPLWWHG YLD FRPEXVWLRQ SURFHVVHV RIWRVOYDWAXBO ERRPEHWW DDGIGPOI
YHIHWDWLRQ DQG RFHDQV EXW WKH\ D&HLFLDRWR HIFQ &M/HDBQE & R PE MXMONGL

IXHO DQG ELRPDVV .KDOLO ) X UW K HRIL @ R R WAH VE R WHD O LNVRH VF2OPVE IV Y D U
JRU ZHWODQGV WKH HKRLFHULWRQVQAW\\V\QL&O D ODUJH FRQFHGMQY DWPRVSH
%ORRP HW DO DQG UHIHUHQFHVIMWXIHUHPLQY V L, R QR K Q/RKUSNDLDH DZQ WVHUE

SRSXODWLRQ DQG HFRQRPLF GHYHORSPHIQW DEDXWKH B8RK|REHBRQBODWLRQ\
&2 VKRZ ]RQDO DQG PHULGLRQDO FRQFHQWUDWKRQX33BG LW QRSRYS KZHHIDHD
DOORZLQJ WR LQYHVWLIJDWH WKH HIWHQW RAQGKHJRP$$0Q IRUIGHKYH QWFRH G LO LK
ZH GHULYHED DH&G WKUHVKROG )XUWKHU ZH FRPSDBUWHGVR R X COTENV HRIQ\D WAKR(
HIWHQG WKH YLHZ RQ WKH WUDFH JDV G LKW WIEDXFNM QVIRJ BRPJ D REHIQ R/FD O +
WUDQVSRUW SDWKZD\V ZH FDOFXODWHG EDFNHWYVDRIGI PREHICH M (ZB$BR WER
WKH IOLJKW WUDFNV :LWK )/(;3%$57 ZH JDLQHDPLRLAFPWRUH BRMIDLUWHHE VI RN LEJBHR
WUDMHFWRULHV ZLWB QRE \&RUW R VELR/QM. RIXANV K EHWZHHQ BH IDHOWVHRQW W UD C
VWXGLHG WKH RULJLQ RI HPLVVLRQV ZLWWIK® &/FOXM R BLV/Q IDW ) LIRQ D/OKH $D1$ RG
ZHHNV DV WKH DQWLF\FORQH FKDQJHV LWKN BRYVWRRPS\BCHEGWMEr DQG VWU
we compared our observations with EMAC model simulations, which egtendew on the trace gas distribution

from a regional (along the flight tracks) to a global scale. To shalyransport pathways we calculated back

trajectories with the Lagrangian particle dispersion model FLEXPART alorftighetracks. With FLEXPART we

gained a more detailed insight into the dynamics. We compared the back tiggestth observations of CHand

COtto distinguish between different transport pathways. Thus westld@d the origin of emissions within South

Asia. Finally, we investigated the variability of the AMA over several weeklseaariticyclone changes its position,

extent, and strength due to the monsoon dynamics.

-Reviewer2:

Abstract of this paper should be a summary of what is shown iwehiswithout including general statements. In

the current form, most of the information exists without clearly statimgf the goal of this paper is.

Author:

The abstract is revised.

Authors changes in manuscript:

P116-22 7KH $VLDQ PRQVRRQ DQWLF\FORQH $OISQRQ D QHDKID \QRMMXHILL®D X ISR
XSSHU WURSRVSKHUH DQG ORZHU VWUDWRMSERRQNRRWY MA\SDHRY B D & KNV 61



