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Climate Forcings from Global Aviation Emissions and Cloudiness

*LL;&*%%E'}‘;

jarming from glab

S TR Stratosphere
accumulation of carbon ty -
dioxide and water vapor <& Tmposph re
NO, om increased .
A ; 7?* ;7{‘ ;‘ >2. ozone and reduced melhaneand watervapor
1 Possible ice cloud /,No 02y
: changes from soot co Ozone (05)
production 4
OH

Warming from contrail cirrus

Ly enecmuy Mt altltude et

- 2

o S
4 S
o p < A
st sl 2% ) L
A terrestrial radiat ) 3\ Sulfat,

JetEngine Combustion Exhaust Plumes Plume Composition

Air:nitrogen (N;) + oxygen (0;) Gases Aerosol Particles

No contrail formation Carbon dioxide (CO;) Cloud condensatio

L L. ) nuclel
hersenctus Nitrogen oxides (NOY) P
carbon (C,), Carbon manoxide (CO) e uclel
h,d o9e n[H, Contrail formation in low-temperatur S Vo Contmiilios
aromati r Others

Sulfur compounds

b . " Unburned hydrocarbons (HC)

B2 Flénz Bac s b 2 RS F el iR
S s s RS iy S oR 4

Lee et al. (2020) ¥ zE:z+ & Fléns Bpxir g 4 & B p o>
10 ¥ eng »idg b4 5R# 4 (effective radiative forcing, ERF) » ERF

?,h‘i

T EAFGRE AR F 2 f A ramik s HEE L E TS 0

© X # > Wm-2(IPCC, 2013) -

(=)= § (-} »ctf stopds 4

PECF CRERT R 2IRABERB 0 Leeetal. (2020)
2 LinClim (Sausen and Schumann, 2000), CICERO-SCM (Fuglestvedt
and Berntsen, 1999; Skeie et al., 2017) # FalR (Millar et al.,2017) = &

4



B FgF=Lel) 2020.10

BN k3B 02018 E gy B § CRER A B A 2952440 2.4
ppm > fiEd 20 # ¢ X AR 2B o d 2018 £ § LR
sy BEER 4 4 W 5 38.6432.0 v 324 mWm2> T 35 % 34.3 mWm2e

(Z)F § i 4§ oty bt ope -

sz g § PRt L (0:) > " = (CHO 2 % & (HOY)
5 B kg2 g 3 (IPCC, 1999; Sausen et al., 2005;
Stordal et al., 2006; Kohler et al., 2008; Hoor et al., 2009;
Myhre et al., 2011; Fromming et al., 2012; Olivié et al., 2012;
Gottschaldt et al., 2013; Kohler et al., 2013; Olsen et al.,
2013; Skowron et al., 2013; Khodayari et al., 2014a; Khodayari
et al., 2014b; Sevde et al., 2014; Skowron et al., 2015; Pitar1
et al., 2015; Kapadia et al., 2016; Pitar1 et al., 2016; Lund
et al., 2017)% 18 BH A T 2% 4T @B 3 fuy By § 1
g w5 i‘@ﬁt%‘rﬁ’ﬁ el bBREd LB REHTRA S
2 ERBRY LI LF 2Tk KEF (Stratospheric Water
Vapor, SWV) j& > » 2 5 »cfgs+5%# 4 5 f & (IPCC, 1999; Sausen
et al., 2005; Lee et al. 2009; Holmes et al., 2011; Myhre et
, 2011 )°3% & 2018 & eh§ § 4 4 »cif 459 5 17.5mWm ™
g s PRI BN F P RE GRS AR

£ 3% -



B FgF=Lel) 2020.10

Aircraft NO, radiative forcings
1 1 1 1

E25%-50%-75% © mean F
T -1sD, 18D +  data points L
= 5%, 95% — normal distribution

‘L—t * min, max
T B
>
z L
(o]
b L
o
E L
£ -10 D 3
T *
X 5 L
-30 4 -

T
short-term O, CH, long-term O, SWV Net NO,

Ny
]

ot
=1
s
)
[

Bl 3: 18 BH SN H > ey P F 5 LA A MBI » & 74

SEBP R ENLTE TR KEF S BE -

B EavkEF R S F A AN X enT Rk AR 0 d St
AR ELFF R B R PR T F RO i
7J\_141tf-§:_§‘7}\,”,4°\’ RilL AR & BEFERETY 2S5 58 o F

