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Glossary
ACARE
Advisory Council for Aeronautics Research in Europe
AECA
Air Emissions Consent Agreement
AEDT
Aviation Environmental Design Tool.
AEM3
Advanced Emission Model
AERO2k
Global inventory of aviation fuel usage and emissions.
ANCAT
Abatement of Nuisances Caused by Air Transport
ANCAT/EC2
Global aircraft emissions inventories for 1991/92 and 2015. (Gardner et al. 1998)
AOR
Advanced Open Rotor
APMT
Aviation Environmental Portfolio Management Tool
ATC
Air traffic control
ATM
Air traffic management
BADA
Base of Aircraft Data
BM2-EEC
Boeing model (Eurocontrol)
CAA
Civil Aviation Authority (UK)
CAEP
Committee on Aviation Environmental Protection
CFD
Computational fluid dynamics
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CO
Carbon monoxide
CO2
Carbon dioxide
dBA
Decibels (A weighted)
Defra
Department for Environment, Food and Rural Affairs (UK Government)
EC1, EC2 (and EC3)
European environmental reference project
EDMS
Emissions and Dispersion Modeling System

EI
Emissions Index
EPA
Environmental Protection Agency (USA)
EPNdB
Effective Perceived Noise in Decibels
EPNL
Effective Perceived Noise Level
EU
European Union
EU ETS
European Union Emissions Trading Scheme
FAA
Federal Aviation Authority (USA)
FAB
Functional Airspace Blocks
FAST
(Lee et al., 2003) Model combining global aircraft movements database with data on fuel flow.
GHG
Greenhouse gas
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GIACC
Group on International Aviation and Climate Change (ICAO)
g/kg
Gramme/kilogramme
HC
Hydrocarbon
ICAO
International Civil Aviation Organisation
ICAP
International Carbon Action Partnership
IMAGINE
Aviation development environment
INM
Integrated Noise Model

ISO
International Standards Organisation
ISVR
Institute of Sound and Vibration Research, University of Southampton
KT
Knowledge Transfer
LAeq
"Equivalent" average sound level measured using A-weighting
LAQ
Local air quality
Lday
The annual average 12-hour Leq for daytime (0700-1900)
Lden
Day-evening-night level
Leq
Equivalent continuous level
Levening
The annual average 4-hour Leq for the evening period (1900-2300)
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Lnight
The annual average 8-hour Leq for night-time (2300-0700)
LTO
Landing Take Off (cycle)
MeeT
European environmental reference project
MIME
Market-based Impact Mitigation for the Environment
NOx
Nitrous Oxide
PARTNER
Partnership for AiR Transportation Noise and Emissions Reduction.
PNL
Perceived Noise Level
QC
Quota Count
SAGE
System for assessing Aviation‘s Global Emissions
SOPRANO
A whole aircraft noise prediction modelling tool
SPL
Sound Pressure Level
UNFCCC
United Nations Framework Convention on Climate Change
UHC
Unburned hydrocarbon
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Executive Summary
The aviation industry is coming
by reducing carbon emissions
considerably more fuel-efficient
the rotating fan blades to which
engines.

under increasing pressure to enhance environmental sustainability
wherever possible. AOR (Advanced Open Rotor) engines are
than equivalent turbo-fan engines, but there is no nacelle around
noise control treatment can be applied as in conventional turbo-fan

This means that, if AOR engines are to be widely adopted in the future, it may become necessary to
balance or optimise the environmental benefits of reduced carbon emissions against the
environmental costs of sound levels not being as low as they might otherwise have been, or of
exhibiting a different sound characteristic to that of conventional turbofan configurations.
While it is now possible to estimate carbon emissions and sound level outputs from alternative
engine designs to within known degrees of technical uncertainty, there are many other factors
which might also need to be taken into account when manufacturers are deciding to place new
designs into production, or operators are deciding to place orders for new aircraft, or administrators
and regulators are deciding how new aircraft types might best be regulated.
There are additional concerns that, given the distinctive multi-frequency tonal character of the
sounds likely to be produced by future designs for unducted fan engines, then simply meeting
current noise certification limits specified in standard EPNdB 1 units might not be enough to achieve
widespread public acceptability.
In this study, stakeholder concerns regarding the applicability of the current regulatory metric for
aircraft noise in terms of the tonal nature of AORs have been isolated and require addressing. It is
recognised that AOR noise may have a different character than noise from turbofans and that this
issue needs to be researched more fully. Indications are that future AORs will be within ICAO
Chapter 4 2 and significantly quieter than the aircraft they replace. However, given the tonal nature
of the noise, this improvement may not be fully realised in the public perception. Any potential
future metric or evaluation system should address this point. This led to the conclusion that more
research is required to quantify the public‘s sensitivity to aviation noise.
Given these issues, and a number of questions arising around them, this study has investigated
both existing methodologies and models extant within the aviation industry, and also reports upon
the various stakeholder requirements for a future optimisation tool identified at the Omega
sponsored workshop 'Balancing Noise Costs against reduced carbon emissions' which was held at
the Jury's In Hotel in Islington, London, October
2008. 3 Additionally, stakeholder concerns regarding current and future aviation, including both load
and operational scenarios, have also been isolated.

1

ICAO, (July 2008),‘ Environmental Technical Manual on the use of Procedures in the Noise Certification of Aircraft‘,
Annex 16 - Volume I – ‗Aircraft Noise‘ , 5th edition
2
Ibid
3

See Appendix A and Omega Report 36, 'Balancing Noise Costs Against Reduced Carbon Emissions' workshop report.
www.omega.mmu.ac.uk
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This study into the feasibility of developing a future optimisation tool has determined that, whilst
there still remains a need for an umbrella-type all-inclusive modelling capability for aircraft noise,
emissions and economics (as is being undertaken in the US with the AEDT modelling suite) 4 many
stakeholders in the UK currently have different requirements. As a result of this investigation, this
Omega study has confirmed a strong demand, within the major aviation stakeholders in the UK, for
a user-friendly, front-end bolt-on assessment tool to interface with existing acoustic technologies
(such as INM 5 operational parameters). This future optimization tool will investigate the technical
advantages and disadvantages of future aircraft engine and airframe design technologies.
This report has also identified a number of specific input and output parameters required by
stakeholders. The required metrics have also been isolated, as well as the identification of existing
specialist methods (noise, emissions and economics) requiring adaptation for future technology
insertion of AORs. An important additional finding has been the identification of potential additional
regulatory requirements concerning current and future technology insertions within aviation.
In a separate, but related Omega study,6 there has been considerable progress made to model a
‗state of the art‘ advanced open rotor prediction tool set in addition to producing a comparative
framework model between existing and future technology streams. Incorporation of these tools into
the Optimisation Tool model will facilitate, and enhance, requirements within both cold and warm
start stakeholder assessment scenarios.
The resulting tool will be designed to create awareness and to educate both the general public and
the aviation industry into the engineering trade-offs experienced within environmental aircraft
design. The underlying purpose of this optimisation tool is to supply society with a means to
prepare for future aviation technology and to provide for an integrated capability to model specific
interdependencies within future aviation. The interdependencies presented within the tool need to
be aligned with state and overall policy needs within the EU in addition to internationally negotiated
policies such as those devolving from the Kyoto protocol or ICAO CAEP. 7
As the overall specification for the eventual ‗Balancing noise costs against reduced carbon emissions
in future aircraft engines‘ optimisation tool was driven by stakeholder requirements, it will be
designed to maximise its usefulness for those regulatory and user communities in required
assessment scenarios. A number of specific requirements have been identified. These include:


An interface capability for acoustic technology and existing INM operational parameters is
required.

4

See Section 3 and Appendix F.

5

See Appendix D and http://www.faa.gov/about/office_org/headquarters_offices/aep/models/inm_model/inm7_0/

6

See Omega Study 8, ‗Report Integrated Study of Advanced Open Rotor Aircraft‘, www.omega.mmu.ac.uk

7

UNFCCC Kyoto Protocol http://unfccc.int/kyoto_protocol/items/2830.php

The ICAO Council's Committee on Aviation Environmental Protection (CAEP) http://www.icao.int/env/caep.htm
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The tool should be designed so that it could be made available for public use as well as for
specialist use within the aviation industry. It is of paramount importance to make the public
fully aware of pro-active steps being made towards the reduction/management of future
aircraft noise. As noted elsewhere, there is enthusiasm for ‗on-going constructive dialogue‘ 8
around the issue of aviation, and the insertion of AOR future technology provides such an
opportunity.



The outputs from the tool must allow anybody to perform a sensitivity analysis, e.g. to test
for the effect of even quite small changes in fuel price.



The tool should therefore be designed to allow for a qualitative analysis of the tradeoffs
between operating costs and environmental performance, which are most sensitive to
subsequent noise, emission and economic models, and which will be produced both for each
new technology and change in operational procedure. It is of utmost importance to specify
the operational limits and assumptions to justify the responsible usage of such a tool in the
aviation marketplace.



It was an accepted caveat that it is necessary to be careful to account for equivalent
developments in different technology streams, i.e. compare an AOR design with an
equivalent turbofan of the year 2020.



Ground movement and flight test noise modelling should be included in the tool.



Other modelling requirements are for EI (Emissions Index) data, noise and emission outputs
for different thrust settings from each airframe/engine configuration and related data for
particular missions/weights.



En route calculations (and impacts) are also of concern to stakeholders.



An auralisation capability is a necessary component of the optimisation tool.



The tool should have the facility to permit off-design point modelling. This is essential for
airlines as sub-optimum flight conditions are frequently observed with regards to flight
congestion and aircraft altitude shuffling.



It should be possible for all outputs from such a model to be used as inputs into policymaking systems.

In conclusion, this study has identified that the development of the future optimisation tool is a
realisable goal. Given its proposed architecture, the tool would also permit dissemination of a ‗public
domain‘ version to enhance and promote KT. The resulting tool will create awareness, and also
educate both the general public and the aviation industry into the engineering optimisations
adopted within environmentally sensitive aircraft designs.

8

Sustainable Development Commission with the Institute for Public Policy Research,(2008), ‗Breaking the Holding Pattern‘,
http://www.sd-commission.org.uk/publications/downloads/Breaking_the_holding_pattern_report.pdf
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Consideration would be given to how this new future optimisation tool would link with other models
and tools being developed through Omega in order to provide flexible and rounded analytical
capabilities. Research work within the Omega project to date has highlighted numerous novel but
interconnected approaches providing the to addressing the increasing concerns of national and
global stakeholder communities regarding the assessment and modelling of current and future
environmental impacts of aviation.
AOR studies 9 within the Omega programme, examining future technology insertion, will need to be
linked with certain other studies examining the integration of current technology and with models
that assess environmental and economic impacts. Key related Omega activities include a scoping
study which seeks to inform, via a series of marginal abatement cost (MAC) curves, cost effective
industry strategies to reduce or control the environmental effects of aviation10 and technology
prioritisation work looking at design optimisation. Linkage to attitudinal work gauging the public
reaction to changes in noise characteristics will also be an important element of a rounded
modelling and assessment capability that enables sound decision-making related to the potential
introduction of open-rotor powered aircraft. Such incremental research and tool development
methods provide for improvements in current database and model accuracy. Given the potential
environmental benefits indicated by AORs, such a joined-up research approach will lead to a robust,
yet extremely flexible (and stakeholder accessible) integrated modelling environment such as the
future optimisation tool.
It is proposed that the Omega research community should commit the necessary effort and
resources to build such an integrated yet flexible modelling capability.

9

Omega Study 8, op. cit.
Such a framework can show the incremental costs of achieving successive reductions in specific emissions such as CO2. . There is
currently considerable interest in the concept of MAC curves in both from the industry‘s viewpoint as it responds to environmental and
commercial pressures, and from the governments viewpoint as it seeks to design environmental policies which achieve overall regulatory
efficiency. See Omega Study Report 14, ‗A Framework for Estimating the Marginal Costs of Environmental Abatement for the Aviation
Sector‘ www.omega.mmu.ac.uk
10
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1.0

Introduction

The aim of ‗Omega‘ is to build a picture of aviation sustainability knowledge and further needs to
help the problem solvers – the aviation sector and Government – take effective decisions more
easily. Gap filling on the evidence base, horizon scanning and optioneering enables better planning
for a sustainable future for the aviation sector.
The Omega partnership of nine Universities is progressively building a strategic view of the research
and knowledge needs of a sector that faces a significant sustainability challenge. The aim is to
maintain momentum towards giving the aviation sector a strategically co-ordinated and
strengthened evidence base that will offer new solutions for a cleaner and quieter aviation future.
The University of Southampton‘s ISVR have headed up a scoping investigation into the development
of the development of a simple optimisation tool which will enable balancing noise costs against
emissions benefits for generic AOR designs. This investigation integrates the disciplines of
economics, engineering and environmental science in a practical business context.
Preliminary work within the study has identified a number of current stakeholder requirements for
the development of such a simple future optimisation tool. Such a tool is crucial for understanding
noise and other trade-offs in AORs, and, to date, nothing of its kind has yet been developed.
2.0

Motivation

Stakeholders from different sectors of the industry have different priorities when considering future
adoption of advanced types of engines and it is important that everyone should have good technical
information available when making product manufacturing, purchasing or regulatory decisions. A
number of complex computer aided design tools are available, but most of these are too narrow in
scope and complex in nature to allow reliable and practical estimates of overall costs and benefits
to be drawn. Some tools are proprietary to the industry and thus to allow for full analysis of issues
that bear upon the broader stakeholder community and thus support a fully informed public debate.
The main technical problem is that many of the design variables interact in complex ways. Aircraft
fitted with more efficient powerplants, for example, need not carry as much fuel, which, in turn, will
give scope to alter the entire airframe design for the same payload. Unducted fans will also reduce
both the cruising speed and altitude of aircraft compared to current turbofan engines. These two
parameter changes alone will cause multiple repercussions for many aircraft design and operational
parameters, which will then affect the aircraft‘s fuel consumption, NOx emissions, other emissions
(incl. CO2, CO and UHCs), contrail formation and EPNdB certification noise levels. The necessary
bottom line, when considering any proposed new aircraft technology, is to equate the costs and
benefits of their introduction.
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3.0

Objectives

The aim of this study was twofold. Firstly, to identify stakeholder requirements with regards to the
future development of a simple optimisation tool designed to facilitate trade-off assessments when
balancing noise costs against emissions benefits for generic AOR designs. This has been achieved
with the confirmation of a strong demand, within the major aviation stakeholders in the UK, for a
user-friendly, front-end bolt-on assessment tool to interface with existing acoustic technologies
(such as INM operational parameters). This future optimization tool would have the capacity to
assess the technical advantages and disadvantages of future aircraft engine and airframe design
technologies.
The second aim of the study was to focus on adapting existing specialist methods (noise, emissions,
and economics) and the strategy for combining them into a feasible future optimisation tool single
platform. This has been achieved with an architecture that identifies current methods required
within the context of stakeholder requirements. Given its proposed toolset configuration, it would
appear that dissemination of a ‗public domain‘ version of the tool would be possible in order to
enhance and promote KT. The resulting tool would create awareness, and also educate, both the
general public and the aviation industry into the engineering optimisations adopted within
environmentally sensitive aircraft designs.
The underlying purpose of the future optimisation tool would be to supply the sector and society
with a means to prepare for future aviation technology and to provide for an integrated capability to
model specific interdependencies within future aviation. The interdependencies presented within the
tool need to be aligned with state and overall policy needs within the EU in addition to
internationally negotiated policies such as these devolving from the Kyoto protocol or ICAO CAEP.
Other studies, which examine the broader principles that drive technology design (allowing for the
identification of technology streams which may offer the largest, quickest or most cost effective
benefits) within Omega also have the potential to feed into such a future optimisation tool on a first
principles level and allow for stakeholder assessment of interdependencies including the potential
environmental effects of advances and changes in engine and airframe technology, and industry
drivers behind policy and design decisions.11
While there still remains a need for an umbrella-type all-inclusive modelling capability for aircraft
noise, emissions and economics as is being undertaken in the US with the AEDT 12 modelling
suite13 , currently in the UK there is a different attitude amongst many aviation industry
stakeholders.

