
Laurent Leylekian
Alexandra Covrig
Alena Maximova   Editors

Aviation 
Noise Impact 
Management
Technologies, Regulations, and Societal 
Well-being in Europe



Aviation Noise Impact Management



Laurent Leylekian · Alexandra Covrig ·
Alena Maximova
Editors

Aviation Noise Impact
Management
Technologies, Regulations, and Societal
Well-being in Europe



Editors
Laurent Leylekian
ONERA
Palaiseau, France

Alena Maximova
Airport Regions Council
Brussels, Belgium

Alexandra Covrig
Airport Regions Council
Brussels, Belgium

European Union’s Horizon 2020

ISBN 978-3-030-91193-5 ISBN 978-3-030-91194-2 (eBook)
https://doi.org/10.1007/978-3-030-91194-2

© The Editor(s) (if applicable) and The Author(s) 2022. This book is an open access publication.
OpenAccess This book is licensed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adaptation, distribu-
tion and reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons license and indicate if changes were
made.
The images or other third party material in this book are included in the book’s Creative Commons license,
unless indicated otherwise in a credit line to the material. If material is not included in the book’s Creative
Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright holder.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

Disclaimer: The contents of this book and its respective sections are the sole responsibility of the sections’
authors and do not necessarily reflect the opinion of the European Union.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-91194-2
http://creativecommons.org/licenses/by/4.0/


Foreword

Aviation is a key sector for the European Union’s economy, promoting a safe means
of transport and connectivity within the Union and globally. Despite the signifi-
cant progress made in the reduction of CO2, non-CO2 and noise emissions due to
technological and operational advancements, aviation is still faced with big chal-
lenges regarding the reduction of its ecological impact, mainly due to its sustained
growth globally. Priorities include, beyond reducing greenhouse gas emissions and
improving local air quality, also reducing noise and the number of people severely
impacted by it. The European Commission is working on the development of rele-
vant initiatives to address the ecological impact of aviation, including noise, with the
European Green Deal, the Fit for 55 package, the Sustainable and Smart Mobility
Strategy and the Zero Pollution Action Plan.

The Commission supports thus the Aviation Noise Impact Management through
novel Approaches (ANIMA) project, which seeks to directly improve the lives of
people affected by aviation noise whilst also supporting policy-makers, researchers
and airport managers to make better decisions, which balance economic and regula-
tory requirements to achieve the best outcomes for everyone. Effective coordination
between stakeholders is of the utmost importance to build on existing measures and
address the environmental challenges, thus ensuring the long-term success of the
aviation sector.

The book on Aviation Noise Impact Management: Technologies, Regulations, and
Societal Well-being in Europe introduces a panorama of knowledge and expertise
on aircraft noise and on the impact of aviation. Building upon past research and
covering aspects such as the historical European efforts to reduce aircraft noise,
the balanced approach as defined by ICAO and presented in European Regulation,
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vi Foreword

assessment strategies of annoyance and noise metrics and the ways of engaging
affected communities, this book gives a contribution to a better understanding of
what is at stake.

Rosalinde van der Vlies
Directorate-General for Research and Innovation (RTD)

Director—Clean Planet
Brussels, Belgium

Filip Cornelis
Directorate-General for Mobility and Transport (MOVE)

Director—Aviation
Brussels, Belgium



Preface

Air transport is a key sector for the European Union and for the world at large. If soci-
eties and economies are now so deeply connected, and if prosperity is better shared,
it may be due to the expansion of information technologies and associated services,
but it is also certainly due to the democratisation of rapid, efficient and affordable
transports, among which aviation plays a prominent role. In this framework, many
European citizens may have some mixed feelings on air transport. On the one hand,
we collectively acknowledge how crucial is the associated industry and many of us
are therefore unequivocally supporting research and technology that reinforce the
competitiveness of the European industry and the subsequent EU wealth and global
leadership in this sector. However, on the other hand, we are also very concerned by
our quality of life and many of us are therefore keen to lower the negative impact
that aviation may have in terms of noise and pollution, especially for communities
neighbouring airports.

Competitiveness and impact on people were already the two sources, which
inspired Horizon 2020, the finishing Framework Programme for Research and Tech-
nology of the European Commission. The Green Deal, for instance, testifies this will
put innovation at the service of a better environment. This focus on impact is even
reinforced in Horizon Europe, the new Framework Programme for Research and
Technology with, for instance, a deep effort to convert our societies to low-carbon
economies.

The ANIMA project plays a special role in these overall considerations. It is
pioneering an inclusive approach striving to address the impact of aviation noise on
people—called the community noise—by associating many different stakeholders
from the aviation industry to urban planners, psychologists and sociologists and
with the help of SMES and research centres. ANIMA is therefore not focused on
reducing noise at source but rather on mitigating and on managing the wide set of
noise impacts: annoyance, awakening, social fairness, psychological and physiolog-
ical health impacts. This project complements more traditional and technological
approaches aiming to reduce noise at source (through noise reduction technolo-
gies, disruptive aircraft architectures, noise abatement procedures) that we are also
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viii Preface

supporting. ANIMA is therefore not a stand-alone project but a specific and remark-
able one with an ecosystem of other research projects with which it is in constant
exchange.

The present book on Aviation Noise Impact Management: Technologies, Regula-
tions, and Societal Well-being in Europe thus introduces a panorama of knowledge
and expertise on aircraft noise and on the impact of aviation. Beyond ANIMA, it is
compiling years of research with a focus on impact and on the latest findings from
ANIMA. It illustrates how complex the issue may be in a heavily regulated sector but
where regulations come from various levels of authorities; where actors who may
knowwhat to do are sometimes not those entitled to do something; where some good-
will initiatives may not meet the communities’ expectations; where a huge variety of
issues and cases experienced by people may be hidden behind the too vague wording
of “annoyance”; where claimed problems may cover implicit or unclaimed ones;
where the impact of some initiatives is just not well-known by their promoters or not
well-perceived by their supposed beneficiaries or not enough monitored.

Finding a solution is highly challenging in such a context, and indeed, ANIMA
along with findings from other projects shows that there is no such thing as a one-fits-
all solution. First because what could be a solution around a given airport with some
traffic pattern may not be a solution for another place with different traffic. Second
because even with similar traffic characteristics, cultural differences may lead to
different appreciation here and there. Last, because a solution that may please some
stakeholders—for instance, individuals aspiring to respite—will displease some
others—for instance, the very same individuals are demanding to have a low-cost
flight the day they want or expecting an item they just ordered online to be delivered
as soon as possible.

Fortunately, if there is no solution, ANIMA shows that some consensus may
however be reached by local stakeholders, providing that they will follow some
methodological approach. This methodology is substantiated by several illustrated
case studies exemplifying what could be done and what should be avoided. What are
the key elements put forward by the project and by this book?

Indeed, they seem to be common sense: first, stakeholders must identify their
needs.Why do theywant to improve the situation?What is at stake?Which indicators
they agree to monitor either to evidence the issue or to follow any evolution? Then
they must choose some options to address the identified issue, and they must define
how they will practically implement these options. Last, they must agree on the
feedback process, which will actually show (or not) any progress and will eventually
help to define new objectives. Once again, it may seem common sense but it is
probably not blatant as these simple prescriptions are sometimes not obeyed and as
so many goodwill initiatives are thereby failing. Indeed, the very first step is about
dialogue between all the stakeholders and about the conditions for a fair and fruitful
dialogue. Ultimately, it, therefore, appears that the problem of aviation noise is first
and furthermost a problem of local democracy.

Certainly, there is room for new studies, new research and new findings. The
aviation research community—with the strong support of the European Commission
expressed through Horizon Europe—will do its best to initiate new research projects



Preface ix

that will put human beings at the core of their objectives. But beyond research, it
is certainly time to act yet. Our wishes would be granted if airports and authorities
that would like to improve their local situation would consider findings exposed in
this book and would adapt methods and tools it exposes. When it turns to aviation, a
key sector for the EU global leadership conjugating the high competitiveness of our
aviation industry with the most advanced living standards for our citizens is certainly
at this price.

Palaiseau, France Laurent Leylekian
Coordinator of the ANIMA Project
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Understanding the Basics of Aviation
Noise

Denis Gély and Ferenc Márki

Abstract This chapter deals with the description of the physical mechanisms of
noise, the noise perception and the annoyance induced by air traffic in the aeronau-
tics domain. The authors introduce the basics of aviation noise, describe the main
characteristics of the noise emitted by an aircraft in flight, recall the fundamental
laws of the audition and noise perception and present the specific context for the
annoyance due to aviation noise. This chapter presents and details, as simply as
possible, the complex relationships between physical phenomena and noise percep-
tion in order to highlight the key notions in aviation noise issues. The readers will
find answers to many usual and legitimate questions, for example what is the rela-
tionship between the perceived noise and the level of the physical noise related to
the European ACARE goals which are expressed sometimes as EPNL reduction in
dB or sometimes as perceived noise reduction in percent.

Keywords Physical noise · Source directivity · Annoyance · Noise perception ·
Audition · Metrics · Loudness · EPNdB · Community noise · Noise contour
mapping · ACARE goals · ICAO

Context of Aviation Noise

Over the last decades and since the’60 s, civil aircraft noise has been mitigated
significantly: the acoustical energy emitted by averagemodern civil aircraft—directly
related to the noise it is responsible for—is somehow only 10% of an aircraft of the
same size in the’60 s. This success was made possible thanks to specific research
efforts which focused on reducing the aircraft noise at its source.

Physical Mechanisms, Metrics and Perception
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2 D. Gély and F. Márki

Twenty years ago, at the beginning of the twenty-first century, the International
Civil Aviation Organisation (ICAO) promoted the “balanced approach” for more
stringent international regulations on air traffic noise. In Europe, the Advisory
Council for Aeronautics Research in Europe (ACARE) targeted a further 50% reduc-
tion by 2020 and 65% by 2050 of the perceived noise, with respect to the year 2000
as reference.

To understand the basics of aviation noise and its challenges, this chapter aims to
describe simply and in short the key knowledge related to it.

Acoustics is a scientific discipline, which combines the physical aspects for
describing mechanical phenomena and the physiological aspects for characterising
the auditory sensation. Therefore, physical mechanics and neurosciences are insep-
arable for understanding and interpreting the auditory perception induced by noise
and, finally, for evaluating the annoyance. To deal with this last aspect, which goes
beyond physics, it is necessary to understand other sciences, human, psychological
and sociological.

Many noise sources surround us, like the manufacturing industry, automotive,
railway, and, of course, aviation; they all generate annoyance. Air traffic activity
is subject to the paradoxical situation: for equivalent noise levels, aviation noise is
perceived as the most annoying than railway noise or road traffic noise (Fig. 1).

This comparison illustrates the importance of perception, possibly including the
non-acoustics factors (see Chap. 10), and help explain why the ACARE goals for
noise were targeted as a mitigation of perceived noise:

Fig. 1 Comparison of annoyance due to transportation systems. Credit European Heart Journal
2014)
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> 50% reduction of perceived noise at horizon 2020, equivalent to 10 EPNdB
reduction, related to the year 2000
> 65% reduction of perceived noise at horizon 2050, equivalent to 15 EPNdB
reduction, related to the year 2000

In the following paragraphs, we will go more into details and explain what the
terms perceived noise or EPNdB mean.

So the key question, related to community noise due to air traffic is:
What is the relationship between the perceived noise and the level of the

physical noise?

Basics of Physical Mechanisms, Metrics and Perception

Sound Pressure Level and Loudness

The main physical quantities of acoustics are sound pressure, -power and -intensity.
The physical units of these quantities, in the International System, are respectively
Pascal (Pa), Watt (W) and Watt per square meter (W / m2). The acoustic power of a
small drone is about 10–6 W,while the one of a jet-aircraft is about 106 W. Such a large
range of values to consider brings the acoustician to express the physical quantities
using the Logarithm function and a value which serves as a reference because this
approach compresses the scales into a meaningful interval.

For the sound pressure specifically, the Sound Pressure Level (SPL) in decibels
replaces the pure physical quantity “sound pressure” and is defined as:

20 ∗ log10
p

p0
[dB], (1)

where p represents the instantaneous pressure, and p0 the reference level of
2 * 10–5 Pa.

By convention, the reference pressure was taken equal to 2 * 10–5 Pascals, because
this corresponds to the threshold of average human ear audibility at 1000 Hz. It is
interesting to point out that the sound pressure level in decibel is referenced thus to
a physiological characteristic. By using this, a sound having a level just “around”
the audibility thresholds would result in 0 dB (SPL). Moreover, audition tests have
shown that the perception of sound, i.e. the subjective feeling of sound strength (called
loudness in everyday life) varies with the logarithm of the excitation, so that’s one
more reason to use it. Finally, decibel was chosenbecause one decibel corresponds
to the human discrimination threshold in level, i.e. the just audible amount of change
of sound intensity.

If we have to compute the sum of several (independent) noise sources (e.g. L1

and L2), we have to compute the resulting sound level (Lsum) by adding their (sound)
intensities, i.e. with the following equation:
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Lsum = 10 ∗ log10
(
10L1/10 + 10L2/10

)
. (2)

This starts to be a bit too mathematical, but exactly because of this, the following
very interesting facts result, worth to note:

80 dBSPL + 80 dBSPL = 83 dBSPL (3)

Or even

0 dBSPL + 0 dBSPL = 3 dBSPL (4)

It can be shown that by adding two levels with a significant difference, e.g. of
15 dB, the result is roughly equal to the greater level:

80 dBSPL + 65 dBSPL = 80 dBSPL (5)

Unfortunately, as you will shortly see, sound reduction sensation does not follow
this rule. So when we talk about noise reduction, we always have to specify what we
reduce: sound pressure level, sound intensity or the perceived loudness.

The audition characteristics have been studied at the beginning of the twentieth
century. In 1933, Fletcher & Munson, engineers at Bell labs, showed that human
perception presents a double non-linearity in frequency (i.e. how low or high pitched
the sound is) and in level [1]. Figure 2 shows the equal loudness level contours for
pure sinus tones, which have been internationally standardised, and were obtained
by statistical tests over a large group of young people with normal hearing. Each
of the curves represents the necessary SPL of a pure tone at a given frequency to
be perceived equally loud as other frequencies on the same curve. The curves are
denoted with the metric phon, and their value corresponds to the SPL of the 1 kHz
tone. (See labelling of the curves at the 1000 Hz vertical line.)

Approaching these curves, from the other side, for differently pitched tones but
with the same SPL, generally, the (perceived) loudness falls off at low and at high
frequencies (below 500 Hz and above 4 kHz). Please note that the curves are not
the same at different levels, although they seem to be quite similar. This means that
the “frequency-weighting” nature of our hearing depends on how loud the sound
actually is. Let us simply remember that our loudness sensation is very non-linear in
relation to both frequency and absolute sound pressure level.

When acousticians have to measure sound events (with the goal to express objec-
tively what people would say about the loudness of the event), they apply—most of
the time—the so-called A-weighting. This takes into account the characteristics of
the ear, and therefore makes the measuring instruments “listen” more like humans
by weighting low and high frequencies to follow approximately (inversely) the equal
loudness curve of 40 phons. The A-weighted sound level has been shown to correlate
extremely well with a subjective response and is therefore widely used. This is the
reason why you can often see dB(A) instead of dB.
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Fig. 2 Standardised equal loudness contours for pure tones

Temporal Behaviour: Peak/instantaneous Levels
versus Equivalent Levels

An interesting effect of human hearing is calledmasking. This describes the scenario
when a quieter sound cannot be heard in the presence of a louder one. On earth
practically, but in cities without any doubt, there is never total silence. Sound sources
can be natural, such as dogs barking, birds singing, wind, rain or even human voices,
etc., but can also be artificially generated like traffic noise, industrial or construction
noise,machine noise fromgardening,music, etc.Many of these sounds form together
a more or less steady, so-called background noise. So when a specific sound event
happens, it is either low enough to vanish in the background noise (as this latter
masks the quieter sound), or it is high enough to be heard. Our brain is used to living
in a noisy world and tries to suppress background noise, i.e. make it unperceived
for us (however, this activity certainly causes fatigue…). The more a sound event
emerges from the background, the more it attracts our attention. When the sound is
welcomed, then we are happy (a nice bird, good music, etc.). If, on the other hand, it
is unpleasant, then it causes annoyance. Naturally, high background noise can also
cause annoyance, but a disliked sound emerging from the background noise is often
more annoying because it cannot be suppressed by the brain. In the long term, if we
hear the same sound several times, our brain learns it, and tries to suppress it too,
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but whether this succeeds depends highly on (1) how strongly it emerges from the
background, (2) how fast it becomes audible (slowly or suddenly), (3) how long it
lasts and (4) whether it is constant for a while or its loudness fluctuates.

Unfortunately, aircraft noise is hard to suppress, as it often reaches a significantly
louder maximum loudness than the background noise (point 1), it lasts for a too-short
time to get used to it (point 2), it is by far not constant (point 4), but at least it is not
fast increasing/decreasing its level (point 3). The most important negative aspect of
this is how high the noise level is. In acoustics, this is called themaximum sound level
and is denoted by Lmax. This is completely different from the average sound level,
which is called in the literature equivalent sound level and is denoted by Leq. (If the
measurements were performed with A-weighting then LA,max and LA,eq respectively,
or in its simplest text form: LAeq and LAmax.) The use of Leq is reasonable for more
or less constant noise sources, like traffic noise, and it is beneficial, as it expresses
the overall exposure to noise into just one number. Unfortunately, this became the
quasi-standard to measure the effect of noise and thus, it is also used for aircraft
noise. As you will see in later chapters, this selection is far from optimal, but to
defend it, there is no obviously better metric to replace it. Recent research reveals,
for example, that the maximum level is one important metric to be used alongside
the average levels because above a certain level, it cannot distract us from what we
are doing during the day, while currently, it wakes us up during the night.

Lden: Day Evening Night Level

The Lden (Day Evening Night Sound Level) is the average sound level over a 24h-
period. To take into account, the annoyance induced by the noise during the sleeping
and the rest periods, a penalty of 5 dB is added for the evening period (usually from
19:00 to 23:00) and 10 dB for the night period (usually from 23:00 to 7:00). The Lden
is used for noise contour mapping around an airport allowing the identification of
critical areas in terms of community noise (i.e. areas subjected to noise regulations,
see Fig. 3).

According to aEuropeanEnvironmentalReport, almost 3millionpeople inEurope
are exposed to air traffic noise above 55 dBLden,which is the EU threshold for excess
exposure defined in the Environmental Noise Directive [https://www.eea.europa.
eu/airs/2018/environment-and-health/environmental-noise]. For comparison, 125
million people are affected by noise levels from road traffic greater than 55 dB Lden,
including more than 37 million exposed to noise levels above 65 dB Lden! [Euro-
pean Environment Agency, www.eea.europa.eu/publications/managing-exposure-
to-noise-in-europe].

https://www.eea.europa.eu/airs/2018/environment-and-health/environmental-noise
http://www.eea.europa.eu/publications/managing-exposure-to-noise-in-europe
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Fig. 3 Lden contours map around Roissy-CDG Airport (France)

Source Directivity

In everyday life, we are used to teaching our children to turn towards us, when
they talk to us. We do this because most sound sources have uneven directivity.
Directivity expresses how much sound is radiated into one or the other direction. If
this wouldn’t make our life complicated enough to describe sound sources, we face
the fact that directivity is most of the time also frequency-dependent. This means
that for example, a source radiates the lower-pitched “parts” of the sound evenly into
every direction (behaving as omnidirectional), while the higher-pitched content of
the sound is radiated strongly into one direction (behaving as directional). Sowe hear
low- and high-tuned sound components quieter than mid-tuned ones. This means, in
practice, if a directional source is directed towards us, we definitely hear it louder
than a source that is turned away from us. And this could happen also with aircraft
noise. Noise radiated from aircraft engines is strongly directionally, specifically the
direction along the axis of their engines. When the aircraft takes off, the engines
exhaust point towards the ground, causing higher sound levels there, generally, but
these are also perceived to be as being even louder because of the higher mid-tone
content. Additionally, when a taking-off aircraft turns, it rapidly draws a “trace” on
the ground with strongly directed sound. For people living there, this means that the
sound becomes louder more quickly, and it also reaches a higher maximum sound
level than for people who are not affected by the directed part of the engine noise.
So let us keep in mind that the directional behaviour of engine noise also causes
a measurable sound level difference at some locations, and the perceived noise is
even higher. However, related to the overall averaging time (i.e. a year), this more
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inconvenient fraction of time is too short to appear in numbers. This results in more
annoyance without significantly increased long-term noise metrics.

Such a feature must be underlined: annoyance cannot always be described
by metrics and especially by time-average metrics.

Effective Perceived Noise Level: EPNL

In aeronautics, the usual metric is the Effective Perceived Noise Level (with units
EPNdB), which takes into account the duration and the tonality of a flyover of an
aircraft. EPNL is calculated (see Fig. 4) from the sound recording by identifying two
instants t1 and t2 corresponding to the instants forwhich the sound level is 10dB lower
than the maximum level (PNL max in dB(A)). The equivalent continuous level is
calculated for the period between these two instants. If there are tonal components in
the sound, then a penalty is added. The equivalent continuous level is then normalised
to aperiodof 10 s to obtain theEPNdB.Note that the duration and tonality of the sound
add only a certain amount of decibels to the regular measurements, but overall, EPNL
still remains a kind of equivalent level, a “dB” metric. Keeping the characteristics of
a flyover but reducing it by a few decibels results in the same reduction in EPNdB.

Generally, we also can consider that 10 dB noise reduction can be achieved by
the same amount of EPNdB reduction.

Fig. 4 EPNdB calculation process
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Now, to better understand ACARE goals, we have shortly to come back to
psychoacoustics and become acquainted with a scale proportional to perceived loud-
ness, the Sone scale. The relationship between loudness in Sones (perception) and
loudness level in Phons (physics) is given by:

Lsone = 2
L phon−40

10 (6)

where Lsone and Lphon denote the sound level in sone vs phon respectively.
According to this formula, to half the perceived loudness (Lsone), itmust be reduced

by 10 phons. Generally, for changes in sound level, we can neglect the slight deviance
of equal loudness curves, and thus say that to half the perceived loudness, a level
reduction of 10 dB is necessary.

If we apply this knowledge, we can better understand the noise reduction
objectives set by ACARE in:

ACARE goal’s year Noise reduction in
EPNdB per operations

Perceived noise (Lsone)
divided by

Perceived noise
reduced by %

2020 10 2 50%

2050 15 2,8 65%

Reference

1. Fletcher H, MunsonWA (1933) Loudness, its definition, measurement and calculation. J Acoust
Soc America 5:82–108
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Introduction

The chapter includes an analysis of the data, summarising themain problems detected
throughout the different data delivery phases, as well as exploring future potential
challenges. Figure 1 provides an overview of the scope of the noise burden analysis
in Europe.

Fig. 1 Scope of noise burden analysis in Europe. The map contains a base colour for the different
countries reporting data to the EEA–EU countries, EEA countries and others. Over these colours,
there are 3 types of plot: one that indicates the countries that have major airports and the duty to
report on them, another for countries that have never reported data to date despite being obliged
to do so by the END (EU countries), and another for the countries where the EEA has prepared
detailed information on the health condition in the EEA 2019 Noise country fact sheets (NCFS)
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The Regulation Behind the Data Collection

TheDirective 2002/49/EC, also known as the Environmental Noise Directive (END),
aims to “define a common approach intended to avoid, prevent or reduce on
a prioritised basis, the harmful effects, including annoyance, due to exposure to
environmental noise”.

To this end, Member States must develop strategic noise maps in order to esti-
mate the level of the population’s and/or buildings’ exposure to environmental noise
using harmonised noise indicators Lden and Lnight. These maps and data are used
to estimate the number of people annoyed and sleep-disturbed respectively
throughout Europe.

The Directive requires the Member States to prepare and publish, every 5 years,
the strategic noise maps (SNM) and noise management action plans (NAP) for
major airports (i.e. those with more than 50.000 movements a year) and for airports
(major and not-major) affecting population agglomerations with more than 100,000
inhabitants.

There have been 3 rounds of SNM thus far: 2007 (showing the noise situation in
2006), 2012 (showing 2011) and 2017 (showing 2016), and 3 NAP rounds in 2008,
2013 and 2018.

The next round (round 4) of SNM has to be delivered by the Member States in
2022, illustrating the situation in 2021. In this round, some changes are expected
because of two new directives:

• Directive (EU) 2015/996 establishing common noise assessment methods, to
provide complete and homogeneous content to Annex II of the END.

• Directive (EU) 2020/367 establishment of assessmentmethods for harmful effects
of environmental noise, to provide complete and homogeneous content to Annex
III of the END.

The Scope of the END Exclusions

Military activities (flights) are excluded from the scope of the Directive 2002/49/CE
and from the noise maps, but they are not excluded from the annoyance to residents.
There are still quite a few examples of airports with dual-use, civil and military,
affecting populations.

The scope of the Directive is major airports and all airports affecting agglom-
erations. There are many other airports excluded from the scope, but there is still
annoyance associated with these. Most countries do not carry out any noise map
assessment for airports with less than 50.000 movements/year. Only a few European
countries have their own rules about the noise assessment and control for all kinds
of airports—large, medium or small airfields, with or without military movements.
Moreover, sometimes, training flights with light aircraft—excluded as well from
the scope—are the subject of noise complaints because they are flying repeatedly in
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circles over the same area. Residents may become annoyed and feel helpless because
there are no regulations or assessments available to them.

The Method Exclusions

The Annex II of the END, applicable up to 2015, recommended to the Member
States, which have no national computation methods, to use ECAC Doc. No 29
“Report on Standard Method of Computing Noise Contours around Civil Airports”
(1997 2nd edition) as the method to calculate a noise contour around an airport.
Following this,mostEUMembers have included in their own laws a specific reference
to this document and/or to its successive updates. Thus, the first three rounds of
SNM were prepared mostly using this “Doc. 29”. Where the noise exposure derives
mostly from propeller-driven light airplanes or helicopters, this guidance is not
applicable.1 Most countries do not have regulations for light airplane operations
or for helicopter operations. Consequently, most European countries do not include
these kinds of operations in their noise contours formajor airports.Althoughnot every
airport has light airplane and helicopter operations, the associated noise annoyance
from these kinds of operations is often overlooked by those that do.

Finally, the aircraft noise calculations in this guidance only take account of noise
from aircraft movements. All ground noise sources such as taxiing aircraft, auxiliary
power units and aircraft undergoing engine testing are excluded from the guidance.
Consequently, most EU countries do not include these kinds of operations in their
noise contours for major airports. Once again, not all airports are affected by ground
noise, only some of them.

The new Directive (EU) 2015/996 will solve some of these problems. Noise
from helicopters, taxiing, engine testing and use of auxiliary power units have to
be included with the new methodology, which has to be applied for the next (4th)
round of SNM. Accordingly, in some cases, there will be an increase in the number
of people exposed as a result of these changes in Annex II. Some other changes are
expected because of the method and the way to assign and count people, for example,
but in those cases, the noise contours will change homogeneously.

The new Directive (EU) 2020/367 has finally provided a common way to esti-
mate two harmful effects of aviation noise: people who experience high annoyed
people (HA) and those with high sleep disturbed (HSD). An additional harmful
effect indicator, Ischaemic heart disease (IHD), has been provided solely for road
noise. Future revisions of this directive are expected to the extent that research on
the matter progresses. Hence, the 4th round will have estimations per country.

1 ECAC.CEAC Doc 29 2nd, 3rd & 4th Editions “Report on Standard Method of Computing. Noise
Contours around Civil Airports” Volume 1: Applications Guide.
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The Data Collection Exclusions

Annex VI of the END establishes the data to be sent to the Commission by each
Member State for each major airport and for each agglomeration affected by airport
noise.

Eionet (European Environment Information and Observation Network) is the
Central Data Repository for the EEA countries. The END data reporting must adhere
to required rules and the EEA has developed Support guidance for reporting under
the Environmental Noise Directive 2002/49/EC (END) that the countries must take
into account.

The reporting mechanism is clear and well explained. However, checking the
reported data per country reveals the following:

• Some countries have been late filing the data. In some cases after 15 years, there
is no data.

• The data is not well reported by the countries so that the data are available in some
documents but it is not available in the maps presented or in the database. In other
words, the number of people exposed was calculated and is available online in
Eionet web (or in other official country websites that publish the full documents
prepared in accordance with the SNM or NAP), but the digital data to be able to
compare and study at European level is not well reported and is not available.

Several significant problems exist with the aviation data and these are highlighted
below:

1. Normally the airport/authority in charge of preparing a noise footprint of an
airport, following the Annex II methodology, will generate noise contours and
the data of people/dwellings/areas affected by these noise contours regardless
of whether those people live in agglomerations or outside agglomerations. The
SNM contains for both indicators (Lden ¬Lnight) data on the people, area and
dwellings affected for each band of decibel levels established. Nevertheless,
people exposed to the noise from the same airport have to be reported separately
as people inside urban areas andpeople outside urban areas.Normally thismeans
different authorities in the country are in charge of reporting data internally to
the official EU reporter.

2. There is no information about how many and which agglomerations have
an airport affecting them. In this case, the agglomeration has to consider all
types of airports affecting the agglomeration, not only major airports. The
reporting data for each round is entirely inconsistent, and it does not depend
on the traffic (unlike the major airports definition). The agglomerations have
to present the aviation noise data from major and not-major airports affecting
their territories, but in some cases, the data are not reported even for major
airports (Italy, Romania, Spain or Sweden). In contrast, the data for major
airports in these states and their coverage (tab MAir_list & MAir_coverage
from the Noise exposure information under the END Directive -2002/49/EC-
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file END_DF4_DF8_Results_2017_190101tabs)were completed and reported.
The 4 country examples appeared with 100%

3. The provision of data, concerning the noise sources specified by the END,
is reported per round (DF1_DF5) with a description of the location, size and
number of inhabitants –agglomerations- or data on the traffic for major airports
(> 50,000movements/year). Nevertheless, not all the countries have adopted the
same criteria. As an example, if the list of “major airports” included an airport
-and its acoustic data were reported- in the first and second rounds, but in the
third round, that airport did not reach 50,000 movements, some countries such
as Denmark or Spain report this airport as “−1” -airport without obligation to
report-, while others such as Italy report their acoustic data. France presents the
same number of movements that they presented in the first round in all rounds.
Even if the traffic had dropped below a major airport’s definition, they would
continue to present data for all of them. Recognition of this disparity of criteria
by country is important for global comparisons and by country (Fig. 2).

Notes

• NAR: No major airport to be reported.
• Denmark, Finland and UK expected more airports under the “major airport” defi-

nition (column3<100%).They reportedonly airports compliedwith thedefinition
(columns 5,7 & 9 = 100%).

• Cyprus, Malta & Slovakia EU27 No major airports to be reported & no NCFS
2019 available.

• Turkey & Liechtenstein EEA32 No data provided.
• Data submitted before 1–1-2019, but for technical reasons, they were not included

in ENER.

Health Risk by Aviation Noise in Europe

Aircraft noise exposure is an environmental stressor and has been linked to various
adverse health outcomes, such as annoyance, sleep disturbance and cardiovascular
diseases.2

An updated assessment of the population exposed to high levels of environmental
noise and the associated health impacts in Europe for air transport can be extracted
from the aforementioned EEA 2020 Environmental noise in Europe report (ENER).
Further details by country are also available in theEEA2019Noise country fact sheets
(NCFS). General –EEA33 aggregated- data exposed come from the publication
Health risk caused by environmental noise in Europe (Dec 2020).

2 Further details in Chap. 9 of this book.
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Fig. 2 Reported data completeness from ANNEX 2 of EEA 2020 Environmental
noise in Europe report (ENER), EEA 2019 Noise country fact sheets (NCFS) and
END_DF4_DF8_Results_2017_190101

People Exposed to High Levels of Environmental Noise

The Environmental noise guidelines for the European region [9], define long-term
noise exposure levels abovewhich a relevant increase in negative health effects occur,
expressed in terms of the indicators Lden andLnight. For aircraft sources, these levels
are 45 dB Lden and 40 dB Lnight.
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However, the numbers presented at the European level correspond to the number
of people above the END (Annex VI) reporting thresholds (i.e. 55 dB Lden and
50 dB Lnight). This means that there could be more people exposed to unhealthy
noise levels than those that can be assessed with the current END thresholds (Fig. 3).

Notes

Fig. 3 People exposed to aviation noise in Europe
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• NAR: No major airport to be reported.
• Denmark, Finland andUKexpectedmore airports under “major airport” definition

(column 3 < 100%). They reported only airports complied with the definition
(columns 5 & 7 = 100%). Fewer airports than previous rounds. Denmark or
Spain did not include these airports in DF1. In all the cases comparisons between
rounds are not correct because they are considering a different number of airports
per country.

• *No NCFS19 available. Meaning estimated data in global numbers for the EU
region instead of real numbers.

• **The column 6 should be equal or greater than column 4 because it includes
“no major airports” affecting agglomerations. Poland, Spain have not reported
the data of the agglomerations in general, so the air data is not included in the
NCFS19, however, it was included in DF4-DF8. Meaning estimated data instead
of real data in NCFS19 to calculate health impacts.

• Switzerland appears in NCFS19 with 93,700 people affected by MA in Agglom-
erations. Nevertheless, in DF4-DF8 appears with 103,200.

• Bulgaria, Finland, France, Norway, Romania, Spain & Sweden have estimated
data in NCFS19

Health Risk Associated with Noise Exposure

Only those health outcomes that have demonstrated a reasonable causal relationship
between noise exposure and adverse human health effects have been estimated. All
the health risks associated with noise exposure have been estimated by EEA based
on exposure–response functions presented in the Environmental noise guidelines for
the European region [9]. Additionally, baseline health statistics, such as incidence of
and mortality rates from ischaemic heart disease per country, were used to estimate
the number of cases of ischaemic heart disease and the number of premature deaths
attributable to noise per year.

• Annoyance (-WHO [9]—exposure–response functions)
• Sleep disturbance (-WHO [9]—exposure–response functions)
• Ischaemic heart disease (-WHO [9] —do not make a recommendation to include

these for aviation noise, however, EEA assumed that the cardiovascular effects of
road traffic noise can be extrapolated to aircraft noise [10])

• Reading and oral comprehension in children -cognitive impairment- was included
following the recommendation of [10]

• Premature mortality due to IHD was included following the recommendation of
[10]

The health impacts were estimated using the number of people exposed to levels
of noise starting at 55 dB Lden and 50 dB Lnight, as reported under the Environ-
mental Noise Directive (END). The results quantify the concrete health effects of
noise in Europe and are easily understood by the public and other stakeholders [10].
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Fig. 4 People health affected by aviation noise in Europe

Nevertheless, uncertainties must also be taken into consideration. The methodology
for calculating the burden of disease for noise is not well established and needs more
data and further research across the various European countries (Fig. 4 and Tables 1
and 2).

Burden of Disease

Health risks can also be expressed in terms of Disability-Adjusted Life-Years
(DALYs). The calculation requires the use of disability weighting as well as data
on years of life lost and years lived with disability due to ischaemic heart disease per
country. These data were taken from the Institute for Health Metrics and Evaluation.

