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Atmospheric chemistry in the Earth system - perspectives from
on-going and new IGAC activities

Highlighting some links between troposphere and stratosphere

Future directions - moving towards “One Atmosphere”
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Atmospheric Chemistry has moved
along way since .......

Stratospheric ozone:
Chapman (1930)
Chlorine cycles (1970s)
Ozone depletion (1980s)
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Local Pollution is Global

NO, from SCIAMACHY

KNMI/IASB/ESA

CO from MOPITT
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= Pollution : important interactions with biosphere,

@IGAC oceans, stratosphere & impacts on climate
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Atmospheric Chemistry in the Earth System
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Local Pollution = Megacities = Impacts
= IGAC Megacities Assessment
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Example: CAREBEIJING-2008 i
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High pollution levels - reduced during Olympics (Aug. 08) %
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Megacity pollution interacts with marine environment
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Aerosols, Clouds, Precipitation and Climate (ACPC) - new joint project
ILEAPS/IGAC/GEWEX
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Long-range transport of pollution - impacts downwind surface air quality

Local North American Example:
Source regions
North Pacific affecting O3
// Asian concentrations at
0.0 Trinidad Head
e (GEOSCHEM model),

: . e . 0 10 2 30 40 30 60 pHepze et al., 2007
0.00 002 004 006 008> [ppbv/grid square] Day

Ozone trend in the Western US Background O3

trends - increasing at
some locations (e.q.
western US) -
implications for air
quality control
legislation.........

70

60

50 -

40

T BUT, not well
R = Yellowstone Rocky Mtn quantiﬁed - Task

30 - . ~ Lassen « Centenial

g + Gothic Force on

+ Pinedale
© Craters Moon o Canyonlands Hemispheric
Transport of Air

& S ® Pollutants (HTAP)

Jaffe &
Ray, 2008

@
2.

)

A Y 0,

%




Atmospheric composition trends (troposphere) are along way from

being understood and models from reproducing them
a
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Emissions - many uncertainties still.......
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Uncertainties in O, radiative forcing

e Results from IPCC AR4 models;- GHEE PIUS stiatw@BNEalEs, etialm200p
e Strat. vs trop. model differences (1650 t6,2000)
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Key Issue: better estimates for impacts' of short-lived

pollutants on climate - Arctic
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Arctic: Models have problems reproducing seasonal

cycles (aerosols & trace gases
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POLARCAT Field Campalgns 2008
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POLARCAT-spring: pollution over northern Sweden/Arctic Ocean

ATR-42 Flight: 11 April 2008

Adam de Villiers et al., 2009
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POLARCAT-spring: Transport of pollution to Arctic
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POLARCAT-summer: Siberian boreal fire plumes (YAK)
+ Asian pollution transported across Arctic
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Aircraft data composites from many airborne campaigns
- mixed extra-tropical tropopause region

CO concentrations (ppbv) - all seasons
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Full circle: strong coupling between troposphere

& stratosphere
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Asian pollution - convective uplift & transport to @

Africa via Asian monsoon anticyclone (AMA) in
mid/upper TTL during summer monsoon 2006
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AMMA-SCOUT MSS Geophysica Airborne Campaign
August 2006 - summer monsoon
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1. Transport of trace gases and aerosols into the upper
troposphere & stratosphere (ozone depletion)

L

~~ 2. Chemical composition in tropical tropopause layer (12-20km)
| - important for radiative forcing (H20, O3, €CO2) & climate
change

Cairo et al., 2009, Real et al., 2009, Borrmann et al., 2009, Schiller et al., 2009,
Homan et al., 2009, Law et al., 2009, Fierli et al., 2009a, Fierli et al., 2009b
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a1 TTL air mass origins (AMMA-SCOUT) @
2= Mb55-Geophysica campaign - August 2006
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Strong links between regions especially related to
lab. studies, modelling and observations
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Atmospheric Chemistry in the Earth’s System

Move towards cross-
programme coordination:

- Fundamental science (lab, [ 3*“‘
models, observations) U emetiy

 Monitoring and prediction 5=
of atmospheric 850
composition change (for
mitigation & adaptation)
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Atmospheric Chemistry in the Earth’s System

Move towards ...

« Coordinated research
programmes addressing
societal needs (climate,
air quality, food, water,
etc.)

» Cross-cutting across
boundaries (strat-trop,
chem-bio-dynamics)

= “One Atmosphere”
approach
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