TYAHES BT ST Ak EF R ERE
(IPCC, 1999; Marquart et al., 2001; Gauss et al., 2003; Ponater
et al., 2006; Fromming et al., 2012; Wilcox et al., 2012; Lim
et al., 2015; Pitari et al., 2015 and Brasseur et al., 2016) -
Tk oREF G oigsEe 4 943040 n’ 2 3.0 oW m° R
LEELR LK OTEAT R EREA T b o R 2018 &%

K FF Pen i sS4 5 2.0 mim” e

() BWREEE TG radf bfopd 4

by BEFSR R FAF EHkA T LB oo B8
BPEE TS MO T LR RSP 0 A kAR T B A AR
51

oo B4 23pehZ2 £ (IPCC, 1999)  BF &L i - X2 > »



B FgF=Lel) 2020.10

BB 2 o hd IpF > 5 rRdfEldg &2 £ kg s eniv®
LA NG QLR RS FR S R

Bock and Burkhardt (2019)# 3 ¢ & * ECHAM5-CCMod # %
FOVEEGE G BIBRSE S 2 a0 3 Flinr BA 2 B
BEZH50 EF G P oYY SR RTERT REE
FE R GIFRF R 0 B % IRA2006 £ T 2050 £ B >
WSk X 2 5o 4 B 40 3 1 (A A9nWm P H 4 3 159Wm™) o
DIREBEE P ERTE L BBRE S T8 H S g MRS
PRERR A e AH LT E R ETRE S T Y A
SIEF sy e~ Poplec g 2 @ % A sy Eenp E ¢
oo W g R BRI PR S 0 A R J RS R 2
> o 195 Lee et al. (2020) 3+ > 2018 & 22 {48 2 13 = eh 2%
15 5+5%8> 4 5 57 mim” -

()24 »cdf o5 4

FEM b AHmEEE B4 AT B4 5 1940 3 2018 & iy B
Pdig 2k I8 f oskif SRS 4 o KT BT BRLEESZ G
FOREHSRE PSR > B E 2§ RE FF e B
1940-2018 & AF » fp Bptcsd % § sadg 54558 4 i 100. 9
mim® > B¢ 2= §F VR A 4 et sndg stsRd 4 25 66.6 mim” o
t 7 66%° IPCC 44 1750-2011 & 3% & 4 5 i = e »xdf b 55> 4
#2290 mWm”* > 4ot 2011 & enFoR A 3 o g B P E  ondg
bPERD 4 PR 300 Az B 3 A G ondg S RE T
Friz 1.59% (Myhre et al., 2013) -



HEX FF = Lol 2020. 10
Global Aviation Effective Radiative Forcing (ERF) Terms
ERF RF ERF | conf.
(1940 to 2018) (mW m™) (mW m?) RF |levels
TTTr T T 7T KT T i B G TR TR TR T T
Contrail cirrus ! 57.4 (17,98) |111.4 (33, 189) [ 0.42 | Low
in high-humidity regions 1 ! ! .
1 1
Carbon dioxide (CO . d )
o 'GZ:;S(sionzs) n—| : : 34.3 (28,40) | 34.3 (31,38) | 1.0 | High
Nitrogen oxide (NO,) emissions 1 1
Short-term ozone increase ! : 49.3 (32,76) | 36.0 (23,56) | 1.37 | Med.
Long-term ozone decrease I -10.6 (-20, -7.4)| -9.0 (-17,-6.3) | 1.18 | Low
| |
Methane decrease 1 1 -21.2 (-40, -15) | -17.9 (-34,-13) | 1.18 | Med.
1 1
Stratospheric water vapor decrease | | -3.2 (-6.0,-2.2) | -2.7 (-5.0,-1.9) | 1.18 | Low
1 1
I I
Net for NOy emissions =-—( | d 17.5(0.6,29) | 8.2 (4.8,16) | — | Low
1 1
Water vapor emissions in : : SDaes s 1] | Med
the stratosphere | | i e 2054 :
Aerosol inter: 1 1
-from soot emissions | ! 0.94 (0.1,4.0) | 0.94 (0.1,4.0) | [1] Low
: ll Best estimates
-from sulfur emissions : = 5 - 95% confidence 7.4 (19,-2.6) | 7.4 (19,26) | [1] | Low
1 1
Aerosol-cloud interactions : :
-from sulfur emissions | {[Ea— No best No best Very
-from soot emissions : : —_— estimates estimates low
1
Net aviation (Non-CO, terms) : 66.6 (21, 111) | 114.8 (35,194) | — | ——
1
Net aviation (All terms) 100.9 (55, 145) | 149.1 (70, 229) | == | ——
i By 1
-50 0 50 100 150
Effective Radiative Forcing (mW m2)
. 2 P , . [P s - 2z == 3 N\
Bl 4:1940 £ 3 2018 & B 2o Big & i sefg SR 4 « Fé 2 0 d A
~ N N 27 | + — : PR s rE
WA oT G kg SERE 4 i PR £ iﬂ/ e H W"%?\’/‘ﬁ’»’i'p—%m#@’gg
ﬂﬁﬁaﬁﬂz\ 7+ D%-95% R iy B o
5 % 28 3 A&
B % S W i
£ L
N -1 K?S U z
2016 & ICAO % 39 & =~ ¢ ¢ > [CAO &+ ¥t W% 4z £ g 3 5 18