The DALY estimates how much disease affects the life of the population by
combining the burden from mortality, in terms of Years of Life Lost (YLL) because
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Table 1 Relationships between noise and the health effects used byEEA in all the sources consulted

Health effect Relationship

High annoyance (all people exposed) Guski et al. [7]
(−50.9693 + 1.0168 × Lden + 0.0072 ×
L2den)/100

High sleep disturbance (all people exposed) Basner and McGuire [1]
(16.7885−0.9293 × Lnight + 0.0198 ×
L2night)/100

Reading comprehension (children exposed) Clark et al. [2] and van Kempen [11]
1/(1 + exp(−(ln(0.1/0.9) + (ln(1.38)/10 ×
(Lden−50)))) if Lden ≥ 50 dB and 0.1 if Lden <
50 dB

Ischaemic heart disease incidence (all people
exposed)

van Kempen et al. [12]
relative risk (RR) derived from road noise
(applied to aviation with not significant
evidence)
RR = exp(ln(1.08)/10 × (Lden −53)) if Lden ≥
53 dB, and RR = 1 if Lden <53 dB

Premature mortality due to ischaemic heart
disease (all people exposed)

van Kempen et al. [12]
RR derived from road noise (applied to aviation
with not significant evidence)
RR = exp(ln(1.05)/10 × (Lden−53)) if Lden ≥
53 dB, and RR = 1 if Lden <53 dB

Table 2 Estimated number of people health affected by aviation noise, EEA-33 (Turkey not
included)3

High
annoyance

High sleep
disturbance

Ischaemic
heart disease

Premature
mortality a

Cognitive
impairment in
children

Inside urban
areas

848 300 168 500 700 200 9 500

Outside urban
areas

285 400 82 900 200 50 2900

aRefers to mortality due to ischaemic heart disease.

of premature death due to disease, and morbidity, in terms of Years of Life Lived
adversely affected by Disease (YLD). One DALY corresponds to one lost year of
a healthy life, attributable to morbidity, mortality or both. The disability weighting
used are described in the WHO [9] (Fig. 5).

We argue in ANIMA for better communication and engagement, especially with
the public and affected communities. The use of a term such as DALY can make
such communication challenging: it is not readily comprehensible to the general
public and this is undesirable. The fact that it needs further explanation could lead to

3 EEA 2020 Environmental noise in Europe report (ENER), Table 3.5.
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Fig. 5 Aviation noise burden estimation in Europe

an unintended element of obfuscation which would not be acceptable for clear and
succinct communication. Also, DALYs have considerable data requirements which
may not be economically justifiable in increasingly financially straightened times.

Uncertainties in the Estimation Data

Uncertainties in the exposure level. Data collected in the 3rd round under the END
do not cover all aviation sources as discussed earlier, nor do they cover popula-
tions exposed to levels of noise below 50 dB Lnight and 55 dB Lden -although
Lden/Lnight 45/40 were suggested by WHO [9]. Noise data from different coun-
tries, regions or cities may be modelled using different methodologies, and are often
reported late or in different ways (due to a lack of internal coordination in some coun-
tries). All of these issues introduce some inconsistencies into the EU wide combined
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dataset. The completeness of the aviation data reported for the 2017 round of noise
mapping is about 66% -75%. Therefore, gap-filling data were used to estimate the
total area covered by the END following a clear methodology to estimate missing
data. ETC/ATNI Report 1/2019: Noise indicators under the Environmental Noise
Directive. Methodology for estimating missing data.—Eionet Portal (europa.eu).

Uncertainties in the population exposed.4 Different countries use varied
methodologies to assign the population to dwellings, which creates inconsistencies.
In addition, the exact distribution of the population per decibel level is not known,
as reporting is aggregated into 5 dB bands.

Uncertainties arising from the baseline and health data.5 Baseline morbidity
and mortality data are based on national statistics. Therefore, using national health
data for other sub-national units (e.g. urban areas) may bring about uncertainties, as
health baseline data may not apply to the territory uniformly.

Uncertainties arising from the exposure–response functions used.6 Using the
generalised exposure–response functions from the World Health Organisation may
introduce uncertainties, for example, if the magnitude of the exposure–response
estimate in different countries varies with age and gender distributions [10]. The
health impact depends on the ‘baseline’ prevalence (frequency) or incidence (new
cases per year) of health effects. These differ between countries and were taken
into account in the calculations. The calculations in this assessment include a non-
uniform distribution across noise bands, whichwas estimated using a 1-dB resolution
for calculating the average exposure in each band. The methods employed for this
Health Impact Assessment (HIA) are described in more detail in ETC/ACM [6].

The results of acoustic insulation interventions or a quiet façade implemented in
the surroundings of one airport are not reflected within the conclusions of noise
exposure maps provided in the 3rd round. Noise insulation measures or façade inter-
ventionsmight have significantly reduced the indoor exposure and thereby annoyance
and sleep disturbances.

Challenges for the Near Future

It is evident that there need to be movements towards more reliable data collection
and improved development of knowledge about the noise burden and how it can be
addressed effectively and efficiently.

The chapter describes the data collected and the directives that govern its acqui-
sition. There are evident inconsistencies across the piece and it is important that
solutions be considered to address the exceptions from the scope, the method and
the data collection. In addition, there need to be efforts made to reduce the number

4 EEA 2020 Environmental noise in Europe report (ENER).
5 EEA 2020 Environmental noise in Europe report (ENER).
6 EEA 2020 Environmental noise in Europe report (ENER).
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of data missing from various countries. This needs to be complemented by improved
national and EU-country coordination.

Also, there would seem to be a need to reduce the time spent on obtaining better
and updated results with higher quality. For example, the estimation of health impacts
from the 2016 data were not made available until the end of 2020, yet data from some
countries was still missing.

As the ANIMA work has revealed throughout, effective communication of infor-
mation to the public is vital for progressive policy-making, community learning
and intervention development to address noise and health concerns. To this end,
the public should be presented with clear horizons and noise objectives for both
individual airports and countries.

It is equally important to tackle differences in the estimations of health effects by
country and within a country. Thus, for example, it is also essential to investigate the
application of interventions like noise insulation within the estimation of harmful
effects, especially in light of the newly published Annex III.

ANIMA research on noise and health [8] calls for efforts to build consensus
on what constitutes a socially acceptable response to the challenge of health risk
reduction in the EU. It underlines that addressing sleep disturbance and annoyance
is most important as research moves forward, indicating that these two elements are
associated with annoyance in local communities and that persistent annoyance has
been linked to adverse health effects through the stress mechanism. By reducing
both sleep disturbance and annoyance, it follows that there should be a decrease in
adverse health effects of aircraft noise. (Please see Chap. 9 for further details.)

Comprehensive approaches to lessening the burden of aircraft noise should be
based on sound frameworks that are built on consistent and reliable data that clearly
communicates the noise picture across the EU.With consistent, improved and timely
data availability that is open to comparison across andwithin territories, the emerging
extent of the noise burden can be more easily understood. This would allow, for
example, for the assessment of noise interventions (e.g. sound insulation) across
different geographical areas and increased knowledge of how they may be applied
and adapted to better suit local conditions, with associated lowering of adverse health
impacts.While, at the same time, this would enable shared learning for airport opera-
tors whichmay preclude unnecessary and expensive trials if good practice is revealed
and built upon instead. In this way, financial and other resources may be released
from investment in insulation and may be better used to address health impacts of
noise through effective engagement with affected communities to co-design alterna-
tive and/or improved interventions and offers that optimally serve their experience
and needs.
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Balanced Approach to Aircraft Noise
Management

Oleksandr Zaporozhets

Abstract ICAO Balanced Approach (BA) to aircraft noise management in airports
is reviewed in accordance with historical and technological challenges. All four basic
elements of the BA are subject to noise exposure control with dominant emphasis
on reduction of noise at source and compatible land usage inside the noise zoning
around the airports. Noise abatement procedures and flight restrictions are used at any
airport due to its specific issues and should be implemented on a basis of cost–benefit
analysis. Noise exposure reduction is an intermediate goal, a final goal—to reduce
noise impact, which is mostly represented by population annoyance as a reaction to
noise exposure, is discussed also.

Keywords Aircraft noise certification · Reduction at source · Land-use planning ·
Aircraft operational measures · Aircraft operating restrictions

From Noise Exposure to Noise Annoyance—Introduction
Issues

Noise has always been a dominant environmental factor in the area of air trans-
portation, first of all affecting residential communities close to airports. Environ-
mental noise, in general, is an obvious example of unwanted technological and
social outcomes in continuous human development, with obvious negative health
and behavioural aspects for exposed the population. Particularly in Europe, one-
third of the reported problems with noise exposure (ranging between 14 and 51%
in the particular EU States) are observed in urban conglomerates mostly connected
with population annoyance as a reaction to noise [1]. Among other sources, aircraft
noise can also be a substantial source of annoyance. The International Civil Aviation
Organisation (ICAO), in line with its own key role, is aware of and continues to
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standard for certification and research objectives
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address the adverse environmental impacts (aircraft noise is one of them) and strives
to limit or reduce the number of people affected by significant aircraft noise [2]. The
EU regulations require from airports to inform the authorities and the population on
extent of aircraft noise exposure and the number of people affected by this exposure.

Aircraft noise is still the most significant adverse stressor for community-related
to the number of environmental factors in the operation and expansion of airports. It
is expected to remain the case worldwide for the foreseeable and even remote future.
Any new technological changes in the aviation sector may contribute to further
increased noise annoyance, especially the introduction of faster possible new gener-
ation of supersonic aircraft for business and scheduled air transportation. Even the
introduction of electric aircraft, which are expected to be considerably less noisy
in comparison with today’s aircraft with similar flight performances, will continue
to be scrutinised due to their very close operation to residential areas. Thus, the
subsequent reduction of annoyance for neighbouring communities will not neces-
sarily be proportional to their actual noise reduction at source. Thus, limiting or
reducing the number of people significantly exposed and impacted to aircraft noise
is one of the main priorities of ICAO and one of its key environmental objectives.
Division on exposed and impacted population is quite important because not every
exposed is obligatorily assessed as impacted by noise. There is only around 20% of
the population, which is exposed to significant noise levels over 65 LDN, usually
reacts adversely to it.

Aircraft noise exposure can lead to more than one effect, and the community
impacts (usually health effects, which can be chronic) depend on multiple effects
[3]: the primary recognised health consequences of community noise exposure are
sleep disturbance during night-time and annoyance during composite daytime. The
cardiovascular disease and cognitive impairment of children are also major conse-
quences [4]. WHO Reports [1, 5] studied the link between environmental noise and
diseases (such as cardiovascular disease, sleep disturbance and tinnitus, etc.), and
they probably provide the most pertinent evidence of noise impact on human health.
Efforts to reduce noise exposure should concentrate on diminishing the annoyance
and sleep disturbance, improving the learning conditions for children and lowering
the prevalence of cardiovascular diseases and other risk factors [3]. However, the
efforts recommended by these guides usually have different coping abilities for all
these types of health consequences. All these notions will be extensively addressed
by other sections of this book.

In general, the severity of any hazard impacts depends on the level of exposure
inside the affected area. If there is no exposure, the impact is absent too. But evidence
exists to show that risk has increased worldwide not only due to increases in hazard
exposure of population and/or its assets but the vulnerability of the population to
hazard is also fundamental to our understanding of general risk for a population to
be damaged by the hazard [6] and of the risk to be annoyed by noise in particular.

Human response to noise is varying differently to different environmental noise
sources with the same acoustic levels. Therefore, human sensitivity to noise levels
depends on the source of noise. This feature is accounted for by the original Schultz
interpolation curve, used in Standard ISO 1996-1 (with small modifications from the
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initial one) [7] to define the proportion of people highly annoyed by noise indepen-
dence with day-night noise index LDN (DNL). The standard recommends using such
dose–response curves for assessing the annoyance. Among the three basic modes of
transportation inside urban environments, aircraft noise is the most annoying for the
same given LDN value. For example, at 65 dBADNL, the proportion of the population
who are highly annoyed by aircraft noise is 10–20% higher than for road traffic and
railway noise.

For aircraft noise, any flight event (or any aircraft engine run-up at an airport)
is leading to scenarios of noise exposure and impact. The same is valid for aircraft
engine emission and air pollution, but the probability of hazard exposure and espe-
cially following impact due to any scenario is dependent on the specific location
of the point of control relative to the flight path. People are impelled to complain
when some burden factor in the environment gives rise to any effect and when this
stressor reaches a lower limit value (for example, for noise index LDN/LDEN = 45
dBA or for Lnight = 40 dBA [1, 4, 5]). Exposure, in general, is defined as “the people,
property, systems, or other elements present in hazard zones that are thereby subject
to potential losses” [8].

Today ICAO [2] and ACARE [9] targets and goals are not confined to reducing
noise levels: intended noise level reduction (it is level of stressor only) receiver point
s not the final result, but it is just an instrument to achieve the real final goal, which
is the noise effects mitigation (just an evaluative tool to achieve the real end goal
of reducing noise effects). For ICAO, this effect is currently defined as ‘a reduction
of the number of people affected by aircraft noise’, measured through the number
of exposed people by noise over given values defined by guidance or through the
number of highly annoyed people. This rationale led currently to new approaches and
concepts, even realised measures, to reduce the human annoyance (sleep disturbance
and other effects of noise impact), for given levels of aircraft noise [10].

Compared with the traditional noise management approach defined by physical
effects of sound generation and propagation, annoyance relies therefore on psycho-
logical elements. Up to recently, attempts to explain annoyance relied only on non-
acoustical factors like sound intensity, peak levels, duration of time in-between sound
events, number of events, etc. [11]. The non-acoustical factors (“moderators” and/or
“modifiers” of the effect) have still received empirical attention, without a deep theo-
retical approach, despite the fact that various comparative studies reveal that they
play a major role in defining the impact on people [12].

Therefore, protecting residents from aircraft noise appears now to be a dynamic
process: The evaluation limitsmust be repeatedly tested in viewof new scientific find-
ings and adapted, if necessary. Besides traditional approaches of the ICAO balanced
approach (BA) [13], which includes reducing aircraft noise at source, implementing
operational procedures and restrictions (mostly in airports), new or changed existing
flight routes and other forms of mitigation, it is needed to embark on a dialogue
with neighbouring communities [14, 15]. The main objective is to address the issue
in an environmentally and economically comprehensive way, to preserve potential
benefits of air transport for all categories of stakeholders.
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The Global Footprint of Aviation Noise

An individual’s perception of noise makes it clear that sound levels become an
unwanted experience when they occur at the wrong place or at the wrong time. The
aircraft noise exposure in and around an airport depends upon a number of factors
including the types of aircraft operating the airport, the overall number of daily
ground and flight operations, the time of day that they occur, the runways and flight
routes that are used for departures and arrivals, airport-specific flight procedures,
weather conditions, topography, and other operating conditions. The main effect of
noise on population, usually caused by aircraft operations in airport, is dependent of
noise exposure, but somewhat subjective at the same time. Itmay depend on a number
of non-technical factors related to the cultural, socio-economic, psychological, and
physical issues of the exposed by noise individuals, and may vary from no effect
to severe annoyance. Thus, the noise impact is more complex and harder to define
the exposure. It is therefore a significant challenge to fully understand, predict and
characterise the noise exposure and impact of aviation.

The number of people exposed (which covers a number of impacted and other
people not reacting on noise) to aircraft noise is the metric normally used to estimate
aircraft noise influence few decades ago. For that aMAGENTAmodelwas developed
by ICAO’s Committee on Aviation Environmental Protection (CAEP), it was used
for assessing global (and regional for comparison) exposure to the noise of transport
aircraft. Estimates from the ICAOMAGENTA program have shown an improvement
in the global noise situation with a reduction in the size of the population within the
65 dB DNL contours of about 30% in 2006, relative to the 2000 level. More recently,
ICAO developed a range of scenarios for the assessment of future aircraft noise
trends [16]. The noise indicators used in these scenarios are the total contour area
and population inside (simply talking—exposed population to specific for contour
noise level) the yearly average day-night level DNL at 55, 60 and 65 dBA contours.
Such indicators were assessed for over three hundred airports worldwide, covering
over 80% of the global air traffic. Aircraft noise exposure was modelled for four
scenarios (baseline and low, moderate, and advanced technology [16]):

• Scenario 1 (baseline) assumes the growth of air traffic without any further aircraft
technology or operational improvements after 2015.

• Scenarios 2, 3, and 4 assume the same air traffic rise that all new aircraft delivered
by manufacturers into the market after 2015 will reduce their noise levels on 0.1,
0.2, and 0.3 EPNdB per annum (so called low, moderate and advanced technology
improvements), respectively.

Figure 1 shows the total 55 dBA DNL noise contour area from 2010 to 2050.
In 2020, this area was 18,400 km2, and covering the population inside that contour
approximately 31 mln people [16]. By 2050, the global 55 DNL contour area is
expected to grow up to 2 times, compared with 2020, depending on the technology
scenario. In 2050, the total population exposed increases to 34.2 million people due
to scenario 4 (quite small—only 10% of growth—comparing with the baseline value
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Fig. 1 Total aircraft noise exposure assessment for over three hundreds major airports worldwide,
2010 to 2050: a contour area above 55 dBA DNL (km2); b global population exposed to noise
above 55 dBA DNL [16]

in 2020), and to 66.9 million people with scenario 2 (near to 100% growth from
2020).

EASA provided some similar analysis at the European level (EU28 + European
Free Trade Association—EFTA) [17]. Current growth in air transportation inside
European region is certainly supported by strong demand and represents an average
annual rate of 1.5% over this period. Comparing with ICAO CAEP global trend, the
number of yearly flights from and to this EU28 + EFTA area attaining 13.6 million
in 2040 with ~2% growth of air transportation annually, compared to value in 2017
(Fig. 2a) under the most-likely future scenario. It has brought traffic back to the most
likely scenario— “Regulation and Growth”—from the 2013 forecast [17] (Fig. 2b),
which is close to moderate scenario in ICAO forecasting (Fig. 1).

The total exposed population to noise levels Lden = 55 dBA and over in vicinity of
the 47 major European airports was assessed 2.58 mln people in 2017 (Fig. 3). Due
to European regulations the noise exposure at night is also important—for the same
scenario the 50 dBA Lnight contours may disturb 0.98 mln of residents at night. The

a b

Fig. 2 Number of flights increases by 42% between 2017 and 2040 under the base traffic forecast:
a forecasting from [European Aviation Environmental Report 2019. European Aviation Safety
Agency (EASA), European Environment Agency (EEA), EUROCONTROL, 2019. ISBN: 978-92-
9210-214-2 https://doi.org/10.2822/309946. Catalogue No.: TO-01-18-673-EN-N [www.easa.eur
opa.eu/eaer]]; b forecasting from [European Aviation in 2040. CHALLENGES OF GROWTH.
EUROCONTROL - 2018 (Edition 2)]

https://doi.org/10.2822/309946
http://www.easa.europa.eu/eaer
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Fig. 3 Latest fleet renewal is able to stabilise noise exposure levels at major EU airports by 2030:
for three traffic forecasts—high (red), base (blue) and low (green); upper bound of any forecast
reflects the unchanged technology, lower bound—employment of advanced technology for noise
control (forecasting from [17])

increase of exposure is equal 12% and 13% for Lden and Lnight respectively comparing
to 2005. nd at the same time the average noise single flight event exposure went down
by 14% over this period [17].

If the latest manufactured aircraft types now entering the European fleet deliver
their expected noise reductions (look the Table 1 in text below), the total exposed
by noise population (to Lden = 55 dBA and Lnight = 50 dBA) around these 47 major
airports should be stabilised for the scenario of Global Growth (mostly optimistic)
and possible to decrease by 2030 (in comparison with continuous increase globally).
These forecasts assume that airport expansion will be absent, and the population
rise will be absent around these airports. However, around 110 airports in Europe
could handle more than 50,000 annual aircraft movements [19] by 2040, although
there was 82 airports in 2017, thereby new affected by noise population should be
expected. Taking in mind the current trend—close to the “Regulation and Growth”
scenario—the total number of people exposed to aircraft noise should stabilise in
Europe much earlier, likely at the beginning of the 2020s. Of course, such forecasts
did not take into account the dramatic effect of the COVID-19 pandemic.

Table 1 New generation aircraft recently introduced or about to enter the market (before the end
of 2020) [24]

Seat
category

Aircraft
category

2010 reference New generation
(examples)

Entry into
service

Fuel saving
reference
(%)

51–100 Regional
jet

ATR/CRJ MRJ 2020 20

E-Jet E-Jet E2 2020 24

101–210 Narrow
body

A320/B737 A220/A320neo/B737
MAX

2016/2017 20

211–300 Wide
body

B767 A350/B787 2015/2011 20–25

301–400 A330/B777 A330neo/B777X 2018/2019 14–20

401–500 A380/B747-8 A330neo/B777X 2018/2019 14–20
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The ICAO Noise Certification Procedure for Aircraft

Standards and recommended practices (SARPs) cover ICAO noise requirements to
allow civil aircraft to operate safely for population and environment as a whole. They
are contained in Annex 16 [20] to the Convention on International Civil Aviation
(in Volume I Environmental Protection—Aircraft Noise). It should be noted that the
first generation of aeroplanes with jet engines was not covered by SARPs of Annex
16 and were hencereferred to as non-noise certificated airplanes (among them the
aeroplanes Boeing 707 and Douglas DC-8). The noise certification scheme of Annex
16 [20] considers the overall noise produced by the operation of an aircraft, the engine
plus the airframe. Through subsequent chapters to Annex 16, these SARPs have
been subsequently updated, becoming stricter, since then to reflect and to motivate
improvements in aircraft and engine technology (see Subchapter on Reduction of
Aircraft Noise At Source below or Chap. 5 and 6 of the book).

Chapter 2 of Annex 16 [20] was the first Standard for aircraft noise and set the
limits as a function of maximum take-off mass recognizing the fact that heavier
aircraft would be essentially noisier than lighter ones. Those limits in Effective
Perceived Noise Level (EPN) dB were set for three measurement points (Fig. 4):
at the side of the runway on take-off, under the flight path on climb after take-off,
and under the flight path on the approach to landing (this set is still used for limiting
noise levels in subsequent chapters of the Annex 16).

Nowadays, newly manufactured aeroplanes must comply with Chap. 14 require-
ments in ICAOAnnex 16 Volume I [20]. In difference with Chaps. 2 and 3, currently
the ICAO aircraft noise limits are defined as cumulative values equal to the arithmetic
sum of the certification levels at each of three points, which are still the same. Annex
16, Volume I [20] also contains provisions (noise limits and procedures to assess
them) for the certification of propeller driven aeroplanes and helicopters.

Each successive chapter of the Annex 16 Volume I [20] has set and enacted
higher stringencyin certification conditions, aircraft have become quieter and areas
affected by its noise significantly reduced. However, the air traffic is constantly
increasing on growing demand for passenger and cargo transportation. ICAO and

Fig. 4 Aircraft noise certification reference points [16]
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IATA are both assessing and further forecasting during closest decades around 5%
of air traffic increase worldwide due to this constant increase in the community
demand for flights (Fig. 2 confirms this trend for European aviation sector, which is
going along the most wishful scenario Regulation and Growth). The overall aircraft
noise exposure is increasing due to this existing air transportation trend, but overall
population exposure by noise may increases also due to constant population desire
to provide the great number of activities, including residential, closer to airports. So,
additional ways to control the noise exposure and accordingly the impact are required
in the vicinity of the airports to provide the sensitive to noise human activities as
far as possible. This is organised through noise zoning and appropriate land usage
in vicinity of the airports. Further, to keep the size of the zones constant, or even to
reduce them, is an important task of noise management in any airport—it is of the
same strategic importance as an aircraft noise control in source. Reduction of noise
zones benefits those living and working close to the airport.

In 2001 the 33rd Session of the ICAOAssembly adopted a new policy for aircraft
noise control globally, referred to as the “balanced approach” to noise management.
This newSARPsprovided theMember-Stateswith an agreed approach for addressing
aircraft noise management components in an effective and economically-responsive
way. Because of existent specifics at any region and even at any airport it is eventually
the responsibility of any State to implement the various noise protection measures by
developing appropriate combinations between them to provide balanced solutions in
their programs for managing the noise exposure at airports. The highest effectiveness
and economical efficiency are reached with due regard to ICAO provisions and
policies while recognizing that States have responsible lawful obligations, including
various agreements, laws, and policies on noisemanagement around the airports. The
Balanced Approach guidance was developed by ICAO and contained the explanation
of all elements in general details [13].

The goal also is to identify the efficient noise abatement measures that achieve
the maximum environmental benefit, using objective and measurable criteria, at any
specific airport most cost-effectively. At the first step, the noise problem at an airport
should be identified and then a comprehensive noise protection program must be
developed analyzing the mostly available measures to reduce the noise exposure
using four principal elements of the Balanced Approach (BA), namely [13]:

• reduction of aircraft noise at source;
• noise zoning, land-use planning and management;
• noise abatement procedures for aircraft operation; and
• restrictions for aircraft operation.

Reduction of Aircraft Noise at Source

Reduction of aircraft noise at source is a basic and strategically important among
the four principal BA elements. Attempts to reduce the noise the noise emitted by
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the aeroplane are understandable and fundamental in setting new, more stringent
standards for noise radiation, so ICAO pays special attention to this element.

Among the principal factors defining the sound level from aircraft flyby over the
point on a ground surface are the noise radiated by acoustic sources of the aircraft
and the sound propagations factors like the local topography and atmosphere state
and both are dependent on weather conditions. Aircraft is a complex acoustic source
consisting of engine and airframe components (Fig. 5), and the principal aircraft
elements for dominance of any specific acoustic source at a specific flight stage are
the following: type of aircraft and engine type, the engine installation (over or under
the wing, at the tail, etc.), the aerodynamic configuration of the aircraft, flap and
airspeed management procedures being used during the flyby, distances from the
aircraft to point of noise control. The airframe and engine contribution to overall
aircraft noise are shown in graphs of the Fig. 6, during the principle flight stages of
aircraft take-off and landing. The contribution of any acoustic source is dependent
of flight mode and it is an important factor for technology improvements in aircraft
noise reduction.

a b

Fig. 5 Engine and airframenoise source identification: a by engine component and sub-component;
b airframe component contributions to total aircraft noise for a modern turbofan powered aircraft.
[xx]

Fig. 6 Sources of acoustic emission during: a takeoff; b landing [Leylekian, L., Lebrun, M.,
Lempereur, P. 2014. An Overview of Aircraft Noise Reduction Technologies. AerospaceLab
Journal, Issue 7, pages AL07-01 (https://doi.org/10.12762/2014.AL07-01)]

https://doi.org/10.12762/2014.AL07-01
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Noise from a single aircraft is primarily produced by the engine, but the total
engine noise is the sum of broadband and discrete noise radiated by fan, compressor,
combustor, turbine and jet as shown in Fig. 5a). Noise is also created by the airframe
as it moves through the air, which is complex also like the engine. It includes the
contributions of aerodynamic noise from the high lift devices and the landing gear
in air flows (Fig. 5b)).

More detailed information on aircraft noise redaction at source is described in this
book in Chap. 5 for existing aircraft andChap. 6 for expected their future generations.
The noise from the first jet aircraft was completely defined by noise radiated by the
exhaust jets—it was a loud roar or rumble, very difficult to be reduced by technical
means. For the first turbofans (with small bypass ratio m = 1) this dominance of
exhausted jet noise became less because the high speed of primary jet was sufficiently
reduced and a new acoustic source—a fan—is appeared (Fig. 7a). The achievements
of the first technological solutions to reduce engine noise were the basis of the
first international standards—Chap. 2 of Annex 16 “Aviation Noise” to the ICAO
Convention.

The next generation high-bypass-ratio turbofans (with bypass ratio m = 5–6),
which characterised by much higher fuel efficiency, again reduced primary and
secondary jet velocities and generated noise in consequence. For these turbofans

Fig. 7 Engine noise source contributions high bypass benefits and changes in source ranking
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Fig. 8 Comparison between the ICAO requirements and ACARE 2050 goal to aircraft noise

the exhaust jet is still a significant noise source, but not absolutely dominant to total
aircraft noise as at take-off so as at landing stages of flight, fan noise became the same
significance contributor to overall aircraft noise, especially for flight in approach and
landing conditions (Fig. 7b). High bypass technology reduced the engine noise on
a value which was fixed in the second ICAO aircraft noise standards—Chap. 3 of
Annex 16, Volume 1 “Aviation Noise”.

Decreasing the bypass ratio of the turbofans to high (m = 6–8) and very high (m
= 10 and beyond) provides new noise reduction benefits (a specific fuel consump-
tion continues to be reduced also) for the aircraft. They were complementarily
accomplished with other measures of noise reduction at the engine: reducing the
fan noise, optimising the engine cycle, using the contra-rotating rotors, using the
sound-absorbing structures and reducing the level of turbulence in the inlet section.
These benefits stimulated new changes to aircraft noise standards—Chap. 4 became
applicable in November 2008. Chapter 4 includes also provisions related to noise
measurement conditions during noise certification testing and began to combine the
levels measured at separate three points into a single summary value, used also in
the following Chap. 14 requirements to aircraft noise, Fig. 8.

Due to the introduction of quieter aircraft (in accordance with putting more strin-
gent requirements of the ICAO Annex 16 standards at the relevant Chaps. 2, 3, 4 and
14, Figs. 7 and 8) and the global phasing out of Chap. 2 aircraft between 1998 and
2002 as agreed upon in the 28th Assembly of ICAO noise levels from the separate
flyovers have been decreased at most airports worldwide. As a result, a modelled
overall 65 dBA LDN noise contour at airport has shrunk in size consistently since
1970-ies (Fig. 9) regardless a rise in total air traffic because of the replacement of
noisy ICAOChaps. 1 and 2 aircraft with much quieter Chaps. 3 and 4 aircraft, further
implementation of Chaps. 14 aircraft in operation will decrease them much more.

Aircraft produced today are 75% quieter than the first civilian jets appeared in
operation 50 years ago (Figs. 8, 9 and Table 1). The newly manufactured aircraft
typically produce around a half the noise of the aircraft they are replacing, so with
this advance the air traffic movements can double without increasing the total noise
exposure output. Inmore detail, The British “Sustainable AviationNoise Road-Map”
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Fig. 9 Aircraft noise exposure reduction by ICAO influence through Annex 16 noise certification
norms: a single aircraft departure footprint: Chap. 2 aircraft (represented by B737-200)—yellow
contour; Chap. 3 aircraft (MD80 or B737-200 Hush Kit)—blue contour; Chap. 4 aircraft (A320 or
B737-800)—green contour; current Chap. 14 aircraft (A320neo)—red contour; b overall 65 dBA
LDN noise contour changes at airport O’Hare (Chicago, USA) due to implementation of quieter
(with more stringent noise standard requirements to them) aircraft regardless flight traffic growth:
till 1979—the Chap. 2 fleet; till 2000—the Chap. 3 fleet evolution; at 2002—a fleet with Chap. 2
phase-out; after 2002—a Chap. 4 fleet evolution

[23] predicts that as current aircraft are replaced by ‘Imminent’ and ‘Future’ aircraft,
the noise exposure from UK aviation reduces by around 20%, which is close to EU
forecasting (Fig. 3).

The noise reduction of engines is provided by further increasing the by-pass
ratio of the engine, by the use of a low-speed advanced fan (reduction of the dipole
acoustic noise source). Wide-chord fan blades have a twist in height and are made of
composite materials. Reduction of the acoustic interaction between the fan impeller
and the outlet guide vanes is provided by inclined and specially profiled blades,
the number of which is selected to provide the “cut-off” effect. The development of
optimised Outlet Guide Vane (OGV)made it possible to significantly reduce discrete
and broadband noise.

To achieve ACARE noise reduction goals, engine manufacturers are developing
engines under the Advance (bypass ratio m = 11) and UltraFan (m = 15) programs,
which are planned to be completed in 2020 and 2025, respectively. These engines
feature for instance: a three-shaft modular design of a high-bypass engine; improved
aerodynamics of the impellermachines and a high-pressure ratio up to 60 forAdvance
and 70 for UltraFan; multiparametric optimisation of aerodynamic and acoustic char-
acteristics, use of the "Intelligent Engine" concept; application of 3D printing tech-
nology; an inlet section of a special design contributes to the reduction of the turbu-
lence level at the engine inlet, which in turn reduces the level of vortex noise at the fan
inlet; sound-absorbing materials to reduce the tonal noise of a low-pressure turbine.

Effective noise reduction technology—acoustic liners in the nacelle and inside
engine ducts—are important in lowering the noise from engine internal sources
as it propagates along and out of the intake, bypass duct or core duct (Fig. 10).
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Fig. 10 Engine noise reduction technologies [27]: a acoustic liners inside the high bypass turbofan
engine; b maximising inlet acoustic liner area

To reduce the noise level, it uses a noise active control system, which includes
acoustic resonators installed on blades of the fan outlet straightener and devices
based on MEMS technology and installed along the inner passage of the engine
nacelle. Besides, special porous materials are under development, the use of which
can reduce the acoustic emission from the source. The application of such a system
makes it possible to reduce the noise level in a source by ~50–60%, or overall aircraft
noise reduction achieved by fan forward and fan rearward noise attenuation through
acoustic liners was in the range of 10–12 EPNdB (cumulative) on recent aircraft
types [21].

The proposed measures allow to reduce engine weight and increase fuel effi-
ciency by 20% for Advance and 25% for UltraFan, as well as to reduce noise level
and harmful emissions level [24]. The price to pay for very-high-bypass-ratio engines
is increased size, weight, and drag, which result in more mission fuel burn. Higher
bypass ratio engines require much higher pressure-ratio and temperature gas gener-
ator cores, whichmay have a negative effect on emissions, especially nitrogen oxides
(NOx).

During the 50 years of aircraft noise standardisation from ICAO (1st Edition of
Annex 16—Aircraft Noise was published in 1969) and continuous strengthening of
the requirements from Chap. 2 till current 14 the cumulative reduction was gained up
to ~35 dB (Fig. 5), close to this value is necessary to be reached till the ACARE noise
goal at 2050. In 2014, ICAOadopted anew (latest) standard that resulted in a 7EPNdB
decrease compared to the Chap. 4 Standard, so in-production aircraft are prohibited
to be manufactured currently with noise higher than Chap. 14 requirements.

Land-Use Planning and Noise Impact Management Issues

Land-use planning and management is a necessary means to ensure that the human
activities nearby airports are consistent with aviation activities [30]. Its main goal is
to minimise the population, usually the residents in vicinity of the airport, affected by
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aircraft noise by introducing specific land-use zoning around airports and compatible
land usage inside them.

Noise reduction at source alone is not sufficient concerning not only the aircraft,
but other transportation sources also. To all of them there is a need to investigate
additional measures for noise problemmanagement and noise zoning is among them
[1x]. Residential developments near transportation infrastructure (airports for avia-
tion sector) are the places generating the complaints and community reaction directed
to reduce noise due to transportation operations. The conflicting trends previously
mentioned in designing quieter aircraft and rising air traffic only emphasize the sense
of accurately assessing and further managing the impact of aircraft noise on people
at their residence site. On the other side of the problem, his may put airport capacity
constraints and significantly increase the costs of providing transportation services.

If the main goal in aircraft noise control to reduce noise level at source of its
generation, the main goal for noise zoning and land use management to prevent
the people from the levels, which are inconsistent with their health and welfare.
These levels are defined as sanitary norms (limits) for the population doing any kind
of activity—residential, educational, rehabilitation, etc. For all the existing human
activities the noise limits are defined because for all of them the noise is a disturbing
factor.

