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Aviation and the global atmosphere 
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Aviation emissions 
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Lee et al., Atmos. Env., 2009 
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Growth rates in aviation 



  Potentially large contribution from induced cirrus cloudiness. 
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Climate impact from aviation           
Aviation Radiative Forcing Components in 2005 

Lee et al., Atmos. Env., 2009 
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cooling warming 
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Is there an effect of the aircraft type on contrail properties? 
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Optical depth 

A319         A380 

Jeßberger, Voigt, et al., ACP, 2013 

 A380 emits more H2O and soot per flight-km than A319 -> Larger contrail extinction 
 Deeper descent of the vortices, larger vertical extension -> Larger contrail optical depth 
 Averaged per passenger-km, a larger aircraft  has a smaller climate impact 
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HALO – in service 
Aircraft mission on aviation effects on climate                             



Voigt et al., BAMS, 2017 



Voigt et al., BAMS, 2017 



Particle size distribution in contrail cirrus 
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 Even after 5 h contail cirrus still differ from natural cirrus 
 Effects on climate ? Higher n -> higher extinction & τ 

age 1-2 h  

1 10 100 1000
10-5

10-4

10-3

10-2

10-1

100

101

102

 Cirrus
 Aged contrail

dn
/d

lo
gD

p 
[c

m
-3

]

D [µm] Voigt et al., BAMS, 2017 

age > 5 h  
  

DLR.de  •  Folie 14 > DPG > Voigt > 28 / 3 / 2017 



> DPG > Voigt > 28 / 3 / 2017 DLR.de  •  Folie 15 

Radiative forcing from contrail cirrus 

Burkhardt and Kärcher, Nature Clim. Change, 2011 



Aviation Radiative Forcing Components in 2005/2011 

Lee et al., Atmos. Env., 2009 

cooling warming 

Voigt et al., GRL, 2011 
Burkhardt & Kärcher, Nature Clim 
Change, 2011 
Schumann & Graf, JGR, 2012 

 Contrail cirrus constitute the largest component of aviation climate impact. 
 Contrail lifetime of few hours allows fast mitigation of their climate effects. 

IPCC 2013: “Based on these studies we assess the combined contrail and contrail-induced cirrus effective 
radiative forcing for the year 2011 to be +0.05 (+0.02 to +0.15) W m–2.” 
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CO2 footprint from different fuels 

  lower CO2 footprint 
 and different soot properties 
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ACCESS  
Alternative-Fuel Effects on Contrails & Cruise Emissions 
Biofuel: 50% HEFA Hydroprocessed Ester and Fatty Acids from Camelina plant 



ACCESS  
Alternative-Fuel Effects on Contrails & Cruise Emissions  
Biofuel: 50% HEFA Hydroprocessed Ester and Fatty Acids from Camelina plant 
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ACCESS  
Alternative-Fuel Effects on Contrails & Cruise Emissions 
 
CFM65 engine 
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Moore, Thornhill, Voigt et al., 
Nature 2017 



Reduction in particle number densities by 50% HEFA blend 
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Moore, Thornhill, Voigt et al., 
Nature 2017 
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Reduction in particle number and size by 50% HEFA blend 

Moore, Thornhill, Voigt et al., 
Nature 2017 



 

Emission index of soot – Emission index of contrail ice 

? 

Kärcher et al., 2015 

  Is there a reduction in AEIice for reduced soot EIs when using bio fuels? 
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• Campaign with Falcon chasing A320 and engine tests (V2575) 
• 5 flights in contrail conditions 
• Near and far field contrail probing 

 

Fotos Voigt, Woudsma @ DLR 
 

ECLIF Emission and Climate Impact of alternative Fuels  
Synthetic Fuels with 8 to 19 % aromatic content 
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 Biofueld and synthetic fuels with low aromatic content have the potential to 
reduce soot emissions and contrail lifetime – smaller climate impact 



 

Thank you! 
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