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/ Introduction N Conclusions N\

*Aerosols are in the main role in several solar radiation
management (SRM) proposals such as:

«Stratospheric sulfate injections

*Marine cloud whitening with sea spray
*There are several significant risks involved with SRM
*Qur studies have concentrated on the effects on the Earth’s
radiative balance
*\We used global aerosol-climate model ECHAMS-HAM [1]

*Aerosol emissions, microphysics and removal processes
Interaction of aerosols and clouds

Controlled aerosol emissions have potential to significantly cool
the climate

‘Uncertainties in modeling the effects of SRM are large

*SRM cannot substitute urgent emission reductions

Sea spray Injections Stratospheric sulfate injections with
commercial aircraft

_» Commercial aircraft could
be used to deliever sulfate
Into stratosphere by
iIncreasing fuel sulfur content
and the flight altitude of
iInter-continental flights

* The sulfur content of the
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* Injecting sea salt particles
Into marine clouds cools the
climate in two ways:

1. Affect microphisical
properties of clouds and
make the clouds, on
average, brighter (aerosol

indirect effect) et I
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Figure 1. Change in the top-of-the- (aerO.SOI direct effect) Figure 2. . Global mean of all-sky aerosol about 50 times the current
atmosphere net total radiation due to sea salt Especially the aerosol forcing at the surface when intercontinental level to have a significant
Injections over all ocean area. [2] indirect effect is sensitive to flight routes are in the lower stratosphere and ~ cooling effect
several factors such as the sulfur content of the fuel is 50 timesthe ~ * The cooling effect would be
*Injected particle size current level. [3] confined to the Northern
*Updraft velocities in clouds Hemisphere
Manipulating shipping emissions Volcanic eruption and geoengineering
2010 ST e Vs o « Combination of stratospheric
/ \ *Aerosol emissions from % O sulfate injections and volcanic
— >, shipping both cool the climate = eruption creates a strong cooling
and cause adverse health effects 2, oulse
2020 e l-_lnt_erna_tlonally agreed emission 2 *The life-time of stratospheric
IMItS Wlll_reduce both effects % -4/ — SRM sulfate is shorter in the combined
S .We_StUdled whether pres.ent_day %s :\S/Z?Eand VoIcE case Compared to elther Only
ch TS C(.)O“n.g effect can b e retained =<5 10 20 30 .0 SRM or volcanic eruption
o1 | oros | with simultaneous improvements Month
oEO O R in air quality if shipping emission
ey ‘\ are decreased only In the coastal Figure 4. Global mean of all-sky aerosol
¢ zones and increased elsewhere forcing at the surface when only sulfate
FoeTSllr o] Fodr st content | (Fig. 3) [4] injecti(_)ns are gpplied (SRM), when a large
volcanic eruption takes place (VolcE), and
Figure 3. Schematic representation of the combination of both (SRM and VoIcE). [5]

main shipping emission scenarios.
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