The first task of noise zoning is to define the area around the noise source—an
airport in our case—where any of the human activities (land usage) are not possible
be permitted. The second task—to define the area without any prohibition for human
activities. The territory between them is an area of noise management with any
possible measures for noise protection.

Any airport development should be accompanied by a program of aircraft noise
management in its vicinity. Otherwise, any noise-sensitive human activities (land
usage), introduced without attention to noise from the airport, will eliminate the
aircraft operation by restrictions and reduce the airport capacity. In the same way,
that aircraft noise must be controlled to prevent existing developments from being
further exposed.

Airports are usually located within or close to the limits of large urban areas,
in better case a distance to existing noise-sensitive land usage (residential or recre-
ational)mayprovide humanprotection fromnoise exposure andminimise the adverse
impacts of their operations. Inside the zone of noise management, it is necessary to
organise a set of plans (a program for noise protection) that govern urban planning and
management with respect to the airport activities. In reality each airport is different in
its operational, social, economic and political situation, as well as in the type of land
use in its vicinity. That is why, the airport noise protection program should include
a land-use control system to assure that all the prescribed measures comply not only
with the airport development plan but also with the plan of urban development and
the goals of the communities involved.

ICAO is continuously developing a policy on land use planning and management.
Current version is contained in Assembly Resolution A40-17, Appendix F [25],
it urges States, complementarily with the development and introduction of quieter
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aircraft, to minimise aircraft noise impact problems through preventive measures of
noise zoning and land use management:

(a) locate new airports (or new infrastructure in existing airports during recon-
struction) away from noise-sensitive residential areas;

(b) take into account the appropriate protection measures for existing and planned
land use at the earliest stage of any new airport development or of an existing
airport;

(c) define protection zones around airports associated with different noise limits
taking into account population size and growth as well as forecasts of air traffic
growth and establish criteria for the appropriate land use (as recommended by
ICAO guidances [13, 30]);

(d) enact legislation with supporting guidance and other means to show and
recommend how to achieve compliance with those criteria for land use; and

(e) ensure that information on aircraft operations and their environmental effects
are available and understandable to communities near airports.

Airport Planning Manual for Appropriate Land-Use Inside
Noise Zone

ICAO’s Airport Planning Manual (APM) in Part 2 [30] covers three key issues
for compatible coexistence of the airport and urban environment: land-use, land-use
planning, and land-usemanagement. For that, theAPMdescribes a variety of possible
land-uses with an appropriate estimation of their relative sensitivity to aircraft noise
exposure. Also, the guidelines indicate the compatibility or incompatibility of these
land uses to noise exposure and also to airport operations themselves.

Land-Use

Human activities inside the area of land management (other words—land uses) such
as natural, agricultural and recreational are usually considered as themost compatible
with noise since they are realised outdoors and normally don’t involve constant
human use.

Commercial and industrial land uses are also considered compatible with aircraft
noise because they are normally carried out during the daytime and they do not
touch the problem of noise at nighttime—sleep disturbance does not occur, as usually
happens in residential areas.

On theother hand, the development of residential and institutional landuses,which
include single and multi-family dwellings and community support facilities such as
schools, hospitals and churches should not be encouraged in airport surrounding
areas, since they are extremely incompatible with noise.

The development of residential and institutional land uses, including all necessary
urban components such as schools, hospitals, and churches are extremely incompat-
ible with noise, they should not be encouraged in the airport vicinity, where the noise
levels exceed the limits.
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Fig. 11 Example of noise contours Kyiv/Zhulyany international airport—Kyiv, Ukraine

Land-Use Planning

The problem of airport noise inside the surrounding area can be solved successfully
by implementing all possible measures and means, and the proper land-use plan-
ning can contribute significantly to the final solution Land-use planning to existing
airports is especially important because their possibilities for prompt land-use trans-
formations are limited usually. A trend for continuous reduction in aircraft noise in
the source can cause the noise contours to approach closer to the airport boundary.
In such a case, the withdrawn area from noise exposure should be prevented from
immediate additional encroachment of incompatible land uses. Especially substan-
tial benefits can be acquired from the appropriate land-use planning for new airports
under the development without or with quite small constraints for human activities
in the surrounding area.

Figure 11 depicts typical noise contours for an airport. In red a noise zone with
complete prohibition for any type of human activities is shown, in yellow—a noise
zone with specific noise control measures to be implemented. The overlap of urban
areas within the NPZ exists and it indicates that a population inside the zones is
affected by noise and needs for protection. Noise control measures can be included
in program for noise management in airport, adopted by airport and urban authority
to ensure that future developments in airport and inside residential areas will be
compatible with aircraft noise.

Land-Use Management

Among the alternatives to regulate land developments inside the surrounding area
affected by the airport a number of themodification or restriction of land-uses exists to
achieve greater consistency between aviation and human activities or other words—
compatibility between the airport and its environs. These control measures may
be divided into three categories, as follows: Planning Instruments, Mitigating Instru-
ments, and Financial Instruments. There are only some examples of these instruments
listed below.

Planning Instruments
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Planning instruments Land-use planning and control authority is covered by local governmental
bodies, as a rule, which must take into account aviation noise exposure
and measures for its reduction. They must account for existing
development, first of all residential and rehabilitation types, and ensures
that future planned development is also consistent between aviation
sector and society, and compatible with various community goals
including the changes in aviation noise exposure

Noise zoning Noise zoning regulations should specify land development depending on
the level of noise exposure and use restrictions, based on certain noise
levels, incompatible with human activities. The regulations should protect
both—the airport and the residents in their mutual developments

Easement acquisition Easements should restrict the use of land to that which is compatible with
aircraft noise levels. They should not violate the right of flights over the
property and to create noise

Mitigating Instruments

Building codes Building codes are the legal instruments of requiring the
inclusion of proper sound insulation in new and existing
construction inside areas exposed by noise

Noise insulation programmes Sound insulation is used to reduce interior noise levels
especially for buildings that are not possible to remove out
the areas exposed by noise. Effective noise insulation may
be reached with closed-window conditions, which may
impose additional costs to homeowners or an airport noise
protection fund

Land acquisition and relocation The acquisition of land through purchase by the airport
operator (or another responsible subject in case of new
developments under their authority) and the relocation from
the acquired area of all incompatible with noise levels
residences, administrative and business structures

Financial Instruments

Capital improvements planning Capital improvements can be planned in order to locate or
support existing infrastructure networks in areas where
industrial and commercial growth would be compatible with
airport noise

Tax incentives Tax incentives can be provided to occupants of existing
incompatible use facilities in order to encourage structural
improvements to reduce interior noise levels or to encourage
their relocation to quieter areas or otherwise the expansion of
industry as a means to diversify the local economy

Noise-related airport charges Noise reduction and prevention around the airports require
financial investments which may be recovered through airport
noise charges
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Aircraft Operational Measures for Noise Reduction

The noise of aircraft is subject to ICAO certification SARPs that are intended to apply
to the manufactures of aircraft worldwide. This does not prevent local authorities
from applying stricter noise limits at specific airports because the land usage at any
location may require for that. Due to their unique nature, the certification procedures
will not capture the detail and variations that do occur during real operations and,
as a result, actual noise levels will not necessarily be the same as those measured
during certification.

Local airport rules can include noise limits, curfews and penalties on excessive
noise levels. These measures are considered mostly as constraints, they may limit
the operational capacity of airports (for example, by restrictions for flights during
night) and they may affect the economics of air transportation by limiting the take-
off weight, payload and consequently reducing the economic benefit of specific
flight. When analysing operational measures to arrive at an optimum result, it is
important to involve all the stakeholders to ensure that interdependencies between
the various aspects are fully identified and that any unintended consequences are
avoided or minimised to the extent possible. This subchapter discusses the use of
aircraft operational measures as a noise reduction method, one of the elements of
ICAO’s Balanced Approach. It presents a discussion of aircraft procedures for both
departures and arrivals/approaches, and their potential effect on noise levels.

Departure Procedures

Noise abatement operational procedures are being applied in airport operation
management to provide locally effective noise reduction to communities active in
airport surroundings, from both arriving and departing aircraft. ICAO PANS-OPS,
Volume 1, contains a general guidance for the development of a maximum of two
noise abatement departure procedures (NADP’s) designed to eliminate noise over
the normative limits either close in (NADP 1) to the airport, or further out (NADP
2) along the departure path (Fig. 12a). By ICAO guidance both NADPs terminate at
1000 m altitude, however there may be noise reduction benefits above this, but also
the deterioration is possible in some areas, and these should be taken into account
as well. Review [31] contains a list of current NADP’s with operational and noise
mitigation analysis in use by air carriers for a wide range of aircraft types.

At the beginning, the ICAO PANS OPS guidance [32] contained only two recom-
mended noise abatement departures procedures (NADP) for aircraft—ICAO A and
ICAO B. This guidance prescribed the choice of either of these two NADP without
regard to aircraft acoustic (or noise attenuation technology realised in aircraft design)
and flight performance.
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Fig. 12 Departure and approach noise abatement procedures: a SILENCE® validated technologies
for NAP at Schiphol airport; b noise reduction efficiency beneath the flight path; c noise contour
reduction efficiency

After first revision, the ICAOPANSOPS guidance changed the prescriptive ICAO
A and ICAO B flight procedures including the criteria for development of NADP.
These criteria are the following:

• Engine thrust reductions till minimum safe aircraft climbing value is prohibited
below 800 ft above the runway (Fig. 12b);

• The thrust reduction in aircraft operation cannot be below the thrust level
required by the certificated aircraft flight manual if not approved in addition by
manufacturers’ operations manual;

• The current guidance on NADP and the similar on noise abatement arrival
procedures (Fig. 12a) is contained in PANS OPS, Doc 8168 [33], Part I, Sect. 7.

• Designing noise procedures must account for elementary aviation criteria such as
regulatory, safety and operability objectives; and it is these criteria that will limit
what is ultimately achievable.

NADP 1 and 2 provide air carriers standardized departure profiles for worldwide
flight operations, enhancing safety, as well as providing airports and air navigators
with a predictable departure metering of aircraft into the en-route airspace structure.
These procedures should be the same for all aerodromes. The procedural differences
between theNADP1 and 2 are the thrust or power reduction altitudes and the high-lift
device retraction—acceleration segments. Today, the operational opportunities for
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departure noise mitigation also (besides NADP) include: Continuous Climb Opera-
tions (CCO), Noise Preferential Routes (NPR), Noise Preferred Runway operations,
alternation and respite, and usage of Performance Based Navigation (PBN)—for
flight track management.

Arrival noise can be of key importance to residents living under the predominant
approach flight paths. There are several reasons for this change in focus: new aircraft
noise standards have significantly reduced overall engine noise; the move to more
two-engine aircraft which typically have better climb performance; and variations
in terminal departure routings provide opportunities for flight track dispersion after
take-off. For arrival, airplanes fly the same track within 5–10 miles of the airport
at the same altitude according to stabilised approach criteria. Consequently, noise
contours close to the airport tend to be more heavily influenced by arrivals than
before.

Operational procedures are intended for use by aircraft of the existing fleet for
particular local noise issues and have the potential to make an immediate improve-
ment in the environmental impact of aviation around the airport under consideration,
as a rule at airports where the noise zoning and land use procedures are realized
with omissions. Operational NAPs in use today can be categorised into three broad
components: noise abatement flight procedures and spatial management; ground
movement management. Figure 13 shows schematically the operational opportuni-
ties of the NAPs [23]. It also gives an indication of the areas (distances to runway at
departure and arrival) benefiting from some of any procedures outlined.

Given the above, the following guiding principles should be adopted when
considering operational opportunities to reduce noise:

Fig. 13 Aircraft operational noise mitigation opportunities—illustrative, not to scale. [23. Sustain-
able Aviation Noise Road-Map, 2018 [www.sustainableaviation.co.uk]]

http://www.sustainableaviation.co.uk
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Fig. 14 Aircraft noise standard stringency influence on NAP ability to reduce noise level: a at point
of noise control; b along with flight path distance [10]

(a) Safety must not be negatively affected;
(b) Operational procedures should be developed in accordancewith relevant ICAO

provisions or regulatory guidance, while allowing for implementation of new
procedures as that guidance evolves;

(c) Changes to operational procedures must consider aircraft and operator capa-
bilities and limitations with appropriate approval by the regulator;

(d) Appropriate assessment tools andmetrics to support decisionmaking and post-
implementation review of conformance should be maintained;

(e) Interdependencies should be considered between other environmental and non-
environmental impacts and disproportionate trade-offs should be avoided.

Of course, any progress in designing low noise aircraft would therefore lead to
relax the stringency of the NAP to be used (Fig. 14).

Arrival/Approach Procedures, the Continuous Descent Arrival/Approach (CDA)
can lead to significant reductions in noise, emissions and fuel burn [34]. The CDA
concept was elaborated during long time to exclude (or to minimise them) from the
approach flight the constant altitude segments and to fly along the descent segments
only. The descent flight of an aircraft is made usually with thrust at the flight idle (or
very close to it) setting, noise level fromdescend segments ismuch less than produced
during the level flight segment. The development of the standardised CDAs takes
into account environmental aspects (noise and emissions), as well as fuel efficiency
issues while ensuring safe and efficient operations of the ATM operations.

Engine noise tends to be lower as the thrust is reduced to slow down or descend,
and as technology has developed, engine noise has reduced significantly. However,
airframe structures and aircraft configuration contribute to the overall aircraft noise
levels, especially during arrivals. They contribute more than during departures for
two reasons. Engine thrust is higher during departure and the undercarriage (landing
gear) is retracted soon after take-off, after which the high-lift devices (such as flaps
and slats), are retracted on schedule as the aircraft climbs, whereas during approach,
the engines tend to be at a low power setting. As engines have become quieter, the
balance of noise sources has changed and, although engine noise still is the major
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component during departure, there is more of a balance between airframe and engine
noise on arrival.

Aspects of flight safety, which are especially important during the descent of
the aircraft before landing, come to the fore. First of all, the separation between
individual aircraft should be control by Air Traffic Management (ATM)—simply
a distance which previously in flight operation was much more easily reached by
providing speed changes to aircraft flying along a level flight segment. To manage
the separation between a number of continuously descending aircraft is much more
complex task for ATM and pilots, it needs for automation on board of the aircraft
and in ATM to support the flight safely.

A landing runway may be nominated for noise abatement to provide preferred
final approach routes and landings, similar to preferential take-off runways. The first
consideration must be safety, but within operational constraints, consideration can
be given to community noise concerns.

PBN procedures are being increasingly deployed at airports for departure, arrival,
and final approach procedures with measureable benefits on airport capacity, effi-
ciency and emissions reduction as well as reduced noise exposure. There is a general
understanding that as a consequence of PBN, procedural predictability and accuracy
will be increased with a corresponding concentration of flight over the defined path.
This concentration of flight tracks will, in turn, increase the frequency of noise events
and hence noise exposure in close proximity to the PBN flight path. As a result, it is
important that PBN procedure design takes population impact into account.

Aircraft Operating Restrictions to Reduce Noise Exposure

An operating restriction is defined in ICAO’s Balanced Approach guidance [13], as
“any noise-related action that limits or reduces an aircraft’s access to an airport”.
The guidance recommends to avoid applying any operating constraints as a first
measure to eliminate noise exposure, but after considering the exposure reduction to
be obtained from the other three BA elements. If the total efficiency of the first three
is not enough to reduce noise at any location in the vicinity of an airport, operating
restrictions may be implemented, even to exclude it at all.

Usually implementation of any operational restriction is a subject of impossibility
to fulfil the requirements to environmental noise at location of interest. In fact, such
requirements are defined by the national (State Sanitary Rules) or international (EU
Directive) rules and they are used as fundamental basics for establishment the rules
for noise zoning around dominant noise sources including the ones in the vicinity
of airports. So, noisy type of the aircraft, which is appropriate for doing efficiently
transportation work at any route may not be able to fly over the location with installed
specific noise limit without violation, even with realised noise abatement procedure.
The problem may be due to inaccuracies in the establishment of zoning rules around
the airport, or land use (for example, by permitting an activity that is more sensitive
to noise than required by the rules of the current noise zone) within the zone.
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Banning of certain noisy operations at noise-sensitive airports was a first type of
implemented noise restrictions in aviation sector 30–40 years ago. Evidently, they
limited the operational capacity (by installing so-called environmental capacity) of
the airports decreasing the economic efficiency. Their number was growing up so
quickly that an Extraordinary 28th Session of the ICAO Assembly must consider a
consensus on a global framework for the eventual phase-out of aircraft compliant
with Volume 1, Chap. 2 of Annex 16, but unable to comply with Chap. 3 Standards.
During a period 7 years beginning 1 April 1995 all the States obliged to phase out
operations of Chap. 2 aircraft, which had completed 25 years of service on this date
(if they were not immediately affected by this requirement). By 2007 97% of Chap. 2
aircraft werewithdrawn from operationworldwide. This is a type of consensuswhich
was grounded by environmental and economic benefits of the approach.

At the European level, policy-makers reinforced the legislative framework
endorsing the “ICAO BA to noise management and sustainable development of air
transport”. From 2002 to 2014, this regulation was enacted through directive EC
2002/30 providing the Member States with a range of possibilities about its practical
implementation. Since 2014, the new EU Regulation 598/2014 [35] has superseded
the directive and gives clear and mandatory guidance on how to implement it.

Today hundreds of airports worldwide are implementing aircraft operating restric-
tions for noise management purposes (Table 2) on a case-by-case basis, whilst
limiting capacity, but improving the noise climate around airports (Fig. 15, it is
built on data of Boeing data base Airport Noise and Emissions Regulations [36]).
Any of them may fall into one or more of the four of the below-described categories,
depending on how they are applied:

• Global—restrictions adopted worldwide or inside large regions to be applied at
any airport. ICAO and EU decisions on Chap. 2 aircraft phase-out from operation
are the examples.

• Local—restrictions adopted by airport authority or by the State to eliminate the
operation of noisy aircraft types, for example Chap. 3 aircraft, other way the
environmental constraints in a specific airport may reduce its efficient work

• Aircraft-specific—restrictions applied to a specific type based on individual
aircraft noise performance, usually at specific route of departure or arrival at
airport.

• Partial—restrictions applied for specific flight directions (because aircraft noise
becomes inappropriate with new conditions for land use in this direction) or/and
for certain runways at the airport, during noise-sensitive time periods (evening
and night) of the day, on specific days of the week (weekend).

• Progressive—restrictions which provide for a gradual decrease in the maximum
level of traffic or noise energy used to define a limit over a period of time, for
example an installation of quota for night-time traffic in airport.

The decisions of the 40th Session of the ICAO Assembly regarding operating
restrictions are contained in Assembly Resolution A40-17 [25], Appendix E “Local
noise-related operating restrictions at airports”. It is a policy document and the ICAO
still discourages the application of operating restrictions as the first option tomitigate
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Table 2 Aircraft operating restrictions for noise management purposes in airports

Operating restrictions Explanations

Restriction rules The rules should define the number of operations not to be exceeded at
an airport usually during the whole day or noise-sensitive time of the
day. They can be global and/or partial measures, i.e. applicable to all or
specific (due to certified level, certified margin, cumulative margin)
operations during an identified period of the day on specific or all
runways of an airport

Noise quota or budget It is generally used to limit the overall noise exposure from aircraft
operations within a given area to established by airport total value over
a given period of time taking in mind that a human reaction to this
noise is defined by the exposure level. The operators begin to use
quieter aircraft, to increase the traffic not violating the noise limit

Non-addition rules The aircraft-specific measures are aimed at prohibiting the operation of
specific aircraft (usually new aircraft) based on their acoustic
performance (certification noise levels)

Nature of flights The non-scheduled flights (also non-maintenance based flights, check
flights, and training flights are consistent with this group) may be
forbidden during a specified noise-sensitive time period

Night-time restrictions Sleep disturbance is a dominant noise effect for people in the EU, so
night-time restrictions are of special concern in aircraft noise
protection programs

Curfews Overal or partial operating restrictions, somewhere aircraft-specific, in
airports that prohibit take-off and/or landing during an identified time
period

Fig. 15 Growth in aircraft noise restrictions at airports worldwide
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noise exposure around a specific airport. As stated above it is limiting the operational
and economic efficiency of the airport work. If the benefits from the first three BA
elements are not enough to fulfil the environmental requirements to noise, operating
restrictions should be considered in the following way:

(a) be based on the acoustic performance of the aircraft, which should be deter-
mined as the noise certification results, consistent with procedures of Annex
16, Volume I;

(b) be fitted to solving the noise problem of the airport concerned in accordance
with the balanced approach principles;

(c) be mostly of a partial nature, not the complete withdrawal of operations at an
airport;

(d) take into account the consequences for air transport services, especially if the
suitable alternatives are absent (for example, long-haul flights);

(e) conditions of competitiveness should not be violated; for example, exemptions
may be granted exemptions for carriers of developing countries;

(f) be introduced stepwise, taking into account the possible economic burden for
operators and, if reasonable, to give operators a time period of advance notice
for preparations.

Operational constraints can provide a significant reduction in the impact of aircraft
noise around airports immediately, but they can increase the financial burden on both
airport operators and airlines.

Conclusion: From Noise Exposure to Noise Impact
Management

Until now, all the existing BA elements have been assessed by changes in the noise
exposure, mostly via noise contour modelling, and in some cases via monitoring.
This allows for the evaluation of noise control measures to determine the most
cost-effective and benefitial for environmental protection [37]. In the best cases, the
process is performed with public notification and consultation procedures, supple-
mented with mechanisms for dealing with disputes and complaints. This impor-
tant approach is recognised in the European Environmental Noise Directive [19]. It
requires developing noise action plans with obligatory participation of the public,
especially if their residential/rehabilitation area or substantive environmental aspects
are impacted by aircraft noise.

Besides the technical elements, which are based on noise intensity metrics
completely, the noise annoyance (and other types of outcomes of aircraft noise expo-
sure to neighbouring residents) must now be addressed. This evolution may lead to
a new vision of the balanced approach to aircraft noise control in very near future.

It is principal to differentiate between noise exposure and the resulting noise
nuisance (annoyance first of all) in different communities and to manage each appro-
priately. The protection of the residents from aircraft noise exposure is understood
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as a dynamic process, meaning that the evaluation criteria (both for exposure and
nuisance) must be repeatedly tested and—if necessary—adapted to new scientific
findings [38]. In comparison to the traditional ICAOBA elements, which are defined
byphysical phenomenaof soundgeneration andpropagation, involves non-acoustical
factors must now be included to reduce the annoyance. Up to now, annoyance was
mainly explained through acoustical factors like sound intensity, peak levels, duration
of time in-between sound events, number of events [11]. The non-acoustical factors
(“moderators” and/or “modifiers” of the effect) have still received empirical atten-
tion but without a deep theoretical approach, despite the fact that various comparative
studies reveal that they play a major role in defining the impact on people [12].

Addressing such human-centric concerns, encompassing fear, negative health
effects, and other environmental issues may lead to adding a fifth element to the
ICAO BA to aircraft noise management around the airports.

It should be a primary objective of future research into environmental noise impact
to investigate the interaction of sound levelmanagement and perceived noisemanage-
ment. New and additional measures to mitigate noise impact may result from the
redirection of attention from sound to noise and to noise annoyance.

Strategies that reduce noise annoyance, as opposed to noise, may be more effec-
tive in terms of protecting public health from the adverse impacts of noise and its
interdependencewith other environmental, operational, economic and organisational
issues of airport and airlines operation and maintenance.
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Perspective on 25 Years of European
Aircraft Noise Reduction Technology
Efforts and Shift Towards Global
Research Aimed at Quieter Air Transport
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Abstract This article provides a perspective on 25 years of European aircraft noise
reduction technology efforts as well as the gradual shift towards a more global
research effort aimed at quieter air transport activity. It covers the following aspects:

1. Introduction - Background and general context of noise from air transport
operations

2. European context – ACARE Strategic Research Agendas and establishment of
the 2020 and 2050 aviation environmental goals

3. Phased strategy towards 2020 targets and beyond
4. A coordinated European aviation noise research effort
5. Assessment of progress relative to ACARE noise reduction targets
6. Addressing the longer-term objectives – Noise and the ACARE SRIA
7. Community building
8. Lessons learned
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Introduction—Background and General Context of Noise
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problems gaining acceptance, particularly from local residents who suffer from the
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noise generated by airports. Introduction of measures to reduce noise caused by air
traffic is a sine qua non if the industry is to continue to grow….”

Despite very significant technology improvements over the past twenty years,
and, despite the attention being paid to other environmental impacts, aviation noise
remains a major problem in Europe, which has to be solved by the air transport
industry as awhole, to deal with the expected growth. Stakeholders and policymakers
are faced with the particular challenge that, while noise reduction at source has
generally been progressing by leaps, in particular by the evolution of engine concepts,
there is a need for an economically viable, but continuously quieter airline fleet to
accommodate the expected traffic growth without adverse environmental impact.

In practice, this calls for new, more encompassing systemic approaches, implying
that, associated with the successful development of novel technology by manu-
facturers, additional elements have to be taken into consideration for noise source
reduction to meet its goals and play its full role in the face of further air transport
development.

International standards governing the noise of newly manufactured aircraft are
developed by the International Civil Aviation Organisation (ICAO). In view of
the long cycles (research, design, development, production, operation, evolution of
infrastructures) involved in the air transport business, its purpose is to provide the
needed stability, supporting a global long term view for the manufacturers to antic-
ipate future needs through development of affordable technologies. Within ICAO,
standards are being developed by the Committee for Aviation Environmental Protec-
tion (CAEP). In 2001 CAEP approved the definition of more stringent noise limits
(Chap. 4) effective as of 2006. In the process, to contain any increase in noise expo-
sure beyond the benefits provided by Chap.2 aircraft phase out (2002), recommenda-
tions were made in favour of a Balanced Approach, challenging the ICAO member
states to “study and prioritize research and development of economically justifiable
technology”, besides complementary actions on airport land-use planning and noise
abatement operational procedures. A comprehensive Balanced Approach guidance
document was completed by ICAO, describing the various steps and instruments,
including in last resort such as operational restrictions that could be used to cope
with specific airport situations.

The task of monitoring noise technology research programmes has been a partic-
ular focus of the International Civil Aviation Organisation (ICAO) since the 6th
meeting of its Committee on Aviation Environmental Protection (CAEP/6) in 2004.
Over the last ten years, it has been working to develop a broader view of worldwide
research activity and place the ambitious goals established for the wider initiatives
in perspective.

The first dedicated CAEP Noise Technology Workshop was held in Sao Paulo
in December 2001 and information on worldwide noise research efforts has been
regularly updated since then. This has included contributions to theNoiseTechnology
Independent Expert Reviews held in 2008 and 2011, as well as the status reports
provided to CAEP meetings every 3 years.
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Fig. 1 International Noise Technology Research Programmes as of end of 2018

The latest report presents an overview of noise research efforts up until the end
of 2018, covering known national and regional research initiatives and providing an
up-to date view of on-going and planned efforts with respect to their technical scope
as well as their set objectives (see Fig. 1).

It should be noted that the major initiatives reviewed in 2001 (in the US, EU, and
Japan) at the time of the first workshop have been either maintained or expanded,
while new significant efforts have been initiated over the years in Canada, the Russian
Federation and Brazil, giving us a picture of a truly worldwide effort.

This overview of the research situation demonstrates a significant commitment
of all research stakeholders (manufacturers, research establishments, and funding
agencies) to investigate and develop novel technology solutions aimed at reducing
noise at source. However, it should be noted that beyond the stated research goals,
anticipated progress trends will remain conditioned by several factors such as the
capability to ensure viable industrial application for promising technology break-
throughs as well as the commitment to maintaining steady funding over a significant
period of time.

As part of its global forecasting effort, developing a forward view on technological
developments was deemed essential for CAEP and in 2007 a process was initiated
to develop mid and long term ICAO Noise Technology Goals by means of an Inde-
pendent Experts panel reviewing potential achievements from research programmes
worldwide. Dedicated Noise Technology Reviews were organised in 2008 and 2011
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for the Experts Panel to establish a full set of CAEPNoise Technology goals (reported
at the CAEP/9 plenary meeting of February 2013).

Originally related to the modeling and forecasting effort, CAEP also got focused
on the issue of Impacts, inviting in 2007 worldwide experts to a dedicated workshop.
Within this context, the evaluation and measure of Annoyance in particular attracted
attention, the registered situation at main airports leading to question the precedence
of aircraft noise levels over the frequency of operations as the critical factor. A second
workshop was organised in 2015, paving the way for a white paper in noise effects
produced at the occasion of the CAEP/10 meeting (February 2016).

Focusing now on the European regulatory context, the European Commission
issued in 2002 a directive (DGTREN2002/30/EC «Noise RelatedOperating Restric-
tions at Community Airports» aimed at implementing the Balanced Approach at EU
level and harmonising strategies for establishing local airport operational restrictions.
The same year, another directive (DG ENV 2002/49/EC « Assessment and Manage-
ment of Environmental Noise», referred to below as END) was issued within the
framework of an overall EU Noise Policy to achieve an evaluation of the baseline
situation across the transport modes and subsequently define local action plans based
on the resulting noise maps. Directive 2002/30/ECwas recently updated as European
Regulation 2014/598/EU, extending the scope of aircraft that could be submitted to
local operational restrictions.

European Context—ACARE Strategic Research Agendas
and Establishment of the 2020 and 2050 Aviation
Environmental Goals

Since 1995, through the early work of the Aeronautics Task Force on “The Envi-
ronmentally Friendly Aircraft” and subsequent work by the Advisory Council for
Aeronautics Research in Europe (ACARE), there has been a definite will to develop
a consistent research strategy aimed at addressing Aviation Environmental issues on
a problem-solving basis.

This priority was reflected in the 2001 report of the Group of Personalities “Euro-
pean Aeronautics—a Vision for 2020+ ” on meeting society’s needs and winning
global leadership. In particular it addressed the goals of reducing perceived noise
to one half of current average levels eliminating noise nuisance outside the airport
boundary by day and night through quieter aircraft, better land-use planning around
airports and systematic use of noise reduction procedures.
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Taking up on these goals, the first edition (2002) of the Strategic Research Agenda
(SRA) issued by theAdvisoryCouncil forAeronauticsResearch inEurope (ACARE)
promoted the development of an appropriate strategy encompassing:

• The elaboration of technology development strategies aimed at a new generation
of noise reduction means for both fixed wing aircraft and rotorcraft, including the
associated adaptation of research infrastructures, in particular tests and computing
facilities, and covering potential synergies with national efforts.

• The elaboration of an action plan aimed at taking advantage of technology
advances in aircraft and air traffic systems to favour implementation of envi-
ronmentally friendly operational practices such as noise abatement procedures
(NAPs).

• The elaboration of a development plan for impact assessment tools and instru-
ments aimed at improved airport noise planning and environmental management
practices.

The proposed approach clearly mirrored the Balanced Approach concept and
aimed at setting the conditions for a successful implementation of ICAO’s recom-
mendation from the early steps of research. This was further substantiated by way of
a quantified target addressing the first noise objective of Vision 2020, translated in
quantitative terms as an average reduction of 10 decibels per aircraft operation (depar-
ture or landing), taking into account technology benefits (Source noise Reduction)
as well as operational improvements (Noise Abatement Procedures).

Moving further along these lines, in 2011, the report “Flightpath 2050—Europe’s
Vision for Aviation” issued by the High Level Group on Aviation Research did set
a new target for 2050, stating that by then “the perceived noise emission of flying
aircraft is reduced by 65% relative to the capabilities of typical new aircraft in 2000”.

To address the targets set by Flightpath 2050, the 2012ACAREStrategic Research
and Innovation Agenda (SRIA) aimed at the 2035/2050 timeframes confirmed the
importance of addressing the impacts aspects as part of a coordinated research
strategy, stating that the targeted 65% noise reduction relative to the 2000 situa-
tion “should be achieved through a significant and balanced research programme
aimed at developing novel technologies and enhanced low noise operational proce-
dures, complemented by a coordinated effort providing industry, airports and author-
ities with better knowledge and impact assessment tools to ensure that the benefits
are effectively perceived by the communities exposed to noise from air transport
activities”.

The general approach to ACARE 2020 and 2050 environmental objectives is
summarised in Fig. 2.
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Fig. 2 ACARE environmental objectives

Further on, the 2017 update version of the SRIAmaintained these noise reduction
goals while stating the ever stronger focus on emissions reduction. This emphasized
the need to look after and understand the issue of environmental interdependencies
whether on technology, operational measures and overall impacts.

Finally, in its 2021 document “Time for change—the need to rethink Europe’s
FlightPath 2050”, ACARE is re-affirming its environmental commitment stating
that “societal expectations on CO2 mitigation have strongly increased, especially in
the field of aviation. Aviation has been pinpointed as a potential major contributor
to CO2 emissions and global warming, although it is currently estimated that the
aviation industry represents only approximately 2% of global human-induced CO2

emissions. The ratified Green Deal objectives demand that the European aviation
sector achieves drastically reduced emissions by 2030 and climate neutral aviation
by 2050. These targets include emissions, air quality and noise around airports, and
ECO-design and end-of-life recycling. This societal change demands disruptive tech-
nological solutions; conventional technologies are not enough. New energy sources
need researching, integrating, and deploying as new generation aircraft types enter
airline fleets”.
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Phased Strategy Towards 2020 Targets and Beyond

The first noise 2020 objective defined by the ACARE SRA-1 aimed at reducing noise
emission of flying vehicles by half, which can be translated in quantitative terms as an
average reduction of 10 decibels per aircraft operation (departure or landing), taking
into account technology benefits (Source noise Reduction) as well as operational
improvements (Noise Abatement Procedures).

The two contributors identified to achieve the reductions associated with the
−10 dB were further described in terms of associated technical and operational
solutions as shown below:

• Source Noise Reduction associated solutions: Noise Reduction Technologies
(NRT generation 1 and 2), Novel aircraft and engine/powerplant architectures

• Noise Abatement Procedures associated solutions: Improved Operating Practices
with Current Concepts/Optimised Operations with New Technology/ATM-ATC
Integration

The second noise objective defined by the SRA-1 aimed at ensuring that the
10 dB benefit in noise emission anticipated for fixed-wing aircraft effectively led to
there being no impacted people outside airport boundaries, provided the appropriate
management practices are in place.

As shown in Fig. 3, to address the −10 dB noise target, a phased approach
was developed aimed at meeting an interim 2010 target of 5 dB with the help of

Fig. 3 Steps to ACARE 2020 noise target
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more readily (higher TRL) available solutions, paving the way for the technology
breakthroughs needed to achieve the full target in 2020.

To lay out the foundations of the following phase, namely addressing the 65%
noise reduction target set byFlightpath 2050 and the2012ACAREStrategicResearch
and Innovation Agenda (SRIA), a complete set of recommendations were expressed
aiming at the 2035/2050 timeframes, identifying solutions capable by 2050 of
reducing noise at departure and arrival by 15 dB per operation relative to Year 2000.

On top of expected 2020 achievements, anticipated solutions would involve the
development of a 3rd Generation of Noise Reduction Technologies (NRT), relying
in particular on active and/or adaptive techniques to reduce the noise of engines,
landing gears and high-lift devices. The emergence of novel aircraft configurations
was also considered an essential factor in ultimately delivering the needed source
noise reduction. In the shorter term, advanced tube and wing concepts associated
with ultra-high by-pass ratio propulsion concepts should provide through masking
effects an anticipated 2 dB contribution to the ACARE target. In the longer term,
wider options associated blended-wing body concepts such as embedded nacelles or
distributed propulsion systems should also significantly contribute to further noise
reduction. A broad view of the anticipated solutions is presented in Fig. 4.

