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Climate impact of air traffic
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Global Aviation Effective Radiative Forcing (ERF) Terms

(1940 to 2018)
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Global Aviation Effective Radiative Forcing (ERF) Terms
(1940 to 2018)

Contrail cirrus
in high-humidity regions
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Metrics for assessing global climate impact

- So far: Climate impact has been predominantly quantified, and the individual
components ranked, on the basis of Radiative Forcings

- Requirement: Climate sensitivities (A) of the different forcers have to be
approximately the same size

= A*RF

AT,

urface
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Metrics for assessing global climate impact

- So far: Climate impact has been predominantly quantified, and the individual
components ranked, on the basis of Radiative Forcings

- Requirement: Climate sensitivities (A) of the different forcers have to be
approximately the same size

AT, e = A* RF

urface

- But: Deviations have already been confirmed for linear contrails (Ponater et
al., 2005) and various other forcers (Richardson et al., 2019)

- Magnitude of deviation is expressed by climate efficacy (r):

Contrail cirrus

A
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Model setup

« EMAC / MESSy climate model, resolution 2.8° (horizontally), ~600m (vertically)
» Contrall cirrus parameterization of Bock and Burkhardt (2016)

|.) , TwWo-moment cloud scheme” (Ice water content and ice crystal number conc.)
« AEDT 2050 air traffic dataset 12x scaled (air traffic density and water vapor emissions)

AT

)\ surface
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Model setup

« EMAC / MESSy climate model, resolution 2.8° (horizontally), ~600m (vertically)
» Contrall cirrus parameterization of Bock and Burkhardt (2016)

|.) , TwWo-moment cloud scheme” (Ice water content and ice crystal number conc.)
« AEDT 2050 air traffic dataset 12x scaled (air traffic density and water vapor emissions)

FSST simulations:

 sea surface temperatures fixed by
climatology (FSST)

* Radiative forcings (RF;.s, RF,q;,
ERF)
» Rapid radiative adjustments

surface
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Model setup

« EMAC / MESSy climate model, resolution 2.8° (horizontally), ~600m (vertically)
» Contrall cirrus parameterization of Bock and Burkhardt (2016)

|.) , TwWo-moment cloud scheme” (Ice water content and ice crystal number conc.)
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Model setup

« EMAC / MESSy climate model, resolution 2.8° (horizontally), ~600m (vertically)
» Contrall cirrus parameterization of Bock and Burkhardt (2016)

|.) , TwWo-moment cloud scheme” (Ice water content and ice crystal number conc.)
« AEDT 2050 air traffic dataset 12x scaled (air traffic density and water vapor emissions)

FSST simulations: MLO simulations:
 sea surface temperatures fixed by » Coupled mixed layer ocean (MLO)
climatology (FSST)
* Radiative forcings (RFjn, RF,q;, - surface temperature change
ERF)
* Rapid radiative adjustments . Slow feedbacks
A = ATsurface
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Surface temperature change
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Surface temperature change
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Surface temperature change
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Climate sensitivity and climate efficacy (ERF framework)

Contrail cirrus +56 ppm CO,
ERF: 568 mWm? ERF: 1034 mWm™
AT, tacet +0.2 K AT, tace +0.9 K
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Climate sensitivity and climate efficacy (ERF framework)

Contrail cirrus

ERF: 568 mWm~?
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Climate sensitivity:
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Climate sensitivity
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Climate sensitivity and climate efficacy (ERF framework)

Contrail cirrus +56 ppm CO,
ERF: 568 mWm? ERF: 1034 mWm2
AT, ... +0.2 K AT, ot +0.9 K
Climate sensitivity: A = Bl surface
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Climate impact of contrail cirrus
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Climate impact of contrail cirrus contrail cirrus
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ERF Lee et al. (2021)
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Climate impact of contrail cirrus contrail cirrus
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Climate impact of contrail cirrus contrail cirrus
mm COp
150 -
ERF ‘TT
(MW m™) £
= 100 - —_—
S
57.4 (17, 98) o

34.3 (28, 40)

1202 ‘e 19 997

ERF Lee et al. (2021)

Contrail cirrus:

ERF .. * 0.33 KW-'m? = +0.019 K 0.04 -
CO,: Z 0.031 T
ERF, .. * 0.89 KW'm? = +0.031 K

Lee

ERF may be an inappropriate
metric for contrail cirrus to assess

the impact on surface temperature

. (2021) . )\tgi;Fwork




DLR.de -« 21 4th ECATS Conference « Climate Impact of Contrail Cirrus, Marius Bickel * 25.10.2023

Feedback analysis to identify the physical origin of the
reduced climate efficacy

[ ATR-12

2.0/ |m CO2-12| .-
o
¥ 1.0}
i
s
= 0.0——==1 rmim —
w L
.
£
rU _1 0 ............
—
©
Q
S
Q-2.0
o
o
o
w -3.0

-4-0 ......

Aerosol Albedo Natural H,O Lapse Planck Strat. Sum

Clouds Rate Temp.




DLR.de « 22 4th ECATS Conference « Climate Impact of Contrail Cirrus, Marius Bickel * 25.10.2023

Feedback analysis to identify the physical origin of the
reduced climate efficacy
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Summary

» The climate sensitivity of contrail cirrus is significantly smaller than that of a
CO, perturbation with similarly sized radiative forcing

» Climate efficacy of contrail cirrus is strongly reduced (0.38) in the ERF
framework and is even smaller (0.21) in the conventional RF framework

» Determination of the physical origins using feedback analysis reveals different
response of the cloud and lapse-rate slow feedbacks between contrail cirrus
and CO,

 Effective radiative forcing (ERF) of contrail cirrus might be an inappropriate
metric for assessing or comparing the impact on global mean surface
temperature
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Surface temperature change
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Rapid radiative adjustments
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