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. . Climate Forcings from Global Aviation Emissions and Cloudiness
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Aerosol-radiation interactions

* Soot ERF-ARI: 0.94 (0.1,4.0) mWm~2 for 0.0093 Tg soot emitted.

 Sulfate ERF-ARI: =7.4 (=19, -2.6) mWm~2 for 0.37 Tg SO, emitted.

Global Aviation Effective Radiative Forcing (ERF) Terms
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Aerosol-radiation interactions

Scattering aerosols
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[Boucher et al. 2013]
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reaches the surface, which leads to a localised cooling.

Absorbing aerosols
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The atmospheric circulation and mixing processes spread
the cooling regionally and in the vertical.
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Warming

Aerosols absorb solar radiation. This heats the aerosol
layer but the surface, which receives less solar radiation,
can cool locally.

At the larger scale there is a net warming of the surface and
atmosphere because the atmospheric circulation and
mixing processes redistribute the thermal energy.

(a) Effective radiative forcing, 1750 to 2019
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Currently no best estimate.

Aerosol-cloud interactions

Sulfate ERF-ACI via effects on liquid clouds:
* Likely to have a negative forcing (i.e. cooling).
* Existing estimates: -37 to -76 mW m~(Gettelman and Chen, 2013;
Kapadia et al., 2016).
Soot ERF-ACI via effects on ice clouds:
* Forcing highly uncertain: existing estimates -479 to 288 mW m~2.
(uncertainty in homogeneous and heterogeneous ice nucleation
processes, soot ice nucleation ability).

[http://earthobservatory.nasa.gov]
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[Marquart et al., 2005]
* Compared to kerosene, SAF and Hydrogen combustion

engines will produce fewer pa rticles in the exhaust. Global Aviation Effective Radiative Forcing (ERF) Terms — — T
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Alternative fuels aerosol emissions and contrail properties

Modelling work as part of the UK’s Aerospace Technology Institute

(ATI) Fly Zero pro!ec.t (Rap et.al., 202_1) _ * Larger water vapour emissions of SAF
e Large uncertainties associated with several assumptions and hydrogen combustion engines
will lead to increases in contrail cover,

Kerosene: 0.17% SAF:0.18% Hydrogen: 0.34% . . .
— ~ - — primarily at lower altitudes.
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* Despite the increased contrail cover,
simulations indicate a likely reduction
in contrail cirrus ERF:

* Assuming the ice particle size is
1.4x (SAF) and 3x (hydrogen)
larger than for kerosene, the
simulated contrail cirrus ERF:

* Kerosene: 78 mW m™2
* SAF:63 mW m™
* Hydrogen: 57 mW m

[Rap et al., 2021]
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