Fig. 4 Basic 2020–2050 Technology Matrix
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Moreover, in order to exploit new technology and low noise operations devel-
opments and to enable integrated impact mitigation solutions, it was considered of
utmost importance to:

• improve and continuously update the understanding of how noise from air trans-
port operations implemented through new Air Traffic Management solutions
affects people

• provide the technical support to successful implementation of planning policies
compatible with traffic growth for the long term benefit of the communities.

In line with this comprehensive strategy, a number of “Enabling Factors” foreseen
as key contributors to the 2050 noise goal achievement were pointed out, namely:

• improved numerical simulation capabilities, together with test facilities incor-
porating advanced measurement techniques, in order to support further noise
reduction at source level as well as the implementation of multi-disciplinary opti-
misation techniques and aircraft/engine integrated design practices contributing
to lower noise through efficient integration of noise reduction solutions, reduced
weight, decreased drag, improved powerplant efficiency and flight path design,

• stimulated advances in related technology areas, such as materials and elec-
tronics, to allow the introduction of novel low noise technologies, including
active/adaptive techniques,

• updated, internationally recognised, Annoyance and Sleep Disturbance models,
taking into account the evolution of aircraft noise signatures and traffic conditions
(multiple events), also considering airport specificities,

• tools supporting transparent communication policies covering relevant indices,
flight path / operations on-line forecast and tracking as well as comprehensive
assessment of environmental interdependencies and monetisation of impacts.

Detailed recommendations were provided along these lines by the noise research
community to ACARE and included in the Volume 2 of the SRIA which included
the foreseen solutions for all areas. These are summarised in Fig. 5.

In fact, the ACARE SRIA confirmed the importance of addressing the impacts
aspects as part of a coordinated research strategy, stating that the targeted 65% noise
reduction relative to the 2000 situation “should be achieved through a significant and
balanced research programme aimed at developing novel technologies and enhanced
low noise operational procedures, complemented by a coordinated effort providing
industry, airports and authorities with better knowledge and impact assessment tools
to ensure that the benefits are effectively perceived by the communities exposed to
noise from air transport activities”.

This successive set of strategic recommendations shaped the overall noise research
effort implemented to this day. In face of the diversity of anticipated solutions, it
also called for efficient coordination from the early stage such an effort to ensure
achievement of the noise targets.
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Fig. 5 ACARE SRIA Vol. 2035–2050 solutions from air transport noise mitigation

A Coordinated European Aviation Noise Research Effort

Overall Approach to Coordination

To implement the phased strategy described in the previous section, a coordi-
nated approach was established. The basic concept of the European Aviation Noise
Research Network (X-NOISE) emerged in a similar timeframe as the ACARE SRA.

From 1998 to 2015, based on the 3-Pllar approach described in Fig. 6, the network
concept demonstrated its ability to accommodate the evolution of the broader context
and provide key support in the definition and implementation of a research strategy
aimed at reducing the impact of noise from air transport. It established well recog-
nized dissemination and communication features and developed an active research
community covering a vastmajority ofEUmember states.Working around a common
set of priorities and objectives, it also favored a better exploitation of innovative
upstream research developed at national level into larger European projects aimed at
downstream research.
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Fig. 6 Three-Pillar approach to networking and coordination activities

Within the specificity of theEuropean general framework supporting collaborative
research, the effective implementation of the phased strategy is best represented by
the roadmap of European research projects directly contributing to the 2020 noise
target achievement and supporting the early steps towards the 2050 target (Fig. 7).

As can be seen, over 25 years, more than 35 noise dedicated projects aimed
at implementing the ACARE agendas were launched and complementary efforts
on operational procedures and noise impacts initiated. Noise reduction was also
supported through significant participation in large architecture-oriented multidisci-
plinary projects such as VITAL, DREAM, ENOVAL and CLEAN SKY.

This resulted from a significant mobilisation of research actors, achieving a
well balanced participation between Industry and Research Organisations from a
large majority of EU and Associated States. Definite steps was also taken towards
wider international cooperation, in particular with countries actively involved in
discussing international aviation noise standards within ICAO/CAEP such United
States, Canada, Russia, Japan and Brazil.

Following the last X-NOISE project completed in 2015, a new phase in research
coordination was then implemented in 2017 building on the X-NOISE legacy,
supported by the ANIMA project with the following objectives:

• Establish and update through a scenario-based approach a common strategic
research roadmap for aviation noise reduction, addressing the development of
new technologies and methodologies.
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Fig. 7 Roadmap of European Union funded projects relating to aircraft noise

• Coordinate a European wide network of experts and research actors in support of
the roadmap process, stimulating the emergence of novel approaches to overcome
gaps, ensuring minimal duplication and fragmentation in the course of future
research efforts.

• Explore possibilities, facilitate and establish practical conditions for targeted inter-
national collaboration in line with the strategy for EU international cooperation
in research and innovation as well as the needs put forward by the strategic
roadmap for aviation noise, including aspects related to international regulatory
discussions.

Aspects pertaining to the common strategic research roadmap are further devel-
oped in Section “Establishing theCommonStrategicResearchRoadmap forAviation
Noise Reduction”

The networking aspects, lessons learned and possible ways forwardwill be further
developed under Section “Community Building” and “Lessons Learned”
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Noise Reduction at Source—Technological Achievements
and Perspectives

A key contributor in impulsing the whole research effort was the SILENCE(R)
project, funded under the 5th Framework ‘Growth’ programme. SILENCE(R)
remains to this day the largest project devoted to aircraft noise ever supported by
the European Commission for a total budget of 111 Million Euros. Completed in
2007, the 6-year project involved a consortium of 51 partners and focused on the
development of aircraft noise reduction technologies (NRT) Generation 1. Research
activities were being carried out in various fields, such as Engine Source Noise,
Nacelle Technologies, and Airframe Source Noise and Active Control Applications.
More than 35 prototypes were to be tested during the SILENCE(R) programme.

In a number of ways, Silence(R) established a blueprint for larger EU funded
research projects to come through its effective risk management approach and the
first implementation of a dedicated Technology Evaluation process, which proved
to be both a valuable tool in decision making and a key asset to assess the progress
made to this day relative to ACARE 2020 noise target.

As can be seen on Fig. 8, at project end, thanks to two dedicated flight tests
on the A320 and the A340 as well as a number of engine full scale tests, ten new

Fig. 8 Overview of SILENCE(R) key technologies
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technologies were validated from the noise reduction standpoint. These technologies
were considered mature enough for further work aimed at successfully addressing
through industrial development work the design tradeoffs issues pointed out by the
technology evaluation process.

A significant effort was subsequently dedicated to technology enablers throughout
the 6th Framework programme, focusing on advanced methods for prediction of fan
noise, jet noise and nacelle liners efficiency together with low TRL airframe noise
reduction concepts. Further maturation of Generation 2 NRT solutions aimed at all
significant noise sources was then achieved through the OPENAIR and AFLONEXT
projects.

In terms of achievements, the noise reduction at source effort aimed at both 2020
targets and 2035 horizon can be divided into three headlines:

• Maturation and validation of Generation 2 powerplant and airframe noise
reduction technologies

• Enabling development of Generation 3 solutions (prediction tools and advanced
technology concepts)

• Contribution from novel propulsion concepts and novel aircraft configurations.

Maturation and Validation of Generation 2 Powerplant and Airframe
Noise Reduction Technologies

Maturation of Generation 2 noise reduction technologies dedicated to engine noise
reduction was mostly performed in the OPENAIR project including noise suppres-
sion techniques to cover the key sources of fan and jet noise. The following
technologies were successfully matured to TRL4.

MDOOutlet Guide Vanes (OGVs) and LinedOGVs:Multi-disciplinaryOptimised
(MDO) OGVs and the Lined OGVs have been designed with a large reduction of the
number of vanes (~10) compared to the traditional configuration (~40). This enabled
thin blade designs with special shapes and thicker blade designs that permit internal
space for acoustic liners. Design objectives balanced aerodynamic performance and
acoustic design. Both broadband and tonal noise sourceswere reduced,whilst leaving
the aerodynamic performance unchanged as demonstrated on large scale fan rig.

Intake Technologies: Various new inlet liner concepts, based on recent advance-
ments in Computational Aero Acoustics (CAA) have been developed and tested on
a fan rig. The “Folded Cavity Liner” has a geometry that allows low frequencies
to be damped through a large space that is folded behind the conventional liner, so
that lower nacelle thickness can be used compared to conventional designs. Forward
fan noise reductions have been achieved, in addition to a significant reduction of the
buzzsaw noise, which is an annoying noise source also audible in the cabin.

Highly Curved Bypass duct: The highly curved bypass duct seeks to open out the
duct earlier to a higher radius. This results in a reduced height duct with a greater
liner area per unit length. These attributes allow a shorter nacelle to be used giving
significant reductions in weight and drag.
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Acoustically lined splitters and fins: Configurations of supplementary liner area
in the bypass duct were designed and tested on a large scale fan rig. Both “splitters”,
which fully cover the height between the inner and the outer wall, as well as so-
called “fins”, which protrude from the outer wall up to about halfway of the duct
height were investigated. Thesemay provide a solution to the acoustic area loss when
shorter nacelles are desired in the future.

Negatively Scarfed Nozzles: The scarfed shape changes the directivity of the rear-
ward radiated fan noise to higher angles and provides a general reduction in the total
engine noise. Scarfed nozzles have been designed for the secondary nozzle of both
short and long cowl nacelles and tested in an anechoic wind tunnel.

Active Stator: Research efforts on this active noise control technology have been
pursued with improved actuators, sensors and algorithms. Objectives were extended
to include also rearward fan noise control, in addition to the already demonstrated
forward fan noise control. The new system was validated on a large scale fan rig.
Integration aspects were matured in parallel through a full scale composite OGV
demonstrator.

Active Nozzle: Various active flow/noise control concepts have been explored
before selecting the “Microjet” technology for large scale testing wind tunnel testing.
Extensive integration studies have been performed in parallel on the air supply
through the nacelle to the primary and secondary nozzles.

Through OPENAIR, CLEAN SKY and AFLONEXT, technologies were devel-
oped to reduce the noise of landing gears and high lift devices. While CLEAN
SKY focused on solutions aimed at regional aircraft, OPENAIR and AFLONEXT
investigated and validated techniques for larger commercial models.

Low Noise Landing Gear: Wind tunnel tests at full and reduced scale have been
carried out on both wing-mounted and fuselage-mounted landing gears for large
airliners and regional aircraft. Amongst all tested configurations, showed the highest
noise reductions:

• For the large aircraft fuselage-mounted gear: Torque link mesh fairing, decelera-
tion plate

• For the large aircraft wing-mounted gear: Low noise dressing routing; Forward
location for cardan pin; Torque linkmesh fairing;Door alignedwith flow;H-shape
side-stay with spring and large side-stay mesh fairings.

• For the regional aircraft main and nose landing gears: Low Noise Concepts
including landing gear bay acoustic treatments, strut fairings and wheelpack
fairings (covers, hubcaps, wind shields).

Adaptive Slats: In the adaptive slat concept, the trailing edge of the slat is a
flexible morphing structure that can fully close the gap between the wing and the
slat. In normal operation with low angle of attack, the gap is closed and quiet.

Droop Nose: This solution consists in a smart hingeless, gapless, leading edge
highlift device, based on a rotational drive concept assisted by SMA actuators. The
device extends up 67% wing span due to structural/system installation constraints.
The “skewed” configuration is aimed at avoiding streamwise longitudinal gaps in
the retracted position.
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Porous Flap Side Edge (PFSE): Various acoustically porous materials were eval-
uated for their environmental (certification) requirements before a final selection
was manufactured for large scale acoustic testing at the DNW The PFSE proved an
effective means of reducing noise without any significant aerodynamic penalty.

LinedFlap: Innovative, acoustically treated, lownoise trailing edgeflap conceived
as a sound-absorption integrated multilayer liner structure with micro-perforation on
the external facing sheet.

Morphing Flap: An advanced structure has been conceived to match an aerody-
namically optimised “target shape”. Morphing performance of two architectures was
demonstrated on 2D mechanical prototypes: Smart Actuated Compliant Mechanism
(SACM) and Deeply Embedded Smart Actuator (DESA).

Despite being only a third, budget wise, of the Silence(R) project, more than 50
engine and airframe oriented technology developments took place in OPENAIR, all
executed around a number of key technologies identified at project start. From this
set, the technologies described above achieved TRL4/5 through large scale testing
in wind tunnels and/or dedicated engine fan or exhaust rigs.

Part of the 50 technology developments were as risk-reduction, backup or long
term solution related to the key technologies. A total of 144 low TRL ideas were
collected before project start in an “innovative concepts” database from which the
project selected 19 for inclusion in OPENAIR. This approach was perceived as very
successful for OPENAIR and other related projects and proposed for best practice
in the future.

On the aircraft side, the project AFLONEXT successfully advanced further matu-
ration of airframe noise reduction technologies, flight testing in 2018 a series of flap
and main landing gear solutions.

The scope of technology development achieved in OPENAIR, CLEAN SKY and
AFLONEXT is represented in Figs. 9, 10 and 11.

Enabling Development of Generation 3 Solutions (Prediction Tools
and Advanced Technology Concepts)

These activities are aimed at supporting advanced noise reduction technologies
(Generation 3) for industrial application in the 2030 + timeframe. Recent devel-
opments are reported for each of the main areas of research and projects featured in
the Fig. 7 roadmap.
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Fig. 9 Overview of OPENAIR Key technologies

Fig. 10 Scope of investigated airframe noise solutions in CLEAN SKY

Fig. 11 AFLONEXT key technologies
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FanNoise: FLOCON investigated noise reduction concepts and associated devices
able to reduce fan broadband noise from aero engines, conducting lab-scale experi-
ments, complemented by numerical simulations to develop an understanding of the
mechanisms involved and select the best concepts by balancing noise benefit and inte-
gration impact on a real aero-engine environment. Among promising technologies
were an adaptive liner concept serving an overtip acoustic treatment as well as a rotor
blade designwith internal channels allowing to blow pressurised air through the rotor
blades to fill their wake. Recently completed, the TurboNoiseBB project took over,
enabling a major technical leap in providing the industry with low fan broadband
noise concepts, based on an improved understanding of the broadband noise source
mechanisms and validated broadband noise prediction methods. This included a new
Outlet Guide Vane (OGV) design with leading edge serrations for broadband noise
reduction and validation of an integrated 3D Aero/Mech/Noise design process. In
terms of computational aeroacoustic methods, both LEE and DES simulations of
rotor–stator stage progressed significantly (Fig. 12).

Fig. 12 Examples of FLOCON and TurboNoiseBB key features
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Fig. 13 Examples of TEENI and RECORD key features

Core Noise: The TEENI project dealt with experimental identification of engine
core noise emission. Turboshaft exhaust noise is assumed to be a mix between
combustion and turbine noise, with very little jet noise. It is representative of what
is generally called core noise on aircraft engines. TEENI helped to provide further
insight on this complex issue, thanks to a simpler geometry and absence of strong
competing noise sources (such as jet and fan noise). Combustion noise was identi-
fied at low frequencies and its relative importance shown to be increased downstream
of the High Pressure Turbine. In a complementary fashion, RECORD investigated
the core noise generation mechanisms caused by the combustor and the combustor-
turbine interaction. Through development and validation of core noise prediction
methods ranging from low order modelling approaches to high-fidelity compressible
Large Eddy Simulation (LES). These methods were validated by different experi-
mental test cases focusing on the different aspects concerning aerodynamics of the
flow field, the combustion process and the flow conditions in a real turbine stage
(Fig. 13).

Jet Noise: ORINOCO was one of the first projects co-funded by the European
Commission and theMinistry of Industry and Trade of Russian Federation, dedicated
to advanced jet noise control based on plasma actuators. The use of plasma actuators
is a novel concept that required fundamental approaches to understand the interaction
mechanisms with the main jet shear layer and the resulting radiated sound. Several
plasma techniques were improved and developed.

Addressing another key jet noise related area, the JERONIMO project supported
an improved understanding of the physical mechanisms of UHBR Engine s(BPR >
12) installed jet noise with jet-wing interaction, allowing to develop and validate
Engine jet noise prediction processes based on anechoic Wind-Tunnel tests and
numerical simulation (Fig. 14).

Airframe Noise: the VALIANT projects focused on broadband airframe noise
modelling, tackling both landing gears and high lift devices, the two main contrib-
utors. Large Eddy Simulation-based approaches provided promising results, but
emphasized the critical needs in terms of CPU and available memory for such types
of calculations. Recommendations for simplification of design assumptions were
made to address these issues considering current capability limitations (Fig. 15).
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Fig. 14 Examples of ORINOCO and JERONIMO key features

Fig. 15 Examples of ORINOCO and JERONIMO key features

Acoustic Liners: In the footsteps of advances registered in OPENAIR on advanced
active liners, ENOVAL further supported the investigation of the electromagnetic
concept based on electronically controlled areas of loudspeakers. In light of the new
perspectives brought by the fast emergence of additive manufacturing capabilities,
passive liners innovative concepts were also investigated by AERIALIST a project
specifically addressing the use of meta-materials applied to the reduction of engine
and airframe noise emission. This effort has been complemented by dedicated liner
activities on-going within the frame of the larger ARTEM project, addressing inno-
vative passive and adaptive liner concepts and their implementation issues relevant
to the use of UHBR turbofans and distributed propulsion configurations (DEP) on
future aircraft concepts (Fig. 16).

To build on such achievements and consolidate the anticipated noise benefits, a
further effort is currently going on in two complementary directions:
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Fig. 16 Examples of ENOVAL and AERIALIST key features

(a) Pursuing the work on future advanced prediction techniques through 3
clustered projects launched in 2020:

• DJINN, which will develop a new generation of reliable computational fluid
dynamics (CFD) methods to assess promising noise-reduction technologies for
future integrated propulsion aircraft. Improved CFD methods for multi-physics
modelling utilising high-performance computing are expected to reduce design
times and costs by around 25% compared to large-scale testing.

• INVENTOR which will study the physics of noise generated by landing gears
and high-lift devices to achieve further progress as airframe noise remain a major
source of noise during landing operations.

• ENODISE which aims at reducing aircraft gaseous and noise emissions by
improving the integration of the propulsion system with the airframe. To this
end, it will investigate the existence of local/global integration optima via an
innovative experimental methodology combined with reduced order modelling
and machine learning strategies.

(b) Moving previous collaborative projects findings closer to industrial applica-
tion, taking advantage of the CLEAN SKY 2 call for projects mechanism. As of the
end of 2019, 16 noise related project involving 26 research partners had benefitted
from such support. These aimed in particular at:

• Further integration of aeroacoustic designmethods into industrial processes:Open
Rotor LowNoise design (PROPMAT, SCONE), installed jet noise (INSPIRE) and
core noise assessment (CIRRUS).

• Further maturation of advanced noise reduction technologies, taking on the
promising active liner concept studied in ENOVAL (SALUTE) as well as
several low noise OGV concepts first investigated in OPENAIR, FLOCON and
TurboNoiseBB (INNOSTAT). Experimental evaluation on a fan rig will allow to
compare these solutions and anticipate on industrial application issues (Figs. 17
and 18).
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Fig. 17 Simulation of installed jet noise (INSPIRE)

Fig. 18 Acoustic liners and OGV design validation at PHARE acoustic test rig in Lyon (SALUTE
and INNOSTAT)

Novel Propulsion Concepts and Airframe Configuration—Achievements
and Perspectives

Ultra High By-Pass Ratio (UHBR) engine Concept: Further noise reduction at source
is expected to be provided by the availability of ultra-high by-pass ratio propulsion
concepts (from 12:1 up to 20:1) fitted on aircraft applications with entry into service
(EIS) from 2025 onwards. While leading to lower noise by design, the by-pass ration
increase is anticipated to lead to additional weight and drag due to the increase of
the fan diameter.

The overall target of the ENOVALproject was then to reduceCO2 emissions by up
to 26% compared to the year 2000 reference engine, where the specific contribution
of ENOVAL will be 3–5%, while providing an incremental benefit up to −1.3 dB
on the way to the 2050 ACARE noise target (Fig. 19). These objectives have been
enabled by addressing the following breakthroughs technologies, to be validated at
component level up to TRL5:



Perspective on 25 Years of European Aircraft Noise Reduction … 79

Fig. 19 ENOVAL Key Technology Objectives for UHBR engines

• Expanding the design space for Turbofans up to BPR 20: Advanced Fan Blades,
Light weight Intermediate Case, Holistic design concepts for shorter and thinner
Nacelle with enhanced integration and acoustic liners, Improved LP-Turbine
designs.

• Enabling a Geared Fan Drive System for the very large, long range engines
• Introducing a Variable Area Fan Nozzle (VAFN) for optimum stability and design

for low pressure ratio fans

Other innovative UHBR options such as the counter rotating fan system were
investigated in the COBRA project co-funded by the EU and the Russian Federation
(see Fig. 20).

Counter-Rotating Open Rotor (CROR) engine concepts: CROR engine concepts
have re-emerged in recent years as a serious option to provide the needed fuel burn
benefits implied by the targets set for aviation CO2 emissions reduction. It is then
per se a significant contributor to the ACARE CO2 reduction target, whilst not a key
contributor to the achievements of ACARE noise target.

Fig. 20 COBRA: Contrafan mechanical and noise design optimisation
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However, noise was considered as a major issue in the initial investigation effort
of such engine concept, which culminated in a series of noise evaluation flight tests
performed in the US in 1986–1987. As a consequence of this situation, a signif-
icant effort has been and still is dedicated to noise reduction as part of European
research programmes dedicated toCRORengine concepts. Investigated areas encom-
pass advanced aeroacoustic blade design methodologies, optimised engine geom-
etry and cycle, advanced installation configurations, reduction of installation effects.
Such technology solutions have been explored in projects such as DREAM and
NACRE, then in CLEAN SKY, Further wind tunnel experiments carried out under
CLEAN SKY 2 have helped to consolidate the assessment of noise levels expressed
in the previous report while a full scale engine demonstrator ran to confirm the high
interest in such propulsion concept. At this stage, based on results from model tests
in anechoic wind tunnel (TRL4), CROR-powered aircraft with an EIS around 2030
can be expected to produce noise levels similar to those of turbofan-powered aircraft
recently certified. When placed in perspective with the best expectations resulting
from the original 1987 post flight-test assessment, this represent a typical 20 dB
noise reduction on a cumulative basis, a spectacular achievement for the European
research effort initiated in 2008 through the DREAM project (Fig. 21).

The noise benefits provided by novel aircraft configurations are considered as a
key factor to meet the ACARE noise targets. In the shorter term, tail-mounted tube
and wing concepts are expected to provide a typical 2 dB noise reduction through
masking effects. In the longer term, wider options associated blended-wing body
concepts such as embedded nacelles or distributed propulsion systems should also
significantly contribute to further noise reduction.

Fig. 21 Evolution of anticipated noise levels from CROR-powered aircraft
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Targeting the potential noise benefits expected from novel aircraft configurations,
dedicated activitywas initiated in ROSAS, then pursued in amultidisciplinary frame-
work through the successful Framework 6 project NACRE which explored several
new aircraft concepts tailored to address specific subsets of design drivers, including
the Pro Green (PG) aircraft concept, paying major emphasis on the reduction of
environmental impact of air travel.

Of interest for noise, key NACRE achievements included:

• Relevant work on Powered Tails and AdvancedWings for the Pro-Green concept,
aiming at high environmental performance (noise and CO2 emissions): Contrafan
and Open Rotor propulsion systems were integrated with a noise-shielding
empennage and assessed (see Fig. 22).

• Progress on the understanding of the complex Flying Wing configurations,
opening a new path for the promising over-body-engine configuration; Detailed
aerodynamic and acoustic assessment of selected concepts were performed in
particular for the over-the-buried 3-engine aircraft configuration.

• Tough not flight-tested yet, full development of the IEP concept into a demon-
strator, establishing the foundations of a new kind of test facility in Europe based
on real-atmosphere free flight and available for future projects (see Fig. 23)

Fig. 22 Scope of NACRE activities on pro-green powered tail configurations

Fig. 23 Development steps of the IEP demonstrator
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Fig. 24 Noise shielding
demonstrator

Innovative business jet aircraft architectures with an engine noise shielding after-
body were also investigated in CLEAN SKY. Noise assessments was performed
using prediction tools and validated and calibrated using dedicated wind tunnel and
static tests (see Fig. 24).

With regard to the longer term agenda, an active novel aircraft architectures effort
is now underway supported through CLEAN SKY 2 as well as the PARSIFAL and
ARTEM projects involving both innovative aircraft designs and advanced low emis-
sions propulsion concepts suchBoundaryLayer Ingestion (BLI),BlendedWingBody
(BWB) or Distributed Electric Propulsion (DEP). Boxwing/Prandtl Plane concepts
should also provide noise reduction through optimised installation of the propulsion
system. Figures 25 and 26 provide an overview of such installation concepts covered
by ARTEM and PARSIFAL. The noise reduction expected from such designs is
covered into the next Chapter.

Noise Abatement Procedures (NAP)—Achievements
and Perspectives

As an integral element of the solutions to achieve the first 2020 ACARE target (50%
noise reduction), work on noise abatement procedures have progressed steadily over
the years addressing the successive steps towards maturity:

• Develop flight trajectory concepts minimising noise impact
• Develop robust aircraft flight management capabilities
• Enable optimum implementation into Traffic Management Area.

At research level, noise abatement operational concepts have been involved in the
following projects:
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Fig. 25 Installation concepts studied in ARTEM

Fig. 26 Installation concepts studied in PARSIFAL

Departure.

• Optimised Noise Abatement Departure Procedures Sourdine
• Automated Management of optimized NADPs Sourdine 2
• Multi Criteria Departure Procedures CLEANSKY (SGO) (see Fig. 26)



84 E. Kors and D. Collin

Fig. 27 Multi criteria departure procedures

Arrival
Steeper approach

• Adaptive Increased Glide Slope (A-IGS)CLEANSKY (SGO) (see Fig. 27)
• Adaptive Runway Aiming PointCLEANSKY (SGO)

Continuous Descent Operations
• Fully Managed CDO OPTIMAL
• Adaptive Flight Path Angle SESAR.

In the most recent effort, as part of the CLEAN SKY activity, new approaches for
the Management of Trajectory and Mission were addressed through the following
concepts (Fig. 28):

Fig. 28 Arrival adaptive increased glide slope (A-IGS)
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Fig. 29 Trajectory optimisation in 3 phases

• Green Trajectories, based on more precise, reliable and predictable 3 dimensional
flightpaths, optimised for minimum noise impact and low emissions, including
agile trajectory management, in response to meteorological hazard.

• A Green Mission from start to finish, with management of revised climb, cruise
and descent profiles, which permit multiple criteria optimisation (especially of
noise, emissions, fuel, time); including management for weather conditions,
which could negatively impact the aircraft optimum route and result in additional
fuel consumption.

Based on the results from several previous studies (e.g., OPTIMAL, FLYSAFE,
etc.) these concepts needed to be enabled by the development of flight manage-
ment systems (FMS) and guidance algorithms to provide high accuracy flight path
prediction and control, encompassing flight phases (see Fig. 29):

• During departure and climb, the developed functions ensures a combined optimi-
sation of CO2, noise and NOx emissions, meeting the constraints of each mission
(including airport procedures, atmospheric conditions, aircraft state, etc.).

• During climb, the crew is able to optimise the vertical and lateral trajectory
according to aircraft performance and weather conditions (mainly in respect of
wind).

• In descent and approach phase, enhancements to the already studied CDA concept
(from, e.g.,) are available, in order to enable CDA to be achieved even in dense
traffic situations.
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Fig. 30 FMS green functions: green objectives

Mission optimisation systems provide capabilities to build complete flight profiles
optimised for multiple criteria including environmental impacts, combining selected
climb, cruise and descent trajectories. This also encompasses the accurate real-time
prediction of the complete flight profile and of its environmental impacts. The new
functions are to be ultimately be integrated into the target product: the green FMS
and demonstrated in cockpit simulations (see Fig. 30).

Improvement in the Understanding of Aircraft Noise and Its
Impacts

While a significant effort was directed towards the achievement of the −10 dB
per operation target, a second noise objective defined by the ACARE SRA aims at
ensuring that such benefit from technology and operational solutions effectively leads
to there being no impacted people outside airport boundaries, provided the appro-
priate practices and policies are in place. Pan-European research activities were then
initiated in the area related to Management of Noise Impacts. Three projects stand
out in direct relation with the possible evolution of aircraft technical characteristics,
along the following lines:

• How can the evolution of aircraft noise signature at takeoff and landing can
positively affect impacts felt by surrounding communities (COSMA)?

• How to evaluate the noise impact of Open Rotor driven aircraft during cruise
operations over ground (NINHA)?

• How to evaluate the impact of supersonic transport sonic boom phase on
populations (RUMBLE)?
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Fig. 31 COSMA multidisciplinary approach to establishing low annoyance criteria for aircraft
operations

In this area, international collaboration has been very much in the picture, results
fromCOSMAandNINHAwere sharedwithUScounterparts in dedicatedworkshops
in view of involving cooperation with follow-up research efforts while Russia has
been directly involved in the RUMBLE project activities from the beginning.

Supported by awell-balanced partnership,COSMAestablished a unique approach
to aviation noise research, targeting significant progress in the understanding of
community noise impacts while consolidating the relationship between the tech-
nology optimisation process and how the resulting aircraft sound is perceived (see
Fig. 31).

COSMA’s scientific concept led to innovative ways of combining sound engi-
neering and noise effects analysis to generate low noise impact design recommenda-
tions for future aircraft. Extensive field studies around European airports, combined
with psychometric laboratory studies formed the basis to establish optimal aircraft
noise characteristics regarding lower annoyance. Specific sound synthesis techniques
developed within COSMA re-created a realistic simulation of global airport opera-
tions and were then applied to the optimisation of flight procedures when associated
with anticipated technology benefits.

Beyond its scientific results, COSMA is also leaving a legacy of harmonised test
protocols and innovative simulation tools for future projects to use in improving the
understanding of aviation noise effects.
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NINHA specifically addressed the noise impact of aircraft with novel engine
configurations in high altitude operations. The potential introduction of aircraft
fitted with advanced counter-rotating open rotor (CROR) engine power plants should
contribute significantly to the reduction of fuel burn and gaseous emissions. In the
1980s, prototypes of the first generation of open rotor engines were developed and
tested. It was found that the noise generated by these engines, even in the en-route
flight phase, could be considered significant, thus questioning public acceptance.
Since then significant effort has been dedicated to improving theCRORaero-acoustic
design, with promising results, as discussed earlier in this chapter.

The NINHA project re-assessed whether noise issues away from airports (i.e.
during mid- to high-altitude operations, hereafter called “en-route”) might poten-
tially hinder the introduction of this new generation of power plant. The project was
organized around 3 main challenges: (1) Adapt existing models for long-range prop-
agation and validate them, (2) Predict noise levels on ground generated by CROR en-
route, (3) Assess ground noise impact of CROR relative to conventional powerplant,
including turboprops. A groundbreaking step was the validation of the long-range
propagation model by means of a dedicated flight test performed on the A400M (see
Fig. 32).

Based on improved long-range propagation models and 2012 CROR technology
capabilities, an updated vision statement on en-route noise levels of CROR config-
urations was put in perspective with respect to initial efforts carried out around
1986–1988 by NASA and the industry. The NINHA project then established that
at cruise the noise of CROR engines with today’s technology will be significantly
reduced from that of the UnDucted Fan of the 1980s, the maximum noise level being
equivalent to that of today’s Turbo-Propeller driven aircraft in cruise condition.

Fig. 32 Overview of NINHA flight test set-up to validate long distance noise propagation models
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Fig. 33 Scope of RUMBLE activities

Impacts-oriented activities are also complemented by RUMBLE, which currently
addresses the en-route noise produced by supersonic civil aircraft. As such, it aims at
producing the scientific evidence requested by national, European and international
regulation authorities to determine the acceptable level of overland sonic booms and
the appropriate ways to comply with it (see Fig. 33).

Another issue is directly associated with supersonic aircraft is the capability to
manage landing and takeoff noise levels compatible with subsonic aircraft standards,
and if not the case to identify the level of acceptability in the general public for such
operations, even limited in number. The recently launched SENECAproject is related
to a clear need to clarify such questions marks, as expressed by regulatory bodies.

The need to consider a wider and more global effort on aviation noise impacts
was at last addressed through the ANIMA project.

As exposed earlier in the “Phased Strategy” section, it was recommended that,
in order to exploit new technology and low noise operations developments and to
enable integrated impact mitigation solutions, a dedicated effort would need to:

• improve and continuously update the understanding of how noise from air trans-
port operations implemented through new Air Traffic Management solutions
affects people

• provide the technical support to successful implementation of planning policies
compatible with traffic growth for the long term benefit of the communities

This also included Enabling Factors such as tools supporting transparent commu-
nication policies covering relevant indices, flight path / operations on-line forecast
and tracking as well as comprehensive assessment of environmental interdependen-
cies and monetisation of impacts.
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Implementing such longer term recommendations further, ANIMA addresses key
aspects of noise effects and impacts in:

• carrying out a critical review and assessment of noise impacts and existing
management practices to establish best practices’ guidelines for an effective
management of annoyance beyond ICAO Balanced Approach

• developing a better understanding to address community annoyance, sleep
disturbance and improve quality of life

• developing Noise Management Toolset to empower non-specialists with decision
support capability

• testing and validating with end-users (airports and community) an “Aviation
noise community platform”, gathering tools and best practices, facilitating
consensus building and engaging communities in the mitigation process, ensuring
exploitation of the results.

Achievements from the ANIMA project are presented in detail in several chapters
of this book.

Assessment of Progress Relative to ACARE Noise Reduction
Targets

At this stage, three formal evaluations relative to the 2020 ACARE targets have
been performed in succession (AGAPE-2011,OPTI-2013, X-NOISE/ACARE-2015)
while a new assessment is close to completion relative to the final position on 2020
targets as well as a first vision of progress relative to 2050 goals. These efforts are
described in the following sections.

Background and Methodology

The initial SRA1 approach presided over the definition of the ACARE 2020 noise
targets, as originally based on the Balanced Approach concept developed by ICAO:

• The first noise target aims at reducing noise emission of flying vehicles by half,
which was translated in quantitative terms as an average reduction of 10 deci-
bels per operation, taking into account both technology benefits and operational
improvements.

• The second noise target aims at ensuring that the 10 dB benefit in noise emission
anticipated for fixed-wing aircraft effectively leads to there being no impacted
people outside airport boundaries, provided the appropriatemanagement practices
are in place. For the sake of evaluation, this was translated in quantitative terms
to a 65 Lden target at airport boundaries.
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The first two elements of the Balanced Approach concept (noise reduction at
source, noise abatement procedures) constitute the identified contributors to the 10dB
reduction aircraft noise target, and can be further described in terms of associated
technical and operational solutions as shown below:

• Quiet Aircraft contributor associated solutions: Noise Reduction Technologies
(NRT) generation 1 and 2, Novel aircraft and engine/powerplant architectures

• Noise Abatement Procedures contributor associated solutions: Improved Oper-
ating Practices with Current Concepts / Optimized Operations with New
Technology/ATM-ATC Integration.