REVHUYDEOH VLJQDWXUH GXH WR YHUW L FHD®XW ULDFQHV ®/RUWK RI | XSIRIHIX W H B SE
PRQVRRQ FRQYHFWLRQ :H SHUIRUPHG RRQR][WXHP K2V OWDHEPIRG W K BRY HF DSUFE R
UHJLRQ RI PRQVRRQ RXWIORZ DQG RS RRE\DIKHWR XQHEGD WH U Q D/QKHD & S $H D EWE
$UDELDQ 6HD E\ RSWLFDO DEVRUSWLRQ VSHRWQURMFRE R$/RR DU & HDKH K |
DLUFUDIW GXULQJ WKH 202 2[LGDWLRQ OHFKDQL VM 2AEBHHUW DIWH B QVK K WY
SDWKZD\V DQG WKH RULJLQ Rl WKH WUDFH JDWKHV /DUWB GEIRBX) V8 DD WH F VIR U
PRGHO )/(;3$57 DQG ZH FRPSDUHG WKH LQDW RRVS RWWDL ELFMKK FLPWO D WH Q &
FLUFXODWLRQ PRGBG @B&LEQJ UDWLRV ZHUH IRXQG WR @ I HVQOX E@FMHIG Z |
LQFUHDVHG RQ [BSHYDDASSEY UHVSHFWLYHO\ RULJLQDWLQJ LQ WKH 6RX\
30DLQ 1RUWK (DVW ,QGLD %DQJODGHVK DGCD® D\GRID® HRRIPR R QV WLSSHHDU
WURSRVSKHUH GXH WR LWV H[WHQGHG CIRAW L PHJ VG E UPRH N WAHR ® Y HB®& XV
PHDVXUHPHQWY DQG PRGHO UHVXOWVYWR VWXIGY MK A HHRQW BLDEVL R I WHKH X
ZLWK DQ HPSKDVLVY RQ WKH VRXWKHU & VIEXG ZH VWHEIQV I B DXL VG MGK HR X 8 S
EDVHG RQ GLIIHUHQW PHWHRURORJLFDO FR Q\GKDW.K@\GHX U KH RQIHO RF DB W
GZLQGOLQJ IORZ WKH WUDQVSRUW ED U RIXQG EGIIWZ BHIDNW R H ® QW 5 F\FO R@H
IURP WKH $0$ 7KH WUDFH JDVHV H[KLELWP® ® TH. \D\D V@ F MRDAFIRUCEDMW ®/ § F
RYHU WKH FRXUVH Rl WKH 202 FDPSDLJQ

-Reviewer2:

Section 2 (methods) should include general information about OMO field campaityding its science goal. What

other species were measured during the campaign? What were the scienoasjudsti there any references?

Author:

Gereral information about the OMO mission are added in the manuscripg indthod part in section 2.1 including

references.

Authors changes in manuscript:

P3-4 L23-7 The Oxidation Mechanism Observation (OMO) aircraft measurement campaigedoon the self-
cleaning capacity of the atmosphere in connection with the Indian sumansoon. The mission took place in July
and August 2015 with flight tracks in the upper tropospherelBlkm) over the Mediterranean, the Arabian
Peninsula, and the Indian Ocean (Figure 1). In South Asia the pollatissiens are growing and during the
monsoon season they are uplifted into the upper troposphere. li®pas partly removed by wet deposition or
transformation into soluble gases, or they are involved in air cheraigryransported downwind of the sources. For
a broad analysis of the efficiency of the self-cleaning mechanismeaarigty of chemical compounds, like GH

CO, OH, HQ, NGy, SO, RO, H:0,, and total peroxides, were measured during the multi-institutional campaig



involving the Max-Planck-Institute for Chemistry, Mainz, the Rese@efitre Julich, the German Aerospace Center,
the Research Centre Karlsruhe, and the universities of Bremen, Heidalh&\yuppertal. The main objectives

were the oxidation processes and free radical chemistry, the efficiency ettwawcloud transport and wet
deposition, as well as long-distance transport of air pollution and impaats qumlity and climate change. The

OMO mission comprised 111 flight hours during 17 flights. HALO Wwased alternately at Paphos (Cyprus) and on
Gan (Maldives) with refueling stops at the airport of Bahrain. Furthermtion about OMO can be found in

Lelieveld et al. (2018) and on the webpédip://www.halo.dIr.de/science/missions/omo/omo.html

-Reviewer 2:

Section 3.5 (AMA mode) should include discussions of bimodal mbtteenonsoon anticyclone shown in Zhang
et al. (2002) and Nutzel et al. (2016). Also, it should be justified whygdessary to have four modes instead of

two. Is bimodal distribution of the anticyclone wrong?
Author:
A short discussion about bimodality of the AMA is now added | se&ibn