Py

[CAO % 2 &

£y e R kg 2% 0 T
"R AL 0 Vi TR

Fpiyf 24 | (Carbon Offsetting and Reduction Scheme

LT R

RET

for international Aviation, CORSIA) - %7+ ICAQ # 3 % i<énzy
BEof EREPFOAe, PR ALE G EREL G 2L
FORRE > RZEF KT A 7 FP RET FF] o CORSIA 353+ 4 Ff
BB AL g{argbﬁ; - R E SR Au G 2021 £ 2

3

i le £

DO

026 # 2 2027 # 1 2035 & © 57



B FgF=Lel) 2020.10

Fefe® > 385 AR S 0 3% = FEEES > 97 TCAD ¢ B BT 0

BB L HAEP RS Y FRE FERL ER R R R
b B FIDT KA R4e 0 2019 EA o 3 S R O F B 4
ABHT o F BT ICA0 S il Alsny 2P TR R Y AR

(RS =4 wli=xa) . I NN

Iy
oy

KR by 2P chp $A g F 29 > 7 UF R L4 2 P4
ELfP o PRGN R o blde @ FHUE L RS RS 8 B
(International Air Transport Association, [ATA)3X zT sz < P
B2 < R R F o % - FFE(2009-2020) ¢ T 3aE & 2 1L 5%
g on g S % 2 (202007 RAR S K S H = R £ (2020-2050)
#2050 & 2 p £ 3 2005 & #5000 14 i 3 P H (S
LRE S FRRRE) L IR TGO B RA K TR
FAEE g B~ g RAAE G T (Gr g BaTE R e
MR TR ) B SR #%(”ﬁ PLENE AN 8 e dsdk 2 PR
#) > BHEFHRD AR T OUF R dg 20 HF RS

et F LR AR rHE P o

Bz B A TR BT RN S e B
//T “f%‘%vi‘%\ AR RN r’ﬂFmﬁrd‘i—% A7 ﬁr‘éa\rﬁf

i 2
G o ek R E b - BRI RO B E i

e s R B
PR T 2E R AR F LRAREIRY %ofgéaiﬁé’@f‘ﬁ,] ¢



B FgF=Lel) 2020.10

Vb BRTR LB 0 Fling ¥ AL f REY
SRAEWEEE S FE NP REF CERZEE F
A R]EEF 1 1940-2018 & Bty 4 &8 0320 RS F R
X FHEORE e BEE R R 2010 & 23k §F R
2o ERFEEM G BA » BISRPS 5 52 # F 390 nd Fhe

= o

SF R R
Ay PR MZE S F LR s SRE 4 0 B A kL E R
AR ERIIRFIERN T T ERZREARS §F O RERR
AT p ko
A RIB R

Y

W@Qm@ﬁm’%ﬁﬁg$fﬁ%£ﬁ4

W

E

ey

LR B IR 4 (TH L P ER ]G E

e
>~

SERF G

10



B FgF=Lel) 2020.10

Rl o

Airbus, Global Market Forecast 2017-2036 (Airbus, France 2017).

Boeing, Orders and Deliveries for January 2018,
http://www.boeing.com/commercial/#/orders-deliveries(2018).

