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Natural aerosols and climate

* Fires
— Reassessment of pre-industrial fire emissions affects radiative forcing

* Biogenic secondary organic aerosol
— Most new particle formation involves natural organic compounds
— A new biogenic particle formation mechanism affects radiative forcing

— Biogenic compounds could account for most of the multi-model spread in cloud
condensation nuclei

* Natural ice-nucleating particles

— New capability to simulate natural INP based on laboratory data

— Very low natural concentrations over the Southern Ocean can account for
radiative biases in climate models



Cloud albedo

Natural aerosols and climate

Bl 7 sAccHus ]

cloud albedo
© without...

@ and with...
pure biogenic
nucleation

More natural
aerosols - Reduced
E aerosol radiative
forcing

pre-industrial present-day

Anthropogenic emissions

Carslaw et al. Large contribution of natural
aerosols to uncertainty in indirect forcing,
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* New models of pre-industrial fire emissions

Pre-industrial fires: Emissions

» Tested the effect on aerosol radiative forcing

New models
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Pre-industrial fires: B 7 saccHus I

Effect on changes in industrial-period aerosol

Pre-industrial to present-day % change in CCN

Hamilton et al. Reassessment of pre-industrial fire emissions
strongly affects anthropogenic aerosol forcing, Nature Commes. (2018)



Pre-industrial fires: -ﬁ BACCHUS ]

Effect on aerosol forcing

CMIP6 emissions SIMFIRE-BLAZE emissions LMFire emissions
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A 40-90% effect of fires on aerosol radiative forcing

Hamilton et al. Reassessment of pre-industrial fire Will affect climate sensitivity in ESMs

emissions strongly affects anthropogenic aerosol ] )
forcing, Nature Comms. (2018) Will help development of next-generation ESMs
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Contributions of biogenic emissions to CCN -_Z BAccuus:

Fraction of CCN from biogenic vapours
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Fraction of new particle formation from biogenic vapours
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biogenic emissions on particle
formation and CCN

Future ESMs will need
to account for biogenic
effects on particle
formation and CCN

Gordon et al. Causes and
importance of new particle formation
in the present-day and pre-industrial
atmospheres (JGR, 2018)



Biogenic new particle formation -1_ BACCHUQ

affects aerosol forcing

A new source of aerosol in the

% change in preindustrial CCN clean pre-industrial

Kirkby et al. lon-induced nucleation of pure biogenic particles (2016)
Gordon et al., Reduced anthropogenic aerosol radiative forcing
caused by biogenic new particle formation PNAS (2016)
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Global multi-model CCN analysis

Bacchus evaluation of CCN in 15 aerosol models

Medlan of 15 models Dlver5|tv of 15 models
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Fanourgakis et al., Evaluation of global simulations of aerosol particle number and cloud
condensation nuclei, and implications for cloud droplet formation, in preparation (2018)
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Fanourgakis et al., Evaluation of global simulations of aerosol particle number and cloud
condensation nuclei, and implications for cloud droplet formation, in preparation (2018)



Melpitz Vavihill

Importance of biogenic L F L F
-— o -— o
° p 0 ] p @ ]
compounds for CCN uncertainty &Z_| =
3ge 28°
£E¥ -0
* A large global model sensitivity S 8 S &7
analysis of one model Organic ® jfyamJJASOND T FMAMY JASOND
— (26 parameters, 190 simulations) Water . o
uptake o ungfraujoch 5 Hyytiala
g 5 g s
. . c > 9O c 5 9O
 50-80% of CCN uncertainty in SE, SE,|
- g° $3°
summer is related to the s 3o t 8o
o < o <
1 ©) = = Q~2el
biosphere Biogenie © S8
emissions T EMAMS JASOND
The biosphere strongly controls i ook tme  moein
climate-relevant aerosol even mivoyogl gt il i WA -
1 1 = Cloud_pH ®m Sea Spra = Dry_Dep_S02 O Dust
In pOHUted enVIronments ] Carb_F’l):_Ems - Anth_SpOZy = Ka);)pa_pOC
= Carb_BB_Ems m Volc_SO2 = Rain_Frac




T /BACCHUS I
Natural ice-nucleating particles M -

Surface solar radiation bias

Resulting sea-surface
temperature bias

Bias affects whole Earth system:
= Seaice

= Surface pressure
= Large-scale circulation
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Natural ice-nucleating particle -l BACCHUS I
simulations

New capability
to simulate ice-
nucleating
particles on a
global scale
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Natural ice-nucleating particles: -li BACCHUS ]

Effect on radiative biases Vory Tow mataral N
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Anthropogenic aerosol radiative forcing: -_%1 BACCHUS ]
Results from the Ringberg meeting
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Bacchus outcomes related to  [ll.2. ‘sacchus’ 3
natural aerosols and climate

Bacchus has revealed and quantified very large effects of natural aerosols on aerosol
radiative forcing

* Fire emissions strongly affect anthropogenic radiative forcing
* Biogenic compounds make a major contribution to cloud condensation nuclei
* Biogenic compounds strongly control CCN even in polluted environments

* Very low natural concentrations of ice-nucleating particles over the Southern
Ocean can account for radiative biases in climate models

-> Several clear opportunities for improving other ESMs



Bacchus policy-relevant BBl 7 saccHus :
outcomes

Aerosol concentrations in the pre-industrial era were higher than previously
thought

— Implementation in new ESMs is likely to lead to a smaller anthropogenic aerosol forcing and,
consequently, a smaller climate sensitivity.

e Aerosols in polluted environments are strongly controlled by biosphere emissions
— Policies related to air pollutants should account for pollutant-biosphere interactions
* |ce formation affects radiative biases in climate models

— Correcting these biases in ESMs may affect climate sensitivity

— Treating the processes robustly is complicated. We need to enable more-complex ESMs to be
developed and run in Europe

e Several areas for ESM development have been identified
— Bacchus outcomes provide a clearer path towards more-accurate ESMs