In the course of previous formal progress assessment exercises (AGAPE, OPTI),
a methodology for the evaluation of progress has been established within the noise
community, based on two complementary tools described below.

Firstly, the internationally recognized TRL scale, that enables keeping track of
the situation of individual technologies identified in the SRA1as key elements of the
ACARE technology-oriented solutions for noise reduction. This tool is being used
to measure the progress in term of strategy implementation considering the initial
technology panel promoted in the SRA1.

Secondly, on a dedicated Aircraft Noise Technology Evaluation (ANTE) process,
involving a predictive model with the capability to roll up the benefits of indi-
vidual technologies at solution level for a number of current and advanced aircraft
engine configurations. This tool is being used to establish quantitatively the progress
achieved at solution level as well as overall versus ACARE targets, including oper-
ational aspects, when applied to a typical airport platform in 2020. Initiated via the
SILENCE(R) project, it has been implemented since 2001 through the string ofmajor
EU projects dealing with aircraft noise reduction.

Thus, in the following pages, the TRL status will be mostly used to support the
expert group qualitative analysis in terms of assessing the implementation of the
initial SRA1 strategy, evaluating the size of the associated effort and identifying
potential gaps emerging from either technical difficulties or insufficient funding
support or new priorities and technological avenues. In parallel, the existing Tech-
nology Evaluator exercises will support the quantitative analysis of achievement
relative to the ACARE targets.

Figures 34 and 35 summarise the selected methodological approach, fully appli-
cable to the primary aircraft noise target described in the SRA1, i.e., 10 dB reduction
per aircraft operation.

As hinted at on the noise effort projects roadmap (Fig. 7), the status of research
progress concerning technology and operational solutions can be assessed concen-
trating on the results achieved by larger projects. These full-scale demonstrator
projects exploit the upstream research achievements of smaller projects carried out
at EU or national level. The resulting solutions at TRL 6 level allow industry efforts
to take over further maturation dealing with key industrial application issues.
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Fig. 34 Tools aimed at noise target evaluation for fixed wing aircraft

Fig. 35 Aircraft noise technology evaluation (ANTE) process

The dedicated technology evaluation methodology has been implemented in such
large key projects to evaluate and provide a measure of anticipated achievements
at TRL6 level, consistent with the ACARE framework and objectives established
for 2020. The previous AGAPE and OPTI assessments relied then on the results
of OPTIMAL, SILENCE(R), and VITAL confirming that TRL6 solutions (NRT
Generation 1+Noise Abatement Procedures (NAPs),) supported the achievement of
the mid-term target of−5 dB per operation. In dealing with the further steps towards
the −10 dB target (NRT Generation 2, Novel Architectures), the 2015 assessment
exercise benefited from the achievements of the OPENAIR project as well as interim
results from CLEAN SKY in specific areas related to business jets and regional
aircraft in particular.
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Changing Boundary Conditions

The initial recommended approach presiding over the definition of the ACARE 2020
noise targets remains valid, as originally based on the general Balanced Approach
concept developed by ICAO. The first two elements of the concept (noise reduction at
source, noise abatement procedures) constitute, in practice, the identified contributors
to the 10 dB reduction aircraft noise target.

However, a number of external factors are worth mentioning, as further developed
below. When the SRA1 was established, environmental targets (Noise, NOx, CO2)
were established in parallel without considering possible interdependencies, either
at technology or operational level. Historically, the industry has had to comply with
standards set in ICAO for noise and NOx. It has been the industry’s ability to reduce
these effects, whilst at the same time for the benefit of operators improving fuel
efficiency, that has allowed aviation to grow rapidly in recent years without losing
general public support. However, aviation more recently faces two important shifts.
First, there is an increasing focus on climate change as a key environmental issue,
indeed the dominant one for some stakeholders, leading to a new CO2 standard
soon to be established by ICAO. Second, as a result of the potential introduction
of new technologies, there may be a need for stakeholders to make more explicit
choices about which environmental effects to prioritise. Broadly, it is likely that in
future generations of aircraft, manufacturers will have the option to pursue incre-
mental developments on current technology. It is suggested that this could deliver
substantial reductions in noise and improvements in fuel efficiency, which although
worthwhile are not in the same order of magnitude. An alternative would be the
use of technology such as open rotor engines for narrowbody aircraft, which could
deliver large improvements in fuel efficiency, while achieving less progress on noise
reduction.

In parallel with this evolution driven by global environmental issues, there is
evidence of increased sensitivity to noise in local communities impacted by aviation
operations despite significant reduction of aircraft source noise over the years. The air
transport growth perspectives in Europe then remain conditioned to improvements
in all three elements of the Balanced Approach. As proposed as part of the SRIA
2050 Volume 2 airport noise section, it is essential that a greatly increased effort is
launched to address the key aspects of noise effects and impacts and ultimately to
support the implementation of successful policies complementing the technological
achievements expected to be realised.

These different aspects have been considered in performing the progress assess-
ment reported in the following sections and in formulating associated recommenda-
tions for future research.
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2015 Progress Assessment

The2015progress assessment exercisewas performedwithin the frameworkof theX-
NOISE EV project at ACARE’s request. An approach by consensus based on experts
judgement, assessment of the TRL situation and results from the technology evalu-
ation exercises was used, coming up with updated progress achievement figures and
formulating associated recommendations for future research. The exercise findings
are summarised below.

Since the year 2000 a number of civil air transport aircraft have been certified by
the European industry. The 2015 situation provided a representative panel of effec-
tive implementation of state-of-the-art Generation 1 Noise Reduction Technologies
(NRT) delivered to TRL6 by completed research programmes such as SILENCE(R)
and VITAL. The observed average achievement, together with 2 dB operational
benefits of noise abatement procedures, was totalling 5 dB of the ACARE target, as
shown in Fig. 3.

In dealing with the further steps towards the –10 dB target (NRT Generation 2,
Novel Architectures), the 2015 assessment exercise benefited from the achievements
of the OPENAIR project as well as interim results from CLEAN SKY in specific
areas related to business jets and regional aircraft, in particular.

At the endof theOPENAIRproject, 15 “Generation 2”NoiseReductionTechnolo-
gies achieved TRL 4/5 through large scale testing in wind tunnels and/or dedicated
engine fanor exhaust rigs. These technologieswere aimedprimarily at Short-Medium
Range and Long-Range aircraft fitted with advanced ducted turbofans. Through
CLEAN SKY, additional efforts reached similar TRL achievements on complemen-
tary noise reduction solutions aimed at Regional Aircraft (low noise landing gear
and highlift devices) and Business Jets (U-Tail). In addition to technology solutions,
CLEANSKYalso brought further consolidation of noise abatement procedures bene-
fits. Finally, CLEAN SKY produced a first noise evaluation of the Contra Rotating
Open Rotor (CROR) engine concept at mission level on a Short-Medium Range
aircraft.

When combining the CLEAN SKY interim analysis (2014) with the OPENAIR
final analysis at airport level and considering the relative importance of business
and regional operations, it was concluded that a typical 2.5 dB additional benefit,
relative to the 5 dB already consolidated at TRL 6, can be expected from Generation
2 Noise Reduction Technologies provided such technologies mature to TRL6 in
time for 2020. The combined CLEAN SKY/SESAR effort on low noise abatement
procedures was also expected to provide further consolidation towards TRL6 of the
2 dB benefit registered earlier.

These findings have then been implemented into the ACARE general indicator
established to provide a measure of overall achievement relative to a given 2020
target.

Five years ahead of 2020, the progress registered since 2000 was considered
significant, reaching an excellent level of completion with about 64% of expected
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benefits secured, due to effective implementation of the research roadmap and associ-
ated priorities. In terms of identified contributors, the investigation and development
of recommended ACARE solutions have been well supported at European level over
the years, complemented by a steady activity at national level.

Relative to the second ACARE 2020 noise target (number of people impacted
outside airport boundaries), a pilot study led to the following observations:

• Benefits of each individual element differ significantly (very airport dependent)
• The effect of Land Use Planning may be of the same order of magnitude as that

of noise reduction at source
• A combination of the two actions above are required to maintain the future

population affected below 2000 levels.

The full assessment process, however, will require a very significant amount of
input information and need effective support, if it is to be in place and validated
ahead of the next assessment exercise. In the meantime, dedicated research actions
should address the development of updated dose–response relationships to allow a
translation from exposure (in terms of Day-evening-night equivalent level (Lden))
to annoyance suited to the characteristics of today’s and tomorrow’s operations.

Considering the evidence of increased sensitivity to noise in local communities
impacted by aviation operations, it is, in fact, essential that a greatly increased effort
is launched at the earliest opportunity to address the key aspects of noise effects and
impacts and ultimately support the implementation of successful policies comple-
menting the technological achievements expected to be realised. A strongly coor-
dinated and integrated approach would definitely provide a significant added value
relative to the business as usual (BAU) approach currently generally prevailing in
Europe in this area of noise impacts.

Recent Developments in Assessing ACARE 2020 and 2050
Noise Targets and Associated Recommendations

In 2020, ACAREWG3 has undertaken an exercise to determine the progress towards
theACAREgoals, looking at both theACARE2020 aswell as theACARE2050 goal.
A group of experts from industry, Eurocontrol and airlines have gathered material to
support the assessment which has resulted in a draft report within ACARE, expected
to be used in a future publication.

In Section “Background and Methodology”, the ACARE 2020 goals translation
into quantitative terms has already been discussed. Similarly, for the ACARE 2050
goal we can translate the 2050 noise goals of reducing the perceived noise by 65%
(relative to the year 2000), as average reduction of 15 decibels per operation, taking
into account both technology benefits and operational improvements.

This reduction has been defined as the TRL6 technology readiness level.
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For the 2020 assessment, the experts used the XNoise led 2015 assessment as
a starting point and evaluated the 2015–2020 timeframe. During this period, the
AFLONEXT project was the only project that brought additional noise technologies
to TRL6 trough full scale flight testing. However, as there was no evaluation at
aircraft/fleet level, the contribution to the ACARE goals could not be quantified for
this project.

Several noise research efforts between 2015 and 2020 changed focus towards
novel configurations. On aircraft configurations, the ARTEM project made progress
and on engine configurations, the Open Rotor engine required significant research.
The traditionally noisy unducted engine architecture, forced resources to support
several wind tunnel campaigns to bring innovative noise solutions for a society
demanding low CO2 transport.

For the 10 dB goal of ACARE 2020, the latest overall Technology evaluation
assessment, combinedwith engineering judgement on the benefits fromNoise reduc-
tion at the source and Noise Abatement Procedures were assessed to have progressed
by 6,4 dB. This means that, with a gap of 3.6 dB, this ACARE 2020 goal has NOT
been achieved.

With respect to the 2nd ACARE 2020 noise goal related to the elimination of
nuisance outside airport boundaries, quieter aircraft have entered the fleet since 2000.
However, the number of annoyed peoplewithin the noise contours has increased from
2005 to 2017 by about 10% (ref EASA Environmental report 2019). This means that
this ACARE 2020 goal has NOT been achieved.

To determine whether we are on track for the 2050 goal, the experts took a look
into the advancement in time. They also considered a look into the noise technologies
that have been incorporated into real products. Figure 36 shows (in dots) certified
noise level improvements of newAirbus aircraft since 2000. It shows that most of the
new aircraft that entered service around 2015 are slightly noisier than what would
have been required to follow the (grey) ACARE 2050 target line. The crosses in
the Fig. 36 show intermediate projections made in Clean Sky2 by their Technology
Evaluator process1 and indicate that current noise technology development is not
sufficiently progressing to match the trend line towards the 2050 noise objective.

In order to resolve this gap, and in view of comparable research developments
at the international level, establishing a more ambitious, more integrated framework
is needed. It should support forward looking, longer term noise research to address
a common goal, binging together the wide range of expertise needed across the
board of solutions, from technology enablers to understanding impacts. The basic
scope for such an effort has been provided through the SRIA Volume 2, which is
addresses, beyond others, all the options of the ICAOCAEP Balanced Approach and
is discussed in more detail in the next paragraph.

A major risk in achieving the 2050 noise goals is the current focus for CO2

reduction. The trade-off between especially CO2 and Noise (but also NOx) can be
significant, as is illustrated in Fig. 372, which shows the inter-relational trend of the

1 Airbus paper @ AEC 2020 conference Bordeaux.
2 Prof Dimitri Mavris - Georgia Tech @ AEC 2020 conference Bordeaux.
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aircraft/engine environmental between Noise, CO2 and NOx. It can be seen that if
CO2/Fuel Burn is prioritised, the Noise (as well as the Nox) performance will be
compromised.

It can already be seen in current low CO2 research for air transport that some of
the promising solutions of the future, are expected to have a trade-off between CO2

and noise. This is especially the case for:

• Advanced UHBR engine, where the short and thin nacelle needed for drag and
weight reduction causes distorted flow into the fan, less liner area and –thickness,
all increasing the noise.

• BLI Boundary Layer ingestion engines have an even more distorted flow into the
fan, again increasing noise.

• OpenRotor architectures, inherentlywithout nacelle to attenuate the noise, require
new strategies and an unconventional approach towards annoyance reduction.

In conclusion, relative to the ACARE noise targets, the aircraft noise research
effort can be considered as no longer on track to meet its objective, and thereby
requiring significant support to get back on track. Actions critical to the ultimate
success of the comprehensive overall approach, already summarised in the 2015
assessment, remain valid through the following recommendations:

• Bring the most promising Generation 2 noise reduction technology toTRL6,
through an appropriate full scale validation effort across the board (engines,
nacelles, landing gears, airframes).

Fig. 36 Airbus recently certified aircraft and future projections relative to ACRE objectives
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Fig. 37 Example of
aircraft/engine design space
trade-offs on
Noise/CO2/NOx

• Very significantly increase the effort dedicated to Low Noise Aircraft configura-
tions noting that whilst programme prospects are better concerning novel engine
architectures, the effort on aircraft configurations is significantly lagging behind.

• Take advantage of the sustained effort on low noise operational procedures to
consolidate wider implementation capability.

Key uncertainties concerned the capability to support successful OPENAIR tech-
nologies to TRL6 through static and flight demonstrations and the needed emer-
gence of ambitiousmultidisciplinary initiatives dedicated to environmentally friendly
advanced aircraft configurations and design, which had gained momentum in other
parts of the world.

It should also be pointed out that current progress results are valid for ducted turbo-
fans engine concepts, while Open Rotor engine concepts had re-emerged in recent
years as a serious option to provide the needed fuel burn benefits implied by the targets
set for aviationCO2 emissions reduction.While the European research effort initiated
in 2008 could already show significant achievements (see Fig. 21), it was outlined that
the effort should bemaintained throughdedicated research aimed at rotor blade aeroa-
coustic design, engine/airframe installation and flow control techniques, in particular
to consolidate such advances.
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Addressing the Longer Term Objectives—Noise
and the ACARE SRIA

Identifying the Conditions for a Successful Strategy Aimed
at the 2050 Noise Target while Considering a Wider Noise
Research Effort Allowing Full Implementation
of the Balanced Approach

Discussing implementation approach beyond the mere list of priority topics, the
ACARE Strategic Research and Innovation Agenda (SRIA) has clearly stated that
the 65% noise reduction targeted for 2050 “should be achieved through a significant
and balanced research program. Such activity should be aimed at developing novel
technologies and enhanced low noise operational procedures, complemented by a
coordinated effort providing industry, airports and authorities with better knowledge
and impact assessment tools. Such packagewill ensure that the benefits are effectively
perceived by the communities exposed to noise from air transport activities.

Another objective of the SRIA is the capability to use the European airspace flex-
ibly to facilitate reduced environmental impact from aircraft operations in the context
of an air traffic management system allowing 24-h efficient operation of airports.
Investigating and understanding the conditions allowing night-time operations from
a community noise standpoint is certainly a pre-requisite in that regard.

Two workshops organised by X-NOISE under the ACARE auspices supported
further development of a way forward (Future Trends in Noise Research, Brussels,
October 2014 and Managing Aviation Noise Impacts—Mapping Future Research
Priorities, Iasi, May 2015).

In the process, a conceptual roadmap to achieve theACARE2050 noise objectives
within a 24/7 operations context has been defined (see Fig. 38), it does associate
technological and operational solutions coupled with a significant effort aimed at
noise effects on the communities:

• Capable of achieving the 65% noise reduction target set for 2050 when associated
with novel aircraft / engine architectures

• Contributing to the «24/7 operations» goal through significant reduction of
community impacts.

To address the key issues put forward by the workshops participants, the added
value of a coordinated and integrated approach at European levelwas strongly empha-
sized. Effective engagement of stakeholders in research, joining efforts, sharing data
and strategic advicewas strongly advocated during theworkshops. The basic features
of a coordinating structure embedded in the effort discussed above has then been
developed. It should among other activities:

• Coordinate research activities related to aviation noise through common national /
EU projects roadmap, progress assessments versus the ACARE targets, stimulate
appropriate international cooperation and dissemination.
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Fig. 38 Conceptual Roadmap to 2050 noise targets vs ACARE SRIA Vol.2 noise solutions

• Through shared strategic vision with on-going and planned national and self
funded efforts, ensures gaps and priorities are being addressed altogether to
achieve the programme technical and scientific objectives

• Establish a Noise Effects Knowledge Base Covering Long Term / Short Term
Annoyance and SleepDisturbance, Capable to bring in data fromother compatible
studies (national and international)

• Ensure that the most recent knowledge on noise impacts and annoyance in partic-
ular, is reflected in the criteria used for steering the technology effort, with the aim
of capitalising on reduced noise at source to provide further effective improvement
for the communities

• Rely on an advisory board involving stakeholders and authorities, thus closely
associated with the proposed research initiative.

At this occasion, an overview of community noise effects research carried out
in European countries was presented. It was noted that half of the overall national
funding was dedicated to Health alone and that other aspects such as annoyance and
sleep would strongly benefit for increased support at European level. It was also
recommended that wider international cooperation be sought, in such areas where
knowledge development is not concerned with competitive and industrial property
issues.

In fact, several European experts and scientists participated in the ICAO Envi-
ronmental Impacts workshop held February 2015 in Washington DC which ulti-
mately led to a white paper on noise impacts presented at the CAEP/10 meeting
(February 2016). Conclusions related to sleep disturbance and annoyance read as
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follows: “Undisturbed sleep is a prerequisite for high daytime performance, well-
being and health. Aircraft noise can disturb sleep and impair sleep recuperation.
Further research is needed to (a) derive reliable exposure–response relationships
between aircraft noise exposure and sleep disturbance, (b) explore the link between
noise-induced sleep disturbance and long-term health consequences, (c) investigate
vulnerable populations, and (d) demonstrate the effectiveness of noise mitigation
strategies.”

“There is substantial evidence that aircraft noise exposure is associated with
annoyance indicators, and exposure–response relationships have been derived to
estimate the expected percentage of highly annoyed persons at a community level.
Still, several personal and situational factors importantly affect the annoyance of
individuals. Recent evidence for an increase in the annoyance response at a given
exposure level indicates the need for updating exposure–response curves based on
recent studies using harmonized methods, as well as verifying the circumstances
leading to a heightened community response.” It should also be noted that the World
Health Organisation WHO has issued new recommendations in 2018 for environ-
mental noise in the European region, including quite low exposure thresholds for
avoiding health impacts resulting from Aircraft Noise. This confirms the findings
made earlier on the higher annoyance perceptions from air traffic than from other
transport modes like road or rail.

Land-Use Planning (LUP) was also discussed. The CAEP/5 meeting (2001)
endorsed a balanced approach to aircraft noise mitigation (known as ICAOBalanced
Approach), one pillar being improved land use planning and control. Years later,
LUP is the only pillar of the Balanced Approach that is perceived as not delivering
according to expectations.

One reason for such a situation lies in the lack of an explicit indicator to measure
progress and then LUP contribution to the evolution of the noise situation around
airports. Not delivering according to expectations also creates significant barriers to
airport expansion, generating situation of conflict between several aviation stake-
holders, including opportunities for complaints. Few and isolated research projects
have tackledLUP related issues during the last decade,while the pressure and airports
constraints to expansion has grown exponentially.

Another reason to improveLUP is to assist theACAREnoise goal on “no impacted
people outside airport boundaries”, or “no impacted people inside the 65 Lden
contour, an objective also recently adopted by the USA CLEEN III project. Proper
LUP is one of the means to achieve this goal, but delegated and scattered LUP
responsibilities in many countries make it difficult to consolidate benefits from these
measures. On the contrary, there is a severe risk at this moment that the number of
impacted people increase due to conflicting policies in the field.

Research shall definitely help establish a process for assessing the effective-
ness of land use planning as a function of time and evolution of other aspects of
the Balanced Approach. A current challenge is to develop guidance material for
policy makers and communities to encourage optimally compatible land-use around
airports, as a critical part of any successful noise control strategy. Ensuring at existing
airports that further residential developments do not endanger reduction of noise
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exposure already achieved (prevention method) constitute a key topic for investiga-
tion, while conversion of incompatible land-use shall remain a permanent concern.
Useful research aimed at policy makers and non-specialists should then include a
compact, practical, easy to understand and easy to use toolbox and a consistent set
of indicators to evaluate the success of integrated land use in a sustainable airport
context.

In summary, such research shall propose innovative and flexible land use manage-
ment schemes for future airport developments. Associated tools will address support
to decision making, information and community awareness. Interdependencies
between noise and emissions may be also considered, as LUP is equally important
for noise management as it is for controlling airport local air quality.

The concept behind the ANIMA project is clearly borne out of these conclusions,
addressing the wider research agenda associated airports and communities issues
while providing an opportunity for coordination with other efforts aimed at source
noise reduction and moving the definition of a detailed global research strategy
forward.

Remaining on the strategic aspects, as the focus of this chapter, the ANIMAwork
programme clearly answered the expressed request to establish a common strategic
research roadmap for aviation noise reduction, addressing the development of new
technologies and methodologies.

As such, the ANIMA project has put in place a collaborative process to establish
and update a common strategic research roadmap through a scenario-based approach
associated with a dedicated simulation process. Keeping in perspective the 2035
timeframe for the sake of the exercise, efforts have aimed at developing a roadmap
covering all concerned areas of research and assess its elements based on an enhanced
set of criteria including impacts driven targets. The role of this activity is shown on
Fig. 39 and detailed in the next section.

Establishing the Common Strategic Research Roadmap
for Aviation Noise Reduction

Under the support of the ANIMA project, the European aviation noise research
community known as XNOISE has expanded the roadmaps towards the reduction of
aviation noise annoyance. Besides the traditional “source noise reduction” roadmaps,
a way forward has been defined on a range of associated elements like noise impact
understanding, airport management and enablers to support the proposed solution
contributors. Starting from a set of available roadmaps, a harmonisation has been
conducted on the format and layout of the roadmaps. Taken into account the tech-
nology status of 2020 brought by recent projects and activities, a vision for the way
forward on each element of the roadmap has been developed and consulted with
the network. The final version will be published at the end of the ANIMA project
(Fig. 40).

In order to verify if the roadmaps are sufficiently challenging, a scenario based
approach is applied. Figure 41 provides an overview of the technology contributions
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Fig. 39 Role of ANIMA in developing the noise research strategy for 2035

Fig. 40 Roadmap definition and harmonisation

that are considered for implementation into the scenarios. Besides these source noise
technologies, the scenarios will also include Noise abatement procedures and Land
use planning. The results will be evaluated for a set of 8–10 airports, representing
small, mid-size and large European airports.

Figure 42 shows the list of roadmaps developed and the major topics within each
roadmap. For each topic, a list of sub-topics describes the current TRL status and a
consolidated expert view on how each activity could be further matured to support
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Fig. 41 ANIMA Technology matrix

the mission of achieving an air transport system that can sustainably achieve 24/7
operation.

Community Building

General Overview

As a main pillar of their global coordination activities, X-NOISE, then ANIMA have
steadily brought together over the last 20 years a technical and scientific community
with capability to advance aviation noise research beyond the state of the art. This
has been achieved through 3 key objectives:

• Identifying and mobilising the best expertise all over the European Union and
Associated States, addressing multi-disciplinary needs to support individual
projects.

• Growing the base of SMEs involved in upstream research
• Supporting the global environmental research agenda of the EU and assessing

progress made towards the ACARE targets, through wide-ranging experts
committees.

A network of national focal points (NFPs) has been established covering the EU
andanumber of associated states.Working around a common set ofwell disseminated
priorities and objectives, it has favored a better exploitation of innovative upstream
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Fig. 42 ANIMA/XNoise roadmaps

research developed at national level into larger European projects aimed at down-
stream research. An overview of national efforts has also made been available based
on successive reporting from all NFPs. This has also allowed a better dissemination
at national level of EU projects research findings and acquired knowledge.
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With help from a bottom-up process seeking novel ideas through dedicated calls
or brainstorming seminars as well as key dissemination actions such as an annual
scientific workshop and web-based information features, this has made for an active
scientific and technical community at European level, focused on improving aviation
noise mitigation options.

Including all the parties that have been involved, up until the end of FP8 (Horizon
2020) in aviation noise research proposals submitted for EC funding, the grand total
of participating organisations is now well over 200 since the early steps of the noise
effort in FP4. As shown in Fig. 43, the SME trend in particular has kept growing,
representing today more than 25% of that total figure.

A total of 26 EuropeanUnionmember states and associated states as well 4 “Third
Countries” have been involved over the years in this effort, covering as shown on the
projects roadmap (Fig. 7) source noise reduction, noise abatement procedures and
management of noise impact.

Following the footsteps of successive X-NOISECSAs, a dedicated “Global Coor-
dination” activity is currently embedded in the ANIMA project. As such, former
X-NOISE experts committees and National Focal Points network contribute to the
ANIMA efforts aimed at establishing a “common strategic research roadmap for
aviation noise reduction”, as discussed in the previous section. Efforts have also
been successful in extending the network of national focal point as discussed in the
next section.

Fig. 43 Evolution of participation to noise project proposals
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Integration of Research Community

Initial efforts were developed in line with the EU policy addressing the develop-
ment of the European Research Area (ERA). In the process, the concept of network
National Focal Points (NFPs) emerged as a way to the reach a maximum of research
teams potentially interested in aviation related noise research, while keeping the
network deliberations to a reasonable size.

As an essential element of the 3-pillar approach described earlier, the network
of National Focal Points (NFP) covers the European Union as well as neighboring
countries involved in the EU research framework programmes. As such, it aims
at achieving a better integration of the aircraft noise research community, looking
forward to bringing in innovative ideas, fostering new collaborations and dissemi-
nating solutions.Ultimately, it support the development of an up-to-date picture of the
aviation noise research effort including EU-funded and national projects, providing
organisations interested in performing or exploiting aircraft noise researchwith better
visibility. The expected output from this process is a research taking advantage of
local expertise, also addressing local priorities as part of the whole effort.

As can be see seen on Fig. 44, network Focal Points contributing to this day to the
network activity, ensure a wide coverage of EU states and neighbouring countries.

Fig. 44 European Aviation noise research network—Current Geographic coverage
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The role of NFP is expected to fit each country’s specificity relative to the wider
issues of mitigating aviation noise and providing solutions to reduce its impact. As
an indication, it can typically involve the following activities:

• Summarise national aviation noise issues and associated research priorities
• Provide advice on the Common Research Roadmap for Aviation Noise Reduction

developed by the network for the benefit of the EC.
• Identify relevant national programmes as well as potential input of interest for

future European efforts and possible areas of collaboration within future projects.
• Contribute information to develop an overall roadmap of national programmes at

European level
• Map and promote expertise of local researchers towards the European network as

well as national authorities
• Inform local researchers on aircraft noise research strategic priorities at EU level.

The network membership is complemented by several experts committees gath-
ering academia, research establishment and industry experts to contribute and review
priorities for future research in the areas of technology as well as impact and
balanced approach related issues. Figure 45 describes the process by which network
participants support the definition and update of a common research roadmap.

Bringing participants together, a one day “Full Network “ meeting has been orga-
nized every year since 2002 in co-location with a Scientific Workshop and annual
Committee meetings. This has been an opportunity to involve and inform all network
members. Typically, the meeting would proceed with the following programme of
sessions:

• Update on the Common Research Roadmap for Aviation Noise Reduction
• Status on European Research Projects: reports from project coordinators
• Presentation of national research activities through a rotating scheme.

The Annual Scientific Workshop itself, jointly organized with the CEAS Aeroa-
coustic Specialist Committee, aims to address a priority topic relative to the research
agenda. It is the occasion for the best experts in the field to present the most

Fig. 45 Common research roadmap definition and update process
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recent findings as well as for the whole network community to gather and exchange
information.

At last, to support a steady stream of participation from local researchers and feed
into the strategic vision process, “Calls for Novel Ideas” have been featured, seeking
innovative proposals and project ideas. The OPENAIR, ANIMA and ARTEM
projects typically took advantage of such exercises in the early stage of proposal
development.

Furthermore, to consolidate the vision developed through individual focal point
reports, a study on national efforts was carried out across the countries involved
in X-NOISE activities, related to noise reduction at source on the one hand and
management of noise impacts on the other hand. This survey was conducted in view
of preparing the October 2014 ACARE workshop “Future Trends in Aviation Noise
Research” discussed earlier. An example of its findings is presented in Fig. 46.

A follow up exercise is on-going under the ANIMA project that will produce high
level roadmaps of national activities consistent with the Common Strategic Roadmap
developed in parallel.

At last, it should be mentioned that Egypt have been associated to X-NOISE
activity up its end,with the objective of developing a regionalMediterranean network.

Fig. 46 Vision of national activities aimed at Source Noise Reduction
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Collaboration Efforts and Outreach

As lasting organisations beyond the limited timeframeof individual projects, research
networks ensure a much needed structural continuity aimed at longer term strategies.
In linking together, the research networks also play a key role in addressing wider
issues such as the global environmental research agenda of the EU. Outside the
European aviation noise community, the network activity have aimed over the years
at exchanges and external collaboration in four main directions:

• Interdependencies issues with its European counterparts focused on aviation
gaseous emissions (AERONET and FORUM-AE CSAs)

• Synergies with the noise research priorities expressed by ground transportation
European experts bodies (CALM CSAs)

• International collaboration involving joint projects with Russia and regular
exchanges with transatlantic counterparts (USA, Canada, Brazil) as well as
support to EU initiatives (CooperateUS, Cannape, SUNJET and ICARe CSAs).

• Information and expertise contribution to regulatory bodies (ECAC, ICAO
CAEP).

Noise—Emissions Interdependencies
X-NOISE had established over the years a close working relationship with the

aviation emissions community (AERONET, ECATS, FORUM-AE), resulting in
several co-organised seminars (2002, 2008) and in a proposed roadmap for Euro-
pean Aviation Environmental Modelling, including the definition of a Durable
Organisation Structure presented to ANCAT in 2013 (see Fig. 47).

Fig. 47 Durable and cost efficient European Environmental Assessment Structure (EA2S)
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Fig. 48 Aviation Noise Models—Characteristics/Field of Application

As a follow-up action, a full picture of the situation on noise prediction models
was developed for the 2016Workshop on European AviationModelling Capabilities
(Fig. 48).

Synergies with European Research Policies on Ground Transportation
In connectionwith the establishment of theDirective 2002/49/EC “Assessment&

Management of Environmental Noise, the CALM initiative was the result of a close
collaboration between theEuropeanCommission services responsible for developing
the new European noise policy, DG Environment, and the DG Research. It aimed at
ensuring that initiatives concerning research on noise reduction were in line with the
requirements of the directive and vice versa.

The main CALM deliverable has been a strategy paper titled « Research for a
Quieter Europe in 2020» first published in 2004 then updated in 2007. The CALM
network expertise focusing primarily on ground transportation, it was advocated that
a collaboration with X-NOISE was established in order for the noise research policy
strategy to benefit from thework done for air transportwithin theACARE framework.
The strategy is expressed along two axes, perception and emission. While on the
emission aspects (noise reduction at source), the proposed roadmaps are specific
of transportation modes (i.e. X-NOISE/ACARE for air transport), the perception
aspects priorities are identified across the board as shown on (Fig. 49).

Overall, an excellent level of collaboration was developed between ground and
air transportation during these strategic exercises.

However, given the absence of a follow-up of CALM after 2007, it remains
puzzling that no post-2020 overall European noise research strategy has been
expressed so far in a similar way.
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Fig. 49 Key aspects of European noise research strategy concerning perception

International Collaboration
Efforts aimed at international collaboration have focused in the first place on the

countries featured in Fig. 1, with the understanding that counterparts pre-existed
thanks to running research programmes in a similar area.

Over the years, with X-NOISE, then ANIMA support, a series of joint semi-
nars organised through these counterparts have been held with US, Canada, Russia
and Brazil. Links were also established with several CSAs involved in exploring
international cooperation such CooperateUS, CANNAPE, SUNJET and recently
ICARe.

As of FP6, this has led to participation in noise project proposals of US, Canadian,
Japanese, Russian and Brazilian entities. Advantage was taken in particular of “Joint
Calls” issued with Russia, Japan and Canada.

The ANIMA effort have recently focused on updating the topics of common
interest and collaborated with ICARe to this end, completing in effect the three-point
programme laid out for its “global coordination” activity (Fig. 50).

Fig. 50 International collaboration activity in ANIMA
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Along with the definition of quite varied interests depending on the countries
involved (from technology to impacts), it was clear from all discussions held with
counterparts in this context that bi-lateral focused research was favored over larger
multi-lateral efforts.

The existence of well-identified counterparts is key in successfully investigating
topics and conditions for international collaboration. In the case of noise, these fruitful
discussions were facilitated by the occurrence of formal networks (US, Canada) or
informal ones (integrated national research projects in Japan, Russia and Brazil).
Networks collaborationhavebeen in fact an important factor in identifyingor aligning
projects on shared priorities.

Organised since 2005, the 3AF / AIAA Aircraft Noise and Emissions Reduc-
tion Symposium (ANERS) has provided such opportunity for network exchanges at
regular intervals (every two year). To figure out the interest in going a step further into
maintaining some form of constant dialog, a “Network of Networks Seminar” was
organised by X-NOISE, taking advantage of the ANERS event held in September
2015. Identified networks involved in aviation environmental research included:

• USFAACenter of Excellence ASCENT (formerly PARTNER): Noise Emissions,
Alternative Fuels

• Canada Network of Excellence GARDN: Noise, Emissions
• EU X-NOISE CSA: Noise
• EU FORUM-AE CSA: Emissions
• EU CORE-JetFuel CSA: Alternative Fuels
• ECATS International Association: Emissions
• ANNA (Aircraft Noise Non Acoustic effects): Noise.

The seminar session gathered representatives from the networks mentioned above
as well as participants from Brazil, Russia, and Japan research programmes.

Following the debate, there was definite support for a yearly event dedicated to
exchanges on international programmes, with a preference for the March to May
slot. It was recommended that, while addressing the whole aviation environmental
agenda, there should be a stronger focus on a specific topic, different at each event.
The ANERS Symposium came close to the appropriate formula, but being organ-
ised by scientific societies (3AF, AIAA) with overheads and set conference organ-
isation practices, the event programme somewhat lacked flexibility and remained
conditioned by financial considerations.

In order to seek wider international involvement and participation, the capability
to provide a Webinar option for abroad participants was put forward. At last, on
years where a face to face event could not be organised, exchanging on international
programmes by way of a webinar was recommended.

