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Introduction SESAR
4 )
] | |
CO, . . . . .
Oz0ne (ast) : A Aviation climate impact is due ©Q, and
. Methane , non-CQ effects, including:
Ozone (PMO) © A NQ, emissions (ozone and methane
Total NO, .
Water vapour perturbations)
Sulphate aerosol (direct) A Water vapour
Soot aerosol (direct) . .
perosol (e, couc ® ° B A Formation of contrails
Line-shaped contrails -'ﬂ'—'
Induced cirrus ---
Contrail cirrus A ove
o e T T T T T T e A Non-CQ effects of aviation are highly
RF [mW m?] dependent ontime and location of emission
(©) Sevde et al. (2014): EMAC, multi-model /\ Burkhardt and Kércher (2011) . e . .
®Righii,teaf(zmsyreferencemcaseTSaanr:eet:?span O Schumann and Graf (2013) A pOtentIaI of mitigating the climate
% Voigt et al. (2011) <> Schumann et al. (2015) ; HP, AT
Impact of aviation by optimizing the
Y Bock and Burkhardt (2016)
_ S o . . aircraft trajectories.
Figure AviationinducedRadiative Forcing terms from different
components(from Grewe et al., 201 ypdatingLee etal., 2010). L )
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Motivation

Previous projects results: / \

Optimal climate-cost relation
20 Minimum | P-AGWPl(I)O — 4
< climate P-AGWP2Q --sreeves
A REACT4Q5% reduction in the climate 2 15T " PR
impact with 0.5% increase in the operational é 10 | i
costs one winter day, westbound trans °
Atlantic flights}. § ° 0 I
o Westbound - a
| | Minimurln costs /1
A ATMAE 75%- 85%o0f the overall climate B e o B
impact mitigation potentiatanalready be Change in climate impact [%]
achievedmodifying 286 of theroutes pne _ _ _ _ _
winter day, European air traffie) Figure:Optimal climatecost relations obtained
optimizing the transAtlantic air traffic, under
the weather conditions of a representative
winter day.
1Grewe, V. et al. (2014, ihrs, B. et al. (2021) K /

3

x» founding members

SESAR <o |e

JOINT UNDERTAKING E n g a ge EUROCONTROL

= 11" SESAR Innovation Days




Objective

A Obijective of this study:

Enhance the understandingf the relation betweeNQ, -climate impactsand
routing strategiesconsidering anultitude of weather patterns

A In particular, here we focus on:

1. the effectsof optimizing aircraft trajectories w.r.t. the impact of thé&iQ,
emissions on climate.

2. the seasonalariability of these optimised trajectories, caused by thatural
atmospheric variability

A Initial step towards objective dflyATM4Bproject:

|dentify trajectories leading to aignificant reductionof aviation
climate impact, while leaving the&economic costs nearly unchanged
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Methods c EMAC and ACCFs

90N =4

ﬁBase modelECHAMS/MESSy2 Atmospheric \
aCCFs of NOO
Chemistry ModelEMAG. NEO: A
A A set ofprototype algorithmic Climate Change
Functions (aCCF®stimate the flight climate impagt
in terms ofAverage Temperature Response over &
time horizon of 20 years (ATR20):

—

A Example NQ- climate impact on ozorfe
aCCFs of NOCH, A

W0 00 vuvg ™ T CO ®p Tt Y

@ugpm B cBrigp M Y,
if 0 0 "O 1( =0 otherwise)

where"Yis atm. temp., andg is the geopotential.

Figure:Valuescomputed with EMAC at FL39D10.7 km)
on1 Dec. 2015 at 12:00:00 UTC (supplement of *).

5

_ﬂ/\}“u g ‘ A founding members
=% 11 SESAR Innovation Days . SESARy TDT g

Engage = OO cmcom o

kﬁ} 0"YY¢T wo 0 '0Qa "Q(‘)l’ﬁ)t"Q’Q/

*Yamashita et al., 2020.
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Methods - AirTraf 2.0 SESAR
| | |

GAirTraf: air traffic simulator coupled With\ 12000 M= FL41(JI-----j_7.-.3_<j----I- ----------- X j_-sl ------- X | o
EMAC. 10000 ' - -
8000: h'= FL290: :
A Optimizer: Genetic algorithrARMOGA S aaa I
S 6000 -
A Design variables § < 4000 - -
-6 coordinates (2 Y2 E 2000 - 5
-5 altitudes (= X)) E 0 5 _ Grognd i

ll 60°N

8 control points define the Bpline
curve representing the trajectory. 40°N 4

Latitude

A Available strategies minimise e.g. flight

. : : JO'N , , , , ,
time, fuel use, simple operating cost, b0 o oW N o'E

k climate impact (using aCQFEs / Longitude
Figure:Geometrydefinition of flighttrajectory. FromH. Yamashitat al. (2016).
*Yamashita et al., 2020. 5
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Methods - simulations setip

ECHAMS
Horizontal resolution  T42 (2.81%x 2.81°)
Vertical resolution L31ECMWF
(31 vertical pressure levels up to 10 hPa ~ 30 km)
Time step 20 min 50°N 50°N
Duration | year (from 1 Dec. 2015 to 1 Dec. 2016)
AirTraf
Flight-plan 85 flights in the European airspace ) )
(ATMAE flight plan on 2015-12-18 35°N 35°N Figure:Location

with all A33x aircraft models)

of the origin-
destinationpairs.

Waypoints 101

20°W ’ 0° 20°E : \40°E
A Trajectory optimization strategies:

U NQ-climate optimaltraj. A minimize: 0 “YY¢ m 0O "YYC MO "YY(C T

i Costoptimal trajectories A minimize: Y0 6 @B "Y'OU O® B "OYOD

A & =0.75 [$/s] is the unit time cost ard = 0.51 [$/kg] is the unit fuelost(Burris, 2015)
A & =101 is the number of waypoints

A “Y'O0 @and"O7YO are flight time and fuel used at tH@ flight segment ,

x» founding members

SESAR v T<OT g2

JOINT UNDERTAKING Engoge




-

Results seasonal mean horizontal paths SESAR
A Left figure:Comparison of winter (DJF) seasonal mean horizontal paths.
A Ingeneral, northward shift of aircraft location.
A Warming effects from ozone are reduced moving to higher latitudes.
A Otherseasons: similar behavior, effects have lower magnitude.
*Yinet al.,2021,in preparation 3
. : x» fl_ founding members
11th SESAR Innovation Days | sEsRy TEOT e

EUROCONTROL



