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Table 1. Simulated sensitivity experiments. The simulated climate is identical in all experiments except ActNuc_BC24_Online, where
aerosol—climate interactions are switched on.

Short name Nucleation BSOA BCppradii  Additional information
NorESM1-M On* On 11.8nm As in Kirkevag et al. (2013)
NoNuc_BC12 Off On 11.8nm

NoNuc_BC24 Off On 23.6 nm

ActNuc_BC12 Eq. (1) On 11.8nm

ActNuc_BC24 Eq. (1) On 23.6 nm

OrgNuc_BC12 Eq. (4) On 11.8nm

ActNuc_BC12_NoSOA  Eq. (1) Off 11.8nm

ActNuc_BC24_NoSOA  Eq. (1) Off 23.6 nm

ActNuc_BC24_Online  Eq. (1) On 23.6 nm Aerosols affect model meteorology
ActNuc_BC24_ Nucl0 Eq. (1) On 23.6 nm S04 nucleation-mode diameter set to 10 nm

*Original NorESM1-M assumed that after condensation, all excess sulfuric acid nucleates as new particles.
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Fig. 2. Surface-level aerosol number concentration differ-
ence fields (%) from sensitivity simulations, due to (a) nu-
cleation (ActNuc_BCI12-NoNuc_BCI12), (b) SOA formation
(ActNuc_BCI12-ActNuc_BC12_NoSOA), (c¢) BC emission size
(ActNuc_BC12-ActNuc_BC24) and (d) nucleation parameteriza-
tion (ActNuc_BC12-OrgNuc_BC12). Differences are calculated
against ActNuc_BC12 simulation (Fig. 1).
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Aerosol-Climate Feedbacks In
Earth System Simulations

 CRAICC WP8: synthesis

« BACCHUS task 4.4: Biosphere-atmosphere-
cloud-climate interactions and feedbacks

« CSC Grand Challenge ACFESS: 6 million CPU
hours



BVOC-aerosol-climate feedback
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The above figure show the response of the model to
doubled CO, concentration, with BVOC feedback switched
off. Global average atmospheric temperatures increase by

~3.9 K, and the change is most pronounced in the
Northern Hemisphere and the Arctic.
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Increase of monoterpene emission in warmer climate
(FB_2xCO, - CTRL)
The Increase In temperature and CO, lead to an increase
In biogenic VOC emissions. Monoterpene emissions are
iIncreased globally by ~20%.
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The increase in VOC emission results in increased SOA The signal from increased BVOC emission is modulated
formation, which both increases aerosol mass and by changes in simulated climate. In Hyytiala, for example,
growth of nucleated particles. particle number is increasing in summer due to increased

BVOCs, but decreasing in winter due to increased

Cooling effect of increased BVOC
Increase in aerosol formation, aerosol optical depth and cloud
droplet number concentrations in the 2xCO, climate lead to
increased aerosol forcing. The cooling effect of this additional
forcing can be seen by comparing the equilibrium
temperatures of the experiments (figure on the right).
According to the simulations, BVOC-aerosol-climate feedback Temperature difference
can act to reduce the climate warming. FB 2xCO?2 - NoFB 2xCO2
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Direct aerosol effects
Indirect aerosol effects
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Extremely Low-volatility organic compounds (ELVOCSs)

Gas-phase Particle Climate
emission and oxidation formation and growth effects
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Near-future work

(Aerosol-)climate feedback simulations for CRAICC

uation of Arctic aerosols in CRAICC/PEEX/eSTICC

ement new nucleation mechanisms (e.g. ion-induced)

ementing/improving ELVOC-chemistry in NorESM-

NPF, working towards “missing SOA’”
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