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What we are talking about
The largest (present day) non-CO, effects
The science requirements for mitigation



What we are talking about: ‘radiative forcing’ — the metric of
climate change in watts per square metre (W m-2)
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Global Aviation Effective Radiative Forcing (ERF) Terms

ERF RF ERF | conf.
(1940 to 2018) mWm? | (mwm? RF |levels
T T T 1 T T T 1T T T 1 : T T
Contrail cirrus |
InhighthUmIdRty Feglons | 57.4 (17,98) |111.4 (33,189) | 0.42 | Low
| |
Carbon dioxide (CO,) | | .
emissions | | 34.3 (28,40) | 34.3 (31,38) 1.0 | High
Nitrogen oxide (NO,) emissions I I
Short-term ozone increase : : 49.3 (32,76) | 36.0(23,56) | 1.37 | Med.
Long-term ozone decrease I I -10.6 (-20,-7.4)| -9.0 (-17,-6.3) | 1.18 | Low
I I
Methane decrease I | -21.2 (-40, -15) | -17.9 (-34,-13) | 1.18 | Med.
I I
Stratospheric water vapor decrease I I -3.2(-6.0,-2.2) | -2.7 (-5.0,-1.9) | 1.18 | Low
I I
T T
Net for NOy emissions %{ : : 17.5(0.6,29) | 8.2(-4.8,16) | —- | Low
I I
L - I I
Water vapor emissions in | | 1
the stratosphere Ei | | 2.0(0.8,3.2) | 2.0(0.8,32) | [1] | Med.
Aerosol-radiation interactions | |
-from soot emissions I ! 0.94 (0.1,4.0) | 0.94 (0.1,4.0) | [1] Low
: ll Best estimates
-from sulfur emissions : [+ 5 - 95% confidence 7.4 (19,-2.6) | 7.4 (-19,-2.6) | [1] | Low
|
Aerosol-cloud interactions :
-from sulfur emissions | No best No best - | Very
-from soot emissions : estimates estimates —- | low
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66.6 (21, 111)

100.9 (55, 145)

114.8 (35, 194)

149.1 (70, 229)
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Global Aviation Effective Radiative Forcing (ERF) Terms
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(1940 to 2018)
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Water vapour and aerosols

Effects on high and low clouds
(very poorly understood, no estimate)
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Non-CO:2 uncertainties are large: CO2 uncertainties are small
Global aviation ERF in 2018
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Source: Lee et al. (2021) Atmospheric Environment




‘Tradeoffs’ req

ientific development and

Contrails: we cannot currently reliably avoid them and
there is the potential for perverse outcomes (extra CO,)

We do not fully understand the non-CO, effects of SAF

The effects on high-level clouds could be a large negative forcing (very low confidence) and like contrails,
are associated with soot emissions

The effects of NO, can switch from positive ERF to negative ERF,
depending on other surface emissions (high dependency)

Better understanding of the science behind aviation’s non-CO, effects is the critical bottleneck
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