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What is the background?

What are the remaining scientific
uncertainties and the new and
emerging issues”?

Flight optimization?

Conclusions
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Section 1

The background Rlanchesss
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General & global economic growth and development
Resultant climate change ( )
Transport: a major growth challenge

Aviation is a growing component of this (
) — and may be a large component if a climate
stabilization pathway is followed (and not addressed)

There are now much stronger policy interests in aviation
giving rise to ‘emission equivalent’ questions
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Note: Stabilization at 450 ppm CO, is
probably required to achieve no more
than 2degC global mean
temperature increase
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FAST-A1: factor 4.9
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Data sources: Owen and Lee, 2006; IPCC 2007; Schumann, 2007
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A1B: rapid economic
growth, balance
across all sources,
fast intro. of new
technologies, strong
globalisation

B2: moderate economic
growth, diverse
technological
change, more oriented
towards environmental
protection, focus on
regional levels
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What are the remaining

scientific uncertainties and
the new and emerging B
issues? I
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Emissions projections (growth, technology)
Contrail & contrail cirrus

Policy metrics (emission equivalences)
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Are current targets (ACARE) and
goals sufficient?
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Progress on refining contrail RF estimates (model and data
estimates) ( ) — major challenges
remain

Quantification of contrail-cirrus cloud coverage from
observations remains difficult

Quantification of ‘soot cirrus’, triggering cloud formation is
an even greater challenge
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Recent estimates of RF give estimates ~5 to 10 m\W/m?

Whilst one of the smaller aviation forcings, it remains key to
potential contrail-cirrus forcing

by satellite — limitations of discrimination between visible and sub-
visible contrails (optical thickness)

by ground observations (LIDAR) — limited long-term measurements
and suitable sites
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Cirrus coverage, 1983-1993 (100 to 500 hPa)




Linear contrails can largely be avoided (change altitude)
Will avoidance have a proportional effect on contrail-cirrus?
Is it worth it?

RF effects

operational/infrastructural costs
short term forcing vs long-term forcing from CO,
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Linear Contrails
~10 mW/m?2

Linear Contrails
~reduced RF

Linear Contrails
~reduced RF

Linear Contrails
~reduced RF

Contrail-cirrus
~reduced RF

Contrail-cirrus
not proportionally
affected RF

Contrail-cirrus
strong reduction
in RF

‘Smart flight avoidance’
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Parametric study ( ) shows increases in fuel
usage of ~3, 4, 6% for changes in global fleet cruise
altitudes of 2, 4, 6 kft

Such changes would, in practice, not be necessary
( )

Small changes in altitude have a smaller impact on fuel
usage by one order of magnitude than load factor variation
(50 — 100%) — g CO,/pkm
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CO,/Passenger km (optimized flight levels)

DO CO2/Pass km
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Sensitivity analysis of CO,/Passenger km to flight level (all at 70% load factor)
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Radiative forcing is an integral and therefore
— it tells you what the impact is ‘now’ as a result of

history

Radiative forcing does not reflect the ‘full’ effect as the

IS as yet not fully released because
of thermal inertia of the climate system

How do we use these as policy-oriented metrics for
emissions equivalences?

There Is a need to educate policy-makers and stakeholders
on the implications of their questions
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RFI (ratio of total aviation forcings/CO, forcing) (

Global Warming Potential

Global temperature potential/temperature index (

)

can potentially handle relationship to emissions
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Historical and Fal emissons to 2015, thereafter zero

e Aviation RF CO2

e Aviation CO2 temp

=== Aviation RF O3
Aviation Temp O3
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Source: Lim et al., 2007 (model developed from that of Sausen and Schumann, 2000)

Manchester
Metropolitan
University




RF (w/m?)
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Temperature response by perturbation
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: academia working with
stakeholders covering noise, emissions (global and local) and market
Issues

— covering the spectrum of the debate with
internally recognized experts

with short, medium and long term focused activities —
studies and forum for dialogue with stakeholders

to bring academic capability together: 18 studies initiated,
more in preparation (ends Dec 2008)

to help delivery agents: the industry
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Assessing global temperature change: implications of projections of
aviation growth

Combining models of jet engine exhaust and climate impact to quantify
trade-offs of changes in engine design and aircraft operation

Adding contrails to the Met Office climate model

RF effects of supersonic Bizjets

Workshops on metrics and non-CO, impacts, work on scenarios and
predictions
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OMEGA
OMEGA Partnermship

Stuli=s and Projects

Fublications
Knowledge Transler
Late=t Mews

OMEGE Wiki
Downlosd Brochune
Exte=rnal Events

Contsct Lis

ation Fanding

What's New

Thinking the Unthinkable

Report on initial scoping workshop now
available to download

Aircraft Plume Anshysis Facility

MMU wins funding for unigue facility

Roger Gandner

OMEGA welcomes Roger Gandner as
Chief Executive

Studies
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EU projects (Quantify*, ATTICA®) <
EU Networks of Excellence (ECATS*, ACCENT#)
National programme linkages (UK Omega)

Academic partnerships (e.g. Visiting Professors MMU/DLR**)

* Co-ordinated by DLR

** Joint MMU — DLR activities Manchester

T Coordinated by University of Bologna MS.EISEPJJE‘?,“




—d -
s e &
1 >
A1
-.l
5 [

A i 2 __.'_':__..__. - el ._ ]
C ..“" 5 ki L ey : , Metropolitan '

o Rl - = L o f : University

n
- 5 L I
L — 4 p oW orrl




Current climate situation summarized by
Aviation and climate situation summarized by

Uncertainties remaining:

Manchester
Metropolitan
University




Acknowledgements:
Dr Ling Lim, MMU

Ms Bethan Owen, MMU
Prof. M. Ponater, DLR
Prof. U. Schumann, D

i

GAIR

.E

.,k ol ellenc el

'h I1.