Bock L., U. Burkhardt, Contrail cirrus radiative forcing for future air traffic. Atmos.
Chem. Phys., 19, 8163-8174 (2019).

Brasseur, G. P., M. Gupta, B. E. Anderson, S. Balasubramanian, S. Barrett, D. Duda,
G. Fleming, P. M. Forster, J. Fuglestvedt, Impact of Aviation on Climate: FAA’s
Aviation Climate Change Research Initiative (ACCRI) Phase I1. Bulletin of the
American Meteorological Society, 97, 561-583,
https://doi.org/10.1175/BAMS-D-13-00089.1 (2016).

Fromming, C., M. Ponater, K. Dahlmann, V. Grewe, D. S. Lee, R. Sausen,
Aviation-induced radiative forcing and surface temperature change in

dependency of the emission altitude. Journal of Geophysical Research
Atmospheres, 117, 9717-9736, https://doi.org/10.1029/2012JD018204 (2012).

Gauss, M., 1.S.A. Isaksen, S. Wong, W.C. Wang, Impact of H20 emissions from
cryoplanes and kerosene aircraft on the atmosphere. Journal of Geophysical
Research Atmospheres, 108,

4304, https://doi.org/10.1029/2002JD002623 (2003).

Gottschaldt, K., C. Voigt, P. Jockel, M. Righi, R. Deckert, S. Dietmdller, Global
sensitivity of aviation NOx effects to the HNO3-forming channel of the HO2 +
NO reaction. Atmospheric Chemistry and Physics 13, 3003-3025,
https://doi.org/10.5194/acp-13-3003-2013 (2013).

Holmes, C. D., Q. Tang, M. J. Prather, Uncertainties in climate assessment for the
case of aviation NO. Proceedings of the National Academy of Science U.S.A.
108(27), 10997-11002, https://doi.org/10.1073/pnas.1101458108 (2011).

Hoor, P., J. Borken-Kleefeld, D. Caro, O. Dessens, O. Endresen, M. Gauss, V. Grewe,
D. Hauglustaine, I. S. A. Isaksen, P. Jockel, J. Lelieveld, G. Myhre, E. Meijer, D.
Olivié, M. Prather, C. Schnadt-Poberaj, K. P. Shine, J. Staehelin, Q. Tang, J. van
Aardenne, P. van \elthoven, R. Sausen, The impact of traffic emissions on
atmospheric ozone and OH: results from QUANTIFY. Atmospheric Chemistry
and Physics 9, 3113-3136, https://doi.org/10.5194/acp-9-3113-2009 (2009).

IPCC (1999), “Aviation and the Global Atmosphere”, Intergovernmental Panel on
Climate Change 963 Special Report, J. E. Penner, D. H. Lister, D. J. Griggs, D.
J. Dokken, M. McFarland, Eds. (Cambridge 964 University Press, Cambridge,
UK, 1999) https://www.ipcc.ch/report/aviation-and-the-global-atmosphere-965
2.

IPCC (2013) “Climate Change 2013: The Physical Science Basis, Contribution of

11



B FgF=Lel) 2020.10

Working Group 1 to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change”, T. F. Stocker, D. Qin, G. K. Plattner, M. Tignor, S. K.
Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex, P. M. Midgley, Eds. (Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA, 2013).
https://www.ipcc.ch/report/ar5/wgl/

IPCC (2018) “Global Warming of 1.5°C. An IPCC Special Report on the impacts of
global warming of 1.5°C above pre-industrial levels and related global
greenhouse gas emission pathways, in the context of strengthening the global

response to the threat of climate change, sustainable development, and efforts to
eradicate poverty”, Masson-Delmotte, V., P. Zhai, H.-O. Portner, D. Roberts, J.
Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S.
Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Journal Pre-proof Gomis, E.
Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (eds), (2018).
https://www.ipcc.ch/sr15/download/

Kapadia, Z. Z., D. V. Spracklen, S. R. Arnold, D. J. Borman, G. W. Mann, K. J.
Pringle, S. A. Monks, C. L. Reddington, F. Benduhn, A. Rap, C. E. Scott, E. W.
Butt, M. Yoshioka, Impacts of aviation fuel sulfur content on climate and human
health. Atmospheric Chemistry and Physics 16, 10521-10541,
https://doi.org/10.5194/acp-16-10521-2016 (2016).