Unfortunately, the end of activity for the 3 European CSAs involved (X-NOISE,
FORUM-AE,CORE-JetFuel) created a situation inwhich onlyANIMAcould further
explore international collaboration, albeit in a very focused approach related to noise.

However, as could be verified through discussions during ANERS 2017 and
ANERS 2020, the international interest is there for the network of networks formula
provided appropriate support from the European side.
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Information and support to regulatory bodies
A discussed above, dedicated seminars supported the work of ECAC ANCAT

aimed at Interdependencies modeling. In another area connected both to ANCAT
and the Environmental Noise Directive (END), several seminars (2003, 2005, 2010,
2013) were organized to discuss and debate noise mapping techniques in an air
transport context.

Since 2006, the network has coordinated the European input to the report on noise
research update provided at each plenary ICAO CAEP meeting (every three year).
This report covers altogether the research programmes shown in Fig. 1 and has also
been featured in a summary form in the ICAOEnvironmental Report published those
same years.

Moreover, three international technology seminars were organised to kick-off the
preparationof important ICAOCAEPevents such as thefirst ICAONoiseTechnology
Workshop and the first and second ICAO Independent Experts Noise Technology
Reviews (2001, 2008, 2011). These involved specialists and regulators from US,
Canada, Japan, Russia and Brazil in particular. Similarly, the network coordinated
European noise projects input to the new Integrated Independent Experts Review
(noise and emissions combined) performed in 2017.

Lessons Learned

Along the strategy implementation effort described in the previous section, a numbers
of lessons could be acquired fromsuccessful initiatives aswell as occasional setbacks.
The regular oversight provided by the global picture on worldwide research and
ways of dealing with such efforts in various countries also provided interesting
perspectives.

Reflecting on the Technology Focused Effort and the Extended
Research Scope

• Strategy wise, the EU competitive funding mechanism, while quite different from
the top-down US approach to similar efforts, allowed the successful implemen-
tation of the phased approach established around the ACARE SRA and SRIA.
The coordination layer provided by a noise dedicated CSA has allowed regular
exchanges with ACARE in terms of future priorities as well as assessment of
progress made. This layer will remain essential as the research effort widens its
scope towards achieving the 2050 target.

• Large noise dedicated, industry-led projects (Ref SILENCER / AFLONEXT)
have proven their capability to bring new technologies to TRL6 in a very effective
and cost efficient approach. These large noise projects have also been successful in
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bringing on board a critical mass of multidisciplinary expertise in order to ensure
a viable exploitation into an aircraft/engine, as production technologies needed
to be matured in parallel to the noise technologies.

• However, a key observation has been that for these technologies to reduce noise
further as a feature of the next engine/aircraft commercial programmes, a full
scale demonstration such as engine static test or aircraft flight test was required
to achieve this level of maturation. When dedicated funding for such demon-
strations were not available, this created a situation where a number of promising
technology solutions such as put forward by theOPENAIR project sat at TRL5 for
some time, seriously restricting the panel of technologies able to support the satis-
faction of the ACARE 2020 noise targets. As such, progress towards the ACARE
Noise goals is not fully in line with expectations at this stage, which increases the
risk that public acceptance will force authorities to take action against growth of
air transport.

On a more global note:

• The whole effort involving some 35 projects in 25 years has associated industry,
research establishments, academia and SMEs participants in a very collaborative
manner, which led to a large number of medium size projects coordinated by
research establishments.

• Thanks to networking / global coordination efforts:

– contributions to the ACARE SRA and SRIA were developed in similar
collaborative fashion.

– the progressive extension of the research scope has been the opportunity for
great collaboration between technology and impacts experts. The expected
widening of the research calls for maintaining this approach in the future

– dedicated activities have been instrumental in establishing successful interna-
tional cooperation channels.

– support to ICAO information activities on research and technology reviews
have been timely and well perceived.

Noise vs Emissions

• Interdependencies between Noise and emissions (CO2/NOx/Particles) need to be
quantified to provide visibility on how the trades could influence the achievement
of environmental objectives. Such quantification is recommended from both an
aircraft/engine design point of view as well as for the operational aspects of air
transport.

• On the technical aspects of trades and interdependencies, an active dialog has been
maintained with the emissions/modelling community. However, the coordination
structures (CSA) handling these aspects have been absent the last fewyears. This is
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a problem to consider when time comes for the next environmental goals progress
assessment.

• Moreover, the European priority for aviation noise annoyance reduction appears
strongly reduced given the changing focus on climate change (Green Deal). Expe-
rience tells that when funding is provided for a wider “environmental” scope,
stakeholders tend to apply a limited part of it towards noise reduction.

EU Transport Noise Policy

• An excellent level of collaboration was developed between ground and air trans-
portation at the occasion of the successive strategic exercises handled by the
CALM network in preparation of the strategy paper « Research for a Quieter
Europe in 2020». However, given the absence of a follow-up of CALMafter 2007,
it remains puzzling that no post-2020 overall European noise research strategy
has been expressed so far in a similar way.

• In the absence of such a long term shared vision, dilution of funding through
clustering of efforts with all transport modes remains a clear concern.
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The Need for Novel Aircraft Configurations

Karsten Knobloch
Air travel is undoubtedly one of the great achievements of scientists, engineers,

and many different professions which make the whole system of today’s air transport
running smoothly. Business and leisure travel connecting almost all parts of the
world and affordable prices for a large part of the population – at least in developed
countries – brings literally “the world together”.

However, the constant increase in passengers traveling, number of aircrafts and
number of flights is directly connected to some drawbacks, which are inherent to
all traffic systems: increase in resource consumption (e.g. fuel), absolute increase of
emissions, and increased annoyance from air traffic related noise. Although aviation
was accountable for only 3.6% of the total greenhouse gas (GHG) emissions in EU28
area [1], it is ranked second for transport related GHG emissions after road traffic,
and of increasing relevance with non-transport sources of GHG emissions declining
[2]. The European Aviation Environmental Report 2019 [3] stated an increase of
total passenger kilometers (departures from EU28 + EFTA states) of 60% between
2005 and 2017, an increase of people within 55 dB (LDEN) noise contours around
airports of 12%, despite a decrease of average noise per flight of 14% in the same
time frame. The overall fuel consumption increased between 2005 and 2017 by 16%
while the average fuel consumption (per passenger kilometer) decreased by 24%.

This strongly underlines the constant technology development towards more effi-
cient, less fuel-consuming and less noisy aircrafts, introduction of improved flight
procedures, efficient management practices, and the effect of fleet renewal. However,
the pace of evolutionary improvements – in the past based to a large extent on
improved aircraft engine technologies – is not sufficient to counterbalance current
and expected future growth of air traffic.

It is worth underlining that the period in which this book is written is characterised
by the outbreak of the COVID-19 virus, which in addition to the worldwide health
emergency, has caused an economic crisis that has curtailed the air traffic. According
to observers from international organisations such as IATA [4] or ICAO [5], although
the shock introduced by the pandemic is changing the global air traffic market in
the short-term, air transport will recover its positive growth rate, hence, soon the
environmental impact of aviation will be again a priority.

With this short general examination of the recent past and the current situa-
tion of the air transport sector it becomes clear that significant improvements in
all connected disciplines are required to counterbalance the expected growth and
beyond: to decrease the footprint of aviation in terms of use of resources, emissions,
and noise exposure.
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This chapter focuses on the impact of aircraft technology, specifically novel
aircraft configurations which differ from the tube-and-wing design of almost all
current commercial aircraft. While some of these “novel” configurations have been
discussed already for quite some time, usually the focus of past assessment was on
specific benefits (e.g. fuel consumption) of the respective configuration—neglecting
other important aspects which need to be addressed as well for a successful aircraft
development process. A detailed assessment of expected aerodynamic performance,
flight mechanics, fuel burn, and emitted noise already in an early stage of the design
process is of utmost importance to initiate further activities in the long-lasting, expen-
sive, and complicated process of the design and introduction of a completely new
aircraft. The focus here is on noise implications of exemplary novel concepts as this
is one of the most complicated and often least addressed topics in the assessment
of aircrafts at concept stage. The selected activities—being by no-way complete or
exhaustive—are based on recent and on-going EC funded research activities.

In particular, following four topics are addressed in this chapter:

• A new propulsion concept using embedded engines (BLI) on an otherwise nearly
conventional tube-and-wing aircraft design is described and its implications on
noise is assessed.

• A Multidisciplinary Conceptual Robust Design Optimisation (MCRDO) frame-
work is described which gives a good impression of the complexity and inter-
actions of the individual disciplines in an aircraft design process. An applica-
tion of this framework for the design of two novel aircraft blended wing aircraft
configurations is described as well.

• The box-wing concept – aiming at an improved aerodynamic performance – as
explored within the recent H2020 project PARSIFAL is presented briefly and
major project results are described.

• Finally, a further spotlight is shed on developments for super-sonic civil air trans-
port – which is expected to resume in the near future. The latter does not imply
the expectation for positive contributions of supersonic transport to the desired
reduction in noise and resource consumption, but shall provide a short overview
of current worldwide activities which are expected to influence the air transport
sector and aircraft noise of the future.

Activities on the first two topics have been carried out within ARTEM, an EC
funded Horizon2020 project started in 2017 and running until 2022 (grant number
769350). In ARTEM, partners from research centers, industry, and academia joint in
order to help closing the gap between noise reductions obtained by current technolo-
gies – as already applied or being matured in large EU technology projects such as
OpenAir and CleanSky – and the long-term goals of ACARE, i.e. a noise reduction
of 65% for each aircraft operation in year 2050 compared to the reference year 2000
value.

The main topics of ARTEM are novel liner concepts and metamaterials capabil-
ities for reduction of noise propagation, the reduction of noise generation itself by
understanding, reducing, or tailoring component interactions, and the prediction and
assessment of the effect of these noise reduction measures on aircraft level. The aim



120 K. Knobloch et al.

is to develop these “Generation 3” noise reduction technologies (NRTs) to a tech-
nology readiness level (TRL) of 3 (experimental proof of concept) to 4 (technology
validated in lab).

The application of noise reduction technologies depends strongly on the aircraft
configurations itself which requires the detailed consideration of potential future
configurations. This was the reason to implement a specific work package within
ARTEM dealing with the assessment of technologies on novel aircraft configura-
tions, starting with a detailed definition of these configurations. The noise signature
of the anticipated configurations will be strongly influenced by the interaction of
several aircraft components: the interaction of airframe, high-lift-system, and propul-
sive jet of the engine(s), the interaction of airframe and engine inlet, the interaction
of the landing gear with the airframe. These effects – which directly involve the noise
generation – are investigated in the ARTEM framework by dedicated experiments
and high-fidelity numerical calculations. The development of tools, their validation,
and their application to investigate noise reduction potential of certain technologies
is the major output of ARTEM.

The following subsections thereby highlight selected topics which are typical for
many potential future aircraft concepts – while others had to be neglected for the
sake of conciseness.

Boundary Layer Ingestion and the NOVA Concept:
Implications on Noise

Eric Manoha, Olivier Atinault, Raphaël Barrier, Mathieu Lorteau, Cyril Polacsek

Damiano Casalino, Daniel Ragni, Gianluca Romani
In the last few decades, the constant strive for lower noise and fuel consumption

of transport aircraft has led to a significant increase of the bypass ratio of coaxial
turbofan engines, resulting in an increased fan and nacelle diameter. This tendency
now reaches its limit for turbofan engines conventionally installed under thewing.An
alternative is to partly bury the engine, in the rear fuselage for conventional tube-and-
wing aircraft or above the airframe for more innovative blended wing body aircraft.
The theoretical propulsive benefit of this “boundary layer ingestion” relies on the
reduction of the exhaust jet wasted kinetic energy and filling-in the airframe wake
velocity defect. Another positive consequence, beyond the reduction of the exposed
frontal area of the aircraft, is the reduction of the overall aircraft mass and drag, due
to the nacelle pylon removal and the lower wetted surface area. On the acoustic point
of view, a potential noise reduction is expected from the partial or total shielding
of the fan/OGV (outlet guide vane) noise sources by the airframe, as long as the
amplitude of these noise sources does not significantly increase with respect to a
conventional podded implementation, due to the space–time distortions of the flow
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Fig. 1 NOVA aircraft configurations: conventional w.rear fuselage engines and BLI configuration

ingested by the fan. Up to now, the acoustic balance between these opposite effects
of the BLI concept had not been assessed.

The NOVA Aircraft

In this general context, ONERA has designed the NOVA (Next generation ONERA
Versatile Aircraft), which integrates the best available technologies for optimal
propulsive performances. NOVA’s architecture includes a wide lifting fuselage and
a wing with high aspect ratio and downward oriented winglets [6, 7]. A modern
ultra-high bypass ratio (UHBR) engine with bypass ratio of 16 has been specifi-
cally designed and implemented in several NOVA versions, either conventional (in
isolated nacelles implemented under-wing or at rear fuselage) or semi-buried in the
rear fuselage side, ingesting the boundary-layer developed along the whole fuselage
length (Fig. 1).

Through several projects, these NOVA versions have been subjected to intensive
aerodynamic numerical simulations by ONERA to compare their global propulsive
performances.

ARTEM Objectives and Work Sharing

In ARTEM, the objective pursued by ONERA and the Technical University of Delft
(TU-Delft) was to tentatively assess the acoustic performances of the NOVA aircraft
versions, and especially to evaluate the impact of the BLI configuration on the overall
noise through comparisons to the other more conventional configurations where the
engine is considered as isolated. A secondary aim was to evaluate up-to-date numer-
ical simulation methods, including the generation of aeroacoustic noise sources in
the local aerodynamic flow field and the noise propagation to the far field, accounting
for the shielding effects.

The global issue of aircraft noise is especially critical in the airport areas, at
take-off and landing. At high altitude/speed, the noise from conventional aircraft
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perceived on the ground is typically not an issue, but it could become one, depending
on possible noise increase generated by the BLI implementation. Following this dual
objective, TU-Delft and ONERA have addressed the acoustic assessment of the BLI
at respectively low speed (take-off) and high speed (cruise).

Acoustic Assessment at Low Speed

TUDelft’s investigated the broadband and tonal noise generated by the fan embedded
in BLI configuration, accounting for the turbulent flow developing over the fuselage
at take-off with power cut-back. Due to confidentiality constraints on the BLI imple-
mentation designed by ONERA, the analysis used a generic benchmarked engine,
the Low-Noise NASA Source Diagnostic Test (SDT), both isolated and integrated in
BLI configuration. For this comparison, a global rescaling of the engine diameter and
the nacelle length was required. Moreover, for the BLI version, the difficult design
of an S-duct generating reasonable fan inflow was also needed (Fig. 2).

The numerical flow solution was obtained with the LBM (Lattice-Boltzmann
method) solver 3DS Simulia PowerFLOW®. Then, the acoustic far-field was
computed by using a FW-H (Ffowcs-Williams and Hawkings) integral solution from
a permeable integration surface which encompassed the engine and a portion of the
fuselage to partially take into account the acoustic scattering on the aircraft. The other
installation effects due to the non-uniform BLI were implicitly taken into account
by the installed engine simulation, as in Fig. 2. Compared to the isolated imple-
mentation, the BLI fan-stage is characterised by strong in-plane azimuthal velocity
and blade loading fluctuations, and non-axisymmetric and incoherent rotor wakes.
This results in far-field noise spectra with no distinct tonal components and high
broadband levels. In Effective Perceived Noise levels, the BLI case turned out to be
noisier than the isolated one, by 4 EPNdB at front side and 18 EPNdB at aft side
(Fig. 3, see also [8]). A detailed analysis of the local aerodynamic flow field shows
that the increase in noise results from a strong separation induced by the S-duct in
the fan-stage rotor. This confirmed the necessity of a coupled optimisation of the
blade loading with the duct shape to expect reasonable performances of the ducted
configuration compared to the isolated one. This work in ARTEM sets one of the first

Fig. 2 NASA-SDT generic engine: isolated nacelle and BLI implementation in NOVA aircraft
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Fig. 3 Far-field noise directivity on ground arc (left) and sideline arc (right) centered around the
fan, difference between BLI and isolated engine

Fig. 4 Mean axial velocity
(m/s) over an iso-radial cut at
50% height for BLI case

demonstrations of such a necessity tomatch combined aerodynamic and aeroacoustic
constraints for the BLI propulsion concept.

ONERA investigated the tonal noise generated in cruise conditions in the intake
and bypass duct of the turbofan engine specifically designed for the NOVA program,
either implemented in BLI or isolated [9]. The harmonic loadings are inputted to an
in-house FWH solver (ONERA FanNoise tool) adapted to annular duct propagation
(Goldstein’s formulation) [10].

Acoustic Assessment at High Speed

ONERA investigated the tonal noise generated in cruise conditions in the intake and
bypass duct of the turbofan engine specifically designed for the NOVA program,
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Fig. 5 Noise power spectra in the intake (BPF1 to BPF3) for baseline and BLI cases obtained from
direct URANS (shockwaves, left) and assessed from FanNoise (rotor blade sources, right)

either implemented in BLI or isolated. fluctuations over blades/vanes provided by
unsteady-RANS computations achieved with the elsA solver (Fig. 4).

At such transonic speeds, the blade tip Mach number is greater than one and
shock waves propagate in the intake and contribute to the sound power, in addition
to the loading noise generated by the flow interacting with the fan blades. Although
the CFD mesh was not designed to ensure direct acoustic predictions, it has been
found that the shocks are a dominant source at the blade passing frequency for the
isolated case (sound power level PWL is+6 dB higher than the one due to RSI noise)
and might balance the BLI effects on the harmonic sound power levels generated in
the intake by the fan/OGV loadings (see the PWL comparisons between Fig. 5 left
and right). The BLI is responsible for an increase of +6 dB of the overall PWL in
the intake related to the RSI noise sources, that should be probably lower (around
+5 dB) when including shocks contribution. Finally, harmonic loading noise from
the OGVs in the bypass duct (expected to be a dominant source contribution in this
region) gives rise to an increase of the OAPWL with BLI equal to +5.5 dB.

Conclusions and Perspectives on the BLI Study

This study presents original high-fidelity CFD/CAA simulations of a full-scale inno-
vative aircraft concept comprehensive of a fan/OGV implemented in a BLI configu-
ration. Both, at low speed (take-off) and high speed (cruise), a clear understanding is
provided of the increase of the noise levels inBLI integrated configurations compared
to more conventional podded turbofan installation. However all these results should
be considered with the following reservations:

• At low speed, the study relies on the adaptation of a generic benchmarked engine,
including the design “from scratch” of a new S-duct through a small number of
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iterations (due to limited project resources), leading to a strong flow separation
ingested by the fan. It shows that such an optimised design is critical to minimise
the impact on the BLI noise “penalty”.

• At high speed, the method provides in-duct sound levels which reflect the source
mechanism of fan/OGV interactions but do not account for any shielding effects
by the S-duct and the airframe. Additionally, the completeness of this study should
include an acoustic assessment at low speed of this BLI implementation designed
by ONERA.

• Both studies at low and high speed do not include any passive or active flow/noise
control technology that could significantly improve the acoustic characteristics of
the BLI installation. Most promising passive devices include distortion-tolerant
fan blades and acoustic liners in the S-duct. Beyond this, active technologies like
smart adaptive blowing in the S-duct could counter inflow inhomogeneities and
prevent flow separations and associated excess noise.

FRIDA, a Framework for Innovative Design in Aeronautics

Francesco Centracchio and Umberto Iemma
The tool FRIDA (FRamework for Innovative Design in Aeronautics) is the Multi-

disciplinary Conceptual Robust Design Optimisation (MCRDO) framework devel-
oped by the Aerospace Structures and Design group of Roma Tre University. FRIDA
is a conceptual optimal design environment capable of addressing innovative, uncon-
ventional configurations taking into account objectives and constraints related to
all the aspects typical of a long-term design, including the environmental sustain-
ability, community acceptance and life-cycle costs. The framework can guarantee the
robustness and reliability of the design in presence of uncertainties using different
approaches to the quantification of the statistical properties of the solutions. The
project was conceived at the end of the nineties in response to the growing interest
of the aeronautical community in disruptive, environment-friendly configurations
for civil aviation. The need for breakthrough solutions to cope with the increasing
severity of the environmental constraints imposed a rethinking of the conceptual
phase of the design, introducing prime-principle-based models to deal with the lack
of empirical or analytical methods. FRIDA’s ancestor academic tool MAGIC (Multi-
disciplinary Aircraft desiGn of Innovative Configurations [11]), although limited to
the optimisation of the lifting system using local line-search schemes, was one of the
first aeronautical MDO frameworks including a community noise module to define
objectives and constraints related to the acoustic impact. MAGIC was conceived
to handle the conceptual design of unconventional concepts, like the Prandtl-Plane
(PP) or the Blended-Wing-Body (BWB) configurations [12]. The FRIDA project
was initiated during the FP6 project SEFA (Sound Engineering For Aircraft, 2004–
2007) as a breakthrough enhancement ofMAGIC. Themost important improvements
introduced were the extension to global optimisation using heuristic methods, the
enrichment of the noise module with source-related models as a complement to the
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Fig. 6 Conceptual map of the FRIDA framework

classic noise-power-distancemaps, and the development of an efficient parsing struc-
ture to make the framework easily expandable and linkable to external tools. These
modifications made possible the first attempt of integration of sound-quality-based
metrics in the design of an aircraft, opening the road towards the systematic use of
perception-related objectives and constraints since the early conceptual phase ([13–
14a]). Over the following decade, FRIDA has been extensively used and improved
within the context of FP7 andH2020 projectsCOSMA(FP7, 2009–2013),OPENAIR
(FP7, 2009–2014), ANIMA (H2020, ongoing), and ARTEM (H2020, ongoing) in
order to address the increasing complexity of the requirements with a state-of-the-art,
multi-objective, robust and reliable approach suited to themost advanced Simulation-
Based Design Optimisation (SBDO) frameworks. The conceptual layout of FRIDA
is depicted in Fig. 6. A parsing shell acts as an interface with the external world and
manages the I/O structure, as well as the link with external simulation tools (under
development). The Simulation modules library includes all the disciplines relevant
for the design of a sustainable, innovative concept that can be activated through an
appropriate description of the workflow. The Interface shell can be used to define
at run time variables and parameters sets, allowing for a dynamic management of
the design/analysis space. The optimisation core currently implements local line-
search methods (BFGS, CG), genetic algorithm and deterministic and stochastic
particle swarm methods (PSO/DPSO). The accuracy level of the physical models
implemented in FRIDA can capture the relevant physics of the phenomena involved
along the entire aircraft flight envelope. The implemented algorithms are, when-
ever possible, prime-principle-based under specific assumptions to reduce the order
of complexity. The overall computational cost turns out to be compatible with the
high number of evaluations typical of an optimisation process. The framework is
completed by a workflow builder and run manager in charge of the translation of
the user directives in a well-defined workflow. An example of workflow used in the
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Fig. 7 FRIDA workflow used in ANIMA for optimisation of procedures

H2020 project ANIMA for the optimisation of Noise Abatement Procedures (NAP)
is presented in the block diagram of Fig. 7. The modules activated are Aerodynamics,
Inverse Flight Mechanics (calculates the aircraft settings for a given flightpath), and
Propulsion (defines the engines rpm for a given thrust requirement using an in-house
implementation of Brayton cycle coupled with a database of engines performance).
The optimal flightpath is obtained using an evolutionary global optimiser (GA or
PSO).

The Workflow Builder can combine any module to address a large variety of
problems like quantification of uncertainties (UQ mode), design space exploration
and design of experiment (DoEmode), or surrogatemodel definition (MetaModelling
mode). Among the most recently introduced features, it is worth mentioning the link
of the FRIDA flight simulation environment with the Flight-Gear (https://www.fli
ghtgear.org/) simulation tool and the open flight-dynamics library JSBSIm (http://
jsbsim.sourceforge.net/). The interface is currently limited to the basic aerodynamic
performance and the longitudinal dynamics of the aircraft. The full implementation
of the JSBSim input format in the FRIDA I/O structure is under development. A
preliminary example of a piloting session is available on a publication dedicated to
“Flight simulation session of the HEP REBEL from ARTEM project” (https://doi.
org/10.5281/zenodo.4650343, credits Marco Stefanini).

Aircraft Design and Noise Prediction for Novel Concepts

Francesco Centracchio, Monica Rossetti, Ilaria Cioffi and Umberto Iemma
The achievement of the ambitious noise reduction targets indicated in the ACARE

Flightpath 2050 is subordinate to the identification of breakthrough solutions. Indeed,
the simple progressive improvement of the current technologies wouldn’t reach the
level of noise abatement required to guarantee the quality of life of the community
surrounding the airports in a scenario of a constantly growing market demand. One
of the novel designs analysed and assessed in the project ARTEM is the Blended
Wing Body (BWB) concept. It can be considered as a hybridisation of the flying

https://www.flightgear.org/
http://jsbsim.sourceforge.net/
https://doi.org/10.5281/zenodo.4650343
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wing concept, where the entire airframe generates lift, and a classic wide-body tube-
and-wing aircraft, with the payload area located in a large central structure. The idea
behind the concept consists in blending the wings and fuselage into a unified lifting
surface, with a section of the large center body shaped like an airfoil. This config-
uration can be considered as unconventional in the context of civil aviation, even
if the earliest designs of BWB airliners date back to the nineties. The main advan-
tages of such a configuration are a high aerodynamic efficiency and the capacity to
deploy a significant amount of lift for the same flying conditions. This results in
a low consumption of fuel and the possibility to take off and land with a reduced
use of the high-lift devices, which are responsible for a large portion of the aerody-
namic drag and noise. An additional benefit of this configuration is obtained by the
possibility to install the propulsion system on the top the center body and exploit
the effect of shielding provided by the large surface of the payload-carrying struc-
ture. In the ARTEM project, three BWB configurations have been developed on
the basis of two mission profiles: one regional/short range mission (<900 nautical
miles) and one long-haul profile of 5500 nautical miles. The long-range config-
uration denominated BOLT (Blended wing body with Optimised Low-noise Tech-
nologies) has been equipped with two last-generation UHBR turbofan engines, with
an expected payload of 400 passengers in a two-classes cabin layout. The short-
rangeREBEL (REgionalBlended-wing-bodyElectric-propelled), althoughoriginally
conceived to be equipped with hybrid electric propulsion, has been actually designed
in two versions: a baseline configuration equipped with conventional technologies
and turbofan engines (REBEL-C) and the REBEL-HEP propelled by a distributed
hybrid electric system [15–17]. A pictorial rendering of the ARTEM BWB fleet is
presented in Fig. 8.

Fig. 8 Pictorial rendering of the ARTEM BWB fleet in flight



Future Aircraft and the Future of Aircraft Noise 129

The research activity performedwithin the frameworkof theARTEMandANIMA
projects was devoted to the development and assessment of efficient and accurate
models for the aeroacoustic assessment of this class of aircraft. A campaign of numer-
ical simulations is foreseen in ARTEMusing the analysis tools available at the Italian
Center of Aerospace Research (CIRA, [18, 19]), whereas in ANIMA the Aerospace
Structures and Design group of the Roma Tre University is in charge of the devel-
opment of suitable surrogate models for the estimate of the shielding effect to be
integrated in the design toolset [20–22].

Other ARTEM partners have used the BWB design for the assessment of noise
shielding capabilities and improvement of models for the prediction of this effect.
During the final project phase, the noise reduction technologies will be applied to
the BWB configurations BOLT and REBEL, and by the subsequent simulation of
flight trajectories the noise signature will be predicted and auralised for comparative
listening tests.

Benefits of the Box-Wing Architecture for Passenger
Aircraft—The H2020 Project “PARSIFAL”

Dr. Vittorio Cipolla and Prof. Aldo Frediani
PARSIFAL stands for “PrandtlPlane Architecture for the Sustainable Improve-

ment of Future Airplanes”. Funded by the EU under the Horizon 2020 Programme
between 2017 and 2020, the PARSIFAL project has investigated the feasibility and
performed a comprehensive impact assessment of the application of the box-wing
architecture to short-to-medium range aircraft.

The box-wing configuration derives from the studies carried out in 1920s by
Ludwig Prandtl, who described the box-wing, i.e. two horizontal wings connected at
their tips by properly designed vertical wings (Fig. 9, left), as the “best wing system”.
According to Prandtl studies published in 1924 [23], in fact, among all the possible
lifting systems the box-wing is the one capable to minimise the induced drag, once
lift and wingspan are given. In order to pay tribute to Prandtl, the research team from
University of Pisa, that in the 1990s started to study the engineering application of

Fig. 9 Prandtl’s “best wing system” (left) and the PrandtlPlane object of study of the project
PARSIFAL (right)
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the “best wing system” concept to aircraft design, gave the name “PrandtlPlane” to
the resulting aircraft Fig. 9, right).

One of the practical consequences of the improved aerodynamics is that the box-
wing allows for an increase of the so-called span efficiency, one of the most signif-
icant parameters defining the lift-to-drag ratio of an aircraft, without increasing the
wingspan.

Thinking at todays need of reducing the fuel consumption, hence the environ-
mental impact, of aircraft, one of the possible approaches is acting on the aircraft
architecture in order to improve the lift-to-drag ratio, also called aerodynamic effi-
ciency. One of the ways to achieve such result is to improve the span efficiency by
increasing the wingspan, which can be applied without any change to the architec-
ture, hence by replacing in-service aircraft with larger ones, or introducing unconven-
tional architectures such as truss-braced wings or folding wings, today also objects
of research and development programs.

Aircraft with larger wingspan are good solutions as far as constraints from avail-
able apron space and other airport infrastructures are not taken into account, since
they allow the increase of passenger numbers with the same amount of aircraft
movements.

The PARSIFAL project has been carried out by the University of Pisa (Italy),
in the role of coordinator, ONERA (France), the Delft University of Technology
(Netherlands), ENSAM –Arts et Métiers (France), the DLR (Germany) and SkyBox
Engineering, a SME from Italy. Although the PrandtlPlane configuration is suitable
for different aircraft categories, the PARSIFAL project has been focused on short-to-
medium haul aircraft, which typically feature a wingspan within 36 m as they belong
to ICAO “C” category, such as the Airbus 320 or Boeing 737 aircraft. The reason for
this choice is the fact that about 75% of passenger aircraft belong to this category,
hence the compliance with such a standard implies a stronger impact.

The aerodynamic advantages of the box-wing have been utilised solely for the
increase of passenger capacity (i.e. the payload) and not for an increase of cruise
speed, the mission range, or other key performance parameters.

This requirement has been met by designing a double aisle fuselage specifically
conceived for the box-wing system, with the result of increasing the number of
maximum passengers from below 200 for the conventional aircraft to more than 300
in the PrandtlPlane case.

The possibility to increase the fuselage dimensions and, at the same time, keeping
the 36 m wingspan constraint and obtaining a higher aerodynamic efficiency is a
peculiarity of the box-wing system.

Starting from these two main choices, the consortium has carried out several
design loops, adopting first low and medium fidelity tools and then refining the
results by means of a multidisciplinary approach, in which high-fidelity tools have
been used to perform aerodynamic analyses at both transonic and subsonic speeds,
structural weight estimations, mass and balance characteristics evaluations, aeroe-
lastic analyses, flight dynamic simulations, sizing of control surfaces, engine sizing
and integration, landing gear sizing, etc.
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The same approach and same tools have been adopted to study the CeRAS CSR-
01 [24], a short range conventional reference aircraft which the PrandtlPlane has
been compared to.

All the output obtained from these analyses have been then used to perform
comparative impact assessment between the PrandtlPlane and the reference aircraft.
In detail, these analyses have been focused on evaluating the atmospheric emis-
sions during the whole mission and their influence on global warming, noise foot-
print during take-off and climb and associated psychoacoustic metrics, impact on
turnaround time and airport logistics and, finally, the influence on direct operating
costs and profitability from an airline point of view.

The most significant result is the following: increasing the number of passengers
of about 50% allows for a reduction of fuel per passenger, hence emitted CO2, up to
22%. As detailed in [24a], the associated Global Warming Potential, calculated on a
20 years horizon, would be reduced by about 17%. In addition, the day-evening-night
average level of noise is decreased for a given airport with assigned daily passengers
traffic. On airport operations side, the turnaround of 300 passengers PrandtlPlanewill
be take only 5–10 min (depending on the considered operation scenario as defined in
aircraft manufacturers’ manuals, more than a 200 passengers conventional aircraft,
e.g. outstation, full service, etc.) without any additional burden in terms of apron
space or slots needed [24b]. Finally, direct costs per available seat-kilometer could
be cut by about 12%. Although the aircraft purchase cost would go up of about 60%,
the reduced direct operating cost would give the airlines the possibility to reach
the same break-even point of conventional competitors with an average ticket price
reduction of 13%.

As said, these numbers come from the assumption of a growing market with some
saturation constraints. For a more comprehensive analysis, the same comparisons
have been performed considering a “less disruptive” 240 passengers PrandtlPlane,
i.e. provided with a conventional single aisle fuselage (similar to the A321). By
comparing the results with those of the reference conventional aircraft, similar
margins of improvement have been estimated for both CO2 (about -20%) and direct
operating costs (about −10%). More details can be found in [24b–24d] and the
official reports of the project [25, 26].

As a final remark, it is worth to underline that the achieved results do not take
alternative fuels or alternative propulsion systems into account, but are only due to
the box-wing architecture. Further investigations on the synergies between the box-
wing and hydrogen-based or hybrid-electric propulsion systems are ongoing and will
be a significant part of the future research on the PrandtlPlane.

Sustainable SuperSonic Transport: Technical Challenges
and Noise Certification

Robert Jaron and Lars Enghardt
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Fig. 10 Aerion Supersonic AS2 business jet (left ©Aerion Supersonic) and Boom Supersonic
Overture airliner (right ©Boom Supersonic)

About 25 years after Concord’s last flight, commercial civilian supersonic aircraft
may possibly enter the market once again as early as in the mid-2020s. Among
others, two American manufacturers have announced an approaching market entry.
Aerion Supersonic is designing a supersonic business jet cruising at Mach 1.4 with
a cabin large enough for 12 passengers (Fig. 10). Boom Supersonic announced an
airliner cruising at twice as fast as today’s commercial airplanes and a passenger
capacity up to 88.1 It is expected that public acceptance for supersonic transport
can only be achieved by concepts that are both sustainable and indistinguishable
from subsonic aircraft in terms of their noise annoyance. Combining the high engine
thrust required for supersonic cruise with sustainability poses a major challenge for
manufacturers and researchers. Moreover, at the time being, there are no applicable
noise certification standards for supersonic aircraft. Thus, the International Civil
Aviation Organisation (ICAO, or national certification authorities) needs to define
standards for the advent of this new generation of supersonic aircraft to ensure their
public acceptance. With regard to noise emissions, two major challenges have to
be tackled by establishing new certification standards in parallel to the technology
development: Firstly, the landing and take-off (LTO) noise and secondly, the sonic
boom and its impact on human beings.

