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Documentation of the AMA composition

Satellites
(MLS/ACE/MIPAS/AIRS/MOPITT)

* Global coverage and Multi-annual datasets

=> Isolation of the AMA with high pollutant
(CO, HCN) concentrations

= Large scale and inter-annual variabilities,
transport pathways to the stratosphere

- Low vertical resolution / sensitivity to clouds
* Limb sounders limited to UT
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(Park et al., 2009)

Airborne obs. (CARIBIC): o
- Asia to Europe routes
* Many species (CO, O3, CH3CN,
NOy, NMHCs...)

—=Type of pollution (biofuel,
urban/industrial)
— age of the air parcels 1=

* Low flights frequency (2/month)
* Limited altitude range (>200 hPa)

Latitug [N]

(Baker et al., 2011)
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CO budget within the AMA

Global scale:

v IAShI obser'va"r"ions of gO
in the troposphere an
UtLs = PoF SWJ

v' GEOS-Chem CTM

— =
—_ —_—
=> budget of CO inside
and Szau‘rside of the AMA < Cr? @
[ /
Asian UT:
v gég%s l21012-2014 AMA | CO, NOX
ights :
v FLEXPART lagrangian <O, NOX |
model
=> Origin of CO in the onsoon fla

lower part of the AMA
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1ASI and GEOS-Chem

Chemistry transport model
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Assimilated Meteorology (NASA GMAOQ)
Convection: Arakawa Schubert scheme
0O;-NO,-VOC chemistry

v

v
v

Li-NOx: CTH + injection profiles + LIS-OTD
rescaling
BB: GFED-3 inventory

Anthropogenic: EDGAR + regional inventories
(STREETS, BRAVO, EMEP...)

Linearized stratospheric chemistry (LINOZ)

» nadir FTS / thermal IR (Metop-A 2006-...)
= gverpass twice daily / 12 km pixel

» CO retrievals with 2 pieces of information in
v’ lower troposphere (750 hPa)
v UTLS (200 hPa)



GEOS-Chem versus IASI: CO

Pressure (hPa)
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GEOS-Chem versus IASI: CO

Pressure (hPa)
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GEOS-Chem versus IASI: CO

Pressure (hPa)
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at Hyderabad (17°N)

300|

400|

pressure [hPa]

soof 1
\
“u,
600) - -
N
700
800)

900 L. —
1000} (a)

g

H

L BEEEE &




CO budget with GEOS-Chem
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AMA 3D boundaries

AMA = PV or GH anomaly which depends on altitude/pressure level
= need to define an anomaly that is not altitude dependent

100 hPa
-===-6H=16770m

150 hPa
-=-=-=-6H =14350m

Inside AMA

AGH > 270 m

200 hPa
-—-—-=- 6H = 12520 m |




AMA CO budget

Pressure (hPa)

East Asia

(a) )

South Asia

Longitude (°E)
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AMA ‘ Out AMA ‘ Out
East Asia ‘ South Asia
East Asia

 Lower contribution

- Inside ~ outside AMA

=> Convection not collocated with
emissions

South Asia

» Largest contribution

- Inside AMA > outside AMA
=> Convection collocated with
emissions

(Barret et al., ACPD, 2016)



MOZAIC -

IAGOS programs

* in-situ measurements from AIRBUS aircrafts since 1994

* tropospheric profiles + UTLS

» 21 years of O4/H,0, 13 years of CO, 5 years of NOy
* to come: cloud droplets, aerosols, GHG, NOx and NOy

TAGOS: starts July 2011 with max. 5 aircrafts

» 4500 flights since July 2011

» 600 flights with valid AMA CO for 2012-2014 3 — T ]
= ;}Z??qlr 61;: C/?a.og ~——| Europe ® East Asia
7= = e - Vienna/Frankfurt Taipei/Hong-Kong
z‘/’/ — == G .
—_—— < \m\ e ~ 60 Flights
7 el - '
\). \}"\ 1 ' ‘ . — 5 )
f: A\ |
&
Europe & India
Vienna/Frankfurt Madras/Mumbai
~ 450 Flights

http://www.1agos.fr




IAGOS data within the AMA

India - Europe

IAGOS - Flight Trajectory Map
13-Aug-2012 (T2012081309210035)
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IAGOS - Flight Trajectory Information

13-Aug-2012 (T2012081309210035) co [ppbv]

200 : ‘ ; : 140
(e

= 220 | 1 120

T .

3 | 100

E 240 Qs L @ CC C O T IR (o i

2 80

<4

@ 260 2 60
280 L L L L L L 40

15 20 25 30 35 40 45 50

Latitude

Pressure [hPa]

East Asia - Europe

IAGOS - Flight Trajectory Map
14-Aug-2012 (T2012081415233604)

co [ppbv]

IAGOS - Flight Trajectory Information

14-Aug-2012 (T2012081415233604) co [ppbv]
200 [T @@ (T e ! ! ' 140
(@ @qiag 120
250 P ]
100
______________________________ (ko =
!K 80
3001 (@]
60
350 : ' ' ' ' 40
0 20 40 60 80 100 120
Longitude

Pressure range used : 275- 200 hPa




Asian UT CO variability

Seasonal latitudinal transects

India-Europe flights

FMAM (187 flights) JJAS (153 flights ONDJ (102 flights)
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Latitude (°N)
1PVU - 80 ppbv CO => boundary between tropical and midlatitude air masses