11

See Omega Study 12 Report, ‗Prioritisation of airframe and engine technologies.‘ www.omega.ac.uk
For further details of the FAA AEDT, which it is proposed, will be designed to integrate existing noise and emissions models so
interdependencies between aviation-related noise and emissions impacts can be assessed, see Appendix F.
13
It should be noted that, other than the AEDT architecture, there has been previous work examining the viability of a preliminary
environmental performance and operating cost trade-off tool, however, this is derived from conventional design configurations and does
not support future technology parameter insertion e.g. Antoine, N.E., (2004), ‗Aircraft Optimization For Minimal Environmental Impact‘,
Doctoral Thesis Stanford University.
12
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Figure 1 - Outline of the AEDT modelling suite as proposed by the FAA

After discussions with end users at Omega‘s ‗Balancing noise costs against reduced carbon
emissions in future aircraft engines‘ workshop, it was discovered that whilst such a complex and
comprehensive capability may serve the international policy and regulatory requirements, it is may
be less well suited to what the industry needs at the moment and for the immediate future when
down-selecting future technologies. The conclusions drawn from the workshop suggested that what
is required to support decision-making for this latter purpose is an easy-to-use, practical and robust
tool14. This has been identified as a demand for a user-friendly front-end bolt-on optimisation tool
to acoustic technology. There are precedents for this approach such as MIME 15 interfaced with
existing INM operational parameters.
Whilst it has been determined that a number of stakeholder end-users have indicated that they do
not, currently, require an optimisation tool environment that incorporates global economics (such as
that envisaged within the proposed US AEDT tool) 16 as a prioritized input/output pathway, the
inclusion of such a global pathway would however provide for a strong modelling capability in any
such tool alongside any proposed emissions scenarios.
This future optimisation tool will be designed to create awareness and to educate both the general
public and the aviation industry into the engineering trade-offs experienced within environmental
aircraft design.
The idea of this tool is therefore, first and foremost, not to reinvent the wheel. From existing
available preliminary aircraft design capability, aircraft design parameter outputs 17 which are most
sensitive to subsequent noise, emission and economic models, will be produced both for each new
technology and change in operational procedure.

14

See Omega Study 36, op. cit.

15

MIME – Noise Trading for Aircraft Noise Mitigation (Hullah et al, 2007).

http://www.eurocontrol.int/eec/gallery/content/public/documents/conferences/2007_ATRS_Berkeley/2007_ATRS_Hullah.pdf
16

See Appendix F.

17

Such as those suggested by Antoine‘s study into the feasibility of integrating noise and emissions as optimisation objectives at the
aircraft conceptual design stage. Thus allowing for a qualitative analysis of the tradeoffs between operating costs and environmental
performance. Antoine, N.E., ‗Aircraft Optimization for Minimal Environmental Impact‘, op. cit.
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4.0

Future optimisation tool specification

The overall specification for the eventual ‗Balancing noise costs against reduced carbon emissions in
future aircraft engines‘ optimisation tool will be designed to maximise its usefulness for the
regulatory and user communities in required assessment scenarios.
4.1

Overall stakeholder requirements for the future optimisation tool



An interface capability for acoustic technology and existing INM operational parameters is
required.



The tool should be designed to create awareness and to educate both the general public and
to support the aviation industry on the engineering optimisations linked to environmentally
sensitive aircraft designs.



The tool should be designed so that it could be made available for public use as well for
specialist use within the aviation industry. It is of paramount importance to make the public
fully aware of pro-active steps being made towards the reduction/management of future
aircraft noise, especially where there are new technologies emerging that may have different
noise characteristics. As noted elsewhere, there is enthusiasm for ‗on-going constructive
dialogue‘ 18 around the issue of aviation, and the insertion of AOR future technology provides
for such an opportunity.



The outputs from the tool must allow anybody to perform a sensitivity analysis, e.g. to test
for the effect of even quite small changes in fuel price.



Stakeholder end-users at the workshop have identified that the tool should therefore be
designed to allow for a qualitative analysis of the tradeoffs between operating costs and
environmental performance,19 i.e. which impacts are most sensitive to interrelational change
when tested in noise, emission and economic modelling. Such analysis is needed both for
each new technology and change in operational procedure. It is of utmost importance to
specify the operational limits and assumptions to justify the responsible usage of such a tool
in the aviation marketplace.



It was an accepted caveat that it is necessary to be careful to account for equivalent
developments in different technology streams, i.e. compare an AOR design with an
equivalent turbofan of the year 2020.



Ground movement and flight test noise modelling should be included in the tool.

18

Sustainable Development Commission with the Institute for Public Policy Research, (2008), op.cit.

19

See also Omega Study Report 14, op.cit.
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Other modelling requirements are for EI (Emissions Index) data, noise and emission outputs
for different thrust settings from each plane geometry and powerplant data for a particular
mission.



Any model must include full flight cycle calculations as well. En route calculations (and
impacts) are also of concern to stakeholders.



An auralisation capability was requested by all stakeholders present at the workshop.



Off-design point modelling is essential for airlines. Sub-optimum flight conditions are
frequently observed with regards to flight congestion and aircraft altitude shuffling.



Concerns regarding the applicability of the current regulatory metric for aircraft noise require
addressing. It was recognised that AOR noise may have a different character than noise from
turbofans and that this issue needed to be researched more fully. Indications are that future
AORs will be within ICAO Chapter 4 20 and significantly quieter than the aircraft they replace.
However, given the different tonal nature of the noise this improvement may not be fully
realised in the public perception. Any future metric should address this point. This led to the
conclusion that more research is required to quantify the public‘s sensitivity to aviation noise.



It should be possible for all outputs from such a model to be used as inputs into policymaking systems.

4.2

Required stakeholder inputs for the future optimisation tool

In order to accommodate the stakeholder requirements for the optimization tool, as noted above,
any tool would require the capability to integrate a number of interrelated inputs relating to both
aircraft design and operational / mission parameters fundamental to both noise and emissions and
these are detailed below in section 4.4.

20

ICAO, (July 2008), ‗Environmental Technical Manual on the use of Procedures in the Noise Certification of Aircraft‘, Annex 16 - Volume
I – Aircraft Noise, 5th edition
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4.2.1 Aircraft design parameters fundamental to noise and emissions
 Gross take-off weight
 Operating empty weight
 Thrust-to-weight ratio
 Type and position of powerplant on airframe
 Noise specifics (i.e. directivity and source level vs. thrust setting) – to include airframe
design geometries (especially wing, landing gear and flap design)
 Emission specifics (i.e. altitude, fuel type, combustion temperature and fuel-to-air ratio vs.
thrust setting) 21
 Specific fuel consumption (at cruise)
 Lift-to-drag ratio of aircraft
4.2.2 Aircraft operational / mission parameters fundamental to noise and emissions
 Descent angle
 Descent speed
 Take-off distance
 2nd & 3rd segment climb angles
 Take-off speed
 Thrust settings
 Cruise altitude
 Cruise speed
 Range
 Payload (i.e. number of passengers)
4.3

Required stakeholder outputs of the future optimisation tool

Stakeholders have indicated that any optimisation tool utilised for future technology insertion needs
to provide a number of outputs to facilitate assessment.
A number of these outputs are based upon the tonal components of AORs, and would require
future research to define any viable operational parameters. These are given in 4.3.4 below.

21

The calculation of fuel burn above 3000ft for current aircraft configurations is based on the ICAO Aircraft Engine Emissions Databank
[Updated16 July 2007] database of aircraft data from ICAO. In the UK this is held by the CAA.
http://www.caa.co.uk/default.aspx?catid=702
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Figure 2 - ICAO Noise Certification Points

4.3.1 Noise outputs
 EPNdB values at three certification points
 LAeq values at three certification points
 Auralisation
 SPL output values to input into ground noise models
4.3.2 Emissions (grams of pollutant emitted per kg of fuel burned)
 NOx levels (g/kg) at idle, approach, climb-out and take-off
 Unburned hydrocarbons (g/kg) at idle, approach, climb-out and take-off
 CO levels (g/kg) at idle, approach, climb-out and take-off
 CO2 levels (g/kg) at cruise
 LTO cycle time 22
 Total mass of NOx, HC and CO during LTO cycle
 Total mass of CO2 (g/kg) during cruise

22

ICAO, (July 2008), Annex 16 Environmental Protection - Volume II – Aircraft Engine Emissions, 3rd edition
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4.3.3 Economics
 Fuel flow at idle, approach, climb-out, take-off and cruise
 Total cruise time (i.e. distance travelled)
 Passenger air-seat-miles
 Initial design and build cost
 Single flight cost (medium and short haul)
4.3.4 Outputs required by stakeholders; currently operationally undefined
 An indication of the tonal quality of the noise produced by the aircraft‘s powerplant not
picked up by EPNdB metric‘s 1/3-octave band averaging method. This may take the form of
a potential ‗new‘ metric.
 A form of penalty system, or new metric, which would take frequency of flights into account.

4.3.5 Additional outputs for the future tool; currently operationally defined
Lden (Day-evening-night level)
In addition to LAeq any tool should also take into account the requirements within the EU derived
Environmental Noise Directive23. A requirement of the directive is that aircraft noise contours have
to be produced for an annual average day (rather than a summer average day), and have to be
produced in terms of a new noise indicator (the Lden) and for an annual average night (2300-0700).
It is a noise level descriptor based on energy equivalent noise level (Leq) over a whole day with a
penalty of 10 dB (A) for night time noise (22.00-7.00) and an additional penalty of 5 dB (A) for
evening noise (i.e. 19.00-23.00).
Defra state that the new indicator takes account of all aircraft movements throughout an average
24 hour period. The separate night contours show the noise exposure without any penalty. 24

23

Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 relating to the assessment and management of
environmental noise - Declaration by the Commission in the Conciliation Committee on the Directive relating to the assessment and
management of environmental noise.
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:189:0012:0025:EN:PDF
24
‗A Research Study on Aircraft Noise Mapping at Heathrow Airport.‘, Noise Mapping England research project,
http://www.defra.gov.uk/environment/noise/mapping/transportation/aviation/index.htm
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Additional to results produced for the Lden and Lnight, results have also been produced by Defra for
the other constituent elements of Lden, namely Lday (the equivalent continuous level for the daytime
period of 0700-1900) and Levening (the equivalent continuous level for the evening period of 19002300).




Lday - the annual average 12-hour Leq for daytime (0700-1900);
Levening - the annual average 4-hour Leq for the evening period (1900-2300);
Lnight - the annual average 8-hour Leq for night-time (2300-0700).

Figure 3 – Lden contours © Crown copyright

4.3.6 Additional outputs for the future tool; currently operationally defined: Caveats
Whilst the two sets of indicators (the annual average Lden indicator and the summer average 16
hour LAeq indicator) should be included within the tool, it must be remembered that the two
resulting numbers are different and should not be compared one to the other. Rather, they should
be seen as two methods of describing average noise exposure around an airport and selected
according to situational requirements.
There are indications from initial predictive modelling auralisations of advanced open rotor aircraft
that the sound heard on the ground may be different from that currently heard from conventional
turbofan and turbo prop aircraft. This is due to the periodic loading on the rotating propeller blades
produces a series of tones at many different frequencies. For a full sized open rotor there are
literally hundreds of tones to calculate and each tone has its own directionality and level.
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Figure 4 - Tone sources of an advanced open rotor engine based on the advanced open rotor prediction method derived
by Dr M Kingan (2009) Integrated Study of Advanced Open Rotor Powered Aircraft. Omega Study 8.

Given this situation, it may be queried if the current tone correction procedure will be sensitive
enough to use with advanced open rotor aircraft noise for the following reasons:
The ISO 3891 Tone Correction Procedure25 (based on ICAO) utilises 1/3rd octave frequency bands,
these identify prominent frequency bands and compare prominent band levels against average of
adjacent bands above and below. The tone correction = tone protrusion/3 (or divided by 6 for more
extreme frequency bands). This is adequate for single prominent tones or for wide spaced tones
more than 1 octave apart, however 1/3rd octave frequency bands cannot detect multiple tones if
adjacent bands above and below also have tones present – so there is no tone protrusion when
measured using 1/3rd octave frequency bands.
Therefore, as discussed with stakeholders there appears to be the need for research into a tone
correction procedure based on narrow band frequency analysis for advanced open rotor aircraft.
4.4

Inclusion of Aviation within the EU ETS (Emission Trading Scheme), the UK
Aviation Emissions Cost Assessment 2008 ( AECA) and the future optimisation
tool

The market effectiveness of specific aviation instruments, such as the EU ETS may alter airline
direct operating costs and thus influence the technology drive within aviation development (i.e. the
development of advanced open rotor engines).
Therefore, in addition to regulatory requirements such as Lden, additional outputs for the future
optimisation tool may need to consider any potential policy and economic constraints and
ramifications for aviation as a result of its inclusion within the EU ETS, the possible development of
fiscal regimes or the levying of charges for emissions. Pressures such as the UK AECA (Air Emissions
Cost Assessment) for the full internalisation of the external climate costs of aviation may also lead
to implementation of policies that drive the industry towards ever more fuel efficient technology
solutions.

25

ISO 3891:1978 ‗Acoustics -- Procedure for describing aircraft noise heard on the ground.‘
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4.5 Composition of the future optimisation tool
Drawing upon the required stakeholder input and output parameters and additional potential
parameters such to the inclusion of required metrics (such as Lden) and consideration of potential
tone correction procedures it is possible to envisage the optimal architecture of a future
optimisation tool.
Sequential optimization of components in any independent single platform assessment tool would
not achieve the dexterity needed to yield a truly optimal design environment. Instead simultaneous
consideration of all aspects of the optimisation tool is more likely to yield optimal results for a
comprehensive and flexible optimisation tool for stakeholder assessment. The ability to tune
parameters and determine the consequential effects at the design or impacts level is crucial to
delivering a tool that serves the respective requirements of the industry technologist and the
scientists assessing emissions or noise impacts.
As the diagram below illustrates, a global view of the future tool reveals four specific non
hierarchical levels (in terms of parameter dominance) with the overall required input and output
parameters shown at each level.

Figure 5 – Input parameters and outputs on the four specific levels of the future optimisation tool
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1 - The Aircraft Design Input Level
Will encompass aircraft design parameters fundamental to noise and emissions and aircraft
operational / mission parameters fundamental to noise and emissions:
 Gross take-off weight
 Operating empty weight
 Thrust-to-weight ratio
 Type and position of powerplant on airframe
 Noise specifics (i.e. directivity and source level vs. thrust setting) – to include airframe
design geometries (especially wing, landing gear and flap design)
 Emission specifics (i.e. altitude, fuel type, combustion temperature and fuel-to-air ratio vs.
thrust setting)
 Specific fuel consumption (at cruise)
 Lift-to-drag ratio of aircraft
 Descent angle
 Descent speed
 Take-off distance
 2nd & 3rd segment climb angles
 Take-off speed
 Thrust settings
 Cruise altitude
 Cruise speed
 Range
 Payload (i.e. number of passengers).
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2 - The Specific Input Level
Will consider noise, emissions and economics requirements as specified by stakeholders, and
regulatory requirements:
 EPNdB values at three certification points
 LAeq values at three certification points
 Auralisation
 SPL output values to input into ground noise models
 Lden
 NOx levels (g/kg) at idle, approach, climb-out and take-off
 Unburned hydrocarbons (g/kg) at idle, approach, climb-out and take-off
 CO levels (g/kg) at idle, approach, climb-out and take-off
 CO2 levels (g/kg) at cruise
 LTO cycle time

26

 Total mass of NOx, HC and CO during LTO cycle
 Total mass of CO2 (g/kg) during cruise
 Fuel flow at idle, approach, climb-out, take-off and cruise
 Total cruise time (i.e. distance travelled)
 Passenger air-seat-miles
 Initial design and build cost
 Single flight cost (medium and short haul).
3 - The Optimisation Level
Will form the processor of the future tool. This provides for simultaneous consideration of all
defined aspects of the particular individual assessment scenario.