Authors changes in manuscript:

P151817: =KDQJ HW DO SUHVHQWHG D ELPRGDQ LRV \WRI HWVIKGIWGLORE\ Z0Q W& HD R
,UDQLDQ RU WKH 7LEHWDQ 30DWHDX 'XULQJCROQHZBALM K Q\GK H RAW. R RSGRIVQ MWL ¥
,Q FRQWUDVW 1+<W]HO HW DO UHSRUWHG \GH YHHWH@® \W RFGHOWH LE 6 \R VLR
GLG QRW VLPXODWH D SUHIHUUHG ELPRGD O LWV KHHGRXYE D®JDWKH. F\F'O\R B Y
WKH SRVLWLRQV ZHUH LQ EHWZHHQ WKH ,UDQ LW RHDIRX 7 WEKHRMRGH 3FOYDHAH W }
3ODWHDX &RQVHTXHQWO\ WKH\ GR QRK\DD @1 SBR D\® D S U HDGU HeGV FH.® RHGD (
,UDQLDQ DQG WKH 7LEHWDQ PRGH DUH | XGWDEHDW GE \KW DQWLXQY KWL 8 \ STDW\D
FRQYHFWLRQ ZKLFK DUH RXW RI VFRSH L QNK K HG SQUHR/HQ/WZ VW K GAH W Sl 1 FIVWM
JDV GLVWULEXWLRQV 7KH VXEGLYLVLRQ RQWRHRXS RRIBUY WK H SFRHMHHWR/I
FDPSDLJQ

-Reviewer 2:

The abstract includes a few general statements, which makes abstract sarrikeatitroduction. For instance,

L9-11 (However: : :expected) can be removed.

Author:


http://www.halo.dlr.de/science/missions/omo/omo.html

L9-11 Sentence is removed.

Authors changes in manuscript: P1, 19-

-Reviewer 2:
P1, L7 #ltis connected to -> It is part of the South Asian summer monsoon system
Author: This has been changed.

Authors changes in manuscript: P1, L7: It is part of the South Asiiamrmer monsoon system

-Reviewer 2:
P1, L1749 +Are those based on the in-situ measurements?
Author:

Yes, these values are representing the in situ data, but also the simulated datargla@ed mixing ratios with
AMA-influence, as mentioned in section 3.4 The AMA during OMGsitn increase 72.1 ppbv and 20.1 ppbv and
EMAC increase 24.0 ppbv and 14.7 ppbv for.@&dd CO, respectively.

Authors changes in manuscript:

P1, L14415: the in situ data increased on average by 72.1 ppbv and 20.1 egbectively,

-Reviewer 2:

P1, L21 +areas within the upper troposphere -> areas in the upper troposphere
Author:

This has been changed.

Authors changes in manuscript:

P1, L19: areas in the upper troposphere



-Reviewer 2:

P2, L3 +Park et al. (2008) might be relevant here.

Author:

The reference has been added as it is relevant here.

Authors changes in manuscript:

P2, L2 Stratospheric tracers, like ozone, show generally lower concentrations inside théhAMadutside (Park et
al., 2008, Randel and Park, 2006).

-Reviewer 2:

P2, L4 twithin the strong: : :monsoon -> by the strong monsoon convectio

Author:

This has been changed.

Authors changes in manuscript:

P2, L3: to the upper troposphere by the strong monsoon convection.

-Reviewer 2:

P2, L5 +Park et al. (2007) might be relevant here.

Author:

The reference has been added as it is relevant here.

Authors changes in manuscript:

P2,L5 clearly signify the monsoon influence (Park et al., 2007)

-Reviewer 2:



P2, L9 +physical -> physically

Author:

This has been changed.

Authors changes in manuscript:

P2, L20 A more physically motivated criterion

-Reviewer 2:

P2, L17-18 tFull name for CARIBIC and IAGOS-MIZAIC should be provided here as well.

Author:

The full names are added.

