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Well established relation between NOx-ozone-methane (typical situation)
(e.g. Fuglestvedt et al 1999)

Different timescales for NOx, ozone, and methane
Grewe et al. (2017)
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Overview on aviation NOx “News”

• Well Established Chemical-Physical Processes:
• Tropospheric chemistry:NOx-O3-OH-CH4

• Feedback: Primary Mode Ozone PMO 
• Feedback: Stratospheric Water Vapour (SWV)

• Revised Methane Radiative Forcing Estimate
• Inclusion of short-wave radiation effects (Etminan et al 2016)

• Methodological Flaws (Grewe et al. 2019)
• Steady-State assumption in the methane calculation
• Ozone-Contribution calculation
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Implicite steady-state assumption for methane
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Transient  development of methane considering a relative 
change in the methane lifetime: δ
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background methane
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Lifetime of aviation
methane changes

42%2005
2018

This effect has been
picked up by Lee et al. 
2020; they found 21% 
difference for 2018.



Ozone Contribution Calculation
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Radiative Forcing

Combinatorical
decomposition of

force terms

Relative sensitivty
of force terms Grewe (2013)

Grewe et al. (2010)

Identical
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Ozone Contribution Calculation – References and Results
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Clappier et al (2017)

Grewe et al (2010)

Perturbation approach underestimates contribution by a factor of
• 2-4  for biomass burning (Emmons et al. 2016) 
• ~2 for surface traffic (Mertens et al. 2018)
• ~1.8 for aviation (Dahlmann et al. 2011)
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Thunis et al (2019)



Intercomparison with Lee et al. (2020)
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Lee et al. 2020
Aviation: 3.5% 

Lee et al. 2020 + O3 source attribution
Aviation: 4.5% 

Contribution of
aviation to

climate change:

Year 
2005

Year 
2018

Grewe et al. (2019)
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Summary of the climate impact of aviation NOx emissions Year 2005

Radiative forcing of 

Aviation NOx emission in 

2005 in mW/m2

Lee et al. 

2009

Additional 

processes

(PMO, SWV)

Revised 

methane RF 

formula

correction  in methods

#1 Methane lifetime

(GS, 2008; Myhre et 

al, 2011)

#2 Ozone contribution 

method 

(Dahlmann et al 2011)

Ozone 26.3 26.3 26.3 26.3 41.2

Methane -12.5 -12.5 -15.4 -10.0 -10.0

PMO -5.0 -5.0 -3.3 -3.3

SWV -1.9 -1.9 -1.2 -1.2

Total  NOx-RF 13.8 6.9 4.0 11.8 26.7

Grewe, Matthes, Dahlmann, 2019
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