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Transportation accounts for a quarter of EU greenhouse gas 

emissions1, prompting aviation to seek ways of reducing its 5% 

contribution to current anthropogenic climate impact. Focus to date 

has been on decreasing carbon dioxide (CO2), however. Results 

presented within the IPCC suggest that CO2 is responsible for less 

than half the total aviation climate impact1. Signifi cantly, the climate 

impact and lifetime of non-CO2 effects varies considerably depending 

upon altitude, latitude and local weather conditions. Understanding 

how and where non-CO2 aviation emissions have a large climate 

impact was the subject of InterFAB’s fourth Expert Talk hosted by 

BALTIC FAB on 11 May 2021, along with opportunities to mitigate 

both CO2 and non-CO2 impacts.

Dr Sigrun Matthes from the DLR Institute of Atmospheric Physics 

explained fossil fuel combustion releases a series of exhausts gases 

into the atmosphere which have direct and indirect climate impact. 

Contrails provide visible evidence of non-CO2 impacts, while bi-

products including carbon dioxide (CO2), nitrogen dioxide (NO2), 

sulphur dioxide (SO2), carbon monoxide (CO), water vapour and soot 

particles have the potential to introduce a change in atmospheric 

composition. Altering the radiative balance of the atmosphere has a 

climate forcing impact referred to as Effective Radiative Forcing (ERF) 

which can at times have a warming effect, or on other occasions a 

cooling effect.

Climate change and the role of ATM

Overview: Climate impact of aviation

1Transport accounts for a quarter of EU greenhouse gas emissions, European Green
 https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en 
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A detailed simulation conducted by DLR linked aircraft trajectories 

with eight typical weather patterns in the North Atlantic to assess 

mitigation potentials associated with synoptic weather patterns. 

For example, NOx infl uences atmospheric components such as 

ozone which in turn may have a greenhouse gas effect, while the 

interaction between aerosols and clouds reduces the warming 

impact of ozone. DLR has developed the concept of algorithmic 

climate change functions which can help manage climate impact, 

for example by identifying regions with lower sensitivity to aviation 

emission. A ‘climate sensitivity parameter’ is applied to measure the 

effects of different effects on the radiative balance of the atmosphere 

according to spatial and temporal parameters.

 We are working to develop algorithms which will allow 

us, with a meteorological forecast and an algorithm, to 

produce a forecast of the climate change function for 

the next day, and the next three days. We want to see 

how much we could gain on an individual trajectory ”

 said Dr Sigrun Matthes. 

The development of multi-dimensional multi-criteria optimisation 

algorithms with the ability to forecast climate impact with reference 

to meteorological data and aircraft trajectories forms part of broader 

SESAR research2. The aim is to demonstrate suffi cient robustness to 

be sure climate-optimised trajectories perform better, or at least as 

well as, the fuel-optimum in a scientifi c way and enable airspace users 

to combine with existing measures including Jetstream benefi ts.

 Fuel inef� ciencies and CO2 emissions decrease at higher 

altitudes. In contrast, the non-CO2 effects of water va-

pour, NOx and contrails can be reduced at lower altitudes. 

There is a strong vertical dependence that shows chang-

ing � ight altitude can help to mitigate climate impact, but 

many factors in� uence this non-linear relationship ”

 said Dr Sigrun Matthes

In addition to meteorological components, the concept also needs 

services such as System Wide Information Management (SWIM) 

and Electronic Flight Bag (EFB) capability on board the aircraft to 

support fl ight planning and easy execution of procedures. Additional 

research is looking at how the concept could be integrated into an 

expanded ATM system and how it would interface, for example, with 

military airspace.   

Establishing a way of monitoring, reporting and verifying the process 

is also important, especially if non-CO2 effects are to become part of 

the current emissions trading scheme, or global CORSIA agreement. 

Market-based mechanisms could play a part in any risk analysis used 

to identify robust options for climate-optimised aircraft trajectories.   

 When it comes to altitude and location dependent infor-

mation and the more spatial and temporal resolution you 

need to do, the more complicated it becomes. Non-CO2 

effects alter according to their location so there is no 

single factor. Finding the right balance to enable stake-

holders to account for climate-optimised trajectories will 

be key to making them attractive to users ”

 said Dr Sigrun Matthes

Topics discussed during the InterFAB Expert Talk on Climate 

Change and Role of ATM will be explored in more detailed during 

a research workshop with the same title which takes place from 

22-23 September 2021 in Vilnius, Lithuania. The InterFAB event is 

organised in partnership with Vilnius Gedimino Technical University 

and the German Aviation Research Society (G.A.R.S). For more 

information, please visit: www.fabec.eu 

InterFAB Expert Talks provide a platform where experiences can be 

shared and views exchanged on the key issues which relate to data 

and performance in ATM.  www.fabec.eu/ExpertTalks
2 European Research projects: SESAR: FlyATM4E; ALARM; DYNCAT; Aeronautics: 
ACACIA; ClimOP.   

Temperature change

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


