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Primary Secondary
Emission Formation

SO, =2  H,SO,

one compound

voc = OOA
“Volatile Organic “Oxygenated
Compounds” Organic Aerosol”

10,000’s compounds
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A large source of low-volatility secondary
organic aerosol

Mikael Ehn'?, Joel A. Thornton™”, Einhard Kleist®, Mikko Sipili?, Heikki Junninen?, Tida Pullinen', Monika Springer’,
Florian Rubach’, Ralf Tillmann', Ben Lee’, Felipe Lopez -Hilfiker®, Stefanie Andres', Ismail-Hakki Acir', Matti Rissanen?,
Tuija Jokinen™”, Siegfried Schobesberger?, Juha Kangasluoma?, Jenni Kontkanen?, Tuomo Nieminen®®, Theo Kurtén’,
Lasse B. Nielsen®, Solvejg Jorgensen®, Henrik G. Kjaergaard®, Manjula Canagaratna®, Miikka Dal Maso'?, Torsten Berndt”,
Tuukka Petiji’, Andreas Wahner', Veli-Matti Kerminen?, Markku Kulmala®, Douglas R. Worsnop®?, Jirgen Wildt*

& Thomas F. Mentel'
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Nucleation Growth CCN
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Gas-phase Particle Climate
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Carbon mass loading (pg/m3)
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Instrumentation developed via DoE SBIR program

Q-AMS, ToF-AMS, ACSM, SP-AMS, ToF-CIMS, FIGAERO
SV-TAG, TOC, VAPS, CAPS

MILAGRO, CARES, BBOP, GO-Amazon, BBOP, BAECC
also CalNex, BEACHON, SOAS and many more

Aerodyne Research
Boston College
University of Colorado
UC Berkeley

Aerosol Dynamics
University of Helsinki
University of Washington
Washington University
Caltech

MIT

Droplet Measurement Technology



Hyytiala NOj3- ToF-CIMS
PMF Mass Spectral Factors
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Global ‘trace gas’ concentrations

H20 10,000 ppm

CO2 400 ppm

CH4 2 ppm

03 50 ppb Equ!valent
Climate

Aerosol 1 ppb }

oVOC(’s 1-100ppt

ELVOC 1 ppt

H2S04 0.1 ppt

OH 0.1 ppt

Aerosol Life Cycle required to predict aerosols (clouds) in
Current, Past and Future Atmosphere
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Quantifying climate change —
too rosy a picture?

STEPHEN E. SCHWARTZ', ROBERT J. CHARLSON? AND HENNING RODHE?
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As it stands, the narrow range
of modelled temperatures gives
a false sense of the certainty
that has been achieved.



<ppt 2> ppt > ppb(ppm)
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ARTICLE

doi:10.1038 /naturel 2674

Large contribution of natural aerosols to
uncertainty in indirect forcing

K. S. Carslaw’, L. A. Lee', C. L. Reddington’, K. J. Pringle’, A. Rap', P. M. Forster', G. W. Mann", D. V. Spracklen’,
M. T. Woodhouse't, L. A. Regayre' & J. R. Pierce’

The effect of anthropogenic aerosols on cloud droplet concentrations and radiative properties is the source of one of the
largest uncertainties in the radiative forcing of climate over the industrial period. This uncertainty affects our ability to
estimate how sensitive the climate is to greenhouse gas emissions. Here we perform a sensitivity analvsis on a global
model to quantify the uncertainty in cloud radiative forcing over the industrial period caused by uncertainties in aerosol
emissions and processes. Our results show that 45 per cent of the variance of aerosol forcing since about 1750 arises from
uncertainties in natural emissions of volcanic sulphur dioxide, marine dimethvlsulphide, biogenic volatile organic carbon,
biomass burning and sea spray. Only 34 per cent of the variance is associated with anthropogenic emissions. The results
point to the importance of understanding pristine pre-industrial-like environments, with natural aerosols only, and
suggest that improved measurements and evaluation of sinmlated aerosols in polluted present-dav conditions will not
necessarily result in commensurate reductions in the uncertainty of forcing estimates.

7 NOVEMBER 2013 | VOL 503 | NATURE | 67



The southeast is transitioning to low NO, oxidant
consuming chemistry; southeast Asia is going the

other way
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arbitrary values
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