26

ICAO, (July 2008), Annex 16 Environmental Protection - Volume II – Aircraft Engine Emissions, 3rd edition
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4 – Output / Assessment Level
Will provide the stakeholder with an assessment based upon the initial emissions, noise and
economics scenario requirements. The specific assessment would consider input and output
parameters from the Aircraft Design Input Level and the Specific Input Level. An assessment might
include:
 EPNdB values at three certification points
 LAeq values at three certification points
 Auralisation
 SPL output values to input into ground noise models
 Lden
 An indication of the tonal quality of the noise produced by the aircraft‘s powerplant not
picked up by EPNdB metric‘s 1/3-octave band averaging method. This may take the form of
a potential ‗new‘ metric (currently operationally undefined, and requiring further research as
discussed in this report).
 A form of penalty system, or new metric, which would take frequency of flights into account
(currently operationally undefined and requiring further research as discussed in this report).


Total mass of NOx, Co2, Co and UHC during the LTO-cycle and cruise



Single cost assessment and its associated economics



Ground movements



Flight test noise modelling



EI (Emissions Index) data



Noise and emission outputs for different thrust settings from each airplane geometry



Powerplant data for a particular mission



Destination calculations



En route calculations (and impacts)



Off-design point modelling.



Inclusion of outputs into policy-making systems.
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4.5.1 Future optimisation tool caveats
It is of utmost importance to specify the operational limits and assumptions to justify the
responsible usage of such a tool in the aviation marketplace.
It should be recognised that any tool must recognise, and provide for, the global nature of the
aviation industry. A toolset that only considers local regulations and policies will be of limited value
when considering overall operational scenarios. Hence there should be provision for weighting
scales based upon varying national, EU and CAEP ICAO standards for emissions and/or noise source
regulations.
It should also be considered that there are a number of international source emissions agreements
beyond those of CAEP ICAO standards that may impact upon the operations of advance open rotor
aircraft. An example of this may be seen within the Kyoto Protocol where Annex 1 Parties
committed to individual CO2 emissions targets within domestic aviation. These targets however
specifically exclude international aviation. Given that the US did not ratify Kyoto it will be necessary
to proceed with the tool with the assumption of the potential existence of specific European
modelling aviation policy tools that address Kyoto.
Given the current stage of predicted flying distances for advanced open rotor engined aircraft it
may be questioned whether US operational policies should be included within the input/output
parameters of the tool. Such a contingency however, may become necessary if extended range
capabilities are considered, or if the tool is to be of use globally.
Whilst the US has not ratified Kyoto there are, nonetheless within projects such as PARTNER,27 a
number of operational methodologies, currently under investigation which may result in fuel /
emissions savings for FAA controlled airspace operations 28
It will be of interest to determine how robust EPNL tone correction procedures remain in the light of
technology insertions such as advanced open rotor engined aircraft.
As this tool will be based upon predictive modelling of advanced open rotor engined aircraft,
ongoing Chapter reductions to future stated targets will be assumed.
Currently however, there does not exist in practice a metric which includes politically desirable
parameters such as discount factors, cost benefits or dis-benefits analysis, regional differentiation
scenarios or similar.

27

PARTNER:web.mit.edu/aeroastro/partner/index.html

28

John-Paul Clarke, Marcus Lowther, Liling Ren, William Singhose, Senay Solak, Adan Vela, Lawrence Wong, ‗ En Route Traffic
Optimization to Reduce Environmental Impact: PARTNER Project 5 Report‘, Report no. PARTNER-COE-2008-005
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5.0 State of the Art
A tool required to balance aircraft design inputs and outputs must be state-of-the-art. Firstly, the
latest noise prediction codes must be fed by accurate theoretical aircraft design and operational
parameters. It is this gap in existing software, between aircraft design and noise prediction tools,
which must be carefully bridged.
The connection between aircraft emissions and aircraft design and performance already exists
within industry to a sufficient level of accuracy and simplicity.
In terms of AOR predictive and comparative modelling tools, much has been already been achieved
in both of these areas.
5.1 Advanced open rotor noise prediction methods
Original work done at the ISVR, University of Southampton by Dr Michael Kingan29 provides for
analytic methods enabling models capable of the prediction of:




the effect of propeller incidence on the radiated sound field
tip vortex interaction noise
the use of CFD simulations to predict tones

5.2 Auralisation
The AOR noise models described above can be implemented into a whole aircraft noise prediction
scheme and can be used to calculate the noise from an entire airplane including sources such as
airframe and core sources. The whole aircraft noise prediction software SOPRANO 30 can be used to
do this. Sample sounds have already been produced from initial prediction methods.

5.3 Aircraft Conceptual Design and Noise
A Parameter Study Framework for Future Technologies has been developed at ISVR, University of
Southampton 31 utilizing existing design software. This initial basic framework allows for analyses of
relationships between aircraft noise, emissions and economics and identifies aircraft design
parameters sensitive to noise certification. The result of this study has permitted the production of a
comparative framework between a current tube and wing turbofan design with conceptual generic
advanced open rotor engine configurations.

29

Omega Study 8, op.cit.

30

See Appendix D

31

Omega Study 8, op.cit.
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6.0 Gaps in Knowledge
Whilst there are analytic prediction models enabling noise prediction of advanced open rotor
engines, this is subject to the proprietary nature of much of the necessary data required to
accurately model AOR aircraft noise. Hence the most up-to-date data is required for accurate
modelling.
As with analytic prediction methods, one major problem with performing comparative analyses
(between a current tube and wing turbofan design with conceptual generic advanced open rotor
engine configurations) within a publicly-funded partnership such as Omega has been identified, and
which has contributed to the basic nature of the study. This problem is that the proprietary nature
of much of the necessary data required to build a future aircraft, even conceptually, is a severe
drawback to the progression of such a tool.
In order to move towards a detailed design phase access to the most up-to-date airframe / power
plant data will also be crucial.
This requirement also applies in terms of auralisation. Additionally, current prediction methods
account for engine noise, installation effects also need to be introduced into the model. This is in
progress.
Until a new generation AOR is test flown, there is also uncertainty as to how an AOR flyover will
actually sound to an observer on the ground once the emitted sound is subject to real, rather than
simulated, atmospheric propagation and its associated effects.
It must be considered that, whilst noise regulations and source emissions policies are set out in
ICAO Annex 1632, there are gaps in knowledge regarding the impact of emissions. Currently there
are no broadly applied metrics or modelling schemes for reporting the impact of GHG (aviation)
emissions on either local air quality (LAQs), for CO2 or for emissions at altitude.33 There are a
number of international models that examine initial emissions trends and these include ICAO
standards rules based upon SAGE (within the US, under the auspices of the FAA) as incorporated
into the AEDT toolset.34 Within the EU, an example is the AEM 35 model, with NOx estimations
estimated via the widely recognised and accepted BM2 method, BM2-EEC.36 Emissions models in
the UK include AERO2k37 and FAST.38

34

SAGE –http://www.faa.gov/about/office_org/headquarters_offices/aep/models/sage/

35

Eurocontrol‘s Advanced Emission Model. Design, development and validation charged to ENVISA. http://www.env-sa.com/?q=node/35

36

The Boeing Method 2 modified by Eurocontrol (EEC-BM2) allows estimations of emission pollutants e.g. NOx, HC1 and CO.
http://www.eurocontrol.int/eec/gallery/content/public/document/eec/report/2004/016b_AEM_Validation.pdf
37
The EC 5th Framework Programme project 'AERO2k' has developed a new and improved global inventory of aviation fuel usage and
emissions. http://www.cate.mmu.ac.uk/aero2k.asp
38

The FAST model (Lee et al., 2003) combines a global aircraft movements database with data on fuel flow provided by a separate
commercial aircraft performance model PIANO. Lee D.S., Kingdon R.D., Sausen R. and Norman P.D., (2003), ‗The TRADEOFF 2000 global
aircraft emissions database and the effects of shifting cruise altitudes on emissions of NOx‘
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Basic emission models do exist however,39 which link aircraft design parameters and operational
procedure to emission indices. It is relatively simple to calculate the total mass of emissions
produced during the LTO-cycle and at cruise for a particular aircraft on a particular mission. The
current software, however, lacks the easy-to-use ability to add new technologies to existing aircraft
databases and then to fly them with specific operational procedures.
There is now a demand within the aviation industry to be able to perform such useful comparisons
which, currently, are lacking in terms of optimum operational input data.
For example, when it was developed during the late 1970s / early 1980s, the ICAO reference LTO
cycle was designed for certification processes for specified engine types. It is highly desirable, for
the purposes of certification, to retain emission calculation procedures and methodology over long
periods of time. This approach also enhances comparability as well as continuation and adaptation
of standards.
However, over the intervening years, operational procedures for aircraft have changed
considerably. Additionally, current performances vary from the original ICAO baseline data,
although this LTO cycle data currently remains unchanged.
Also, the current LTO cycle does not clearly characterise all phases of the operational cycle (such as
the end point of the approach phase). Thus, in order to assess actual emissions from aircraft,
operational parameters are as necessary as the emission factors.
As en route operations, ground movements and their potential impacts are of interest to
stakeholders, robust methodologies to investigate these segments are required.
There are in process numerous attempts to progress towards combined reductions in noise and CO2
emissions for current and future powerplants.40 These are targeted either to keep pace with, or to
exceed, goals set by ICAO or ACARE. 41
However, this Omega study has identified and addressed the significant knowledge gap in the
assessment of future aviation technologies. Projects are not currently enabled with the means to
assess sensitive implications of any future technology design within an independent single platform
combined noise, emissions and economics tool. Thus, such ongoing research maybe of limited
benefit with design configurations not optimally assessed for community noise and emissions
impacts.
During the stakeholder driven workshop, there was much discussion concerning the adequacy of
current metrics as well as both the possibility of, and necessity for, the introduction of new, or
additional, metrics. Whilst indications are that future AORs will be within ICAO Chapter 4 and
significantly quieter than the aircraft they replace, the recognition that AORs may have a different
character than noise from turbofans was considered to be an issue that needed to be researched
more fully.

39

See Appendix C

40

For example PARTNER http://web.mit.edu/aeroastro/partner/index.html amongst others

41

ACARE http://www.acare4europe.com/

Page 31

www.omega.mmu.ac.uk

There was concern that, even if AORs fully met certification requirements, the tonal nature of the
noise may mean that this noise reduction improvement may not be fully realised in the public
perception. This led to the conclusion that more research is required to quantify the public‘s
sensitivity to aviation noise.
Whilst it may be outside of the remit of this study, it should be noted that such concerns directly
address the quality of life for observers (and, perhaps, of passengers), an area which (up to this
point) has only been addressed via a measure of ‗community annoyance‘.42
7.0 Contingencies and assumptions informing the future optimisation tool
Current air traffic management procedures (ATM) are predicated around classical aircraft designs.
The ‗tube and wing‘ design for ducted-powered jet aircraft has been the predominant template for
commercial airliners for a number of decades. It is around that design template that the stated aim
of all air traffic control (ATC) procedures, to ensure safety as the guiding principle of air traffic
control, has been introduced and maintained in terms of flight operations.
Such operational strictures (such as the 3° descent glide slope) may not be optimal flight
configurations for existing aircraft, but aircraft performance under such conditions has become
common practice due to the requirements, regulations and procedures designed to ensure aircraft
operate safely. This may not produce significant fuel and logistical concerns with current designs,
however, such off-design operations within an open rotor fleet may prove to compromise fuel and
emissions trade-offs if such designs are required to operate within existing ATM procedures.
Conversely, optimal operational conditions which produce significant fuel savings and reduced
emissions over existing ducted engine aircraft may not be tolerated by passengers. It is unknown,
for example, as to how a 6°descent glide slope or a 9° climb slope43 would be received both by
today‘s pilots and the public.

42

In the UK the DfT state that 57 dB (A) Leq marks the approximate onset of annoyance (based on an average community response)
from aircraft noise, but does acknowledge that some people may be annoyed at lower levels. DfT White Paper 'The Future of Air
Transport', 16 December 2003. http://www.dft.gov.uk/about/strategy/whitepapers/air/
43

Omega Study 8, op.cit.
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Figure 6 - Comparative Take-off Climb Angles for 1990 Advanced Open Rotor-Powered Aircraft (AOR) vs. Year 2000
Turbofan (Integrated Study of Advanced Open Rotor Powered Aircraft. Omega Study 8)
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Figure 7 - Comparative Approach Descent Angles for 1990 Advanced Open Rotor-Powered Aircraft (AOR) vs. Year 2000
Turbofan (Integrated Study of Advanced Open Rotor Powered Aircraft. Omega Study 8)

It is clear to see that there are potential noise benefits, at least, to be had from alterations to
existing aircraft operation as well as specific powerplant design (i.e. the 8X8 versus the 11x8
advanced open rotor blade row designs). There is, however, significant scope for continued and
more detailed analysis into the complex relationship between the noise, emissions and fuel burn
cost implications from such changes. Only then can we capitalise fully on the advantages brought
by these future technologies.
The potential application of Functional Airspace Blocks (FABs) within the EU to maximize both
capacity and efficiency within the overall Air Traffic Management system whilst maintaining a high
level of safety, is another example which may well prove beneficial to fully functional on-design
operations of future technologies such as advanced open rotor-powered aircraft.
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8.0 Background to the future optimisation tool: Current aircraft design, emissions and
noise methodologies and certification
8.1 Aircraft design
There are several adequate commercial aircraft design tools currently available to the aviation
industry.44 Most outputs from existing software, however, are far too involved and complex for
practical use within any further economic, noise or emissions models.
8.2 Emissions and Aircraft Design
Suitable and basic emission models currently exist,45 which link aircraft design parameters and
operational procedure to emission indices. It is relatively simple to calculate the total mass of
emissions produced during the LTO-cycle and at cruise for a particular aircraft on a particular
mission. The current software, however, lacks the easy-to-use ability to add new technologies to
existing aircraft databases and then to fly them with specific operational procedures. There is now
a demand within the aviation industry to be able to perform such useful comparisons. For example,
when it was developed during the late 1970s / early 1980s, the ICAO reference LTO cycle was
designed for certification processes for specified engine types. It is highly desirable, for the
purposes of certification, to retain emission calculation procedures and methodology over long
periods of time. This approach also enhances comparability as well as continuation and adaptation
of standards.
However, over the intervening years, operational procedures for aircraft have changed
considerably. Additionally, current performances vary from the original ICAO baseline data,
although this LTO cycle data currently remains unchanged.
Also, the current reference LTO cycle does not clearly characterise all phases within the operational
cycle (such as the end point of the approach phase). Thus, in order to assess actual emissions from
aircraft, operational parameters are as necessary as the emission factors. As discussed earlier, it
must be considered that, whilst noise regulations and source emissions policies are set out in ICAO
Annex 16, there are currently no broadly applied metrics or modelling schemes for reporting the
impact of GHG (aviation) emissions on either local air quality (LAQs), for CO2 or for emissions at
altitude.
There are a number of international models that examine initial emissions trends and these include
ICAO standards rules based upon SAGE (within the US, under the auspices of the FAA) as
incorporated into the AEDT toolset. An example within the EU is the AEM model, with NOx
estimations estimated via the widely recognised and accepted BM2 method, BM2-EEC. Emissions
models in the UK include AERO2k and FAST.