Khodayari, A., S. C. Olsen, D. J. Wuebbles, Evaluation of aviation NOx-induced
radiative forcings for 2005 and 2050. Atmospheric Environment 91, 95-103,
https://doi.org/10.1016/j.atmosenv.2014.03.044 (2014a).

Khodayari, A., S. Tilmes, S. C. Olsen, D. B. Phoenix, D. J. Wuebbles, J.-F.
Lamarque, C.-C. Chen, Aviation 2006 NOx-induced effects on atmospheric
ozone and HOx in Community Earth System Model (CESM). Atmospheric
Chemistry and Physics 14, 9925-9939,
https://doi.org/10.5194/acp-14-9925-2014(2014b).

Kohler, M. O., G. Rédel, O. Dessens, K. P. Shine, H. L. Rogers, O. Wild, J. A. Pyle,
Impact of perturbation of nitrogen oxide emissions from global aviation Journal
of Geophysical Research Atmospheres 113, D11305,
https://doi.org/10.1029/2007JD009140 (2008).

Kohler, M. O., G. Rédel, K. P. Shine, H. L. Rogers, J. A. Pyle, Latitudinal variation
of the effect of aviation NOx emissions on atmospheric ozone and methane and
related climate metrics. Atmospheric Environment 64, 1-9,
https://doi.org/10.1016/j.atmosenv.2012.09.013 (2013).

Lim, L. L., D. S. Lee, B. Owen, A. Skowron, S. Matthes, U. Burkhardt, S.
Dietmuller, G. Pitari, G. Di Genova, D. lachetti, I. Isaksen, O. A. Sgvde,
REACTA4C: Simplified mitigation study. TAC-4 Proceedings, June 22nd to 25th,

12



B FgF=Lel) 2020.10

2015, Bad Kohlgrub, 181-185,
https://www.pa.op.dlIr.de/tac/2015/Proceedings_of TAC4 conference_final.pdf
(2015).

Lund, M. T., B. Aamaas, T. Berntsen, L. Bock, U. Burkhardt, J. S. Fuglestvedt, K. P.
Shine, Emission metrics for quantifying regional climate impacts of aviation.
Earth System Dynamics 8, 547-563, https://doi.org/10.5194/esd-8-547-2017
(2017).

Marquart, S., R. Sausen, M. Ponater, V. Grewe, Estimate of the climate impact of the
cryoplanes, Aerospace Science and Technology, 5, 73-84,
https://doi.org/10.1016/S1270-9638(00)01084-1 (2001)

Millar, R. J., Z. R. Nicholls, P. Friedlingstein, M. R. Allen, A modified
impulse-response representation of the global near-surface air temperature and
atmospheric concentration response to carbon dioxide emissions. Atmospheric
Chemistry and Physics. 17, 7213-7228,
https://doi.org/10.5194/acp-17-7213-2017 (2017).

Myhre, G., K. P. Shine, G. Radel, M. Gauss, I. S. A. Isaksen, Q. Tang, M. J. Prather, J.
E. Williams, P. van Velthoven, O. Dessens, B. Koffi, S. Szopa, P. Hoor, V.
Grewe, J. Borken-Kleefeld, T. K. Berntsen, J. S. Fuglestvedt, Radiative forcing
due to changes in ozone and methane caused by the transport sector.
Atmospheric Environment 45, 387-394,
https://doi.org/10.1016/j.atmosenv.2010.10.001 (2011).

Myhre, G., D. Shindell, F.-M. Breon, W. Collins, J. Fuglestvedt, J. Huang, D. Koch,
J.-F. Lamarque, D. Lee, B. Mendoza, T. Nakajima, A. Robock, G. Stephens, T.
Takemura, H. Zhang, Anthropogenic and natural radiative forcing Climate
Change 2013: the Physical Science Basis, Contribution of Working Group | to
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change,
Cambridge University Press (2013).

Olivié, D. J. L., D. Cariolle, H. Teyssedre, D. Salas, A. Voldoire, H. Clark, D.
Saint-Martin, M. Michou, F. Karcher, Y. Balkanski, M. Gauss, O. Dessens, B.
Koffi, R. Sausen, Modeling the climate impact of road transport, maritime
shipping and aviation over the period 1860-2100 with an AOGCM.
Atmospheric Chemistry and Physics 12, 1449-1480,
https://doi.org/10.5194/acp-12-1449-2012 (2012).

