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FlyATM4EIntroduction

ÅAviation climate impact is due to CO2 and 
non-CO2 effects, including: 

ĄNOx emissions (ozone and methane 
perturbations)

ĄWater vapour

ĄFormation of contrails

ÅNon-CO2 effects of aviation are highly 
dependent on time and location of emission

Ą potential of mitigating the climate 
impact of aviation by optimizing the 
aircraft trajectories.
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Figure: Aviation-induced Radiative Forcing terms from different 
components (fromGrewe et al., 2017, updatingLee et al., 2010). 



FlyATM4EMotivation
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Figure: Optimal climate-cost relations obtained 
optimizing the trans-Atlantic air traffic, under 
the weather conditions of a representative 
winter day1. 

Previous projects results:

Á REACT4C: 25% reduction in the climate 
impact with 0.5% increase in the operational 
costs (one winter day, westbound trans-
Atlantic flights)1.

Á ATM4E: 75% - 85% of the overall climate 
impact mitigation potential can already be 
achieved modifying 25% of the routes (one 
winter day, European air traffic)2.

1Grewe, V. et al. (2014), 2Lührs, B. et al. (2021) 
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FlyATM4EObjective

ÅObjective of this study: 

Enhance the understanding of the relation between NOx-climate impacts and
routing strategiesconsidering a multitude of weather patterns.

Å In particular, here we focus on:

1. the effectsof optimizing aircraft trajectories w.r.t. the impact of their NOx

emissions on climate.

2. the seasonalvariability of these optimised trajectories, caused by the natural 
atmospheric variability. 

Å Initial step towards objective of FlyATM4E project: 

Identify trajectories leading to a significant reduction of aviation 
climate impact, while leaving the economic costs nearly unchanged.
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FlyATM4EMethods ςEMAC and ACCFs
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Figure: Values computed with EMAC at FL350 (Ḑ10.7 km) 
on 1 Dec. 2015 at 12:00:00 UTC (supplement of *).

ÅBase model: ECHAM5/MESSy2 Atmospheric 
Chemistry Model (EMAC). 

ÅA set of prototype algorithmic Climate Change 
Functions (aCCFs) estimate the flight climate impact 
in terms of Average Temperature Response over a 
time horizon of 20 years (ATR20):

ÅExample: NOx- climate impact on ozone*:

where Ὕis atm. temp., and ɮis the geopotential. 

ὃὝὙςπὥὅὅὊ ὩάὭὸὸὩὨὔὕ

5

aCCFs of NOx- O3 Ą

aCCFs of NOx- CH4 Ą

*Yamashita et al., 2020. 
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ὥὅὅὊ υȢςπɇρπ ςȢσπɇρπ Ὕ

τȢψυɇρπ ɮ ςȢπτɇρπ Ὕɮ,
if ὥὅὅὊ π( = 0 otherwise)



FlyATM4EMethods - AirTraf 2.0
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Figure:Geometry definition of flight trajectory. From H. Yamashitaet al. (2016).

ÅAirTraf: air traffic simulator coupled with 
EMAC.

ÅOptimizer: Genetic algorithm (ARMOGA)

ÅDesign variables: 
- 6 coordinates (x1Σ ΧΣ Ȅ6)
- 5 altitudes (x7Σ ΧΣ Ȅ11) 

8 control points define the B-spline 
curve representing the trajectory.

Å Available strategies minimise e.g. flight 
time, fuel use, simple operating cost, 
climate impact (using aCCFs)*.
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*Yamashita et al., 2020. 



FlyATM4EMethods - Simulations set-up
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Figure: Location 
of the origin-
destination pairs.

ÅTrajectory optimization strategies:

ü NOx-climate optimal traj. Ąminimize: ὃὝὙςπ ὃὝὙςπὃὝὙςπ

ü Cost-optimal trajectories Ąminimize: Ὓὕὅ ὧВ ὝὍὓὉὧВ ὊὟὉὒ

Å ὧ= 0.75 [$/s] is the unit time cost and ὧ= 0.51 [$/kg] is the unit fuel cost(Burris, 2015)

Å ὲ = 101 is the number of waypoints

Å ὝὍὓὉand ὊὟὉὒare flight time and fuel used at the Ὥ flight segment.
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FlyATM4EResults - seasonal mean horizontal paths 

Å Left figure: Comparison of winter (DJF) seasonal mean horizontal paths.

Å In general, northward shift of aircraft location.

ÅWarming effects from ozone are reduced moving to higher latitudes.

Å Other seasons: similar behavior, effects have lower magnitude. 
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*Yin et al., 2021, in preparation. 


