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The IAGOS-CARIBIC Project

* In-service Aircraft for a Global Observing System - Civil
Aircraft for the Regular Investigation of the atmosphere
Based on an Instrument
Container
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*Still recent, no evidence
of marine/SH air
* Most polluted

* More short-lived
species
* Marine/SH air

*Longer transport times
* More secondary species
*Less short-lived species
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Sources & Emissions: CH,
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Sources & Emissions: NMHCs i

g PR w 3 Investigate using
< wo {» £ Enhancement ratios
"%  toCO:
- " o — July and August only
gwr 1“2 — Low level contact
% 1:: I % — Age 3-5 days
e ta s i
CO [ppbv] CO [ppbv] L 2 Urban (Fossil Fuel)
* Strong BF signature in 3 2008 (CARIBIC)
combustion products § 8
- Mix of BFand FFfor & .
alkanes ;

[Baker et al., 2011 (ACP)]  Ethane/cO Propane/CO  Acetylene/CO  Benzene/CO



Mixing vs. Chemistry

* CARIBIC observations: “[ go _
— Propane/Ethane and o[ || %\'“ted .
n-Butane/Ethane = 132 R~
S I * 7 ]
— Initial ratios of g T
0.29 and 0.15 viore sged
— July and Augustonly £ |
* Kinetic slopes of sor slope = 2.35.£0.29
- r =0.72
2.41t03.0 L >
. o ] h 3.0 2.0
* Biggest deviations in In(Propane/Ethane)

southern samples (marine influence)
Not much mixing s Evidence of isolation!
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Photochemical Ages i

* Estimate using: al- 'Ilm T
i 35 m .
_ 1 |n([A]t /[B]tj % 121 3.}% _DA,.'- 2
(ky = ks }[OHT) "\ [AL/IBL ) & " ||z -
< g .. _
g U
—2.48x1050Hcm3(S) £ [ i :
— 1.44x10° OH cm3 (N) 5 4 %é;'éo. .
° Est|mate ages Of 2_— slopﬁzifgiiio.ﬁg _
— 3-5 days in south % 2 4 s & 10 12 14

age_propane/ethane [days]

— 9-14 days in north
* Good agreement between “clocks”
* Good agreement with available back trajectories
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Relationship can be used as a gauge of photochemical

efficiency:
+ slope = ozone forming

- slope = ozone depleting (trop) or stratospheric influence
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Monsoon outflow transport :

* Transport of outflow to Arabian Peninsula and the

Mediterranean (Lelieveld et al., 2002; Scheeren et al., 2003
Lawrence et al., 2003; Lawrence and Lelieveld, 2010)

* Transport across the tropopause (Chen et al., 1995; Traub
and Lelieveld, 2003; Fu et al., 2006; Randel et al., 2010)

e Our own observations over N. America in 2007
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Receptor Regions

FLEXPART forward trajectories, flight 244 (13. August 2008)
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Monsoon Findings

* CARIBIC flights to India in 2008 provide monthly snapshots
of monsoon anticyclone composition

— Trace gas and aerosol profiles show strong influence of
convection and subsequent transport in the anticyclone

— Used to understand regional emissions and sources
* NMHC ratios support chemical isolation and estimate age

* Tendency towards ozone formation in recently convected
air (3-6 days).

* Maximum transport to stratosphere in June and July

* Maximum transport to N. America/across the Pacific in
August and September



Unexplored topics/data i

* Most of the in situ data, particularly aerosols

— Can higher resolution data for shorter-lived species give
insight into monsoon processes?

e “Secret” monsoon data: Flights to the Maldives during the
first phase of CARIBIC (1997-2002) 5

,\VVorld Data Center >
(u or Climate, Hamburg ¢ A 5C

] . Daten & l
— Limited dataset compared to . EE&JK{

IAGOS-CARIBIC

 Does have WAS with CH4, CO2, B
NMHCs, halocarbons T 3 omesim |

IS Isotopes and GC air sample analyses various

CERA code lists

CN Submicrometer aerosol particles or condensation particles per cm**3

— Available in World Data Center = e

|l
oM Ozone (slow) parts per billion volume

- Ck CO - carbon monoxide parts per billion volume
for Climate database
VG halocarbons (WG method)y ~ various

cloudcover fraction
[cf: cloud_area_fraction]

NH Non-methane hydrocarbons various
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