Olsen, S. C., G. P. Brasseur, D. J. Wuebbles, S. R. H. Barrett, H. Dang, S. D.
Eastham, M. Z. Jacobson, A. Khodayari, H. Selkirk, A. Sokolov, N. Unger,
Comparison of model estimates of the effects of aviation emissions on
atmospheric ozone and methane. Geophysical Research Letters 40, 6004-6009,
https://doi.org/10.1002/2013GL057660 (2013).

13



B FgF=Lel) 2020.10

Pitari, G., D. lachetti, G. Genova, N. De Luca, O. A. Sgvde, @. Hodnebrog, D. S. Lee,
L. L. Lim, Impact of coupled NOx/aerosol aircraft emissions on ozone
photochemistry and radiative forcing. Atmosphere 6, 751-782,
https://doi.org/10.3390/atmos6060751 (2015).

Pitari, G, I. Cionni, G. Di Genova, O. A. Sgvde, L. Lim, Radiative forcing from
aircraft emissions of NOx: model calculations with CH4 surface flux boundary
condition. Meteorologische Zeitschrift 26(6), 663-687,
https://doi.org/10.1127/metz/2016/0776 (2017).

Ponater, M., S. Pechtl, R. Sausen, U. Schumann, G. Huittig, Potential of the
cryoplane technology to reduce aircraft climate impact: a state-of-the-art
assessment. Atmospheric Environment 40, 6928-6944,
https://doi.org/10.1016/j.atmosenv.2006.06.036 (2006).

Sausen R. and U. Schumann, Estimates of the climate response to aircraft CO2 and
NOx emissions scenarios. Climatic Change 44, 27-58 (2000).

Sausen, R. I. Isaksen, V. Grewe, D. Hauglustaine, D. S. Lee, G. Myhre, M. O. Kéhler,
G. Pitari, U. Schumann, F. Stordal, C. Zerefos, Aviation radiative forcing in
2000: An update on IPCC (1999). Meteorologische Zeitschrift 14, 555-561,
https://doi.org/10.1127/0941-2948/2005/0049 (2005).

Skeie, R. B., J. Fuglestvedt, T. Berntsen, G. P. Peters, R. Andrew, M. Allen, S.
Kallbekken, Perspective has a strong effect on the calculation of historical
contributions to global warming. Environmental Research Letters 12, 024022,
https://doi.org/10.1088/1748-9326/aa5b0a (2017).

Skowron, A., D. S. Lee, R. R. de Ledn, The assessment of the impact of aviation
NOx on ozone and other radiative forcing responses—The importance of
representing cruise altitudes accurately. Atmospheric Environment 74, 159-168,
https://doi.org/10.1016/j.atmosenv.2013.03.034 (2013).

Skowron, A., D. S. Lee, R. R. de Ledn, Variation of radiative forcings and global
warming potentials from regional aviation NOx emissions. Atmospheric
Environment 104, 69-78, https://doi.org/10.1016/j.atmosenv.2014.12.043
(2015).

Sevde, O. A., S. Matthes, A. Skowron, D. lachetti, L. Lim, B. Owen, @. Hodnebrog,
G. Di Genova, G. Pitari, D. S. Lee, G. Myhre, I. S. A. Isaksen, Aircraft emission
mitigation by changing route altitude: A multi-model estimate of aircraft NOx
emission impact on O3 photochemistry. Atmospheric Environment 95, 468-479,
https://doi.org/10.1016/j.atmosenv.2014.06.049 (2014).

Stordal, F., M. Gauss, G. Myhre, E. Mancini, D. A. Hauglustaine, M. O. Kéhler, T.
Berntsen, E. J. G. Stordal, D. lachetti, G. Pitari, I. S. A. Isaksen, TRADEOFFs in
climate effects through aircraft routing: forcing due to radiatively active gases.

14



X FF=Led

2020.10

Atmospheric Chemistry and Physics Discussions 6, 10733-10771 (2006).

Wilcox, L., K. P. Shine, B. J. Hoskins, Radiative forcing due to aviation water
vapour emissions. Atmospheric Environment 63, 1-13,

https://doi.org/10.1016/j.atmosenv.2012.08.072 (2012).

15