44

See Appendix B

45

See Appendix C
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8.3 Existing noise modelling software
There are a number of existing noise modelling software options currently available to
stakeholders.46 The ability of the trade off tool to form a front end ‗bolt-on‘ toolset is a matter of
developmental compatibility based on end user input/output requirements.
Modelling software tends to fall into two categories. The first category is based on international
guidance, such as INM at its derivations. The second category is those models specifically
developed for particular airports.
Integrated modelling systems such as INM are based on EPNL or LAeq tend to combine source and
propagation and use flight track segmentation and are suited to long term averaging rather than
single events.
Spectral models, including SOPRANO 47 and IMAGINE 48 concentrate on directivity and spectral
content and consider a source from propagation separation. Such modelling environments are
suitable for long term averaging and also single events and also allow for the calculation of realistic
propagation and flight procedures 49

Figure 8 – Evolution of ICAO Noise Standards (Reproduced by kind permission of Dr Rod Self, 2009)

46
47
48

See Appendix D
As used within Omega Study 8, op.cit.
See Appendix D

49

Dimitriu, D., (2007), ‗Aviation and the Environmental Noise Directive: an analysis of difficulties and gaps in the implementation.‘
SISOM, and ‗Homagial Session of the Commission of Acoustics‘, Bucharest, 29-31 May, pp 213-223
Page 35

www.omega.mmu.ac.uk

8.4 Noise
Modern jet powered aircraft are considerably quieter than their predecessors from 30 and 40 years
ago, yet there is evidence emerging that at least some airport residents may be reporting higher
levels of annoyance than in the past.50,51 Despite the significant reduction in aircraft noise over
several decades, noise continues to provide one of the greatest areas of complaints.
The Intergovernmental Panel on Climate Change have projected that, given an expected 5% annual
increase in passenger traffic, that the growth in aviation related nuisances will outpace any
improvements which might be expected through evolutionary changes in airframe and airframe
design. 52This projection covers conventional aircraft and does not predict insertion technologies
such as advanced open rotor engined aircraft.
Even though sound levels have reduced, it seems plausible that, for reasons which are presently
unknown, people may be noticing or otherwise paying attention to a higher proportion of aircraft
sound events than in the past. If true, this could be because of the general increase in traffic,
meaning that event frequencies have increased in recent years, or it could be because of changes
in the character or sound quality of the sound (which is not necessarily the same thing as
differences in sound level measured in dBA or EPNdB), or it could be simply because people‘s
expectations and tolerance levels have changed. 53 , 54
Standards for aircraft source noise are based upon noise limit certification for a particular aircraftengine combination when carrying out standardized landing and takeoff operations.

50

Van Kempen, E.E.M.M. , Van Kamp, I., (2006).‚ ‗Annoyance from air traffic noise, Possible trends in exposure-response relationships‘,
Report 01/2005 MGO EvK Reference 00265/2005, RIVM, P.O.Box 1, 3720 BA Bilthoven, The Netherlands ( January 2006)
51

Masurier, P., Bates, J., Taylor, J., Flindell, I., Humpheson, D., Pownall, C., Woolley, Le, A., (October 2007), ‗Attitudes to Noise from
Aviation Sources in England (ANASE)‘, (2007), Final Report for the Department of Transport, pp 1 – 144.
52

Antoine, N.E., and Kroo I.M., (October 2005) ‗Framework for aircraft Conceptual Design and Environmental Performance Studies‘, AIAA
Journal 43, 10 pp 2100-2109
53
Van Kempen, op.cit
54
Fidell, S., Silvati, L. & Haloby, E., (2002), ‗Social survey of community response to a step change in aircraft noise exposure‘, Journal of
the Acoustical Society of America, 111, pp 200 - 209
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8.5 QC systems
In the UK, London Heathrow, along with London Gatwick and London Stansted airports, operate a
quota count rating classification for all current commercial aircraft. Aircraft are classified according
to a Quota Count (QC) rating (e.g. QC/0.5, QC/1, and QC/2) according to how much noise it is
judged to emit. Aircraft are classified separately for take off and landing. There is also a quota for
summer and winter seasons.
The present UK QC system classifies aircraft into seven bands:









QC/0
(Exempt) Less than 84 EPNdB, and in the case of jet aircraft, also having a
maximum certificated take-off weight not exceeding 11,600kg.
QC/0.25 84 – 86.9 EPNdB.
QC/0.5 Less than 90 EPNdB.
QC/1
90 - 92.9 EPNdB.
QC/2
93 - 95.9 EPNdB.
QC/4
96 - 98.9 EPNdB.
QC/8
99 - 101.9 EPNdB.
QC/16 More than 101.9 EPNdB.

Theoretically, the principle behind the classification system is that an aircraft with a QC rating of
QC/1 is half as ‗noisy‘ 55 as one classified as a QC/2, and twice as ‗noisy‘ as one classified as
QC/0.5. However, this does not particularly hold as an aircraft with certification data of, for
example, 90.1 EPNdB, and that just falls within the lower boundary of QC/1 is not twice as ‗noisy‘ as
one with a noise data level of 89.9 EPNdB and just falling within the upper boundary of the QC/0.5
band.
The QC band widths are based on the nominal assumption of 3dB as representing the principle of a
doubling of sound energy. The QC/0 and QC/16 bands are deemed to be open ended and not,
therefore subject to the ‗doubling‘ principle. However, current thinking within the aircraft industry is
that the system functions well as it is as all QC/0 classified aircraft are exempted from night and
number restrictions, and all those aircraft classified as QC/8 and QC/16 are not permitted to be
‗scheduled to operate‘ between the hours of 23.00 and 07.00.
At London Heathrow aircraft noisier than QC/2 are not permitted to be ‗scheduled to operate‘
between the hours of 23.00 and 07.00. As this is more stringent than the ICAO Chapter 4 limits,
QC/2 has become a de facto aircraft noise standard.
The main utility of the current QC system is that it allows (within the UK) night time flights to be
individually counted against a noise quota according to the QC rating of each aircraft type used.
The reasoning is that the noisier the aircraft, the higher the QC quota number the fewer that can be
operated. The onus is then on the airline operator to run a quieter QC rated fleet thus permitting
more numbers of aircraft to fly within the quota allocation.

55

London Heathrow, London Gatwick and London Stansted Airports Restrictions Notice 2007. NATS Supplements to the United Kingdom
AIP S 5/ 2007 Information date 2 February CAA (Published on behalf of the Department of Transport).
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As always with such systems, there is always a level of disutility. For example, aircraft falling within
the QC/0 (exempt) are judged to be the ‗quietest‘ of operating aircraft and are not subject to
restrictions. Such exemptions only work however, if the current noise assessment EPNL method
remains robust some 50 years after its introduction.
Variants of the QC system are currently operating at Madrid and Brussels airports.
8.6 EPNdB sound certification within the aircraft industry

56

At the beginning of what might be termed the ‗jet age‘, Karl Kryter (1959) 57 undertook a
series of tests to determine how ―noisy‖ 58 the new generation of commercial jet engined aircraft
would sound to listeners on the ground when compared to the (then) current commercial fleet of
reciprocating-engined aircraft (piston engines). As the new jet engines were perceived to be noisier
than traditional propeller aircraft because of differences in the spectrum of the noise they produce,
the methods Kryter employed followed similar approaches to loudness summation of complex
tones.
In addition to asking people to judge the ―annoyance‖ 59 or ―potential bothersomeness‖60 of the
various sounds relative to one another (and so attempt to determine the relations between jet
aircraft and piston aircraft sound pressure levels that would produce equal amounts of perceived
―noisiness‖61), Kryter also attempted to develop criteria to validate and improve the precision of
methods of calculating subjective reactions to noise.
Commonly used noise metrics and scales of the time were compared for the closeness of their
comparative relationships to judgments of annoyance. Kryter found the best overall prediction
correlation of sounds and their perceived noisiness occurred when the sound pressure levels of the
various octave bands were weighted utilising a new method derived from Stevens‘ previously
published equal annoyance contours and loudness level calculations.62
Kryter‘s model attempted to produce a scale of perceived noisiness, the units of which were termed
the noy. In order to extend the range of noys to account for the levels of aircraft flyovers, the
experimenter made the assumption that ―the perceived noisiness of a sound grows as a function of

physical intensity at the same rate as loudness increases with intensity‖. 63

Kryter‘s scaling was adopted by the International Standards Organization for international use. It
forms the basis of the International Civil Aviation Organisation (ICAO) Noise Certification

56

See Appendix E for the EPNdB calculation. Also International Civil Aviation Authority,( July 2008), ‗Environmental Technical Manual on
the Use of Procedures in the Noise Certification of Aircraft‘ – Volume l, 5th Edition
57

K.D. Kryter, (1959), ‗Scaling Human Reaction to Sound from Aircraft‘, Journal of the Acoustical Society of America, 31. 11, pp 14151429
58
Ibid
59
Ibid
60
Ibid
61
K.D. Kryter, (1959), ‗Scaling Human Reaction to Sound from Aircraft‘, op.cit.
Also K.D. Kryter. (1960), ‗The Meaning and Measurement of Perceived Noise Level, Noise Control.‘, 6. 5., pp 12 -17.
62
Stevens, S.S. (1957), ‗Calculating Loudness. Noise Control‘, 3. 5. pp 11-22 and Stevens, S.S. (1956), The Journal of the Acoustical
Society of America. 28. pp 807-832.
63

K.D. Kryter, (1959), ‗Scaling Human Reaction to Sound from Aircraft‘, op.cit.
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Procedures, and the United States Federal Aviation Administration (FAA) aircraft certification
procedures. At the time, the use of one third octave bands was the limit of extant technology, and
paralleled research into human auditory responses and critical band width estimations. Aircraft
noise certification methodology is still based upon one third octave band data.
Although Kryter utilised recordings of actual flyovers, his method did not include a tone correction
procedure. The tone correction procedure was added some years after Kryter‘s original work.
Effective Perceived Noise Level (EPNL) is a modification of Perceived Noise Level (PNL) designed to
take into account spectral irregularities within aircraft broad band sound, as well as the duration of
the noise. Its products are measured in EPNdB, and it is defined as the perceived noise level (PNL)
in PNdB plus a tone correction and a duration correction. The use of EPNL and EPNdB is exclusive
to the aircraft industry.
The EPNL measurement is based on the following equation:
EPNL= PNLmax+ 10 log (t10/20) + F (dB)
Where PNLmax is the maximum perceived noise level during flyover in PNdB, t10 is the duration (in
seconds) of the noise level within 10 dB of the peak PNL, and F is a correction for pure tones
(which are generally found to be more annoying than broad band noise without perceived tones).
In practice within the aviation industry, F is treated as about +3 dB.
For the purposes of EPNL aircraft noise certification 50Hz to 10 KHz one third octave bands are
considered. The spectral irregularity weightings within the pure tone correction procedure are based
upon the following premises:


Humans do not respond uniformly to sounds of the same intensity generated at different
frequencies.



Humans are most ‗annoyed‘ by 2 – 4 KHz tones, and are receptive to protrusive discreet
tones.

Whilst the dBA metric is used as a certification metric within the aircraft industry, it is used purely to
determine loudness and is restricted to the certification of propeller driven light aircraft and light
helicopters. EPNL is ―a single number evaluation of the subjective effects of aircraft noise on human
beings‖ 64 and is used as an annoyance (or perceived noisiness) based metric to certify jets,
propeller driven heavy aircraft and heavy helicopters.

64

ICAO, (July 2008), ‗Environmental Technical Manual on the use of Procedures in the Noise Certification of Aircraft‘, Annex 16 - Volume
I - Aircraft Noise, 5th edition
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ICAO state that EPNL accounts for human response to spectral shape, intensity, tonal content and
duration of noise from an aircraft. Certification quality EPNL cannot be measured directly, but must
be calculated in a standard manner as laid down in Annex 16.65
Corrections and adjustments to microphone, recording system corrections and background noise
are applied to measured spectra data (0.5 seconds apart) before EPNdB is calculated.
9.0 Background to the future optimisation tool: Optimisation environments and policy
A number of stakeholder end-users at the ‗Balancing noise costs against reduced carbon emissions
in future aircraft engines‘ workshop have indicated that they do not, currently, require an
optimisation tool environment that incorporates global economics (such as that envisaged within
the proposed US AEDT tool)66 as a prioritized input/output pathway. The inclusion of such a global
pathway would however provide for a strong modelling capability in any such tool alongside any
proposed emissions scenarios.
As noted earlier, whilst noise regulations and source emissions policies are set out in ICAO Annex
16, there are currently no broadly applied standards for impacts of CO2 or emissions at altitude or
for local air quality. There are moves towards the implementation of such standards 67 which may
prove to provide for powerful policy options.
Additionally, these policy options would be ones which, if implemented across the operational
environment, would require powerful modelling of both the environmental and economic
consequences in order to ensure comprehensive multi-level implementation across both industry
and regulatory stakeholder interfaces.
Within a European framework there are a number of current, emerging and potential policies to
address various aspects of aviation environmental concerns. These include:


Operational measures (such as improved airline and air traffic control practices on local,
national and regional levels). Assessment of both benefits and costs of such operational
measures would require modelling on both on global and local levels to ascertain overall
and stepwise effectiveness.



Noise regulations and Source emission standards.



Air quality. As previously mentioned within this report, current air quality control standards
account for only close to ground emissions. There are also varying standards from country
to country both in terms of time periods over which local air quality is measured as well as
pollutants regulated and the level of requirements. Thus modelling within any tool would

65

ICAO, (July 2008), ‗Environmental Technical Manual on the use of Procedures in the Noise Certification of Aircraft‘, Annex 16 Volume I - Aircraft Noise, 5th edition
66

See Appendix F

67

For example ICAO‘s GIACC/3 WP/2, GIACC/3 WP/3, GIACC/3 WP/4 19/01/09 emission and environmental proposals
http://www.lima.icao.int/MeetProg/2008/CNS.ATMSYS/SIP2008_WP21.pdf and CAEP/7 plans to inventory LTO emissions.
http://www.icao.int/icao/en/nr/2007/pio200701_e.pdf
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need to achieve not only accurate dispersion modelling, but also both competent airport
environs, and far airport locality scenarios.