Authors changes in manuscript:

P2, L740: CARIBIC (Civil Aircraft for the Regular Investigation of the atmosphere Basedn Instrument
Container; e.g. Schuck et al., 2012, Rauthe-Schoch et al., 2016A@aEIMOZAIC (IAGOS (In-service Aircraft
for a Global Observing System) and MOZAIC (Measurements of OZowérbys In-service aircraft); Barret et al.,
2016, Dethof et al., 1999)

-Reviewer 2:

P3, L1- It is also important to mention that there is a big uncertainty inesestimates of methane (Bloom et al.,
2017 GMD and references there in).

Author:

The information has been added including the reference.

Authors changes in manuscript:

P3L9-11: Further sources are rice cultivation and ruminants, but also swamfie@hdreas. For wetlands, the
uncertainty in CH emissions is still a large concern in atmospheric chemical transport mBlbelim(et al., 2017,

and references there in).



-Reviewer 2:

P3,L8tyPULDELOLW\ RI WKH $0%$Y FDQ EH H[SODLQHG PRUH GHWDLO KHUH

Author:

A more detailed explanation is now added.

Authors changes in manuscript:

P4L20-21: Finally, we investigated the variability of the AMA over several weeks as the elotieychanges its

position, extent, and strength due to the monsoon dynamics.

-Reviewer 2:

P4, L8 (section 2.2}l assume the trajectory calculations are done backward. Where is the initializesiton®

Author:

We calculated back trajectories and the initializations are along the flight traeksubtitle for section 2.3 is now
3)/(;3%$57 EDFN WUDMHFWRULHV’

Authors changes in manuscript:

P5 L8 2.3 FLEXPART back trajectories

-Reviewer 2:

P5, L11 (section 2.4¥The reason why MODIS cloud top pressure is used is missing. lsstdsas convective

proxy?

Author:

Yes it is used as a proxy for the location of convection to compare the vetlicthe calculated updraft of the back

trajectories. This information is added in the actual section 2.5.

Authors changes in manuscript:



P6 123-24: Cloud top pressure information is used as a proxy for convetfercompared the location of the
convective clouds with the location of the uplift of the back trajectoneslated by FLEXPART. The cloud top
pressure data are collected from the MODIS instrument on board of AQUA

-Reviewer 2:

P5, L28 I would like to know if there are any in-situ measurementsethame and if so how the mixing ratios

compare with them even over different regions in different season.

Author:

Yes, there are other in situ profiles. Lelieveld et al. (2002) measured profilethe Mediterranean in summer 2001
during MINOS. They have observed enhanced @htl CO values in the UT, especially during stronger influence
from the AMA in the UT with CH mixing ratios up to ca. 1890 ppbv. Bergamaschi et al. (2013) preseted
profiles over the pacific in dependence of the latitude observed in ZBBCH, mixing ratios decrease from the
northern hemisphere to the southern hemisphere. The highest valussoatred for the lower troposphere in the
northern hemisphere (around 1882 ppbv). In the UT, iBtteases towards the tropics to around 1800 ppbv.

Authors changes in manuscript:

P7 L10: is now the position for the authors answer in the manuscript.

-Reviewer 2:

P5, L30 I have tried to find CO observations from satellite in Randel and P@@iéYdut they seem to have dse

only ozone and water vapor.

Author:

The reference was wrong and the right one is Park et al. (2007).

Authors changes in manuscript:

P7L12 Park et al. (2007) used CO observations from satellites and wind fields

-Reviewer 2:

P5, L31 +to identified -> to identify



Author:
This has been changed.
Authors changes in manuscript:

P7 L13: to identify monsoon influenced

-Reviewer 2:

P6, L8 12 +This paragraph is not convincing to me without supporting materiafenences
Author:

The paragraph is rewritten including supporting material and references.

Authors changes in manuscript:

P7 122-26: The observed CHncrease with height can be explained by the global circulationQ WKH ERXQGDU\ OL
&+ PL[LQJ UDWLRV DUH LQIOXHQFHG E\ WXUE XU HQUNEPR IKRQ 1] RQRAMHD VDR HHPE
SODFHVY 6DLWR HW DO $W WKH VXUGDRH W K/HR DOW K HDUN *® QU HVF W QR@X/H
PL[LQJ UDWLRYV RULJLQDWLQJ IURP WKH DBRXWRWURQ @GIDIZY 2W R OL@ WHLU K H:
6DLWR HW DO WKXV WR[WUIDQVMWIRRITKRPKWKH++ LQWR WKH 6+ ZKL
FRQYHFWLYHO\ XSOLIWHG IURP WKH ERXQGDU\ OD\HU

-Reviewer 2:

P6, L18 £This is in consistent -> This is consistent
Author: This has been changed.