The next generation of supersonic aircraft is expected to be restricted to flying
subsonically over land, as technologies for so-called low-boom designs have not
yet reached market readiness. The impact of supersonic booms caused by conven-
tional designs on humans, animals, and building structures is still unacceptable. For
that reason, flying supersonically over land is prohibited in several countries and
even over water supersonic speed is only allowed with a sufficient buffer distance
to the coastline, as secondary booms can propagate long distances depending on the
prevailing atmospheric conditions. Thus, the major challenge of the next genera-
tion of supersonic aircraft will be to meet LTO noise levels comparable to subsonic
aircraft. Supersonic aircraft are facing major tradeoffs between cruise performance
and LTO noise. With regard to cruise performance, small engine diameters with high

1 Aerion announced the termination of this AS2 business jet programme just when the present book
was about to be edited. However, some similar concepts may appear again in the near future.
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jet speeds are required. This is because the pressure drag induced by the frontal cross-
sectional area increases considerably at transonic and supersonic cruise speeds. As
a consequence, the volume distribution along the longitudinal axis of the aircraft
is decisive for the wave drag. Using a design of three engines, the volumes can be
distributed much more homogeneously with three small engines, one of which is
placed in the vertical stabiliser. However, since installed jet noise scales approxi-
mately to the sixth power of jet speed, small engines with high jet speeds lead to
very high LTO noise levels. Regarding the take-off certification procedure, there are
substantial differences between subsonic and supersonic aircraft: Subsonic aircraft
engines are dimensioned for takeoff conditions. In contrast, supersonic aircraft have
the highest thrust requirements at top of climb leading to massive excess thrust at
takeoff conditions. Given the tradeoff between LTO noise and cruise efficiency for
supersonic aircraft, meeting the LTO noise targets will likely require not only tech-
nical developments, but also changes to the takeoff procedures specified in the noise
regulation rules.

Already in 1979, Grantham and Smith [27] investigated LTO procedures of a
supersonic airliner with a payload of 273 passengers cruising at Mach 2.62 for
community noise abatement purposes. To reduce the flyover noise levels, they
suggested a fast climbout at lower climb ratewith higher speed.As supersonic aircraft
have a significantly higher minimum drag speed, higher speeds allow a higher thrust
cutback and in consequence a reduction of flyover EPNdB levels. To reduce sideline
certification levels as well, they suggested a thrust reduction before the cutback point.
The reduction level was limited in order to maintain the flight height or a four percent
climb gradient for the emergency case of one engine being inoperative. Since then,
this procedure has become known as programmed thrust lapse rate (PLR) takeoff.
To ensure the same thrust reduction in daily operations and to relieve the pilot from
too many actions during takeoff, only a fully automated FADEC (Full Authority
Digital Engine Control) controlled thrust reduction should be considered for new
certification procedures in addition to the allowance of a higher climb out speed V2.
Recently, NASA and JAXA studied the acoustic advantage of the adjusted takeoff
trajectory on a supersonic business jet with three engines, a cruise speed of Mach
1.4 and a MTOW of 45 [28, 29]. With 10% PLR thrust reduction and a 15 kn higher
climb out speed (V2 + 35 kn), they found a cumulative EPNdB reduction in the order
of 3 dB. Nevertheless, the margin to the Chap. 14 noise regulation rules achieved was
so small that other noise reduction features were investigated, as well. By enhancing
the bypass ratio from 2.9 to 3.6, the cumulative noise benefit was estimated to be 5.3
EPNdB, albeit accompanied with a 4.1% penalty regarding the possible flight range.
Using chevrons on engine exhausts, an estimated noise reduction potential of 2.7
EPNdB was identified, this time accompanied with a penalty of 2.8% in flight range.
Another promising technical option to reduce jet noise is the so-called mixer ejector
nozzle, which enables the virtual increase of the takeoff bypass ratio by injecting air
from outside the engine into the jet through a variable opening to efficiently reduce
the jet velocity. Variable mixer ejectors were investigated by NASA [30] and in the
EU FP6 project HISAC with an expected benefit of approximately 7 EPNdB. Here,
the identified drawback is an increased drag coefficient and extra weight. In view

https://doi.org/10.1007/978-3-030-91194-2_14


134 K. Knobloch et al.

of these results, there is an urgent need for extensive research and development to
adapt takeoff procedures and engine technologies in order to achieve the targeted
noise levels at reasonable costs in terms of the anticipated flight range.

The second major challenge to establish supersonic aircraft on the market in the
long term is the sonic boom. So far, there are two approaches of lowering the annoying
pressure fluctuations impinging on the ground. Firstly, the so-called Mach cut-off
procedure, where the airplane is flying just over Mach 1.0 but below Mach 1.15
For a steady standard atmosphere, flying in this very speed range will theoretically
result in the sonic boom waveform not reaching the ground. Since this approach
is strongly dependent on the atmospheric conditions as well as the uncertainties
predicting these conditions, for the time being, it will quite likely not be allowed.
The second possibility is a so-called low-boom design. After propagating through
the atmosphere, the pressure signature of a conventional sonic boom has the very
noisy and detrimental shape of a N-wave. Due to a controlled nose shock with
gradual pressure increase to the wing, the ground signature can be changed to a sine
wave with lower gradients compared to shocks of conventional designs. Low-boom
airframes are optimised to substantially lower the annoyance of the sonic boom. The
objective of such optimisations is to minimise the human response to indoor and
outdoor sonic boom predicted by accurate methods. Precise sonic boom prediction
relies on the CFD simulation of the near field pressure field, the analytic propagation
through the atmosphere considering atmospheric turbulence [31] and the modeling
of the ground topology. In the H2020 project RUMBLE (2017–2020), different sonic
boom prediction tools were developed and assessed [32]. The need for reliable sonic
boom prediction has already been addressed in three workshops at the AIAASciTech
conference in 2014, 2017, and 2020 [33]. Regarding the human response one has to
find an appropriate metric [34] but also conduct listening tests and sleep studies.

In 2021, two H2020 EU projects started with the aim to further improve the
detailed assessment of supersonic aircraft on the one hand regarding LTO noise and
on the other to investigate sonic boom. The projects will support the establishment
of new certification standards ensuring sustainability and public acceptance of novel
supersonic aircraft models. In the project SENECA (LTO noise and emissions of
supersonic aircraft, 2021–2024), supersonic aircraft concepts will be designed and
multidisciplinary optimised regarding airframe and engine architecture as well as
the LTO trajectories. The aim is to reduce LTO noise and emissions as well as the
global climate impact. In total, four different aircraft concepts will be examined: two
business jets with cruise Mach numbers of 1.4 and 1.6 and two airliners cruising at
Mach 2.0 and 2.2. The certification authorities will be given the scientific evidence to
change the LTO procedure by handing over a comprehensive and reliable database
of virtually flown landings and takeoffs with varying climb out speeds and thrust
reductions before cutback and also with different aircraft and engine architectures,
seeking for the lowest community noise. In particular various engine bypass ratios,
the number of engines, the position of the engines as well as the nozzle and inlet
geometry will be examined in terms of their tradeoffs between flight range and their
noise reduction potential. The project MOREandLESS (MDO and Regulations for
Low-boom and Environmentally Sustainable Supersonic Aviation, 2021–2024) will
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also investigate the sustainability of upcoming supersonic aircraft focusing on higher
cruise Mach numbers starting with airliners cruising with Mach 2.2 going up to the
hypersonic regime with Mach numbers of 5. In addition to the multidisciplinary
optimisation of the aircraft concepts, experimental and numerical investigations of
jet noise are envisaged. The impact of the aircraft shape on the sonic boom will
be investigated by shooting projectiles in the shape of aircraft out of a gun on an
outdoor testing track. The resulting sonic boom will be measured by microphones.
Furthermore, to support the modeling of sound boom propagation and variability due
to meteorology and turbulence in different environments, in rural areas and in urban
areas, various measurements will be performed.

For the near future, a first low-boom flight demonstrator, the NASA x-59 is sched-
uled to make its first flights in 2022 in the USA. With regard to the global nature of
air transport and with the difference between reactions of local communities, some
flight tests may also be planned in Europe, in coordination with the European and
EU national authorities for civil aviation. The NASA X-59 program based on the
Lockeed-Martin QuietSST aircraft aims at proving low-boom technologies at large
scale and gathering data on boom propagation and human response to the low-boom
flight (Fig. 11).

In the long term, low-boom concepts will have to be scaled for higher payloads.
Furthermore, one has to handle the integration of more than one engine to comply
with civil aircraft safety regulations. Merging low-boom volume distributions with
more than one engine andmeetingLTOnoise regulationswill be the biggest challenge
to finally achieve publicly accepted supersonic flight over land.

Fig. 11 NASA/Lockeed-Martin low-boom demonstrator X-59 (©Lockeed-Martin)
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Concluding Remarks

The current chapter has presented only a small number of aircraft concepts which are
currently under consideration for the improvement of efficiency and sustainability
of future air transport.

Generally speaking, the research and development costs for future improvements
are expected to be rather high. With current engine technology having reached a
high level of maturity and complexity, the further increase in bypass ratio will be
somehow limited by detrimental effects like drag, weight, (under wing) installation
space etc. Geared turbofans have made a significant contribution by reducing the
rotational speed of the fan at the cost of increased weight and cost for the gear itself.
Future engine installations with bypass ratios of 16 or beyond will face integration
issues and interaction effects as can be seen from inflow distortion effects for the
BLI concept.

Open rotors instead of nacelle-mounted turbofan engines – which have not been
discussed here – are another option for increased efficiency, but inhibit again the
different noise characteristics demanding for adapted noise reduction technologies.
The distributed propulsion – being driven by small turbo-prop engines or electric
motors – are currently being considered at least for short-range aircraft (like the
ARTEM-REBEL configuration). Here, the interaction and phasing effects are one
of the major topics – beside the generation and distribution of electric energy for
electrified versions. Electric driven propulsors are not necessarily “quiet” a priori,
as the well-known fan noise sources and interactions are present as well. Moreover
there are unknown effects of mutual interactions in the case of multiple propulsors.

For the aircraft fuselage, a clear trend towards lift-providing structures is visible –
which is consistent with the airframes of NOVA, BOLT, and REBEL presented here
in the framework of the ARTEM project. TU Delft has pursued its “Flying V” – a
variation of the blended wing concept [35]. AGILE, CENTRELINE, IMOTHEP and
NACOR [36, 37] are recent or on-going EC funded projects which also deal with
future aircraft configurations – mainly from performance and aerodynamic point of
view.

For the introduction of disruptive configurations like the blendedwing body, rather
drastic changes are likely being required for current airport facilities, maintenance
procedures, but also for design and manufacturing routines. So far, there is a certain
lack of data and therefore in reliability of all predictions with respect to performance,
aerodynamics, but especially also noise emissions of these configurations.

NASA and other institutions havemade considerable efforts in the detailed assess-
ment of current and future aircrafts. Khorrami and Fares [38] demonstrate these
activities – including tools and simulation validation from sub-structures and wind
tunnel models up to full scale-flight test with a Gulfstream research aircraft from
aerodynamic and aero-acoustic perspective – the latter highlighted as being the more
demanding. Spakovszky [39] provides a summary of activities ranging from quiet
aircraft demonstrator (QAT), over the Silent Aircraft Initiative, to environmentally
responsible aircraft (ERA) programs including also the well-known MIT-driven D8
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“double bubble” concept. The challenges are the same as briefly addressed in this
chapter here: integration effects (like inflow distortion), shielding effects, and the
modelling of noise reducing technologies. The interested reader can find a good list
of current references on these programs’ outcomes in [39].

Examining all these activities it becomes clear that, beside academic research by
university and research centers, significant contributions from aircraft and engine
manufacturers are needed in order to obtain higher TRL levels for the novel configu-
rations. Airbus has recently revealed MAVERIC, a blended wing body demonstrator
[40], which is likely to collect valuable validation data for future studies – thereby
giving hope for the realisation of novel – more sustainable aircraft configurations in
the coming decades. It must be also reminded that all those technological improve-
ments have to beultimately acceptedby themarket, i.e. the development and introduc-
tion are strongly dependent on regulations, and on the overall competitive advantage
they may provide (where also noise reduction translates back to earned or saved
money).
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Competing Agendas for Land-Use
Around Airports

Fiona Rajé , Delia Dimitriu, Dan Radulescu, Narcisa Burtea,
and Paul Hooper

Abstract This chapter describes the core aspects of the land-use planning (LUP)
element of the Balanced Approach (BA) by acknowledging the potential of effective
LUP as one of the few anticipatory tools available to manage noise. It explores
the planning shortcomings that fail to stop encroachment and, thus, the need for
remedial mitigation actions such as sound insulation, compensation and buy-out.
It goes on to outline core future challenges and steps to develop a better spatial
understanding of noise through improved understanding of people’s soundscapes
(e.g. via the ANIMA app). To illustrate how LUP challenges can be addressed, the
chapter also presents case studies from Iasi Airport and on insulation campaigns, in
Marseille and Heathrow respectively. It concludes with an exploration of the lessons
that can be taken from LUP experience and examines how more comprehensive
communication and engagement with key stakeholders underpins more effective
application of planning tools.

Keywords Land use planning · Encroachment · Balanced approach ·Mitigation ·
Planning tools · Preventive controls

Introduction

Regulatory responses to aircraft noise are influenced at the global level by the UN
International Civil Aviation Organisation (ICAO), and specifically its ‘Balanced
Approach’ to noise management, adopted at the ICAO 33rd Assembly on Aircraft
noise in 2001 [17]. The rationale for the Balanced Approach was built on the concept
that airports face their own specific circumstances in terms of levels of traffic, the
volume of nighttime flights, proximity of the airport to residential areas, and attitudes
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of local residents to noise. By providing a simple framework, focusing on the core
aspects of noise management, airports would therefore be able to have the flexibility
to adopt their own approaches as appropriate to their own situation. This also recog-
nises that Member States may already have their own noise regulations and policies
in place.

The Balanced Approach provides a flexible way to identify and transparently
address specific noise problems. It comprises four principal elements:

1. Reduction of noise at source—by encouraging the development and use of
quieter aircraft.

2. Land-use planning and management—to prevent noise sensitive developments
close to airports and flight paths, and to mitigate noise impacts (i.e. through
sound insulation).

3. Noise abatement via alternative operational procedures that separate aircraft
from noise sensitive areas or reduce sound generated by aircraft by following
low noise procedures such as reduced use of thrust.

4. Operating restrictions on aircraft at sensitive times (e.g. at night) or in terms of
absolute numbers of movements.

As well as these guiding principles, an accompanying document ‘Guidance on the
BalancedApproach toAircraft NoiseManagement’ was produced to support airports
in implementing interventions within these core elements. It is important to note that
this guidance states that operating restrictions should only be applied as a last resort,
after the other elements have been considered and applied, where appropriate. This
acknowledges the key role played by aviation in the global socio-economic system,
and that reductions in noise can be achieved at a lower economic cost when a stronger
focus is placed on the other Balanced Approach elements.

The ICAOBalancedApproachwas adopted intoEuropeanLaw throughEUDirec-
tive 2002/30/EC, which was later replaced by Regulation (EU) No 598/2014. In the
EU, legislation is set centrally, while implementation into local law occurs at the
Member State level. This ensures that the exact implementation of the four Balanced
Approach elements is at the behest of the contracting states, which can also choose to
delegate their powers to a competent authority. Below this level, airports are generally
encouraged to implement their own specific interventions designed to reduce impact,
although this is commonly carried out in collaboration with external stakeholders,
particularly National Air Navigation Service Providers and Civil Aviation Authori-
ties. This approach ensures that aircraft noise problems at individual airports can be
managed in both an environmentally and economically responsible way—achieving
maximum environmental benefit in a cost-effective manner.

A snapshot review of Balanced Approach implementation across EU Member
States undertaken at the start of the ANIMA project revealed considerable incon-
sistency in the implementation of the provisions of Regulation (EU) No598/2014.
It concluded with the following core messages which were corroborated at a
mixed stakeholder meeting (the Impact and Balanced Approach Expert Community
supporting ANIMA—see Heyes et al. [13]):
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• The ICAOBalanced Approach is a good basis for action to reduce noise exposure,
but guidance is required on the appropriate use and efficacy of different elements.

• Given that it is never possible to reduce noise exposure to zero, it is necessary
to engage with affected communities, and to consider this issue in the context of
the costs and benefits that accrue to them from living near to the airport, and of
aviation in general.

• It is important that such engagement is a two-way process: of dissemination from
the airport to communities and listening by the airport to community concerns,
insight and priorities.

• All airports, of any size, need to consider aircraft noise and anticipate the conse-
quences of growth. The 50,000-movement/ year figure for the application of
the Environmental Noise Directive (END) is too simplistic and needs to be
reconsidered. One solution could be to have a pre-qualification criterion that
requires airports to begin the process of building noise management capacity
and engagement with stakeholders, particularly on the issue of land-use planning.

• Management of noise impacts needs to be informed by quality data. Existing
reliance upon noise modelling outputs or complaints analysis to inform Balanced
Approach implementation can lead to sub-optimal outcomes.Appropriate engage-
ment and dialogue between airports and their surrounding communities is an
important prerequisite to assessing the nature and extent of noise problems and
appropriate responses. Further policy and good practice guidance is considered
to be helpful to facilitate this.

• It is clear that the industry is committed to reducing noise impact, but doing
so requires collaboration across the board, between aviation stakeholders, and
between different airports.

Specifically, in respect ofLandUsePlanning (LUP), the reviewhighlighted the use
of a range of anticipatory andmitigation tools. It also underlined that—in the desire to
tailor to local conditions and only apply controls where necessary to avoid/minimise
noise impact—there is considerable inconsistency in the utilisation of LUP provi-
sions between Member States and airports therein [14]. A key explanation for the
range of LUP outcomes is that at the heart of the decision-making process is the
need to reconcile many, at times competing, demands; such as those of conserva-
tion, agricultural, highways and railways, recreation,municipal utilities, commercial,
industrial, residential and institutional developments. The challenge for responsible
authorities is to ensure a balance of uses that optimises social, environmental and
economic benefits.

Land Use Planning, or land use management controls for an airport, attempts to
achieve optimal utilisation of land through the use of zoning linked to noise exposure.
This can be an effective method for limiting the increase in the number of residents
located near airports, people who could become affected by aircraft noise in the
future. Unfortunately, there has been very limited systematic evaluation of the use
of land use planning tools to minimise noise impact over the last decade since the
initiation of the ambitious ICAO/CAEP 5 work programme on Airport Planning and
Land Use Planning. During this period, however, many airports have suffered from
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encroachment by noise-sensitive developments and, thus, the constraints to infras-
tructure growth have increased significantly. There remains a need for the assessment
of land-use planning for noise impact prevention and mitigation if tools are to be
developed that can help policy makers and communities (ICAO resolution A37-18).

The key challenge in attempting such assessments is recognition of the range of
planning interventions available and how best to tailor their selection and imple-
mentation to particular airport contexts. The range of instruments available includes
those which are anticipatory (such as noise zoning, transfer of development rights
and comprehensive planning), those which are reactive (such as noise insulation
programmes, real estate disclosure and building codes) and those which are finan-
cial (such as tax incentives, capital investment planning and noise-related airport
charges).

The implications from other ANIMA deliverables (e.g. D2.4 [12] and D2.5 [16]),
and in keeping with the priorities for communication and engagement, are that such
tailoring is best achieved through consultation with local decision makers, urban
planners, local communities, and other parties affected by noise impact. This should
allow for the most effective utilisation of the land use planning tools available in the
design of prevention and mitigation solutions.

This stakeholder consultation and engagement needs to explore the use of land use
planning instruments both individually and in combination to assess their potential
to address challenges such as:

• Changes to population distribution around airports (density and location).
• Provision of effective protection against night noise.
• How best to optimise the consequences of operational changes (e.g. optimising

synergies between operational changes and land use instruments).
• How best to define and track the effectiveness of land use planning.

The development of guidance material and the adoption of proactive approaches
to the use of LUP powers have led to some examples of good practice, for example, at
Kiev and Catania airports (see [15]). Both have shown how national legislation helps
the land use planning process and ensures that zones surrounding the airports are
subjected to as little as possible uncontrolled or business driven development. Both
airports recognise the key role of collaboration and communication between airport
and relevant local authorities. This approach enables the needs of each party to be
shared and understood, and the long-term implications arising from the potential
development of noise sensitive buildings close to airports considered and controlled
by regional decision makers. Thus, the long-term health and economic future of
the region can be safeguarded—the airport is better able to grow, whilst the health
impacts of living near to an airport can be mitigated.

Another example of good practice comes fromAustralia. A recent report by TO70
([37], p. 25) for the City of Canning examined the case for a new runway at Perth
Airport. It highlighted the importance of the land use planning near airports, stating
that
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…land use planning is the process inwhich noise sensitive areas, such as residences, hospitals
and schools are not placed on or near the area surrounding airports. Land use planning is
usually conducted by local and state councils and should follow state planning policies to
avoid development in high noise areas surrounding airports. Australian standards (AS2021-
2015) and NASF, Guideline A provide guidelines for appropriate areas for building and
development.

Many land use management strategies utilise passive sound mitigation measures, which
consist of the use of noise-isolating materials and various forms of noise insulation. Homes
and noise sensitive buildings situated near airports are usually insulated with assistance
from the government or airports themselves via noise insulation schemes. Active noise
management involves reducing noise through operational procedures or reducing noise from
the source.

State and local government are required to use ANEF contours as guidance during land
use planning. Australian Standards AS2021—2015 use ANEF contours to guide land use
planning for local councils.

To70 ([37], p. 26) continued by setting out the requirement for noise contours to
be produced every five years at Perth Airport to assist land use planning around the
airport. The report states further that

It is important to point out that this example of good practice also comes with a
caveat: while integrated land use planning is desirable, the frequency and intensity
of noise need to be considered too, “as these factors play a major role in annoyance”
(p. 26). In addition, there is a need to recognise “that ANEFs are based on a forecast
of aircraft movement and therefore actual noise experienced will vary” (p.16).

Other examples of good practice can be found: Box 1.

Box 1 Existing best practices on land use planning (a)

Effective Land Use Management to avoid the encroachment of incompat-
ible developments near airports tends to be found where amore integrated
approach is taken to the development of planning strategies and systems of
planning control use appropriate methods/tools to understand the extent of
the spatial impact of airport activities. This often takes the form of a wider
vision of the airport and the city/region that minimises future constraints on
air traffic development.

In Australia and the US, LUP is considered an environmental protec-
tion action policy tool which is integrated into the overall planning system.
However, the responsibility and capacity for planning and implementation is
different in the selected case-studies illustrated below.

The Australian Experience
The approach to land-use planning around airports became an important

public policy issue following the privatisation of airports in 1990 [11].
State plans and strategies cover four relevant approaches: land use plan-

ning directives, regional planning aspirations and structures, aviation-related
statements, and some airport-specific instruments.
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Regional strategies provide a higher degree of spatial resolution. In
metropolitan areas, the airports are considered ‘specialised activity centres’ in
recognition of their function as gateways for economic growth. For example,
the Metropolitan Strategy for Sydney specifies Sydney Airport and its envi-
rons as a specialised centre generating ‘metropolitan-wide benefits’ with over
36,000 jobs (about a third at the airport itself). This shows a clear approach to
a wider planning system which includes the airport and its requirements in the
municipality strategic development.

The Aviation-related and airport-specific directives are more targeted and
connect to ensuring adequate noise and safety buffers around airports. Central
to these provisions is the use of Australian Noise Exposure Forecasts based on
summing the energy from individual aircraft effective perceived noise levels.
These are required from airports every 5 years and must forecast the conse-
quences of airport development and associated air traffic changes to aminimum
of 20 years. These contours can then inform appropriate zoning of development
types around the airport on the basis of future changes rather than existing
noise foot printing, thereby in theory future-proofing the airport against the
encroachment of incompatible land uses [36]. Protecting the environment of
nearby communities through noise mitigation is included in this provision, as
should residential areas be predicted to fall into unacceptable levels of expo-
sure in future years (i.e. > 20 ANEF), there is a mandate for the provision of
sound insulation.

The recognition of airports as ‘special use’ land use zones, is designed
to ensure, through the ANEF, the imposition of noise protection buffers. Of
course, there are challenges with the production of ANEF as they are only as
accurate as the forecasts for infrastructure and fleet changes, but nevertheless
the forecasting out to a minimum of 20 years is intended to provide an effective
protection against encroachment.

The US Approach
The US efforts present a vivid picture of the importance of land use compat-

ibility planning, linking the development approach to methods and tools that
illustrate and assess the air traffic growth. There are some good examples of
integrated planning approaches at State level, but not yet at the Federal level.
TheAirport Cooperative Research Program (ACRP) includes a land use survey
and case studies that explore issues relating to LUP around airports. The plan-
ning system has an integrated approach, a two-way planning system that links
land use planning vertically and horizontally to other planning processes. The
planning system also has an iterative character that allows continual adapta-
tion and avoids the one-time establishment of a plan that could soon become
outdated. The plan is created jointly by all institutions involved in the devel-
opment of an airport and the city or region it serves, and it is implemented
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separately by sectors, being coordinated by a lead agency. Coordination of all
stakeholders’ requirements is well managed throughout the process.

While it dates back a few decades, the example of land-use management
aroundWashington Dulles International Airport illustrates some of theUS best
practices in tackling the challenging aspect of LUP (Dulles Int’l, n.d.). This
airport opened for service in November 1962, but, from the initial planning
and development phase, aircraft noise, and its impact on regional communities,
was a primary consideration. Thus, the airfield design limits close-in residen-
tial development by integrating: “11,000 + acres within the airport perimeter,
centrally-positioned runways, and a large area (8,000 feet) buffers from runway
endpoints to the estate perimeter”. This illustrates that the predicted develop-
ment of the airport was considered from the start. In addition to the planning
process, the FAA (the initial airport operator until 1987) and the Airports
Authority have worked closely with the two neighbouring Counties (Fairfax
and Loudoun) to deliver residents compatible land-use protection through an
efficient county planning and zoning strategy. Consequently, in 1993, Loudoun
Countywas identified as a national frontrunner in land-use planning associated
with a growing international airport.

Box 1 Existing best practices on land use planning (b)

The Singapore Story
This case study is another illustrative example of the integrated approach of

an airport and a city, in which a harmonised planning system serves both the
citizens and the airport.

The comprehensive planning that went into the development of Changi
Airport, and the integrated manner in which it was carried out is considered
best practice by many. Singapore’s approach involved unique urban-planning
constraints and trade-offs brought about by both civilian and military airports,
and took account of ways to exploit airport developments to catalyse urban
and economic development. Further information about the land use planning
around Changi Airport can be found at.

https://www.clc.gov.sg/docs/default-source/urban-systems-studies/uss-int
egrating-the-planning-of-airports-and-the-city.pdf

Despite evidence of good practice at specific airports, the broader challenge is
for the sector as a whole to harness the full range of planning powers to ideally
prevent noise problems in an optimal manner. And, where this has not been possible,
airports would mitigate impacts by the use of the likes of insulation and buy-out
schemes or when other options have been exhausted, compensation programmes. A

https://www.clc.gov.sg/docs/default-source/urban-systems-studies/uss-integrating-the-planning-of-airports-and-the-city.pdf


148 F. Rajé et al.

key achievement of effective land use planning would be the avoidance of further
residential developments in areas that would endanger the reduction in noise impact
previously achieved and the conversion of existing incompatible land-uses to ones
more in keeping with the prevailing noise environment. Achieving this end is by no
means straightforward and takes concerted action involving a range of stakeholders
if planning priorities are to be harmonised and airport development protected from
future constraint. Our case from Iasi Airport in Romania demonstrates why it is
essential to start the process of stakeholder engagement at an early stage in airport
development if encroachment of incompatible land uses is to be avoided.

Iasi Airport Case Study

Introduction

Iasi International Airport, known officially as “Aeroportul Internat,ional Ias, i, Româ-
nia” (ICAO: LRIA, IATA: IAS), is located in the North-Eastern part of Romania.
Situated at a distance of 3.48 kmEast from the Iasi city, the airport has an elevation of
411 FT, with a reference temperature of 30 °C [5] (see Fig. 1). The airport offers three
domestic routes (Bucharest, Cluj-Napoca and Timisoara) and multiple international
flights to 15 countries (Israel, France, Great Britain, Italy, Spain, Belgium, Germany,
Cyprus, Netherlands, Denmark, Austria—regular; Egypt, Tunisia, Turkey, Greece—
seasonal). Eight airlines operate at Iasi Airport (TAROM, BLUE AIR, WIZZ AIR,
AUSTRIAN AIRLINES, AMC AIRLINES, AIR BUCHAREST, AEGEAN and

Fig. 1 Location of Iasi Airport, Romania. Google Maps, Iasi International [18]
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ONUR) [1]. In terms of infrastructure, the airport has 1 heliport, 3 terminals and
one runway (RWY 14/32) of 2400 m [2].

Iasi Airport is the regional airport for the North-East of Romania, serving a popu-
lation of around 4 million and a catchment area of approximately 37 000 km2 that
includes the County of Iasi, along with the neighbouring counties (Bacau, Botosani,
Neamt, Suceava and Vaslui) and the Republic of Moldova (see Fig. 2).

In terms of connectivity, the airport is linked to both road and railway infrastruc-
tures, facilitating access from nearby communities, as well as from different cities
across Romania.

Before COVID-19, Iasi Airport was considered to be a fast-growing airport, and
this can easily be seen in the increasing number of aircraft movements from Fig. 3.
Even so, Iasi Airport has remained throughout the years among the top fiveRomanian
airports with the highest air traffic density [19–24].

Fig. 2 Catchment Area, Iasi Airport. AEROPORTUL IASI—Date demografice, [3]

Fig. 3 Evolution of aircraft movements on Iasi Airport (2012–2018). Iasi Airport [18]



150 F. Rajé et al.

In the immediate vicinity of the airport there is an important actor from the Roma-
nian aerospace industry sector (aircraft maintenance), “Aerostar SA—MRO Iasi”.
In addition, other strategic facilities can be found very near to the airport, such as
the military base “Batalionul 151 Infanterie” and the aerodrome for general aviation
“Aeroclubul “Alexandru Matei” Iasi”.

Experience with Aircraft Noise Management Prior to ANIMA

In 2005, the Environmental Noise Directive (2002/49/EC) was adopted into National
legislation through the Governmental Decision “H.G. nr. 321/2005” [34]. Its align-
ment to the Environmental Noise Directive was further addressed through various
updated versions of H.G. no. 321/2005, through: H.G. no. 674/2007 [33], H.G. no.
1.260/2012 [32] and H.G. no. 944/2016 [31]. According to these provisions, Iasi
Airport (classified as an ‘urban airport’) had to prepare Strategic Noise Maps and
Action Plans, in 2012–2013 and 2017–2018, although the number of aircraft move-
ments was below 50,000 movements/ year threshold for their mandated production.
Based on the findings from the first and second round of Strategic Noise Maps, the
airport management concluded that encroachment was the most important concern,
especially in the case of a fast-growing airport. The flight paths and the process of
encroachment over time (700 m distance from the runway threshold to the closest
fence surrounding a residential building—2020) is shown in Figs. 4 and 5. Therefore,
the airport’s long-term strategywas defined such thatmaximumeffort would bemade
in support of legislative changes for land-use planning implementation in conflict
areas, while, at the same time, focus would also be on raising awareness about the
need to consider residential developments and airport operations in a coordinated
manner in order to reduce the number of people exposed to aircraft noise. However,
land-use planning with the aim of managing aircraft noise was absent within the
National legislative framework.

Annoyance Case Study (2015)

Within a joint initiative (Romanian Social Survey on Noise Annoyance), Iasi Airport
was involved in an annoyance study, in partnership with INCDT-COMOTI, the
Faculty of Psychology (University of Bucharest, Romania) and SINTEF (Norway).
The initial research driver was to understand and investigate the real situation behind
noise complaints. The study used a survey based on the psychometric characteristics
ofWHOQOL(“TheWorldHealthOrganisationQuality ofLife”) [39] andon the stan-
dard questions for noise annoyance from ISO 15666 (ISO/TS 15,666:2003, 2003).
The outcomes from this study highlighted the need for collaboration between stake-
holders to reach a common understanding of the context and the issues in aircraft
noise management. In addition, the absence of funding opportunities, the lack of
expertise and trained experts in Romania on aircraft noise and annoyance, together
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Fig. 4 Flight paths over Aroneanu Village at the end of RWY14. Iasi Airport [18]

with the lack of available research at a National level were identified as the main
barriers to further addressing annoyance.

Progress Within the ANIMA Project

Legislative Framework in Romania

At the beginning of the ANIMA Project (October 2017), Iasi Airport started to be
proactively engaged within the task “Pan-European Review of Existing Regulations
and Mitigation Strategies” [14], in direct collaboration with INCDT-COMOTI and
researchers from Manchester Metropolitan University. At this time, the transposi-
tion of the Environmental Noise Directive (H.G. 321/2005) was the most important
legislation related to managing aircraft noise and was initiated by the Ministry of
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Fig. 5 Residential buildings Aroneanu Village at the end of RWY14. Iasi Airport, [18]

Environment. A second legislative instrument was also available, related to the trans-
position of the 2002/30/EC Directive1 regarding operating restrictions, which had
been initiated by the Civil Aviation Authority. The concept of land-use planning
was still only theoretical, despite being a widely discussed topic. The findings from
this ANIMA task revealed that land-use planning was not entirely absent from the
national legislative framework, but spread between different legislation and with no
specific provisions for reducing exposure to aircraft noise.

Visit to Heathrow (May 2018)—Learning from an Experienced Airport

In order to foster a better understanding of practices related to land-use planning, a
meeting was organised between a noise expert from Heathrow Airport and a repre-
sentative from Iasi Airport in 2018. The aim of this initiative was to facilitate the
transfer of ‘best practice’ and ‘lessons learnt’ knowledge froman airportwith a longer
history of experience in managing aircraft noise through land-use planning, towards

1 Repealed by Regulation (EU) No 598/2014 of the European Parliament and of the Council of 16
April 2014 on the establishment of rules and procedures with regard to the introduction of noise-
related operating restrictions at Union airports within a Balanced Approach and repealing Directive
2002/30/EC.
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an airport that was at the beginning of this journey. One key conclusion was the fact
that various measures applied successfully by some airports may not be feasible or
reach the same level of effectiveness, at other airports, due to differences in context
(e.g. being a private airport or state-owned), available legislative frameworks and
available resources (e.g. funding opportunities, experts and expertise in the region).

Iasi Workshop (July 2018)—Raising Awareness About the LUP Issue
(Common to All Airports)

In the same year, anANIMAworkshopwas organised in Iasi to raise awareness about
the importance of addressing land-use planning with the aim of reducing the number
of people exposed to noise, in the context of fast-growing airports and increased
encroachment issues.

Various stakeholders (representatives from communities living in the proximity of
Iasi Airport, from the Ministry of Environment and the Civil Aviation Authority, an
airline, representatives from five Romanian airports—under the scope of the ‘Roma-
nianAirportsAssociation’, independent experts andANIMApartners)were involved
in these discussions. They presented their views with respect to managing aviation
noise in Romania and described challenges that could appear in the absence of effec-
tive land-use planning practices. In spite of competing agendas, it was commonly
concluded that land-use planning for reducing the number of people exposed to
noise had become an urgent matter and joint efforts were needed to address this.
Supplementary to this workshop, Iasi Airport and its local ANIMA partner (INCDT-
COMOTI) initiated discussions with representatives from the Ministry of Trans-
portation, the Ministry of Health, local and regional authorities, different airlines,
the Romanian Air Navigation Service Provider (ANSP)—ROMATSA and research
experts (including ANIMA partners), to increase the efforts in raising awareness
about the existing challenges and the importance of collaboration to ensure effective-
ness.At this point, themost important issuewas finding the balance between reducing
the number of people exposed to aviation noise, preventing further encroachment
and ensuring the capacity of aircraft operations in the future, in line with air traffic
forecasts.

