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Aviation and climate

U Broadsetof emitted species
0 Warming and cooling contributions
U Different timescales

0 Chemical andmeteorologicalconditions in the atmosphere

A Geographicalregional variations
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Spatial variability in forcing and response

Traditionally : globatmeaninput to produce globalmeanmeasures e.g.RF OT

GWP, GTP

Perturbations of atmospheric speciesz especiallyshort-lived onesz produce
heterogeneousradiative forcing and temperature response

Lund et al. (2012)- 3+ daviation NOx
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No 1:1relationship between spatial distributions

Needinformation aboutregional temperature impacts

Aerosol RF Aerosoltemperature response

5 2

Shindellet al. (2010)
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Global Climate Model Sudy

Primary objective:

Delineateand quantify regional impactsz from atmospheric
compositionto temperatureresponse of global and regional
aviation emissions
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Two perspectives on regionality

1) Regionalemissions
A globalimpact

2) Regionalemissions
A regional impact
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BC (notsoot-cirrus), OC sulfate, nitrate ,0ozoneand methane

Approach

OsloCTM3 Radiative GTP, RTP
transfer
: . .y Equilibrium
Regional Atmospheric Radiative temperature
emissions composition forcing regponse

AEDTaviation emissionsyear 2006, six sourceregions

183 20 -45 0 as 90 135
ol -2 -
@ -/*(, o
8 o 8
Lo
\w\
o b { )) -
\
8 f s
! ¥ ]
iy ,
2 .
e o 3
eSS i
135 -0 45 o s 50 1o

(o] c I C E RO Senter for klimaforskning ~ www.cicero.uio.no



1) Regional emissions —global impact

GlobalTemperature changePotential (GTP) forthree time horizons and for each
region and species

GTP
H=20 H=50 H=100 H=20 H=50 H=100
BC GLO 1111 174 143 Nitrate GLO -4.6 -0,71 -0,59
NAM 1545 242 200 NAM -2,5 -0,39 -0,32
EUR 1014 159 131 EUR -3,7 -0,57 -0,47
EAS 1188 186 153 EAS -2,1 -0,34 -0,28
SHM 853 134 110 SHM -5,9 -0,92 -0,76
PAN 1406 220 182 PAN -0,9 -0,15 -0,12
SCA 2339 366 302 SCA -11,4 -1,79 -1,48
H=20 H=50 H=100 H=20 H=50 H=100
NOx GLO -133 -43 9 oC GLO -82 -13 -11
NAM -313 -87 7 NAM -140 -22 -18
EUR -122 -37 6 EUR -84 -13 -11
EAS -76 -32 13 EAS -82 -13 -11
SHM -81 -25 5 SHM -57 -9 -7
PAN -136 -56 23 PAN -122 -19 -16
SCA -80 -47 21 SCA -177 -28 -23
H=20 H=50 H=100
S04 GLO -162 -25 -21
NAM -242 -38 -31
EUR -159 -25 -21
EAS -175 -27 -23
SHM -110 -17 -14
PAN -216 -34 -28
SCA -324 -51 -42
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2) Regional emissions —regional impact

RegionalTemperature changePotential (RTP) (Shindell & Faluvegi2010)
A Quantifying impactsin broad latitude bands

Radiative forcing
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2) Regional emissions —regional impacts

Radiative forcing Temperature response
Normalized regional aviation BC RF [mWm™ Gg™] Normalized regional equilibrium temperature response to regional
aviation BC [mK Gg]
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Application of metrics

Simplified measure to quantify the impact of
emissionson climate:

Emissions

'

Atmospheric Concentrations

Emission x Metric = CQ-equivalents

-
C_) L 4
v Q Radiative Forcing C:T_
0
METRICS ~ 0 T 3
L. e Climate Ch S5
Applications e.g.,: S el Thange g
assessments ® !
. Impacts
climate protocols
emission trading :
Damages

comparison and communication
Fuglestvedt et al. (2003)
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Ongoing work

0 Aviation 2050 emissions
o Potential effectsof geographicalshifts

o GWP, GTP, RTP

U Evaluationof RTPconceptin the caseof aviation using NCAR
Community Earth System Model:

o Temperature responseto globalaviation emissions
0 Sensitivity of surface temperature response to altitude of ozone forcing
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Future work

U Establish aviation specifiRTP coefficients
o Emission based rather than current radiative forcing based

o How to treat contrail-cirrus
o Application/implementation in the APMT-I Climate tool
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Emissions roadmap

— APMIT impacts

Emissions
Tools
Development
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Interfaces and communications

Publications: S
Brasseur G.P., M. Guptey.fl.) | PAAO T £ AOEAOETT 11 Al Ei AOA(
Research Initiative (ACCRI) Phase Il. Bulletin of the American Meteorologi&aciety, 2015,

in press.

Lund, M.T, Juglestvedt The GlobalClimate Model Studyz background and currentresults.
Final report to the FAA, 2014.

Lund, M.T., Fuglestvedt Exploringthe regionality in aviation impacts. In preparation, 2015.
Presentations/posters:
- AECRoadmap 2013,presentation

- Transport, Atmosphere and Climate (TAC) conference 2015, presentation
- AGU Fall Meeting, 2015, poster
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Summary

U The GlobalClimate Model Study. investigate regional aviation climate
Impacts

U By combining chemistry-transport/ radiative-transfer modeling of
regional aviation emissionswith metrics we provide:
U updated GWP and GTRalueswhich canbe used infurther calculations

U first application of the RTPconceptto estimate regional temperature response
to aviation emission

0 Ongoingand future work is focusedon a moredetailed investgation of
the application of RTP inthe caseof aviation
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Thank you for the attention

m.t.lund@cicero.oslo.no
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