Authors changes in manuscript:

P8 L1 This is consistent with the observed upper tropospheric increase aficCOH, in the NH background
profiles

-Reviewer 2:



L6, L2022 Do the mixing ratios of CO in the upper troposphere agree as well?
Author:

Park et al., 2008 reported CO MR in the UT (10-15km) of aro®@pgbv in the AMA and 680 ppbv outside. We
measured in 10-14km around 74.0+15.2 ppbv and outside2# 100 ppbv. Park et al., 2008 defined the AMA by
a CO threshold opposite to our Capproach and in our profiles inside and outside events are inchuded,
separated by their location, which leads to a smaller difference in the Caymaxios for background and AMA-

influence in the UT.
Authors changes in manuscript:

P8 L1-5-8 CO mixing ratios in the upper troposphere inside the AMA (ardi@@ppbyv in 1015 km) in
comparison to air outside the AMA (&® ppbv in 1015 km).

Reviewer 2:

P6, L3031- Does this problem prevented from using the measurement or ondeeghe data quality of CO

measurements?

Author:

This problem only degraded the data quality of CO measurements.
Authors changes in manuscript:

P8 L14-15: is now the position for the authors answer in the manuscript.

-Reviewer 2:

P7, Eq. (1)l think this threshold is somewhat subjective. At least it should Imiomed that this might introduce

uncertainty in the analyses and also how sensitive the results are dgpenthie threshold values.
Author:

The threshold is a simple tool to distinguish between background aiesress air masses influenced by the
monsoon. It is based on in situ measurements and it is subjectigegn, however its application to the in situ data
showed a reasonable differentiation. The threshold itself was not applifelEMAC data along the flight tracks

and in the histograms (Figures 16 and 17) as the model underestingateditu measurements. The in situ CO and



the EMAC data are distinguished into AMA-influence and backgrouodrding to the time, when the in situ €H
was above or below the Ghlhreshold. Nevertheless tl#, threshold is represented in the EMAC horizontal trace
gas distributions as a contour line for a better orientation of the AMA positmmsequently the analyses depend on
the threshold. A change in the absolute value would increase or detireasgion which we assumed to be
influenced by the monsoon.

Authors changes in manuscript:
P8 L22: In situ CH; mixing ratios

P8 125-29: Further evaluation depends on theGkteshold and thus the results are sensitive to it. Nevertheless
also other compounds measured during OMO showed the isolation ofithyelane in the UT (Lelieveld et al.,

2018) which confirms the usefulness of LMW/ith a change in the absolute value the region which is supposed to b
AMA-influenced will be either larger or smaller, thus the edge of thieyamone would be differently defined but

the whole dynamical process is not significantly changing.

-Reviewer 2:

P7, L28 tDoes the difference between Scheeren et al. (2003) and this studywatrebe values in Zimmermann
et al. (2018) quantitatively?

Author:

Zimmermann et al. (2018) calculated a AZHhixing ratio of 1781 ppbv for the upper troposphere betweéf 2ad
2006. TheCH, values in Scheeren at al. (2003) are 1819+26 ppbv for North America/ttatitic origin and
1882+21 oobv for South Asia origin. The value in Zimmermann €2@1.8) is a global average over seven years in
contrast to the values of Scheeren et al. (2203), which represent onlymamersoonth of northern hemispheric
origin, thus not accounting for the lower southern hemispli@Hicmixing ratios. Zimmermann et al. (2018)
increased th€H, mixing ratio due to addition&H, emissions starting in 2007 up to 1815 ppbv for 201 ik
study theCH,4 mixing ratio is in average 1866.4+43.0 ppbv.

Authors changes in manuscript:

P9L21: is now the position for the authors answer in the manuscript.

-Reviewer 2:

P