9.1

Future Aviation Technologies. Development and insertion of these future technologies
(including areas such as aircraft designs, control systems, aviation fuel and delivery
systems, and in the case of this study power plants such as the advanced open rotor
engine) may be streamed from several sources (aside from the plateau and rise effect of
design limited improvements), the most obvious being via policy enactments and/or
economic means. The enactment means of implementation must be very carefully
considered, and the impacts, and potential consequences of any trading or penalty systems
(such as emissions trading, or charging for emissions or noise under a weighted penalty
system) must be modelled to an extremely detailed degree. Demand shift, stakeholder
reactivity, cost benefit analyses and any potential knock on effects resulting from both
enactment and insertion all need to be carefully considered within an integrated model.
US optimisation environments

The Emissions and Dispersion Modeling System (EDMS) forms a module within the overarching
aviation modelling trade off tool currently being developed (AEDT) as a ‗one stop shop‘ for all
aviation metrics and their interactions.68 EDMS has been an EPA
―Preferred Guideline‖ model for use in both civil airports and military air bases since 199369
This revised policy has identified EDMS as the required, instead of the preferred, model to perform
such local air quality analyses. The model continues to be enhanced by the FAA, under the
guidance of government and industry advisory boards, in order to determine more effectively
emission levels and concentrations generated by typical airport and or air base emission sources.
Within the UK, the ICAO Engine Exhaust Emissions Databank (Doc 9646) 70 is hosted, in electronic
form, by the CAA 71 with the noise database equivalent, NoisedB (which provides for access to
certified noise levels of civil transport aircraft types mainly certificated under Federal Aviation (FAR)
and ICAO regulations), having been designed and developed by the French DGAC (Direction
Générale de l'Aviation Civile) who also ensure update of the data and data processing support. 72

68

See Appendix F

69

http://www.faa.gov/about/office_org/headquarters_offices/aep/models/edms_model/

70

The ICAO Engine Exhaust Emissions Data Bank (Doc 9646), issued in 1995, updated 16 July 2007):
http://www.icao.int/icao/en/env/aee.htm
71
The UK CAA hosts this Databank on behalf of ICAO and is not responsible for the contents.
http://www.caa.co.uk/default.aspx?catid=702&pagetype=90
72
http://noisedb.stac.aviation-civile.gouv.fr/
73
The ICAO Engine Exhaust Emissions Data Bank (Doc 9646), issued in 1995, updated 16 July 2007):
http://www.icao.int/icao/en/env/aee.htm
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9.1.1 The role of the future optimisation tool within integrated and interdependent
modelling and optimisation environments
As ICAO state, the Engine Exhaust Emissions Databank ‗contains information on exhaust emissions
of only those aircraft engines that have entered production. The information was provided by
engine manufacturers, who are solely responsible for its accuracy. It was collected in the course of
the work carried out by the International Civil Aviation Organization (ICAO) Committee on Aviation
Environmental Protection (CAEP) but has not been independently verified unless indicated.‘ 73
Currently the database incorporates ninety one directly supported aircraft types (using reference
sources such as Flight Manuals, Operating Manuals etc). For the other two hundred and four types,
the data is specified to be the same as one of the 91 directly supported aircraft. Thus BADA
provides 99.14% coverage of European air traffic (when taking into account both the directly and
indirectly supported aircraft). As maybe realised, in order to inform any robust modelling scenario,
accurate source data is necessary. This requirement is additionally highlighted when
approaching future technology modelling, and the lack of up to date operational data has been
discussed by a number of researchers, including those of the Omega Study 36 74 and also by those
working on the AEM3 model 75 who conclude that:
‗The importance of global emission and local air quality analysis tools in support of the political
decision making process is increasing with increasing public interest in the environmental impact of
aviation. Since the decisions taken can have significant economic consequences on all aviation
stakeholders, e.g. airlines, airports, air traffic service providers etc. it is crucial to ensure that the
information provided to the political decision making process is reliable. A key factor for such a
validation process is the availability of operational airline data detailing precise flight profile and fuel
burn information. As the airlines would be the first to feel the potential consequences of changes in
the aviation system motivated by environmental issues, such as fuel taxes, environmental route
charges, emission landing fees etc., it is in their interest to ensure that emissions are estimated
accurately. Nonetheless it is extremely difficult to obtain operational data from airlines … The
situation for emissions is even more complex. Emission information for given aircraft and engine
combinations is not available to the research community. Test bed information from the engine
certification process is only available for ground level. Statistically, the number of tests per engine is
not sufficient. The effect of the engine installed in a particular airframe and changes in emission
indices as a function of aircraft attitude, altitude, Mach number, weight etc. are not explicitly
available in the ICAO Engine Exhaust Emission Databank. As a consequence, for tools used in the
past, only rough error estimates have been possible.‘
Error margins of 30% and more for fuel burn and emissions have been reported by researchers
even in the context of European environmental reference projects such as ANCAT,76 EC1 & EC2,77
MeeT, 78 etc.

74

Omega Study 8, op. cit.

75

See Jelinek F., et al, (2004). Advanced Emission Model (AEM3) v1.5 Validation Report EEC Report EEC/SEE/2004/004.

76

Global aviation emissions model ANCAT/EC2. (Gardner et al., 1997 : 1998). See Jelinek F., et al, (2004).

77

European Centre for Medium-Range Weather Forecasts (ECMWF). See Jelinek F., et al, (2004).

78

See Jelinek F., et al, op. cit.
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As noted above, this problem of accurate available information for researchers is therefore
exacerbated within future technologies predictive modelling (such as in the case of advanced open
rotor engined aircraft), hence the importance of accurate prediction tools such as those developed
by Kingan (2009)79 when considering future assessment potentialities such as a future optimisation
tool or trade-off tool.
There is, however, considerable movement (alongside, and in addition to that currently underway
within AEDT, APMT etc) working towards achieving accurate operational data (emissions, fuel burn,
flight profiles etc) and integrating same within models examining varied interdependencies between
aviation-related noise and emissions impacts on global, European and national levels.
Amongst others, these initiatives include (in addition to CAEP‘s COD 80), a global and ongoing work
programme (until 2010) within ICAO CAEP‘s (currently in its /8 cycle), Modelling and Databases
Task Force (MODTF) to complete a ‗candidate model‘ evaluation process, in order to accomplish
Assembly Resolution A36-22 81 remits in the following four CAEP Modelling Families areas:





Local Air quality Assessment Tools
Noise Evaluation Tools
Economics Tools
Greenhouse Gas Tools

In Europe, an example of another ongoing detailed programme for the calculation of emissions
from aircraft is being utilised by ECAC (ANCAT). 82
ANCAT (which currently constitutes ECAC Member state experts from 44 European states), supports
the work of CAEP notably through the Emissions Trading Sub-Group, on the preparation on
emissions trading schemes and assists with the development of related European positions for CAEP
and the ICAO Assembly.
The scope of ANCAT‘s activities, which are concerned with the ‗reduction of unfavourable
environmental impacts caused by air transport‘, includes the preparation of methodology dealing
with limitation of aircraft emissions, operational noise mitigation procedures around airports,
certification and re-certification of aircraft and protective noise zone proposals.
The ANCAT 1, ANCAT 2 and ANCAT 3 (which comprise three different levels of accuracy and
complexity) methodologies used within ANCAT (ECAC) are in line with EMEP (Co-operative
Programme for Monitoring and Evaluation of the Long Range Transmission of Air Pollutants in
Europe) 83 and the three CORINAIR (Core Inventory of Air Emissions in Europe) 84 Very Simple,

79

Omega Study 8, op. cit.

80

Global Common Operations Database; comprising SAGE and WISDOM:
http://www.tc.gc.ca/AviationCivile/Internationale/OACI/comites/pdf/working/Jan-24-07/CAEP7_WP60.pdf
81

Statement from ICAO to the UNFCCC‘s Subsidiary Body for Scientific and Technical Advice (SBSTA) 3-11 December 2007
http://www.icao.int/env/sbsta-27.pdf
82
Established in 1974: ECAC/ANCAT (European Civil Aviation conference / Abatement of Nuisances Caused by Air Transport Expert Group
http://www.ecac-ceac.org/index2.html
83
United EMEP is an open source code: http://www.emep.int/OpenSource/User_Guide_Unified_EMEP_rv3.pdf
84

CORAINAIR Core Inventory of Air Emissions in Europe http://www.eea.europa.eu/publications/EMEPCORINAIR5/
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Simple and Detailed methods as noted in, for example, the ICAO Carbon Emissions Calculator. 85 Of
these, ECAC encourages member states to preferably utilise ANCAT 3 (the most detailed
methodology) in order to calculate the emissions of aviation as accurately as possible.86
Globally, such detailed and varied, inventory programmes for calculating emissions from aircraft are
continually being refined and updated. An indication of the potentially integrated nature of ongoing
modelling work into the various interdependencies within aviation may be reflected in a statement
by the ECAC Recommendation that member states are urged to: ‗progressively refine and improve
the level of accuracy in recording aircraft emission data. States should aim towards calculation of
emissions from their aviation activity in accordance with ANCAT method number three or a peer
reviewed and well documented national methodology in order to achieve the best practicable level
of accuracy.‘ 87
Within this ongoing move towards international aviation models, the development of overarching
aviation modelling trade off tools models (such as AEDT), designed to be one stop shops for all
aviation metrics and their interactions (which, by their nature track through to monetization), are a
logical and necessary extension of current emissions scenarios.
Aviation projects are not currently enabled with the means to assess sensitive implications of any
future technology design within an independent single platform optimisation tool. Thus, ongoing
aviation research maybe of limited benefit when dealing with future design configurations and
implications not optimally assessed for community noise and emissions impacts.
As indicated by stakeholders however, within a current (and potentially increasingly accurate),
ongoing integrated aviation modelling environment there is the need for such a flexible and userfriendly capability which will act as a ‗bolt on‘ facility to provide society with a means to prepare for
future aviation technology in the form of a future optimisation tool.
The role of the future optimisation tool may therefore be seen to fulfil these stakeholder
requirements and to provide an integrated capability to model specific interdependencies within
future aviation.
The model development of the future optimisation tool is thus envisaged as allowing for
the
description and examination of relationships between differing future technology parameters. Such
an accurate and flexible future optimisation tool would also, given its proposed architecture, permit
dissemination of a ‗public domain‘ version to enhance and promote KT. The resulting future tool will

85

ICAO Carbon Emissions Calculator as of April 2008: http://www2.icao.int/en/carbonoffset/Documents/Methodology.pdf
If Member States are not able to use such a detailed methodology or are unable to obtain detailed information on distances flown, they
may use the less detailed ANCAT 2 methodology. If Member States are unable to obtain detailed information on aircraft types, they may
use the least detailed ANCAT 1 methodology. If a peer reviewed and well-documented national methodology is available, which is more
accurate than ANCAT method 3, Member States may use this national methodology when producing emission inventories.
86

ECAC 2002b, Article 5 ANCAT-AIRMOD/5: Toulouse 19 - 20 November 2002. http://www.mdcr.cz/NR/rdonlyres/1FE39947-2914-498280EA-E35FEE210CBA/0/ANCAT_60WP_7.pdf
87

ECAC 2002b, Article 5 ANCAT-AIRMOD/5: Toulouse 19 - 20 November 2002. http://www.mdcr.cz/NR/rdonlyres/1FE39947-2914-498280EA-E35FEE210CBA/0/ANCAT_60WP_7.pdf
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create awareness, and also educate both the general public and the aviation industry into the
engineering optimisations adopted within environmentally sensitive aircraft designs.
10.0 Economics modelling within the future optimisation tool
A number of stakeholder end-users indicated that economics are not their primary demand (except
perhaps within government policy models) within the future optimisation tool. However, as
discussed earlier, the inclusion of such a global pathway would provide for a strong modelling
capability in any such tool alongside any proposed emissions scenarios.
The inclusion of economics modelling may therefore obviously be applied, not only to fleet
operations, but also in relation to environmental considerations. The use of suitable metrics must,
however, be carefully chosen in order to accurately represent the weightings of the varying
interrelated parameters, and also be suitable for sensitive future scenario modelling.
11.0 Extended potentialities of the future optimisation tool
The future optimisation tool has the potential for a multi level approach to aviation modelling. In
addition to the initial requirement capabilities as outlined by stakeholders, the future toolset may be
optimised to cope with the varying standards and policies as outlined above.
12.0 Conclusion
Discussions amongst stakeholders from different sectors of the industry at the ‗Balancing noise
costs against reduced carbon emissions for future aircraft‘ workshop identified their different
priorities when considering future adoption of advanced types of engines. It was also emphasized
that it is important that everyone should have good technical information available when making
purchasing or regulatory decisions. A number of complex computer aided design tools are
available, but most of these are too narrow in scope and complex in nature to allow reliable and
practical estimates of overall costs and benefits to be drawn.
As a result of this investigation, this Omega project has confirmed a strong demand, within the
major aviation stakeholders, for a user-friendly, front-end assessment tool to investigate the
technical advantages and disadvantages of future aircraft engine and airframe design technologies.
This report has also identified a number of input and output parameters required by stakeholders.
In addition, potential additional regulatory requirements concerning current and future technology
insertions within aviation have also been identified. Also, a number of stakeholder concerns
regarding both current, and future aviation, operational scenarios have been isolated.
Whilst the development of an optimisation tool is feasible, there remain areas of uncertainty and
issues surrounding the fundamental inputs of such a tool. As noted earlier for example, whilst noise
regulations and source emissions policies are set out in ICAO Annex 16, there are currently no
broadly applied standards for impacts of CO2 or emissions at altitude or for local air quality. The
implementation of such standards might provide for powerful policy options.
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There are also modelling implications for such policy options if they were implemented across the
operational environment. A powerful toolset would be required to permit modelling of both the
environmental and economic consequences in order to ensure comprehensive multi-level
implementation across both industry and regulatory stakeholder interfaces.
In order to develop a flexible, unified and powerful modelling environment for the future
optimisation tool, there is also the need for the formation of comprehensive KT relationships and co
operation within interested stakeholder communities examining the feasibility of such a tool.
The underlying purpose of the future optimisation tool will be to supply society with a means to
prepare for future aviation technology and to provide for an integrated capability to model specific
interdependencies within future aviation. The interdependencies presented within the tool needed
to be aligned with state and overall policy needs within the EU in addition to internationally
negotiated policies such as these devolving from the Kyoto protocol or ICAO CAEP.
There has been considerable progress made to model a ‗state of the art‘ advanced open rotor
prediction tool set in addition to producing a comparative framework model between existing and
future technology streams.88 Incorporation of these tools into the Optimisation Tool model would
facilitate, and enhance requirements within both cold and warm start stakeholder assessment
scenarios.
Overall, this study has identified the significant knowledge gap in the assessment of future aviation
technologies and the way that the development of a broad integrated toolset could assist with
selection of optimal technology (and perhaps other) solutions. Such aviation projects are not
currently enabled with the means to assess sensitive implications of any future technology design
within an independent single platform optimisation tool. Thus, ongoing aviation research maybe of
limited benefit with design configurations not optimally assessed for community noise and emissions
impacts.
This study has identified that an independent optimisation tool is both a feasible and a realisable
goal. Given the proposed architecture of the tool, it would also permit dissemination of a ‗public
domain‘ version to enhance and promote KT. The resulting future tool will create awareness, and
also educate both the general public and the aviation industry into the engineering optimisations
adopted within environmentally sensitive aircraft designs.

88

Omega Study 8, op.cit.
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13.0 Future Work
Research work within the Omega project to date has highlighted numerous novel approaches to
addressing the increasing concerns of industry, government (both national and global) and
stakeholder communities regarding current and future environmental impacts of aviation.
Studies within the Omega project examining future technology insertion (in particular AORs) can,
along with studies examining current technology and environmental models, provide for
improvements in current database and model accuracy. Given the potential environmental benefits
indicated by AORs such effective and ‗joined-up‘ research will lead to a robust, yet extremely
flexible (and stakeholder accessible) integrated modelling environment such as the future
optimisation tool.
In addition to the operational requirements indicated within this study, stakeholders have indicated
that an auralisation capacity within the future optimisation tool would be advantageous. As
described earlier, there also appears to be the requirement for research into a new multiple tone
correction procedure based on narrow band frequency analysis for advanced open rotor aircraft.
Also, with regard to numbers of flights, a number of stakeholder end-users have indicated that they
believe a new metric or a penalty system should be investigated to account for the frequency of
aircraft flights.
Given that, a number of research needs have been identified via advanced open rotor noise
prediction methods: 89

89



Any new multiple tone correction procedure must be calibrated against subjective
listening tests.



Analytic test sounds are required to establish fundamental principles.



Real‘ (i.e. simulated) aircraft flyover test sounds are required to establish real-life
validity.



Time-frequency uncertainty issues (associated with narrow band analysis) would need
to be overcome.

