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Explainer: Aerosols

Any liquid, solid or
mixed particle
suspended in the air is
an aerosol
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Explainer: radiative forcing

“... the change in net (down minus up) irradiance (SW plus LW; in Wm2)
at the tropopause...”

OR

How much does the Earth System’s energy budget change due to
anthropogenic influence’

cooling warming
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Aerosol radiative forcing

Aerosol radiative forcing mainly in the SW part of the spectrum
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Change in SW planetary albedo

Albedo: = -
the fraction of incident solar FSN - DFSN
radiation scattered back to space a— ® Y Da — ®
Global meanca. 0.3 SW SW

make the Earth appear brighter

increase in albedo -> more reflected -> cooling
Anthropogenic
analogously
aerosols can
make the Earth appear darker

decrease in albedo -> less reflected -> warming

through so-called direct and indirect aerosol effects




Direct aerosol effect
Change In albedo through direct aerosrddiation
Interaction (scattering and absorption)
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Albedo enhancement vs. albedo reduction

A Namibian biomass burning aerosol advected over the tropical Atlantic Ocean



Indirect aerosol effect
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Prime example: “ship-tracks
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Cloud-a | b e d wonmaey-e fif e ¢ Cloud-lifetime effects

Y more and smaller droplets Y o(precipitation formation) ?
Y increased cloud brightness Y o(cloud lifetime) ?
Y cooling effect Y o(cloud top height) ?



Explainer: Aerosols in atmospheric models

Evidently a small scale process with global impacts, parameterisation is
essential

Models have to account for:

A Emission
A diagnostic, e.g. sea salt or desert dust
A prescribed, e.g. fossil fuels, volcanoes, biomass burning
A particle nucleation

A Atmospheric processing
A physical and chemical ageing (condensation, coagulation)
A in-cloud processing

A Atmospheric transport

A Interaction with radiation and link to (interactive) cloud microphysics

A Deposition due to dry sedimentation or wash-out by precipitation



Explainer: Aerosols in atmospheric models

Model representations of aerosol processes range
from using simple climatologiego interactive

schemesof varying complexity

For interactive schemes, computational overhead
may become extreme, e.g. increase in CPU-time by
factor of 3-5



Direct aerosol effect: global modelling estimate

(a) Model mean forcing [Wm 2]
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A inter-model spread mainly due
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Myhre et al. (2013)



Indirect aerosol effect: global modelling estimate

Relationship # of cloud droplets vs. amount of aerosol
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A Global effort, incorporating 10 global models and 2 (3) satellite datasets (AEROCOM 1)
A Models represent increase in # of cloud droplets reasonably well

A Models severely overestimate any secondary effects, e.g. “lifetime effects”

Forcing mean—0.7 = 0.5Wm ™2 Quaas et al. (2009)



Aerosols in CMIP5

CMI P5 provi de s™assegsment repast (ARS),RFodEpPuls. Sep. 201
A CMIP3 provided input for AR4

A ARS5: specified time dependent concentrations/emissions of sulphate,
ammonium nitrate, black carbon, organic carbon, secondary organic aeros
dust and sea salt

A Improvement to AR4 where only sulfate description was mandatory

However:

A not every model features an aerosol scheme, i.e. about 60% of
submitted modelstreat aerosol in some way or another



Aerosols in CMIP5

Emission scenarios faadiatively active species ICMIP5

pre-industrial to present day (1850-2000) (Lamarque et al., 2010)
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Summary

A Aerosols influence climate by modifying the amount of (mainly) solar
energy available to the Earth System

A modification of albedo
A cooling effect on global averagéocal heating possible

Specifically, this is due to

A direct aerosol effectsi.e. through interaction with incident solar
shortwave radiation (or solar and terrestrial LW)

A indirect aerosol effectsi.e. through modification of cloud
properties

Aerosol processes in global models are heavily parameterised

A models struggleo reproduce aerosol effects which are consistent
with observations

A especially indirect effectsprone to large uncertainties
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Aerosol radiative forcing

One distinguishes direct- and indirect aerosol effects:

Indirect
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Aerosol first modifies cloud properties which

Aerosol directly changes albedo
lead to changed albedo



Direct aerosol effect

Change in albedo due to scattering and/or

absorption of incident radiation. Single scattering albedo

ratio of scattering to scattering +

absorption K
Different aerosol species have different @ Wo, =——"—

: . . +
scattering and absorption properties. KS/ Ka/
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Scattering aerosols usually exert a negative RF
(albedo increase- -> cooling, e.g. sulfate
aerosol)
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Partially absorbing aerosols exert negative OR
positive RF depending on the albedo of the
underlying surface (e.g. biomass burning
aerosol)
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