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Aviation and climate

ü Broadset of emitted species

ü Warming and cooling contributions

ü Different timescales

ü Chemical and meteorologicalconditions in the atmosphere

ĄGeographical/regional variations



Traditionally : global-meaninput to produce global meanmeasures, e.g.,       ,       , 
GWP, GTP

Perturbations of atmosphericspecies ɀespeciallyshort-lived onesɀproduce
heterogeneousradiative forcing and temperature response

Spatial variability in forcing and response
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No 1:1 relationship between spatial distributions

Aerosol RF Aerosol temperature response

Shindellet al. (2010)

Needinformation about regional temperature impacts



Global Climate Model Study

Primary objective:
Delineateand quantify regional impactsɀfrom atmospheric
compositionto temperatureresponseɀof global and regional 
aviation emissions



Two perspectives on regionality

1) Regional emissions
Ą global impact

2) Regional emissions
Ą regional impact



Approach

Regional 
emissions

Atmospheric 
composition

Radiative
forcing

Equilibrium
temperature

response

OsloCTM3
Radiative
transfer

GTP, RTP

BC (not soot-cirrus), OC, sulfate, nitrate , ozoneand methane

AEDT aviation emissionsyear 2006, six sourceregions



1) Regional emissions –global impact

Global Temperature changePotential (GTP) for three time horizons and for each
region and species
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2) Regional emissions –regional impact

Radiative forcing Temperature response

Regional Temperature changePotential (RTP) (Shindell& Faluvegi2010)
ĄQuantifying impacts in broad latitude bands
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Radiative forcing Temperature response

2) Regional emissions –regional impacts



Application of metrics

METRICS

Fuglestvedt et al. (2003)

Simplified measure to quantify the impact of
emissionson climate:

Emission x Metric = CO2-equivalents

Applications e.g.,:

assessments

climate protocols

emission trading 

comparison and communication



Ongoing work

ü Aviation 2050 emissions: 

o Potential effectsof geographicalshifts

o GWP, GTP, RTP

ü Evaluation of RTP conceptin the case of aviation usingNCAR 
CommunityEarth System Model: 

o Temperature responseto global aviation emissions

o Sensitivity of surface temperature response to altitude of ozone forcing



Future work

ü Establish aviation specific RTP 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



Emissions roadmap
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Summary

ü The Global ClimateModel Study: investigateregional aviation climate
impacts

ü By combining chemistry-transport/ radiative-transfer modeling of
regional aviation emissionswith metrics we provide: 
ü updated GWP and GTP valueswhich canbe used in further calculations

ü first application of the RTP conceptto estimateregional temperature response
to aviation emission

ü Ongoingand future work is focusedon a more detailed investgation of
the application of RTP in the case of aviation



Thank you for the attention

m.t.lund@cicero.oslo.no
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