Omega Study 8, op. cit.
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Appendix A: Scoping Workshop (27.10.08) Summary
The full ‗Balancing Noise Costs Against Reduced Carbon Emissions in Future Aircraft Engines‘
workshop report may be found on the website: www.omega.mmu.ac.uk
The ‗Balancing Noise Costs Against Reduced Carbon Emissions in Future Aircraft Engines‘ workshop
sought to identify common ground in terms of if there is any need for a simple design optimisation
tool and if so, of what form should that design optimisation tool take, and to suggest the type of
research that might be required in order to bring it to fruition.
This was achieved by bringing a number of acknowledged experts in their respective fields together
to seek common ground in terms of the overall specification for the eventual optimisation tool to
maximise its usefulness for the regulatory and user communities.
The organisers of the workshop again wish to thank those experts for their time and invaluable
advice in contributing to, not only the definition of the required optimisation tool inputs and
outputs, but also to an intensive and extremely lively debate on both current and future community
and stakeholder investment within the aviation industry.
The workshop involved a number of presentations that placed the framework of an eventual
optimisation tool in context, described current Omega sponsored research and Knowledge Transfer
efforts, and also gave the perspective of existing and proposed optimization tools. A lively
discussion of the issues and requirements also took place throughout the day.
The day started with an introduction by Dr Rod Self of the ISVR. The introduction began with a
basic overview of the current situation within the aviation industry, a description of the Omega
project, an overview of the relationships between emissions, environment, economics and aircraft
design, an overview of proposed optimisation tools and also outlined the simpler approach
proposed within the current study:





Ability to take input from aircraft design tool
Aircraft emissions tool
Aircraft noise tool
Economics tool

The introduction concluded with an overview of the presentations to follow, along with the form
and objectives of the workshop:
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The workshop was organised as a ‗roundtable‘ discussion which also included industry
stances within each sector of aviation.
Within the various workshop sessions the objective was to seek to identify common ground
in terms of the overall specification for the eventual ‗Balancing noise costs against reduced
carbon emissions in future aircraft engines‘ optimisation tool, in order to maximise its
usefulness for the regulatory and user communities.
The final objective of the workshop was to contribute to the definition of the optimisation
tool as required by stakeholders. The discussion covered: What drives the model? What are
the inputs/outputs needed to inform a simple, accessible tool?
www.omega.mmu.ac.uk

After the various presentations, a short question and answer session concluded with a general
discussion of the presentations. Following this, Ian H. Flindell (of the ISVR) summed up the various
discussions in terms of required outputs from any future optimisation tool. In the light of these he
proposed a number of areas for future research, and identified required actions regarding the
concept of both the introduction of AOR powered aircraft and AOR design optimisation tools:
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Whilst there may be the need for an umbrella-type all-inclusive modelling capability for
aircraft noise, emissions and economics. In the UK end-users stakeholders do not currently
require such ‗overarching‘ multi-dimensional tool (e.g. such as is currently being developed
by the FAA in the US).
The UK requirement is not for a complex and expensive capability, rather the workshop
consensus is for a practical, easy to use and robust front-end tool with an interface
capability for acoustic technology and existing INM operational parameters.
The tool should be designed to create awareness and to educate both the general public
and the aviation industry into the engineering optimisations adopted within environmentally
sensitive aircraft designs.
The tool should be designed so that it could be made available for public use as well for
specialist use within the aviation industry. It is of paramount importance to make the public
fully aware of pro-active steps being made towards the reduction/management of future
aircraft noise.
The outputs from the tool must allow anybody to perform a sensitivity analysis, e.g. to test
for the effect of even quite small changes in fuel price.
The tool should therefore be designed to allow for a qualitative analysis of the tradeoffs
between operating costs and environmental performance), which are most sensitive to
subsequent noise, emission and economic models, and which will be produced both for each
new technology and change in operational procedure. It is of utmost importance to specify
the operational limits and assumptions to justify the responsible usage of such a tool in the
aviation marketplace.
It was an accepted caveat that it is necessary to be careful to account for equivalent
developments in different technology streams, i.e. compare an AOR design with an
equivalent turbofan of the year 2020.
Ground movement and flight test noise modelling should be included in the tool.
Other modelling requirements are for EI data, noise and emission outputs for different
thrust settings from each plane geometry and powerplant data for a particular mission. Any
model must include destination calculations as well.
An auralisation capability was requested by all stakeholders present at the workshop.
Off-design point modelling is essential for airlines. Sub-optimum flight conditions are
frequently observed with regards to flight congestion and aircraft altitude shuffling.
Concerns regarding the applicability of the current regulatory metric for aircraft noise require
addressing.
It was recognised that AOR noise may have a different character that noise from turbofans
and that this issue needed to be researched more fully. Indications are that future AORs will
be within ICAO Chapter 4 and significantly quieter than the aircraft they replace. However,
given the tonal nature of the noise this improvement may not be fully realised in the public
perception. Any future metric should address this point.
This led to the conclusion that more research is required to quantify the public‘s sensitivity
to aviation noise.
It should be possible for all outputs from such a model to be used as inputs into policymaking systems.
www.omega.mmu.ac.uk

Appendix B: Examples of Existing Aircraft Design and Performance Modelling Software
1) Advanced Aircraft Analysis (AAA) - DAR Corporation
Comprises:
- Weight-sizing
- Airplane component weights and centre of gravity calculations
- Aerodynamic module
- Performance module
- Geometry module
- Propulsion module
- Stability & control module
- Dynamics module
- Loads module
- Cost analysis module
- Atmosphere module
- Flight condition module
http://www.darcorp.com/Software/AAA/
2) IMAGINE – LMS (See also Appendix D)
Comprises:
―LMS Imagine.Lab Ground Loads and Flight Controls
- System sizing
- Control strategy development which assists:
- increasing component performance
- reduction of energy consumption
- increasing efficiency
- understanding of wear and stress due to hydraulic/mechanical couplings
- testing of different load case situations and working processes.
- tools to handle landing gear.
- braking and steering systems.
- provides a complete environment with multi-level simulation.
- design and optimization of flight control systems using a multi-domain system simulation
approach.
- handles the combination of hydraulics, 2D mechanics and electrics in a unique modeling
environment.
- the ability to develop flight control actuation systems by integrating them into CAE attribute
analyses http://www.lmsintl.com/imagine-amesim-intro
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3) J2 Aircraft - DAR Corporation
J2 Builder comprises:
- Input aerodynamic data
- Click and drag capability to move aircraft components around the design
- Automatic calculation of centre of gravity and weight-sizing information
http://www.darcorp.com/index.php?page=builder
4) PACELAB – PACE
PACELAB APD (Aircraft Preliminary Design and Performance) comprises:
- Geometry
- Performance
- Mass
www.pacelab.com/en/group
5) Piano 5 – Lissys Ltd (Also Appendix C)
Comprises:
- Input Parameters
- Geometry and Balance
- Mass Estimation
- Aerodynamic Characteristics
- Engine Modelling
- Ranges & Mission Performance
- Takeoff & Landing Field Lengths
- Parametric Studies & Numerical Optimisation
- Flight Manoeuvres & Sequences
- Environmental Emissions & Costs
www.lissys.demon.co.uk/Piano5.html
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6) SOPRANO Open Source – Anotec S.L (Also Appendix D)
The main programme characteristics of SOPRANO comprise:
Multi platform
- Fortran 95
- Calculates user defined/library: sources/deltas:
- Source maybe whole or as a set of components
- May combine prediction models and measurement databases.
- Facility to add new methods available.
- Single flight path/ multiple observer calculation.
Input controls are via control files:
- System Description Files (SDF)
- source tree.
- one record for each source.
- Methods Description Files (MDF)
- defines each method in use
- Parameter Description Files (PDF)
- defines all parameters used
- Special Functions
- Library Description File (LDF)
http://www.anotecc.com/
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Appendix C: Examples of Existing Emission Modelling Software
1) Advanced Emission Model – AEM3
The ENVISA website states: that ENVISA is in charge of designing, developing and validating
EUROCONTROL‘s Advanced Emission Model (AEM). This is a stand-alone system used to estimate
aviation emissions (CO2, H2O, SOx, NOx, HC, CO, PM, VOC, TOG) and fuel burn. AEM processes
flight profile data on a flight-by-flight basis for air traffic scenarios of almost any scope, from
regional to global emissions.
The tool is available in different versions, depending on the size of the traffic samples to be
processed (PC/Access, Batch/Oracle and C).
ENVISA was mandated to:




design and develop the latest versions of the Advanced Emission Model
update underlying system databases (such as aircraft/engines, fuel burn rates and emission
indices databases) with the latest datasets from multiple external sources
perform validation exercises of the fuel burn calculated by AEM versus actual fuel
consumption information provided by airlines.

See also Jelinek, F., Carlier, S., Smith, J. (2004) Advanced Emission Model (AEM3) v1.5 Validation
Report EEC Report EEC/SEE/2004/004. Eurocontrol Experimental Centre. and Jelinek, F., European
GAES-INVENT Emission Inventory, EUROCONTROL:
http://www.eurocontrol.int/eec/public/standard_page/SEE_2004_report_15.html
http://www.env-isa.com/?q=node/35
2) AERO2k
The AERO2k website describes the EC 5th Framework Programme project 'AERO2k' as having
developed a new and improved global inventory of aviation fuel usage and emissions, building on
previous inventories which are now approximately ten years out of date. Moreover, additional
parameters (e.g. particle emissions and km travelled/grid cell) are now needed for the climate
modelling community in addition to the previously provided gas phase species of carbon dioxide
(CO2), carbon monoxide (CO), hydrocarbons (HCs) and NOx.
To provide new aviation emissions data on a global gridded basis, AERO2k has taken the best
available civil and military flight information for the year 2002. For civil aviation, this includes radar
tracked and flight plan data from North America and Europe showing actual latitude, longitude and
altitude along the flight path. Routing information is used to place timetabled flights from the rest of
the world onto a global grid. Using 40 representative aircraft, fuel used for each flight is calculated
using performance data from the PIANO aircraft performance model . Employing the latest publicly
available information on emissions factors, emissions are calculated based on aircraft height, weight
and speed, throughout the flight. New information on particulate emissions (soot) has been added
to provide a first gridded estimate of these emissions from civil aviation. Calculated emissions from
all flights are then allocated into one of 6.5 million individual cells on a global 3D grid, representing
the latitude, longitude and altitude of the flight segment.
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To assist with contrail and cirrus impact assessment, the distance flown in each cell is also
recorded.
In addition to these 2002 data, a forecast has been generated for 2025. Aviation traffic growth,
fleet rollover and technology improvement factors, estimated by the UK DTI and Airbus, has been
applied to the 2002 results to provide the forecast emissions for 2025. These 2025 results are
presented
in
gridded
form
in
a
similar
manner
to
the
2002
results.
The output from AERO2k comprises an aviation emissions inventory for 2002 and an emissions
forecast for 2025, output that takes the form of global gridded data (1 deg x 1 deg x 500ft cells) of
fuel
used
emissions
and
distance
flown
in
each
cell.
In addition, reports are provided detailing the methodologies used to generate the gridded data.
These reports highlight key results in terms of total global and regional emissions.
http://www.cate.mmu.ac.uk/aero2k.asp
3) ALAQS-AV – EUROCONTROL
The EUROCONTROL Airport Local Air Quality (ALAQS) project was started in 2002 to address the
issues of Local Air Quality (LAQ) around airports. As the project states yo meet these needs airport
operators need accurate emissions inventories and emissions concentration maps correlated with
data such as land-use, population density, non-airport sources of pollution, pollution sensitive
zones.
ALAQS is currently managed in partnership with experts from Universities and industry, and airport
air quality specialists. ALAQS also closely collaborates with Research groups (AERONET) and
International bodies (ICAO CAEP) working towards guidance on airport air quality issues and
interdependency analysis between Noise and emissions.
ALAQS:
- considers four categories of airport emission sources: aircraft, Ground Support Equipment used for
aircraft handling, stationary sources (i.e. power/heating plants, fuel farms, etc) and road traffic
(airside and landside)
- each source can be represented as a point, a line, or an area
- for each source category, various emission calculation methods can be applied, making it possible
to compare different methods using the same input data
- is implemented using the 3D ARCVIEW GIS (Geographical Information System)
- it is easy to implement new emissions methods for the relevant emission sources at an airport
http://www.eurocontrol.int/eec/public/standard_page/SEE_alaqs.html
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4) ANCAT/EC2 Global aircraft emissions inventories for 1991/92 and 2015.
European Commission Directorate - General XI. Environment, Nuclear Safety and Soil Protection,
and European Civil Aviation Conference. Gardner, 1998
The ANCAT/EC2 inventory used commercial software for flight and fuel profiling, along with Project
Interactive Analysis and Optimization (PIANO), a parametric aircraft design model. Modelling of the
global civil fleet was modelled with a selection of 20 representative aircraft types. The assumption
was made that representative aircraft were fitted with generic engines typical of the technology and
thrust requirements of each type. PIANO generated fuel profiles covering the entire flight cycle,
including steps in cruise for each aircraft, and fuel useage during ground operations was estimated
from ICAO certification timings. The approach was derived from a combination of air traffic control
(ATC) data and scheduled movements, favouring ATC data where this was available (Gardner,
1998). Where no ATC data were available, scheduled data were taken from the ABC Travel Guide
(ABC), the Official Airline Guide (OAG), the Aeroflot time table, and a German study of Chinese
domestic aircraft movements. Jet aircraft only were represented in the ANCAT/EC2 inventory. The
most significant omission of ATC data was the United States, for which data were unavailable for
security reasons. As a result, only timetable data were used for the United States; therefore non
scheduled U.S. domestic charters and other flights were not recorded. In order to compensate for
this lack of data, fuel usage data were factored up by 10% (Gardner, 1998). ATC data accounted
for half of the non-U.S. aircraft movements in the database. Movements for military aircraft were
estimated by allocating fuel and emissions to countries' boundaries from an analysis of the world's
military fleet composition.
5) Boeing Method 2 (BM2) modified by Eurocontrol (EEC-BM2)
Allows estimations of emission pollutants eg. NOx, HC1 and CO. The Advanced Emission Model has
been developed at the EUROCONTROL Experimental Centre and has been used in studies to
estimate aviation emissions and fuel burn.
The AEM3 model uses the ICAO Engine Exhaust Emissions Data bank (05/2003), the Eurocontrol
Base of Aircraft Data (BADAv3.5) and an improved version (EEC-BM2) of the Boeing Method2 (BM2)
trying to produce most reliable emission estimations for all phases of flight.
http://www.eurocontrol.int/eec/gallery/content/public/document/eec/report/2004/016b_AEM_Valida
tion.pdf
http://www.eurocontrol.int/eec/gallery/content/public/documents/EEC_SEE_reports/EEC_SEE_2005
_001.pdf
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6) Emissions and Dispersion Modeling System (EDMS)
The FAA state that the EDMS was developed in the mid-1980s as a complex source microcomputer
model designed to assess the air quality impacts of proposed airport development projects. It is
designed to assess the air quality impacts of airport emission sources, particularly aviation sources,
which consist of:
- Aircraft
- Auxiliary power units
- Ground support equipment
- Ground access vehicles
- Stationary sources
EDMS is stated to be one of the few air quality assessment tools specifically engineered for the
aviation community and includes:
- Emissions and dispersion calculations
- The latest aircraft engine emission factors from the International Civil Aviation Organization
(ICAO) Engine Exhaust Emissions Data Bank
- Vehicle emission factors from the latest version of the Environmental Protection Agency's (EPA)
MOBILE6 model
- EPA-validated dispersion algorithms
-Emissions data for criteria pollutants and speciated HCs (44 HAPs and 351 non-toxic compounds).

