
Aviation non-CO2 effects and climate mitigation options

Volker Grewe 

DLR-Institute for Atmospheric Physics

TU Delft, Chair for Climate Effects of Aviation

ECATS WG-Lead 

> Airneth Workshop 10/12/2019 >  V. Grewe •  Climate impact of aviation and mitigation optionsDLR.de  •  Chart 1



Climate impact of non-CO2-Effects

Aviation emission and climate impact

Ozone increase due 
to aviation NOx

emissions Contralis
and
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Søvde et al. (2014)
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contrbution
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increase: 

2.5% 
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Overview: Climate impact of aviation
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How important are the aviation non-CO2-effects?

Aviation contribution 2018
~0.05 K out of 1.0 K
 5%

Radiation change Temperature change

WarmingCooling
More than 50% of the aviation‘s
climate impact results from non-
CO2 effects

2018

Grewe et al. (2017)
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Time scales: Emission – RF – dT (Thought experiment)

Grewe and Stenke, 2008

Entry into service

End of usage
= Max. Emission/Concentration/RF

Max. Climate
Change

Fast  reduction potential for
non-CO2 effects
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- Technology Measures
- New aircraft designs
- Cruise altitude changes
- Fuel efficiency
- Emission reduction
- Alternative fuels 

- Operational Measures:
- Avoidance of climate sensitive regions
- Closure of airspace 
- Intermediate Stop Operations (ISO)
- Formation filght

- Economical Measures
- Market-Based Measures
- Carbon off-setting

Grewe et al. 2017

Climate mitigation options for aviation

Grewe et al. 2017

Burkhardt et al. 2018

Grewe et al. 2014

Grewe et al. 2017

Grewe et al. 2017
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DLR-Project CATS: Climate Compatible Air Transport System 
Focus on a long-range aircraft

=AirClim
Koch et al., 2011
Dahlmann et al. 2016

> Airneth Workshop 10/12/2019 >  V. Grewe •  Climate impact of aviation and mitigation optionsDLR.de  •  Chart 8



• Variation of initial cruise altitude and speed

• Optimal relation between costs and climate

• Definition of new design point

• Optimisation of the new aircraft for this new design point 

CATS-optimisation approach

Koch, 2013
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A330: Potential of a climate change reduction: CATS-results
Variation in speed an cruise altitude

30%  Reduction in climate change
with 5% increase in costs

64% Reduction in climate change
with 32% increase in costs
(w/o adaption of aircraft)

(Dahlmann, 2012) (Koch et al., 2011; Dahlmann et al, 2016)
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Cumulative potential for all routes operated by redesigned A/C

CATS Final results

Max Mach  0.775 / Max Altitude 10500m

Koch (2012)

Redesigned A/C considerably improves 

climate impact mitigation potential and cost penalty
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A B

What happens if an aircraft emits 
NOx at location A compared to location B?

Weather type #3
"Weak and

tilted jet"

Different weather situations: 
Evolution of aircraft NOx
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EMAC-Symposium 14.-16. Februar 2012

Evolution of O3 [ppt] following a NOx pulse

A: 250hPa, 40°N, 60°W, 12 UTC B: 250hPa, 40°N, 30°W, 12 UTC
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Change in NOx and 
Ozone mass
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Avoiding climate sensitive regions: The approach

Traffic scenario:
Roughly 800 North Atlantic Flights

Respresentative weather situations
Climatology based on Irvine et al. (2013)

Traffic optimisation:
With respet to costs and climate

Climate-Change Functions
Contrails, O3, CH4, H2O, CO2
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Climatology based on 8 representative weather pattern

Grewe et al. (2017)

• Very flat Pareto-Front 
 Large benefits at low costs

• Market based measures would 
enable climate optimised routing, if 
non-CO2 effects were taken into 
account
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Avoiding Climate-Sensitive Regions
Approach 
• Reducing the climate impact of 

800 trans-Atlantic daily flights.
• Climate impact from CO2, 

H2O, contrail-cirrus, NOx (O3, 
CH4, PMO) by utilising climate-
change functions

• 8 climatological weather 
situations considered

Results
• Very flat Pareto-Front  Large benefits at low costs
• Win-Win situations exist, where a reduction in both, climate impact and fuel use, 

can be achieved due to inefficiencies in ATM. Grewe et al. (2017), Matthes et al. (2017)

Theoretical Minimum

Real World*

*6-8% ATM inefficiency (Boeing & CANSO 2012)
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Why are non-CO2-effects important to be considered in
regulations?

• Large CO2 emission
reduction

• Large increase in Non-
CO2 effectsCORSIA

Future with
current
technology

Small change in temperature
because of
• CO2 accumulation
• Large increase in Non-

CO2 effects

Reducing Non-CO2 effects offer a possibility to
reduce aviation‘s climate impact
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Only small 
differences in 
routing visible

Climate impact 
reduction
Red – low
Green – large

North-Atlantic Flight routed

Effective reduction of 
the climate impact with 
little routing changes 

possible.

Fuel optimal flights

Climate optimal 
flights



Summary

• Enhanced knowledge on the processes related to aviation emissions.

• More than 50% of the climate impact from aviation due to non-CO2 effects.

• Aerosol impacts on clouds are uncertain

• Uncertainties remain, but may be better understood and can be employed 
to obtain robust solutions

• More mitigation studies, which include non-CO2 effects.

• Climate-sensitive areas could substantially reduce the climate impact of aviation 
at low cost increase. 

• CO2 versus non-CO2 trade-offs have to be solved

• Non-CO2 effects play an important role and are not part of CORSIA, but 
may be included via equivalent CO2 emissions or other means

• Combination of several options necessary: Alt. fuels + Tech + Operations
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