* Pre and post-monsoon ~25°N
* Monsoon 37°N

PV (PVU)



Asian UT CO variability

CO (ppbv)

110

10

N flights

Monthly mean CO in AMA region [24-36°N 50-110°E]
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Month since Jan. 2012

Asian Monsoon
* High CO / low PV

- 2014 = lower CO
than 2012 and 2013

Data availability

* 5 1o 35 flights

/month
- less data in 2014




Methodology to determine the origin of CO

FLEXPART-IAGOS coupling tool
TAGHAE
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\
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Methodology to determine the origin of CO

FLEXPART-IAGOS coupling tool
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CO budget within the AMA

India Europe JJAS transect (153 flights)
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* High CO between 15 and
40°N

- 20 days contribution
explains enhancement =>
convection

- S Asia = largest
contribution

- Middle East = negligible
(no convection)
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CO budget within the AMA

CO mixing ratio (ppbv)

East-Asia Europe JTAS transect (26 flights)
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High CO between 50-115°E

» 20 days contribution explains
enhancement => convection

* S Asia = largest contribution

- East Asia = important on the
eastern part (underestimated?)

- Consistent with India-Europe

» EAsian contribution + 5 ppbv

* Good agreement between obs and
model for AMA enhancement
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CO budget within the AMA

Comparisons between the 2 methods

30 1
B Ind - Eur JJAS -
25 @ EAsia - Eur —
20 O GEOS - Chem __
2
o 15 —
o _
~— 10 ____ I
O
O 5 —
0
AMA ‘ Out AMA ‘ Out AMA-Out | AMA-Out
East Asia South Asia Model IAGOS

- AMA: good agreement between GEOS-Chem and FLEXPART method
* Out: GEOS-Chem > twice larger than FLEXPART

=> AMA definition different: 3D with 6C and along UT flight with FLEXPART




Conclusions

 Global scale:
— GEOS-Chem: good representation of CO variations and AMA maximum
— |ASI detects enhanced convective CO during the ASM

— South-Asian contribution to CO in the AMA twice larger than East-Asian:
emissions/convection/AMA

« |IAGOS

— Seasonal variations of CO in the Asian UT

— South Asian emissions have a contribution to CO in the AMA almost twice larger
than East Asian emissions

— FLEXPART- (20d CO) and IAGOS in good agreement for (AMA-Out)

Perspectives

IAGOS: 13 Aug. 2012 16 Aug. 2012
— High frequency => intra- '-
seasonal variability

— O3 => 0O4/CO/PV relationship
inside/outside of the AMA

— UT transects during Strato-
Clim...




1-service Aircraft for a Global Observing System

Home
Central Database
Metadata

Fleet, fights and visited
airports

Publications

Near real time use of IAGOS
data in CAMS

Back to central IAGOS
weabsite

Webmaster: Damien Boulingar
Last Updale: 13 January 2016

Ay

IAGOS is a naw Eurgpean Research Infrastucture conductng longterm observations of atmaspheric
composition, asrasol and doud padtides on a glabal =cafe fom commendal sroaft of intenationaly
aperaing arlinas

MOZAIC observations (August 1994 . November 2014) are srborne n-sity measuremerts for ozone
water vapor, crbaon monoxide, and %atal ntmgen cmdes(NO.,) Measurements are geolocsized fastude
longitude and pres=ure) and come with meteordogcal observatons (wind directon and farce
temperatre) Dats acqus=iSon iz sutomatcally perfamed dudng round-¥ip internatonal fights ascant
descmntand cruise phases) fmm Ewope % America, Afica, Mddie East and Aszia

IAGOS observations (July 2011 - wday) incude azone, water vapor, cxbon monoxde, and doud
droplets (rumber and size). Dependng of e opSomal instumentation, addtond measurements am
eithes, nivogen axdes (NOy), or tatd nivogen oxides NOy), o greenhouse gases (COz and CHy), or
amaszok. Since July 2011, the frst INGOSequpped araaf! fles the basic instumerntaton, plus an
optiond instrumentataon for NO,

Added-value products e the haight of fe dynamics ropopause at e sroraft posifion and backward
imjeciaies of ar masses sampled dong he fight racks

MOZAIC and IAGOS data policies are free access for scientfic use (WMO reolustion 40 for pdicy and
practce {or the exchangs of metearologica and related data and products). Users have to sign he IWGOS
data protocd and to fill oniine a Somn for geling acoess

ETHER iz a jont ventue betwesn CNES and CNRSINSU %o pramote e use of n-=itu and satelite
abservasons for atmospheric chamety. Mare detail here

www.iagos.fr

. Ccnes

Data Base Access

MOZAIC ~1AGOS Scientific
Symposium

Video speach fam Conmissianer
Gaoghegan-Qunn

Prezentatons (Oml and posters as

pdf)

Telus Specd Issue instucions

Jaby Offer in Jdich
November 2014

IGAC 2014: Paster WGOS
October 2014

Previous MOZAIC project

02016 Laboratare d'Adrdagie
Lega Notos



CO budget within the AMA

Contribution of Fires

India Europe JJAS transect East-Asia Europe JTAS transect
(153 flights) (26 flights)
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