It has been the FAA Required Model since 1998 for air quality modelling procedures. The FAA
continues to enhance the model under the guidance of its government/industry advisory board to
more effectively determine emission levels and concentrations generated by typical airport emission
sources.
http://www.faa.gov/about/office_org/headquarters_offices/aep/models/edms_model/
And see Federal Aviation Administration (FAA), Aviation Environmental Models, FAA Office of
Environment and Energy. http://www.faa.gov/about/office_org/headquarters_offices/aep/models/
For a review of NASA‘s AESA Program (Atmospheric Effects of Aviation) see also:
A Review of NASA‘s Subsonic Assessment Project. Panel on Atmospheric Effects of Aviation Board
on Atmospheric Sciences and climate Commission on Geosciences, Environment, and Resources
National Research Council. (1999). National Academy Press: Washington DC
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7) The FAST Model
The FAST model (Lee et al., 2003) was constructed for the UK Department for Trade and Industry
and follows the same approach as the peer-reviewed global aviation emissions model ANCAT/EC2
(Gardner et al. 1998).
It is stated that the FAST model works by combining a global aircraft movements database with
data on fuel flow provided by a separate commercial aircraft performance model PIANO.
In research, conducted by CATE, a sophisticated model of global aviation emissions was used and
further developed in order to allocate international aviation emissions. Three reports have been
produced:
- The first report deals with allocating emissions via options 2 and 3, via available data from IEA,
UNFCCC.
http://www.cate.mmu.ac.uk/documents/projects/mmuallocationsreport1v14a.pdf
- The second report provides a detailed description of the FAST model and results from allocation
options 4, 5, 6 and 6.
http://www.cate.mmu.ac.uk/documents/projects/mmuallocationsreport2currentdayv1_5.pdf
- There is also an Appendix to Report 2
http://www.cate.mmu.ac.uk/documents/projects/mmuallocationsreport2appendicesv1_5.pdf
- The third report provides two 2050 scenarios consistent with SRES A1 and B2 and the
allocations up to these dates.
http://www.cate.mmu.ac.uk/documents/projects/report_3_allocations_future_v3_0.pdf
- There is also an Appendix to Report 3
http://www.cate.mmu.ac.uk/documents/projects/report_3_allocations_future_data_appendix_v3_0.
pdf
http://www.cate.mmu.ac.uk/project_view.asp?chg=projects&chg2=2&id=2
8) Piano X - Lissys Ltd (See also Appendix B)
Emissions and performance:
- offers assessment of aviation environmental emissions and fuel efficiency
- Basic Design Weights
- Thrust, Drag and Fuel Flow
- Emission Indices
- Speeds and Flight Levels
- Reserves and Allowances
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9) SAGE – System for assessing Aviation’s Global Emissions
The FAA state that SAGE is: a high fidelity computer model used to predict aircraft fuel burn and
emissions for all commercial (civil) flights globally in a given year. The model can analyze scenarios
from a single flight to airport, country, regional, and global levels. In addition, SAGE dynamically
models aircraft performance, fuel burn and emissions, capacity and delay at airports, and forecasts
of future scenarios.
The tool was developed by the United States Federal Aviation Administration (FAA)
Office of Environment and Energy (AEE) with support from the Volpe National
Transportation Systems Center (Volpe), the Massachusetts Institute of Technology
(MIT) and the Logistics Management Institute (LMI). Its purpose is to provide FAA, and
indirectly the international aviation community, with a tool to evaluate the effects of
various policy, technology, and operational scenarios on aircraft fuel use and
emissions. Currently at Version 1.5, SAGE is not for use on a standalone personal
computer; it is an FAA government research tool, not for release to the public.
However, results from the model have been made available to the international
aviation community; and, FAA is committed to the continued development, support,
and reporting of SAGE.
SAGE Version 1.5 has been used to generate global inventories of fuel burn and emissions for years
2000 through 2004. These historical inventories were developed by modelling high-resolution gateto-gate movements of all global commercial flights in each year.
http://www.faa.gov/about/office_org/headquarters_offices/aep/models/sage/
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Appendix D: Existing Noise Modelling Software

1) ANOPP (Aircraft Noise Predication Program) - NASA
Described as, ―an industry-wide tool used to predict turbofan engine flyover noise in system noise
optimization studies. Its goal is to provide the best currently available methods for source noise
prediction. As part of a program to improve the Heidmann fan noise model, models for fan inlet and
fan exhaust noise suppression estimation that are based on simple engine and acoustic geometry
inputs have been developed. The models can be used to predict sound power level suppression and
sound pressure level suppression at a position specified relative to the engine inlet.‖
http://www.nasa.gov
2) ENHANCE (European Harmonized Aircraft Noise Contour Modelling Environment) –

ISA

The ISA website states that they have designed and developed the ENHANCE tool for
EUROCONTROL Experimental Center over the last few years. They state that ―The tool provides an
environment to support your preferred noise modelling tool via a user friendly graphical user
interface. Highly adaptable, to suit your noise modelling needs, ENHANCE combines intuitive data
management facilities with a valuable noise modelling database relating to Airline fleet mixes and
operating conditions. ENHANCE relies on an open architecture that supports the easy integration of
an existing noise model (noise engine) through which consistent and reliable modelling scenarios
can be constructed.
ENHANCE uses simulator data, radar data and meteorological data, together with new databases
povided by EUROCONTROL and their contractual partners including aircraft profiles and airport
procedures at many European airports, to provide better noise contour modeling using a preexisting noise model.
The ENHANCE approach is based on existing noise contour calculation software (for example, the
Integrated Noise Model from FAA), but through a pre-processor function and "European" database,
it allows more accurate data input, including radar data and simulation data.
ENHANCE allows the user to:
- Define a noise study on a PC via a user-friendly interface
- Fully respect the 3D trajectories of each flight in the input data (radar or simulated data)
- Compute realistic flight profiles as input to the noise model (height, speed and thrust) using
validated databases of aircraft performance and flight operations
- Insert default values where real-world input data is missing or incomplete, using a standard and
consistent database
- Easily perform noise calculations that cover large numbers of flight operations.
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ENHANCE uses radar or simulated aircraft tracks and altitude/speed profiles to create more realistic
noise contours maps with a pre-existing noise model (such as the FAA's INM).
http://www.isa-software.com/Enhance

3) IMAGINE – LMS (See also Appendix B)
Comprises:
―LMS Imagine. Lab Ground Loads and Flight Controls
- System sizing
- Control strategy development which assists:
- increasing component performance
- reduction of energy consumption
- increasing efficiency
- understanding of wear and stress due to hydraulic/mechanical couplings
- testing of different load case situations and working processes.
- tools to handle landing gear.
- braking and steering systems.
- provides a complete environment with multi-level simulation.
- design and optimization of flight control systems using a multi-domain system simulation
approach.
- handles the combination of hydraulics, 2D mechanics and electrics in a unique modelling
environment.
- the ability to develop flight control actuation systems by integrating them into CAE attribute
analyses.
http://www.lmsintl.com/imagine-amesim-intro
4) Integrated Noise Model (INM) – FAA
The FAA states that:
The Integrated Noise Model (INM) is a computer model that evaluates potential aircraft noise
impacts in the vicinity of airports. It is developed based on the algorithms and framework outlined
in the Society of Automotive Engineers (SAE) Aerospace Information Report "Procedure for the
Calculation of Airplane Noise in the Vicinity of Airports" (AIR-1845). SAE-AIR-1845 highlights the
use of Noise-Power-Distance (NPD) data to estimate noise, accounting for specific operation mode,
thrust setting, source-to-receiver geometry, acoustic directivity and other environmental factors.
The INM can output exposure-, maximum-level- and time-based noise contours, as well as levels at
pre-selected locations.
The INM has many analytical uses, including:
- Assessing current aircraft noise impacts around a given airport or heliport
- Assessing changes in noise impact resulting from new or extended runways or runway
configurations.
- Assessing changes in noise impact resulting from new traffic demand and fleet mix
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- Evaluating noise impacts from new operational procedures
- Evaluating noise impacts from aircraft operations in and around National Parks
In the United States, INM is the preferred model typically used for FAR Part 150 noise compatibility
planning and for FAA Order 1050 environmental assessments (EA) and environmental impact
statements (EIS).‖
http://www.faa.gov/about/office_org/headquarters_offices/aep/models/inm_model/ref

4) SOPRANO – Anotec S.L
Open Source (Also Appendix B)
The main programme characteristics of SOPRANO comprise:
Multi platform
- Fortran 95
- Calculates user defined/library: sources/deltas:
- Source maybe whole or as a set of components
- May combine prediction models and measurement databases.
- Facility to add new methods available.
- Single flight path/ multiple observer calculation.
Input controls are via control files:
- System Description Files (SDF)
- source tree.
- one record for each source.
- Methods Description Files (MDF)
- defines each method in use
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Appendix E: EPNL, EPNdB and Aircraft Industry Noise Certification Procedures
The FAA calculation shown is derived from the ICAO Annex 16, Environmental Protection, Volume 1
Aircraft Noise Regulations., and can be found in Federal Aviation Authority Regulations (Appendix A
to Part 36 - Aircraft Noise Measurement and Evaluation Under §36.101) for EPNL Calculation.
(Section A36.4 Calculation of Effective Perceived Noise Level From Measured Data)
4.1.1 of the ICAO Annex 16 states: … EPNL shall consist of instantaneous perceived noise level,
PNL, corrected for spectral irregularities (the correction, called the ‗tone correction factor‘, is made
for the maximum tone only at each increment of time) and for the duration.
4.1.2 … the instantaneous sound pressure level in each of 24 one third octave bands of the noise
shall be required for each 500ms increment of time during the aircraft noise measurement.
4.1.3 The calculation procedure which utilises physical measurements of noise to derive the EPNL
evaluation measure of subjective response shall consist of the following steps for each 0.5 second
sample. [7] Calculation steps given below are from the FAA FAR 36 noise regulations and refer only
to calculations relevant to EPNL in EPNdB. It does not include the additional directions for
measuring instrumentation placement, aircraft side height calculations, atmospheric attenuation etc
that are required before the EPNL calculations and Tone Correction Procedure are made:

Section A36.4 Calculation of Effective Perceived Noise Level From Measured Data
A36.4.1 General.
A36.4.1.1 The basic element for noise certification criteria is the noise evaluation measure known as
effective perceived noise level, EPNL, in units of EPNdB, which is a single number evaluator of the
subjective effects of airplane noise on human beings. EPNL consists of instantaneous perceived
noise level, PNL, corrected for spectral irregularities, and for duration. The spectral irregularity
correction, called ―tone correction factor‖, is made at each time increment for only the maximum
tone.
A36.4.1.2 Three basic physical properties of sound pressure must be measured: level, frequency
distribution, and time variation. To determine EPNL, the instantaneous sound pressure level in each
of the 24 one-third octave bands is required for each 0.5 second increment of time during the
airplane noise measurement.
A36.4.1.3 The calculation procedure that uses physical measurements of noise to derive the EPNL
evaluation measure of subjective response consists of the following five steps:
(a) The 24 one-third octave bands of sound pressure level are converted to perceived noisiness
(noy) using the method described in section A36.4.2.1 (a). The noy values are combined and then
converted to instantaneous perceived noise levels, PNL(k).
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(b) A tone correction factor C (k) is calculated for each spectrum to account for the subjective
response to the presence of spectral irregularities.
(c) The tone correction factor is added to the perceived noise level to obtain tone-corrected
perceived noise levels PNLT (k), at each one-half second increment:
PNLT(k)=PNL(k) + C(k)
The instantaneous values of tone-corrected perceived noise level are derived and the maximum
value, PNLTM, is determined.
(d) A duration correction factor, D, is computed by integration under the curve of tone-corrected
perceived noise level versus time.
(e) Effective perceived noise level, EPNL, is determined by the algebraic sum of the maximum tonecorrected perceived noise level and the duration correction factor:
EPNL=PNLTM + D
A36.4.2 Perceived noise level.
A36.4.2.1 Instantaneous perceived noise levels, PNL(k), must be calculated from instantaneous
one-third octave band sound pressure levels, SPL(i, k) as follows:
(a) Step 1: For each one-third octave band from 50 through 10,000 Hz, convert SPL(i, k) to
perceived noisiness n(i, k), by using the mathematical formulation of the noy table given in section
A36.4.7.
(b) Step 2: Combine the perceived noisiness values, n(i, k), determined in step 1 by using the
following formula:

where n(k) is the largest of the 24 values of n(i, k) and N(k) is the total perceived noisiness.
(c) Step 3: Convert the total perceived noisiness, N(k), determined in Step 2 into perceived noise
level, PNL(k), using the following formula:

Note: PNL(k) is plotted in the current advisory circular for this part.
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A36.4.3 Correction for spectral irregularities.
A36.4.3.1 Noise having pronounced spectral irregularities (for example, the maximum discrete
frequency components or tones) must be adjusted by the correction factor C(k) calculated as
follows:
(a) Step 1: After applying the corrections specified under section A36.3.9, start with the sound
pressure level in the 80 Hz one-third octave band (band number 3), calculate the changes in sound
pressure level (or ―slopes‖) in the remainder of the one-third octave bands as follows:

s (3, k )=no value
s(4, k )=SPL (4, k )−SPL(3, k )
•
•
s( i,k )=SPL( i,k )−SPL( i −1, k )
•
•
s(24, k )=SPL(24, k )−SPL(23, k )
(b) Step 2: Encircle the value of the slope, s(i, k), where the absolute value of the change in slope
is greater than five; that is where:
&verbar;Δ s ( i,k )&verbar;=&verbar; s ( i,k )− s ( i −1, k )&verbar;>5
(c) Step 3:
(1) If the encircled value of the slope s(i, k) is positive and algebraically greater than the slope
s(i−1, k) encircle SPL(i, k).
(2) If the encircled value of the slope s(i, k) is zero or negative and the slope s(i−1, k) is positive,
encircle SPL(i−1, k).
(3) For all other cases, no sound pressure level value is to be encircled.
(d) Step 4: Compute new adjusted sound pressure levels SPL′(i, k) as follows:
(1) For non-encircled sound pressure levels, set the new sound pressure levels equal to the original
sound pressure levels, SPL′(i, k)=SPL(i, k).
(2) For encircled sound pressure levels in bands 1 through 23 inclusive, set the new sound pressure
level equal to the arithmetic average of the preceding and following sound pressure levels as shown
below:
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SPL′( i,k )=1/2[SPL( i −1, k )+SPL( i +1, k )]
(3) If the sound pressure level in the highest frequency band (i=24) is encircled, set the new sound
pressure level in that band equal to:
SPL′(24, k )=SPL(23, k )+ s (23, k)
(e) Step 5: Recomputed new slope s′(i, k), including one for an imaginary 25th band, as follows:

s ′(3, k )= s ′(4, k )
s ′(4, k )=SPL′(4, k )−SPL′(3, k )
s ′( i,k )=SPL′( i,k )−SPL′( i −1, k )
•
•

s ′(24, k )=SPL′(24, k )−SPL′(23, k )
s ′(25, k )= s ′(24, k )
(f) Step 6: For i, from 3 through 23, compute the arithmetic average of the three adjacent slopes as
follows:

s ( i,k )=1/3[ s ′( i,k )+ s ′( i +1, k )+ s ′( i +2, k )]
(g) Step 7: Compute final one-third octave-band sound pressure levels, SPL′ (i,k), by beginning with
band number 3 and proceeding to band number 24 as follows:
SPL′(3, k )=SPL(3,k)
SPL′(4, k )=SPL′(3,k)+ s (3, k )
•
•
SPL′( i,k )=SPL′(i−1,k)+ s (i−1,k)
•
•
SPL′(24, k )=SPL′(23,k)+ s (23,k)
(h) Step 8: Calculate the differences, F (i,k), between the original sound pressure level and the final
background sound pressure level as follows:

F ( i,k )=SPL( i,k )-SPL′( i,k )
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(i) Step 9: For each of the relevant one-third octave bands (3 through 24), determine tone
correction factors from the sound pressure level differences F (i, k) and Table A36–2.

(j) Step 10: Designate the largest of the tone correction factors, determined in Step 9, as C(k). (An
example of the tone correction procedure is given in the current advisory circular for this part).
Tone-corrected perceived noise levels PNLT(k) must be determined by adding the C(k) values to
corresponding PNL(k) values, that is:
PNLT( k )=PNL( k )+ C ( k )
For any i-th one-third octave band, at any k-th increment of time, for which the tone correction
factor is suspected to result from something other than (or in addition to) an actual tone (or any
spectral irregularity other than airplane noise), an additional analysis may be made using a filter
with a bandwidth narrower than one-third of an octave. If the narrow band analysis corroborates
these suspicions, then a revised value for the background sound pressure level SPL′(i,k), may be
determined from the narrow band analysis and used to compute a revised tone correction factor for
that particular one-third octave band. Other methods of rejecting spurious tone corrections may be
approved.
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A36.4.3.2 The tone correction procedure will underestimate EPNL if an important tone is of a
frequency such that it is recorded in two adjacent one-third octave bands. An applicant must
demonstrate that either:
(a) No important tones are recorded in two adjacent one-third octave bands; or
(b) That if an important tone has occurred, the tone correction has been adjusted to the value it
would have had if the tone had been recorded fully in a single one-third octave band.

A36.4.4 Maximum tone-corrected perceived noise level
A36.4.4.1 The maximum tone-corrected perceived noise level, PNLTM, must be the maximum
calculated value of the tone-corrected perceived noise level PNLT(k). It must be calculated using
the procedure of section A36.4.3. To obtain a satisfactory noise time history, measurements must
be made at 0.5 second time intervals.
Note 1: Figure A36–2 is an example of a flyover noise time history where the maximum value is
clearly indicated.
Note 2: In the absence of a tone correction factor, PNLTM would equal PNLM.

A36.4.4.2 After the value of PNLTM is obtained the frequency band for the largest tone correction
factor is identified for the two preceding and two succeeding 500 ms data samples. This is
performed in order to identity the possibility of tone suppression at PNLTM by one-third octave
band sharing of that tone. If the value of the tone correction factor C(k) for PNLTM is less than the
average value of C(k) for the five consecutive time intervals, the average value of C(k) must be
used to compute a new value for PNLTM.
A36.4.5 Duration correction.
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A36.4.5.1 The duration correction factor D determined by the integration technique is defined by
the expression:

Where T is a normalizing time constant, PNLTM is the maximum value of PNLT, t(1) is the first point
of time after which PNLT becomes greater than PNLTM–10, and t(2) is the point of time after which
PNLT remains constantly less than PNLTM–10.

A36.4.5.2 Since PNLT is calculated from measured values of sound pressure level (SPL), there is no
obvious equation for PNLT as a function of time. Consequently, the equation is to be rewritten with
a summation sign instead of an integral sign as follows:

Where Δt is the length of the equal increments of time for which PNLT(k) is calculated and d is the
time interval to the nearest 0.5s during which PNLT(k) remains greater or equal to PNLTM–10.
A36.4.5.3 To obtain a satisfactory history of the perceived noise level use one of the following:
(a) Half-Second time intervals for Δt; or
(b) A shorter time interval with approved limits and constants.
A36.4.5.4 The following values for T and Δt must be used in calculating D in the equation given in
section A36.4.5.2:
T=10 s, and
Δt=0.5s (or the approved sampling time interval).
Using these values, the equation for D becomes:

Where d is the duration time defined by the points corresponding to the values PNLTM–10.
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A36.4.5.5 If in using the procedures given in section A36.4.5.2, the limits of PNLTM–10 fall
between the calculated PNLT(k) values (the usual case), the PNLT(k) values defining the limits of
the duration interval must be chosen from the PNLT(k) values closest to PNLTM–10. For those
cases with more than one peak value of PNLT(k), the applicable limits must be chosen to yield the
largest possible value for the duration time.
A36.4.6 Effective perceived noise level.
The total subjective effect of an airplane noise event, designated effective perceived noise level,
EPNL, is equal to the algebraic sum of the maximum value of the tone-corrected perceived noise
level, PNLTM, and the duration correction D. That is:
EPNL=PNLTM+D
where PNLTM and D are calculated using the procedures given in sections A36.4.2, A36.4.3,
A36.4.4. and A36.4.5.
A36.4.7 Mathematical formulation of noy tables.
A36.4.7.1 The relationship between sound pressure level (SPL) and the logarithm of perceived
noisiness is illustrated in Figure A36–3 and Table A36–3.
A36.4.7.2 The bases of the mathematical formulation are:
(a) The slopes (M(b), M(c), M(d) and M(e)) of the straight lines;
(b) The intercepts (SPL(b) and SPL(c)) of the lines on the SPL axis; and
(c) The coordinates of the discontinuities, SPL(a) and log n(a); SPL(d) and log n=−1.0; and SPL(e)
and log n=log (0.3).
A36.4.7.3 Calculate noy values using the following equations:
(a)
SPL ≥ SPL (a)
n=antilog {(c)[SPL−SPL(c)]}
(b)
SPL(b) ≤ SPL < SPL(a)
n=antilog {M(b)[SPL−SPL(b)]}
(c)
SPL(e) ≤ SPL < SPL(b)
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n=0.3 antilog {M(e)[SPL−SPL(e)]}
(d)
SPL(d) ≤ SPL < SPL(e)
n=0.1 antilog {M(d)[SPL−SPL(d)]}
A36.4.7.4 Table A36–3 lists the values of the constants necessary to calculate perceived noisiness
as a function of sound pressure level.
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Section A36.6 Nomenclature: Symbols and Units
Symbol

Unit

antilog

Meaning
Antilogarithm to the base 10.

C(k)

dB

Tone correction factor. The factor to be added to PNL(k) to account for the

d

s

Duration time. The time interval between the limits of t(1) and t(2) to the

D

dB

Duration correction. The factor to be added to PNLTM to account for the

EPNL

EPNdB

Effective perceived noise level. The value of PNL adjusted for both spectral

EPNLr

EPNdB

Effective perceived noise level adjusted for reference conditions.

f(i)

Hz

Frequency. The geometrical mean frequency for the i-th one-third octave

F (i, k)

dB

Delta-dB. The difference between the original sound pressure level and the

h

dB

dB-down. The value to be subtracted from PNLTM that defines the duration

H

Percent

Relative humidity. The ambient atmospheric relative humidity.

presence of spectral irregularities such as tones at the k-th increment of time.
nearest 0.5 second.

duration of the noise.

irregularities and duration of the noise. (The unit EPNdB is used instead of
the unit dB).

band.

final background sound pressure level in the i-th one-third octave band at the
k-th interval of time. In this case, background sound pressure level means
the broadband noise level that would be present in the one-third octave band
in the absence of the tone.
of the noise.

i

Frequency band index. The numerical indicator that denotes any one of the

k

Time increment index. The numerical indicator that denotes the number of

Log

Logarithm to the base 10.

log n(a)

Noy discontinuity coordinate. The log n value of the intersection point of the

M(b),
M(c), etc

Noy inverse slope. The reciprocals of the slopes of straight lines representing

24 one-third octave bands with geometrical mean frequencies from 50 to
10,000 Hz.
equal time increments that have elapsed from a reference zero.

straight lines representing the variation of SPL with log n.
the variation of SPL with log n.

n

noy

The perceived noisiness at any instant of time that occurs in a specified
frequency range.

n(i,k)

noy

The perceived noisiness at the k-th instant of time that occurs in the i-th onethird octave band.
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n(k)

noy

Maximum perceived noisiness. The maximum value of all of the 24 values of

N(k)

noy

Total perceived noisiness. The total perceived noisiness at the k-th instant of

n(i) that occurs at the k-th instant of time.

time calculated from the 24-instantaneous values of n (i, k).

Noy slope. The slopes of straight lines representing the variation of SPL with

p(b),
p(c), etc

log n.

PNL

PNdB

The perceived noise level at any instant of time. (The unit PNdB is used
instead of the unit dB).

PNL(k)

PNdB

The perceived noise level calculated from the 24 values of SPL (i, k), at the kth increment of time. (The unit PNdB is used instead of the unit dB).

PNLM

PNdB

Maximum perceived noise level. The maximum value of PNL(k). (The unit

PNLT

TPNdB

Tone-corrected perceived noise level. The value of PNL adjusted for the

PNdB is used instead of the unit dB).

spectral irregularities that occur at any instant of time. (The unit TPNdB is
used instead of the unit dB).

PNLT(k) TPNdB

The tone-corrected perceived noise level that occurs at the k-th increment of
time. PNLT(k) is obtained by adjusting the value of PNL(k) for the spectral
irregularities that occur at the k-th increment of time. (The unit TPNdB is
used instead of the unit dB).

PNLTM

TPNdB

Maximum tone-corrected perceived noise level. The maximum value of

PNLTr

TPNdB

Tone-corrected perceived noise level adjusted for reference conditions.

s (i, k)

dB

Slope of sound pressure level. The change in level between adjacent one-

PNLT(k). (The unit TPNdB is used instead of the unit dB).

third octave band sound pressure levels at the i-th band for the k-th instant
of time.

Δs (i, k) dB

Change in slope of sound pressure level.

s′ (i, k)

dB

Adjusted slope of sound pressure level. The change in level between adjacent
adjusted one-third octave band sound pressure levels at the i-th band for the
k-th instant of time.

s (i, k)

dB

Average slope of sound pressure level.

SPL

dB re
20 µPa

Sound pressure level. The sound pressure level that occurs in a specified

SPL(a)

dB re
20 µPa

Noy discontinuity coordinate. The SPL value of the intersection point of the

SPL(b)
SPL (c)

dB re
20 µPa

Noy intercept. The intercepts on the SPL-axis of the straight lines

SPL (i, k) dB re
20 µPa
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frequency range at any instant of time.

straight lines representing the variation of SPL with log n.
representing the variation of SPL with log n.

The sound pressure level at the k-th instant of time that occurs in the i-th
one-third octave band.
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SPL′ (i,
k)

dB re
20 µPa

Adjusted sound pressure level. The first approximation to background sound

SPL(i)

dB re
20 µPa

Maximum sound pressure level. The sound pressure level that occurs in the i-

SPL(i)r

dB re
20 µPa

Corrected maximum sound pressure level. The sound pressure level that

SPL′ (i,
k)

dB re
20 µPa

Final background sound pressure level. The second and final approximation

t

s

Elapsed time. The length of time measured from a reference zero.

pressure level in the i-th one-third octave band for the k-th instant of time.
th one-third octave band of the spectrum for PNLTM.

occurs in the i-th one-third octave band of the spectrum for PNLTM corrected
for atmospheric sound absorption.
to background sound pressure level in the i-th one-third octave band for the
k-th instant of time.

t(1), t(2) s

Time limit. The beginning and end, respectively, of the noise time history

Δt

s

Time increment. The equal increments of time for which PNL(k) and PNLT(k)

T

s

Normalizing time constant. The length of time used as a reference in the

defined by h.

are calculated.

integration method for computing duration corrections, where T=10s.

t(°F) (°C) °F, °C

Temperature. The ambient air temperature.

α(i)

dB/1000ft
db/100m

Test atmospheric absorption. The atmospheric attenuation of sound that

α(i)o

dB/1000ft
db/100m

Reference atmospheric absorption. The atmospheric attenuation of sound

A1

Degrees

First constant climb angle (Gear up, speed of at least V2+10 kt (V2+19 km/h),
takeoff thrust).

A2

Degrees

Second constant climb angle (Gear up, speed of at least V2+10 kt (V2+19
km/h), after cut-back).

δ
ε

Degrees

Thrust cutback angles. The angles defining the points on the takeoff flight

η

Degrees

Approach angle.

ηr

Degrees

Reference approach angle.

Θ

Degrees

Noise angle (relative to flight path). The angle between the flight path and

ψ

Degrees

Noise angle (relative to ground). The angle between the noise path and the

occurs in the i-th one-third octave band at the measured air temperature and
relative humidity.
that occurs in the i-th one-third octave band at a reference air temperature
and relative humidity.

path at which thrust reduction is started and ended respectively.

noise path. It is identical for both measured and corrected flight paths.
ground. It is identical for both measured and corrected flight paths.

μ

Engine noise emission parameter.

μr

Reference engine noise emission parameter.
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Δ1

EPNdB

PNLT correction. The correction to be added to the EPNL calculated from

Δ2

EPNdB

Adjustment to duration correction. The adjustment to be made to the EPNL

Δ3

EPNdB

Source noise adjustment. The adjustment to be made to the EPNL calculated
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measured data to account for noise level changes due to differences in
atmospheric absorption and noise path length between reference and test
conditions.
calculated from measured data to account for noise level changes due to the
noise duration between reference and test conditions.
from measured data to account for noise level changes due to differences
between reference and test engine operating conditions.
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Appendix F: Aviation Environmental Design Tool (AEDT)

The stated goal of this development effort is to build a value-added tool that provides a transparent
integrated means of computing aviation environmental impacts that identifies interrelationships:
•
•
•

between noise and emissions;
among emissions at the aircraft, local, regional, and global levels;
costs and benefits.

This follows a report to the US Congress (2004) in which a leading recommendation was that: ―the
nation should develop more effective metrics and tools to assess and communicate aviation‘s
environmental effects.‖
The Aviation Environmental Design Tool (AEDT) integrates existing noise and emissions
models so interdependencies between aviation-related noise and emissions impacts can be
assessed.
Incorporated within this is:
Environmental Design Space (EDS) is a mathematical model that estimates source noise,
exhaust emissions, performance and economic parameters for future aircraft designs under
different technological, operational, policy, and market conditions.
Aviation environmental Portfolio Management Tool (APMT) adds an economic analysis
capability to AEDT and EDS.
Aviation Environmental Tool Development
A leading recommendation in the report to the U.S. Congress on Aviation and the Environment was
that ―the nation should develop more effective metrics and tools to assess and communicate
aviation‘s environmental effects.‖
A major part of responding to that mandate is to develop a comprehensive suite of software and
link new and legacy aviation tools and models to advance the overarching suite of modelling tools.
Legacy Tools:
Area Equivalent Method (AEM)
Emissions and Dispersion Modeling System (EDMS)
Heliport Noise Model (HNM)
Integrated Noise Model (INM)
Noise Integrated Routing System (NIRS) & NIRS Screening Tool (NST)
System for Assessing Aviations Global Emissions (SAGE)
Model for Assessing Global Exposure to the Noise of Transport Aircraft (MAGENTA) .
The stated aim of AEDT is that
―The suite shall include the ability to assess interdependencies between aviation-related noise,
emissions, and cost values. This is an intensive development effort that involves participation from
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the US government (FAA and NASA), industry, academia, Transport Canada, and coordination with
foreign counterparts through the International Civil Aviation Organization (ICAO) Committee on
Aviation Environment Protection (CAEP).
The focus of this development effort is to incorporate the best scientific understanding to advance
legacy tool capabilities to better understand the relationship between noise and emissions and
different types of emissions. The resulting suite of tools will have use at local, regional, national
and international levels —enabling experimentation and feedback at all of these levels; for example,
to assess the environmental benefits of air traffic management system modernization alternatives.
The building block of this new suite of software tools is the Aviation Environmental Design Tool
(AEDT), which integrates existing noise and emissions models and helps assess interdependencies.
Another element of the suite, targeted to the government research community, is an aircraft and
engine analysis tool, entitled Environmental Design Space (EDS). To complete the suite of tools an
economic analysis capability is under development; also initially targeted for government use, it is
the Aviation environmental Portfolio Management Tool (APMT).
While advancing tool capabilities, the FAA recognizes the critical role aviation environmental
assessment tools have in the regulatory decision making. Advances in tool development will not
migrate to the public until after completing rigorous validation testing and a user vetting‖.

http://www.faa.gov/about/office_org/headquarters_offices/aep/models/history/media/Oslo_Tech_E
miss_Wrkshp_AEDT_SAGE_
102007.pdf
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Overall proposed AEDT architecture
http://www.faa.gov/about/office_org/headquarters_offices/aep/models/history/media/aedt_architec
ture.pdf

Page 81

www.omega.mmu.ac.uk