All these efforts were furthered within the ANIMA Project during the subtask
“Balanced Approach to Noise Management” [15] and the task “Airport Exemplifi-
cation Case Studies” to be reported in ANIMA deliverable D2.11.

An initial result (2018) from these discussions was the introduction of the require-
ment to implement Noise Abatement Departure Procedures (NADPs), which was
included within the Romanian Aeronautical Information Publication in 2021. For
some airports, this requirement became mandatory, while for other airports (Iasi
Airport included), it is in the form of a recommendation.

Another important legislative change in 2019 (Noise Law),2 related to the trans-
position of the Environmental Noise Directive. The new proposal was initiated and

2 LEGE nr. 121 din 3 iulie 2019 privind evaluarea s, i gestionarea zgomotului ambiant.
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disseminated for discussion by the Ministry of Environment and took into account
many issues raised at the workshop in Iasi, mostly related to the clarification of which
authorities are responsible for managing noise produced by air traffic, while rein-
forcing the importance of collaboration between many stakeholders. This legislative
change empowered the application of END provisions, changing the status of the
legislation from a Governmental Decision to a Law. Through this change, various
other stakeholders (theAirNavigation Service Provider, theCivil AviationAuthority,
and the Ministry of Health) became responsible for airport noise management in an
official capacity, which is a notable difference from the previous situation where the
airport was the sole responsible entity (apart fromGovernmental bodies), but without
any decision-making power in most cases (especially on LUP).

Additional legislative changes [27, 30] took place, related to the application of
provisions from the Regulation (EU) no. 598/2014, which further enforced the need
to have a collaborative approach for the implementation of noise operating restric-
tions, as well as the need to address land-use planning before considering operating
restrictions as a solution. One important change is that the Civil Aviation Authority
has to support the environmental protection authoritywith assistance in the evaluation
of aircraft noise impacts at airports (balancing safety and environmental protection
requirements) and the ANSP has to provide the information that helps in the process
of evaluating compliance with noise operating restrictions.

An updated version of the “Air Code” [28] was also proposed for adoption
(2019) and publicly disseminated for feedback. Among its provisions, it requires
that Strategic Noise Maps have to be taken into consideration by the airports within
their Airport Development Plans, as well as by local and regional authorities for
land-use planning within the Urban Development Plans. The same authorities have
to implement noise zoning strategies around airports, yet a specific timeframe for
implementation and a clear methodology for noise zoning are still missing (method-
ology expected to be published by the Ministry of Environment). It is also important
to note, in this context, that the Ministry for Regional Development and Tourism
is currently the only stakeholder responsible for the approval of construction in the
vicinity of airports. In addition, avoiding residential developments around powerful
sources of noise (airports included) is only at the level of recommendation, with only
few provisions and details for practice suggested [35]. Another important provision
is that noise exposure has to be one of the criteria used in the design of new operating
procedures or modification of existing ones.

Conclusions

Although many steps have been taken towards the implementation of land-use plan-
ning provisions, it was initially identified that it would first be necessary to ensure that
the existing legislative framework on managing noise from air traffic was complete
and harmonised between the environmental protection provisions and the aviation
provisions, thus avoiding inconsistencies and barriers in implementation. In spite of
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the fact that all these efforts were in support of the implementation of ICAOBalanced
Approach, especially land-use planning, this initiative is still at an early stage and
needs further legislative harmonisation with the urban development legislation, in
order to ensure its effectiveness in implementation. However, changes in legislative
frameworks require a long period of time and, thus, increase the risk of missing
opportunities to use land-use planning as a preventive measure. Therefore land-use
measures would be limited to using planning tools to mitigate existing impacts (e.g.
buy-out/relocation of residents, demolition of buildings from conflict areas, noise
insulation schemes, and closing the airport), which is considered to imply higher
costs and require more effort and time to obtain effective solutions. These chal-
lenges emphasise the necessity for having a common European strategy on land-use
planning (potentially complemented by a common noise metric and approaches to
planning more generally), together with available funding opportunities to support
implementation at national and local levels.

In the case of small but fast-growing Iasi Airport, there is no budget or other
necessary resources allocated for managing airport noise. The absence of a Govern-
mental funding scheme for reactive noise impact measures, dramatically limits the
options of any Romanian airport to act upon this issue. The remaining solution is to
cooperate with the National legislative bodies, to develop an appropriate framework
to prevent further encroachment.

As the overall air traffic evolution and forecast scenarios show a constant increase
in aircraft operations, land-use planning and management was considered by Iasi
Airport as the best option to ensure the necessary means to maintain or reduce the
number of people exposed to aviation noise. From the position of a state-owned
airport, Iasi Airport, as well as most Romanian airports, has little decision-making
power in land-use and, therefore, communication and engagement with the relevant
stakeholders and affected communities has been of utmost importance in opening
up the dialogue about developing land-use planning provisions within the National
legislative framework.

Insulation Case Study

Introduction

As suggested previously, where anticipatory planning powers do not prevent
encroachment, there is a role for mitigation. One example of this approach is the
adoption of sound insulation schemes by airports. The cases of insulation atHeathrow
andMarseilleAirports are examined here to explore this type of reactive intervention.
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Background

ANIMA undertook to examine, through qualitative research, whether interventions
implemented by airports or other stakeholders in airport regions could have an impact
on residents’ quality of life [26]. In this study, sound insulation was studied at
Marseille and Heathrow Airports. Concerns about aircraft noise impact date back
to the 1950s and 1960s when jet engines started to be introduced, and international
aviation became more popular [38]. Thus, a key aim of the insulation schemes was
to reduce noise complaints and general community dissatisfaction by reducing noise
disturbance attributable to aircraft overflights.

Sound Insulation Schemes Studied

Marseille

In 1997, theFrench state implemented a specific sound-proofing assistance system for
large airports. This meant that residents affected by aircraft noise could then receive a
grant for sound insulation for their homes. The systemwas originallymanaged by the
National Environment and Energy Management Agency and financed by a general
tax on polluting activities. Now, the grant is exclusively financed by airlines via a
tax on aircraft noise pollution (TNSA), levied by the DGAC (Directorate General of
Civil Aviation) according to the “polluter pays” principle. The criteria for eligibility
aroundMarseille Airport are that the accommodation is located inside the annoyance
map contours3 and was built before the noise annoyance plan had been created.

In order to explore quality of life and, in particular, the concept of scheme fairness,
focus groups were carried out in three areas around Marseille Airport—two in the
annoyance noise map and one outside the annoyance noise map contours, following
these criteria:

• Eligible to the grant/insulated: City of L’Estaque (Marseille airport).
• Eligible to the grant / non-insulated yet: city of Marignane (Marseille airport).
• Non-eligible / non-insulated: City of Vitrolles (Marseille airport).

The assumption was that people who were situated in the grant area and had
already been in receipt of insulation would be more likely to appreciate the inter-
vention than the other participants. Moreover, it was important for us to investigate
the perception of those people who could be insulated but had ignored the process
of the insulation program. Indeed, it was hypothesised that the insulation scheme is
not well known by people, even those who are eligible for it. This could also have
an impact on their perception, because it deals with issues of fairness. Finally, the
intention was to investigate this kind of intervention in an area with a mild climate,

3 At Marseille, an annoyance map reflects a small section of a larger noise map (called an exposure
noise map) which includes most noise affected areas.
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Fig. 6 Annoyance noise map contours valuable for insulation scheme in Marseille. Green areas:
55 dB < Lden < 65 dB;orange areas:65 dB < Lden < 70 dB;red areas:Lden > 70 dB. Kuhlmann et al
Source [26]

because it was assumed that it would not be as well perceived in comparison to colder
areas. It was anticipated that the results could help to better frame the intervention
according to the location, that is, that there should be knowledge about the location
and potentially a decentralisation of the decision-making bodies.

The annoyance map in Fig. 6 illustrates the range of noise affected areas by
different colours.

Another focus group was also conducted in order to consult the people involved
in a noise pressure group.

Heathrow

Sound insulation as an intervention to help mitigate aircraft noise impacts around
Heathrow began being discussed in the, resulting in a range of schemes being devel-
oped over the ensuing 60 years. In the mid-1990s, a voluntary daytime noise insu-
lation scheme was introduced by Heathrow Airport, followed by a voluntary night
noise insulation scheme early in the following decade. By 2014,Heathrowhad started
to offer the Quieter Homes Scheme (QHS) for those residents living closest to the
airport within the 69 dB LAeq,16 h aircraft noise contour. An overview of these
schemes is provided: Box 2.
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Box 2 Brief details of sound insulation schemes at Heathrow Airport
The (Residential) Day Noise Insulation Scheme (or Day Scheme) is based
on the 1994 69 dB LAeq,18 h contour and is designed to protect those homes
exposed to the aircraft noise in the day, including in the early morning arrival
period before 06:00. These properties are eligible to receive 50%of the cost of
replacement windows and external doors, or free secondary-glazing, and free
loft insulation and ventilation. 9300 homes fall into this scheme’s boundary.

The Night Noise Insulation Scheme (or Night Scheme) is designed to
address the impact of night flights on local residents. The scheme boundary is
based on the footprint of the noisiest aircraft regularly operating between 23:30
and 06:00. Eligible properties are entitled to receive 50%of the cost of replace-
ment bedroom or bed-sitting room windows, or free secondary glazing of
bedroom or bed-sitting room windows, and free loft insulation and ventilation.
Approximately 37,000 homes fall within this scheme’s boundary.

The Quieter Homes Scheme (QHS) applies to homes based on the 2011
69 dB LAeq,16 h contour. It covers the full cost of carrying out the work
which can include loft and ceiling insulation, double-glazing or external door
replacements and loft and ceiling over-boarding. Around 1200 homes located
close to the airport are entitled to this scheme (Fig. 7).

Unlike the insulation scheme funding model in France, Heathrow has introduced
its range of noise control andmitigationmeasures voluntarily, since legal instruments

Fig. 7 Boundaries of heathrow noise mitigation schemes. Source Heathrow Noise Action Plan
2019–23 @ https://www.heathrow.com/content/dam/heathrow/web/common/documents/com
pany/local-community/noise/making-heathrow-quiter/noise-action-plan/Noise_Action_Plan_2
019-2023_Supporting_Annexes.pdf

https://www.heathrow.com/content/dam/heathrow/web/common/documents/company/local-community/noise/making-heathrow-quiter/noise-action-plan/Noise_Action_Plan_2019-2023_Supporting_Annexes.pdf
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related to sound insulation at Heathrow have expired. However, the prospect of
statutory action is usually highlighted by the government if appropriate ‘voluntary’
actions are not undertaken at UK airports. For further information about the guidance
around voluntary action, please see Box 3.

Box 3 UK Guidance on sound insulation
In the UK, under Sect. 79 of the Civil Aviation Act (as subsequently amended)
the government has powers to direct airport operators to implement noise insu-
lation schemes. Although the prospect of statutory action is usually highlighted
by government if appropriate ‘voluntary’ actions are not undertaken,Heathrow,
Gatwick and Stansted as designated airports, alongwithmany of the larger non-
designated airports in the country have introduced their own noise insulation
schemes on a voluntary basis or in response to planning conditions/agreements;
schemes operated at other UK airports tend to be derived from or closely
resemble the designated airport schemes. Such has been the effectiveness of
these initiatives that the Government chose not to amend Sect. 79 in light of
conclusions to the consultation on the control of noise from aircraft published
in 2003.

The UK government remains committed to the idea that aircraft noise prob-
lems are best resolved locally and that airport operators should be expected
to take all practical steps to ensure that disturbance to those living in the
surrounding area is kept to a minimum ([7]: 7). Indications as to what consti-
tutes ‘all practical steps’ can be found in the Aerodromes (Noise Restrictions)
(Rules and Procedures) Regulations 2003 that implemented ICAO’s balanced
approach outlined above, and more generally in the White Paper of the same
year. The ‘balanced approach’was adopted asEUpolicy inMarchof 2002when
the European Parliament and Council approved on the Directive 2002/30/EC
on the establishment of rules and procedures with regard to the introduction of
noise-related operating restrictions at Community airports.

The White Paper “The Future of Air Transport” [7], set out a strategy for
the future of the industry in the UK that ‘balances’ the desire for growth with
the need to ‘reduce and mitigate the environmental impacts of air transport and
of airport development’ (p.29). It identified the measures that the government
expects airport operators to adopt in order to help those affected by noise when
new airport development takes place, these include:

• A continuation of the voluntary noise insulation grant schemes which take
as their guideline threshold the 69dBA Leq 16 h contour for 2002.

• The adoption at larger airports (those with more than 50,000 movements a
year), of mitigation measures that:

– Offer households who are subject to high levels of noise (69dBA Leq or
more) assistance with the costs of relocating; and
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– Offer acoustic/sound insulation (applied to residential properties) to
other noise sensitive buildings, such as schools and hospitals, exposed
to medium to high levels of noise (63dBA Leq or more).

Thus, in the UK, the extent and generosity of sound insulation schemes is
largely determined by voluntary action. The value of these actions in main-
taining/improving relationships with local communities is emphasised in the
UK Airport Operators Association’s Environmental Guidance Manual for
Airports.

In order to understand peoples’ experience of living in the vicinity of/under en-
route paths to/from Heathrow and their views on sound insulation, telephone inter-
views were carried out in September 2020. While focus groups had been planned
for this aspect of the work also, interviews were adopted due to the need for social
distancing during the pandemic. Participants were recruited through a local civic
group, HACAN (Heathrow Association for the Control of Aircraft Noise) and
included ten respondents. This group was purposively selected as their individual
membership of HACAN, whose role is to be a voice for those under Heathrow flight
paths, indicated that they would have some willingness to discuss issues related to
aircraft noise. It should also be noted that there was a likelihood that some of the
group may have had a willingness to oppose the airport and its activities too. This
is something that the research team were aware of but it was agreed that the group’s
views would still provide insight into individual views amongst a small self-selected
population. The interviews covered residents’ satisfaction with their area and issues
affecting their quality of life, their views about the airport and about the sound
insulation offer, and an exploration of the value they placed on the intervention.

Since this was not a randomly selected group of interviewees but a group for
whom noise was clearly already a factor, there needs to be a caveat about the repre-
sentativeness of the results. Nevertheless, this was a motivated group of individuals
who were willing to give their time to discuss quality of life in relation to aircraft
noise—something that was of immense value to the researchers during continued
restrictions due to the COVID-19 pandemic which prevented the initially planned
questionnaire and focus group approach.

All ten interviewees were located to the East of the airport and variously affected
by westerly arrivals (close in at Hounslow and further out along the arrival path) or
easterly departures (one under the flightpath taking 40%of easterly departure traffic).
All had been in their properties for long periods, except for one participant who had
moved from an area near the airport to one which was even closer and had been
surprised by the apparent increase in noise intrusion, feeling that the move had been
a mistake (Fig. 8).
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Fig. 8 Location of Heathrow Airport. Source Google Maps, 2020

Sound Insulation at Marseille and Heathrow—Research Results

The research undertaken at Marseille, involving four focus groups, suggested that
insulation.

• was useful for lessening the effects of noise in wintertime when windows are
closed.

• does not have any effect on air pollution caused by aircraft.
• seems to be very effective and can reduce stress and fear of crashes when people

are inside their home.
• improves thermal comfort and contributes to a reduction of household energy

bills.

The Marseille results revealed that a sound insulation intervention should take
account of not only the indoor noise but also the outdoor noise exposure. In addition,
they indicated that it is necessary for attention to be paid to the capacity of the
intervention to improve social interactions in the respondents’ residential area and,
in particular, at home. The insulation scheme was seen as a good way to avoid
annoyance from indoor noise exposure, but it had to be complemented by other
interventions, especially when noise impacted areas are situated in a warm climate
area (thus decreasing the time spent with closed windows). Despite these findings,
the insulation scheme was well regarded by participants who intended to continue
to avail themselves of the intervention.

With specific reference to ineligible participants at Marseille, there was varied
knowledge of sound insulation. Nevertheless, participants had a favourable attitude
to the insulation scheme procedure itself, even though it was considered unnecessary
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and ineffective for noise outdoors and during the summer period when windows
remain open all day. However, they criticised the delineation of the outline of the
noise annoyancemap. In addition, they suggested that the annoyancemap be scalable
to reflect the increase in traffic and be reviewed more regularly. This group expressed
concern that enough attention was not drawn to the intervention and that its avail-
ability and details had not been sufficiently communicated to the general public and
potentially eligible people.

At Heathrow, drawing on the qualitative interviews, the research suggested that
there was generally a low level of awareness of what the airport does to minimise
noise exposure. Unsurprisingly, then, there was a low level of awareness of insulation
provision. Participants drawn from the airport amenity group generally agreed with
the principle of addressing the experience of the most noise affected, although the
means for determining this was criticised: Some either suggesting that conventional
noise measures such as Leq did not adequately reflect lived experience of a series of
aircraft noise events of greater intensity than the average noise level, or simply that
insulation should extend further out geographically and take account of the increase
in numbers of aircraft movements over the years.

Only one participant living in Hounslow (beside Heathrow on the dominant west-
erlies arrival path) was in an area covered by an insulation scheme (night noise
scheme). The sound insulation work had been done before the person moved in, and
when they tried to have further work done following the conversion of an attic, this
was seen by the airport to be outside scheme provision as it was a new alternation.
Ultimately, the participant paid for sound-insulated windows which have improved
the situation but not fully remedied it.

All Heathrow participants understood the various sound insulation schemes once
they were explained (they had been sent in advance an information sheet on the
schemes for use during the interview) and the use of Lmax footprint for the night
schemewas considered to be sensible.Overall progression of schemeswas not readily
evident, especially as the more recent QHS only covers a small number of properties.
However, the 100% funding available under the QHS was seen as an improvement;
although the 50% offer to pay towards insulation in other schemes was seen to be
unfair—with participants querying why residents should have to pay to rectify a
problem of the airport’s making. Generally, interviewers had to work hard for any
evaluative comments about sound insulation as an intervention, with participants
feeling it was impossible to provide a view without speaking to those who had been
in receipt. Nevertheless, some relevant comments were:

• Future airspace plans are more important.
• Respite is more of a contribution than insulation.
• Description feels technical.
• What’s the performance of the insulation provision? (in terms of indoor sound

level reduction).
• Offer needs to go further for different scenarios (i.e. consider each operational

mode as you are exposed throughout the time when on a particular mode).
• Full costs coverage is a clear improvement.
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• Good use of money but other things are important.
• Would be concerned about contractors and quality of installation.
• Offer makes sense from a business perspective, it ‘looks good’.
• Looks good on paper but what’s the real impact?
• Can vulnerability be factored into the qualification for insulation?

In terms of land use planning around Heathrow, it is important to highlight that
participants were generally happy to acknowledge the economic benefits from living
near to the airport, although personal accessibilitywas less of a perceived benefit. The
interviews also raised the negative issues around people who are frequent fliers and
wider environmental problems (carbon and emissions). There was universal agree-
ment that noise disbenefits outweighed any positive contribution from the airport to
local communities. Much of this conversation was overlaid with concerns about the
airport’s expansion through a third runway: the government decision in favour of
which was seen to be misplaced, leading to much criticism of named politicians and
processes of decision-making, with communities being ‘treated with total contempt’.

The participants described very little direct information from the airport and what
little there may have been as tokenistic, leaving people with a feeling of no control.
Some had participated in consultations which they felt had had some influence (e.g.
over departures after 11.30 pm) but momentum seemed to have waned.

There was a desire to be consulted but there were also fears that the airport would
control the agenda and, thus, outcomes. There was clearly room for improvement
in communication over how engagement processes can be enhanced to allow for
influence over things that currently feel out of control.

Discussion

Despite being leading airports, current sound insulation schemes at Marseille and
Heathrow are not directly designed to target and improve residents’ quality of life.
Instead, they would appear to be part of a suite of noise management tools whose
effectiveness in deployment is generally unchallenged by the airport and not suffi-
ciently finessed to meet the needs of local people, when asked about what they would
value. In attempting to evaluate the impact of these interventions after the fact, it was
clear that this is near impossible as perceptions of appropriateness and impact are
overlaid by wider perceptions of the operation/performance of the airport and indeed
its development plans.

In addition, it is important to highlight that those insulation schemes that have
been implemented have not been systematically evaluated. This can lead to repeated
implementation of the same intervention in different contexts and/or continuation of
interventions that may not be successful and may not result in the desired outcomes.
This is an important consideration in respect to land use planning: without effective
evaluation, it is impossible to ascertain whether an insulation scheme is of value to
the individuals who are in receipt of the intervention. It is, then, likely to be equally
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unfeasible to establish whether a community vulnerable to encroachment would find
value from airport provision of such sound insulation schemes.

Examining the results for the two airports further highlights that there is a high
level of variation in available funds for insulation schemes across nations. Thus,
conflicting policies and funding models can make comparison of schemes difficult
and confusing.

It is also notable that the results from Marseille and Heathrow Airports show
different impacts of sound insulation schemes on residents’ quality of life. For
example, depending on climate conditions of a region, sound insulation schemes
can greatly differ across airports and national boundaries with respect to their impact
on people’s lives.

Conclusions

Sound insulation interventions have received substantial coverage in the academic
and grey literature. However, with no evaluation of the types of schemes, it is chal-
lenging to determine best practice or potential for national experience to be globally
applicable. Nevertheless, the results show better management approaches may help
to more directly address the needs of local communities. Within this context, eval-
uation of a sound insulation scheme is essential, especially as such an intervention
may not lead to the airport’s desired outcome or may have potential unintended side
effects. By evaluating an intervention, such undesirable impacts can be identified on
a timely basis, addressed and the intervention improved accordingly. This form of
evaluation can lead to the development of best practice for use of sound insulation
in the context of land use planning. To contribute to a more holistic offer, which
includes effective evaluation, it is also important to foster effective communication
and open dialogue between an airport and its surrounding communities. Such steps
can help towards successful sound interventions that are fair and of value to residents.

Overall Discussion

TheLUPcases presented above highlight the central importance of enhanced engage-
ment with stakeholders to inform specific interventions. In the case of preventative
measures such improvement are needed to ensure coordination between competing
land uses and sufficient consideration of future change in planning provisions by
all authorities with planning responsibilities. In the case of mitigation measures,
engaging with noise affected communities allows a better understanding of’what
success looks like’ such thatmeasures canbenuance tomoredirectly address issues of
concern to local communities and thereby providingmore optimised social outcomes
valued by those same communities.
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With respect to mitigation measures, evaluation of interventions seems to be an
important, and as yet, over-looked, contributor to learning about land use planning
solutions. A brief review of regulatory and policy guidance on aircraft noise [6]
revealed considerable variability in the provision of mitigation measures across the
globe. Consequently, there is little standardisation in these areas, which makes tasks
such as benchmarking very difficult as quantitative measures of performance have
yet to be agreed upon across the airport sector. Further, the range of possible actions
and the need to tailor mitigation provisions to local needs means that actions that
are perceived to be generous and effective in one location may not receive the same
response at another airport. Indeed, any ultimate indicator of the effectiveness of these
actions (e.g. responses to community outreach, number of noise complaints, etc.)
will be the result of a number of other inputs such as the success of communication
strategies more generally and the effectiveness of attempts to manage aircraft noise
at source.

Experience suggests that if genuine evaluation of specific interventions is to be
attempted going forward, it needs to be built into the process of intervention design,
decision-making and implementation. In other words, if the criteria for judging the
success of an intervention are agreed from the outset along with the means (e.g.
metrics) to monitor and assess achievement against these success criteria, then eval-
uation processes can at least determine whether the original agreed outcomes have
been achieved and, indeed, contribute to any amendment if changes are needed to
better address agreed outcomes. Demonstrating such progress with a series of inter-
ventions overtime could contribute to more positive airport-community relationships
and thus potentially improve some of those non-acoustic factors (e.g. attitude, trust,
perception of control) known to exacerbate annoyance.

When utilising planning powers to prevent noise problems around airports, expe-
rience points to the importance of coordinated engagement and action by those
authorities with planning responsibilities if the future development of airports is to
be acknowledged in spatial development plans and thereby constraints, arising from
environmental impacts such as noise intrusion, minimised. The EU is championing
such approaches through the advocacy of SUMPs4 (Sustainable Urban Mobility
Plans) which provide a welcome addition to the land use toolkit. This approach
focuses on the involvement of citizens and stakeholders, the coordination of policies
between sectors (especially transport, land use, environment, development, energy,
safety, social and health) and wide-ranging cooperation across different layers of
government. Involvement of private actors is also considered to be relevant.

SUMPs highlight the need to cover all aspects of mobility (both people and goods),
transport modes and associated services in an integrated manner. A plan is designed
for the entire “functional urban area”, as opposed to a single municipality within
its administrative limits. Linking an airport to the neighbouring city or region will
involve an integrated land use plan in sustainable urban/regional transport plan-
ning, combining measures from different sectors and underlying gaps, conflicts and
priorities in a harmonised way.

4 Mobility Strategy | Mobility and Transport (europa.eu).
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The sustainable development concept provides a prescriptive framework for self-
governing parties to negotiate and settle differences concerning economic, social and
ecological interests over the use of land in a spirit of partnership. The inclusion of
airports in this framework addresses the existing ‘lack of interest in dialogue’ gap
between parties concerned in LUP around airports.

Thus, SUMPs are valid, available instruments that provide a framework to help
diminish/eliminate the challenges around LUP and airport development. Such an
approach to an airport-city concept will solve several existing conflicts, as the plan-
ning process to develop a metropolitan area will have to consider the sustainability
aspects of wider urban mobility, including connectivity to the airport and aspects
of noise impact and air quality. Aviation impact would be considered with other
integrated transport impacts, that is, the noise from aircraft would be integrated with
road and rail noise and the aspects of community wellbeing would be reflected in a
holistic manner.

Conclusions

The research previously described suggests that the biggest challenge to land use
planning is a history of planning of land use around airports characterised by existing
gaps and barriers. It is clear that there is a need to reverse previous poor practice.
The examples provided highlight how some airports, local andNational governments
and other stakeholders have worked together on land use planning, which is more
holistic and sensitive to economic, social and environmental needs. Nevertheless,
there is still a need for wider stakeholder engagement if LUP options are to be
aligned with community interests and thus optimise the social return on investment
in LUP interventions.

The research suggested that there was a need for common strategy and sensitive
local implementation. While the US can adjust planning processes at a state level,
EU planning systems do not afford the flexibility to accommodate for such modifi-
cation. However, the call for proactive, preventative approaches to systematic land
use planning appears to be being answered in the EU through SUMPs.5 Better inte-
gration and more strategic approaches within the context of SUMPs hold value for
prevention of encroachment and modifying noise impacts downwards.

Experience suggests that harmonised planning is preventative and, thus, prefer-
able as airports develop.However, there remains a role for reactive approacheswhich,
while they do offer some opportunity for mitigation clearly, have not been comple-
mented by evaluation. Such evaluation would allow learning to be taken forward to
the planning and development of more nuanced and tailored interventions. And, if
implemented properly, provide an evidence base of the delivery on agreed outcomes

5 More information available @ https://ec.europa.eu/transport/themes/urban/urban-mobility/
urban-mobility-actions/sustainable-urban_en).

https://ec.europa.eu/transport/themes/urban/urban-mobility/urban-mobility-actions/sustainable-urban_en
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valued by, and agreed with, communities. Thereby, helping to build better airport-
community relationships through actions that have demonstratively addressed local
needs and experience.

Finally, looking forwards, new ways of understanding personal mobility can
contribute to greater knowledge of how space is used in communities and how the
experience of noise changes with movements around airport areas. The ANIMA
project has looked at extending knowledge of personal mobility and aircraft noise
distribution through two studies:

• one using dynamic mapping of noise around airports that uses people’s daily
travel patterns to determine where they are at a particular time and how their
noise exposure changes over a day and,

• the other, looking at the usability of a specially developed online application to
gain a greater understanding of the influence of the sound and visual environment
on quality of life in airport regions. Using such techniques holds promise for
a better understanding of the noise impacts which land use planning seeks to
address.
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Impact of Aircraft Noise on Health

Sarah Benz , Julia Kuhlmann , Sonja Jeram , Susanne Bartels ,
Barbara Ohlenforst , and Dirk Schreckenberg

Abstract Aircraft noise exposure is an environmental stressor and has been linked to
various adverse health outcomes, such as annoyance, sleep disturbance, and cardio-
vascular diseases. Aircraft noise can trigger both psychological (annoyance and
disturbance) and physiological stress responses (e.g. activation of the cardiovascular
system and release of stress hormones). People are usually able to deal with this kind
of stressor. However, a constant exposure to aircraft noise can cause a continuous
state of stress. This in turn can constrain a person’s ability to regenerate and restore
its resources to cope with the noise situation. As a consequence, the risk for certain
negative health outcomes can be increased. Within the ANIMA project, literature
reviews on the effects of aircraft noise on health outcomes have been performed.

Explaining how far recent works fromWHO and beyond showed that noise-induced annoyance and
awakening are likely to mediate to more severe health impact
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This chapter gives an overview of the relevant health outcomes affected by aircraft
noise and summarises the results of different reviews and studies on these outcomes.
Additionally, the underlying mechanisms of how noise impacts health are explained
for daytime aswell as night-time aircraft noise exposure (i.e. while sleeping). Further,
the relevance of considering not only the general population, but vulnerable groups
as well (such as children and elderly people) is described. Lastly, open questions for
further studies are presented and discussed.

Keywords Aircraft noise exposure · Health outcomes · Noise annoyance · Sleep
disturbance · Cardiovascular diseases ·Mechanism · Stress

What Are the Health Impacts of Aircraft Noise Exposure

Aircraft noise exposure has been associated with various adverse health outcomes. In
the ANIMA project the impact of aircraft noise on human health and well-being was
reviewed for several health outcomes: cardiovascular diseases, sleep disturbance,
annoyance, cognition, mental health, hearing impairment and other adverse effects,
including adverse birth effects and metabolic diseases. Together, these are the crit-
ical and important health outcomes affected by environmental noise as mentioned
by the World Health Organisation’s (WHO) Environmental Noise Guidelines for the
European Region [76]. Within the ANIMA project a literature review was carried
out, including publications after the year 2014. We focused on very recent articles
as earlier publications are already evaluated by the WHO (see https://www.mdpi.
com/journal/ijerph/special_issues/WHO_reviews). The outcomes from the litera-
ture review are published in the report ‘Recommendations on noise and health
(Deliverable D2.3, [41]).

The WHO reviews as well as the ANIMA literature review demonstrate associa-
tions between long-term aircraft noise exposure and ischemic heart disease, annoy-
ance, reading and oral comprehension in school children as well as sleep distur-
bance during the night. In the ANIMA review, associations were made between
sleep disturbance, annoyance and certain long-term health outcomes, indicating that
self-reported sleep disturbance and annoyance may be mediators of adverse health
outcomes. In the following sections new findings on the effects of aircraft noise
exposure on different health outcomes are summarised.

Cardiovascular Diseases

Several cardiovascular health effects were investigated, such as hypertension (high
blood pressure), ischaemic heart disease (coronary artery disease) and stroke. New
studies show that aircraft noise exposure may increase the risk of hypertension,
especially if exposure is high during the night time. Evidence on heart diseases needs

https://www.mdpi.com/journal/ijerph/special_issues/WHO_reviews
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cautious interpretation and further research. It was not shown that an increased risk
for stroke is associated with increased aircraft noise exposure. The lack of statistical
significance could be related to the small number of persons which are exposed to the
highest levels of aircraft noise. The studies investigated either the prevalence or the
incidence of diseases associated with aircraft noise exposure. Prevalence describes
the occurrence of a disease in a higher aircraft noise exposed population relative to
the occurrence of the disease in a less exposed population. The aircraft noise induced
incidence of a disease, however, refers to the occurrence of new cases of this disease
in a high exposed population compared to new cases in an unexposed or less exposed
population.

Circulatory System and Hypertensive Heart Diseases

TheWHOreviewdid not show a significant increase of the risk for hypertension asso-
ciated with increased aircraft noise exposure. However, such risk was confirmed in
case of road traffic noise [76]. TheANIMA literature review included ten publications
on the circulatory system and hypertensive diseases.

The exposure to aircraft noise at night was frequently included in new studies of
the circulatory system and hypertensive heart diseases. An association between the
risk of hypertension and exposure to night-time aircraft noise reached 34% increase
related to 10 dB increase in Lnight. Additionally, two recent studies show a significant
impact of aircraft noise on hypertensive heart disease. The importance of exposure
during the night is evident [58, 59]. However, even when significantly increased risk
for hypertension incidence was observed for individuals exposed to aircraft noise at
levels of 50-54 dB LAeq24h the conclusion in a large case–control study was that
there is no association between air traffic noise and hypertension [77].

Overall, new studies show and confirm the WHO statement on the association
between aircraft noise and hypertension and add evidence on the importance of also
considering the night-time noise exposure. Studies with additional methodological
improvements would be needed to further reduce inconsistencies and improve the
quality. Still, the findings of new cohort studies seem to point toward a harmful effect
caused by aircraft noise exposure [29].

Ischaemic Heart Disease and Other Forms of Heart Diseases

The WHO review showed a significant but small increased risk for ischaemic heart
disease incidence associatedwith increased aircraft noise exposure [76]. TheANIMA
review included five publications on ischaemic heart diseases, myocardial infarction,
cardiac arrhythmia and heart failure.

New studies use different approaches to examine the association between aircraft
noise exposure and the occurrence of a disease. For example, different noise indica-
tors were considered such as the intermittency ratio. The intermittency ratio, which
is a noise parameter that describes how strongly a noise event emerges from the
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background, at night showed stronger relation to myocardial infarction hazard than
continuous noise levels of the same average level. With respect to myocardial infarc-
tion, the most sensitive time of noise exposure was between 5.00 and 6.00 a.m.
However, this was not confirmed by other researchers. Another approach is to use
the mortality rate ratio (MRR). The MRR from cardiovascular disease resulted in
an increase of 18% per 10 dB of the overall day exposure Lden to aircraft noise. For
coronary heart disease and myocardial infarction, the MRR increased with 24% and
28% per 10 dB, respectively, and was higher for men compared to women [23]. For
other forms of heart disease, an arrhythmia was observed during the night and heart
failure or hypertensive heart disease was reported to be associated with aircraft noise
exposure.

The association observed between aircraft noise exposure and risk of myocar-
dial infarction or mortality from ischaemic heart disease or other forms of heart
diseases needs cautious interpretation. The heart diseases are all in all multi-factorial
determined and the impact of aircraft noise is relatively small. However, it becomes
relevant given that in a population even health effects of small size sum up to a
considerable number of people suffering from severe health problems.

Stroke

The WHO review did not show a significant increase of risk for stroke associ-
ated with increased aircraft noise exposure [76]. The ANIMA review included four
publications on cerebrovascular disease including different types of stroke.

Overall, there is no conclusive evidence with respect to an association between
aircraft noise exposure and stroke.

The findings of the recent Swiss National Cohort around Zurich Airport between
2000 and 2015 suggest that night-time aircraft noise can trigger acute cardiovascular
mortality with a similar association found in previous studies for long-term aircraft
noise exposure [58]. The RIVM review [70] and the review on aviation noise and
public health [29] confirm the WHO conclusion that there is no evidence of risk for
stroke associated with aircraft noise.

Key Message
Several studies on cardiovascular diseases show an association with aircraft noise
exposure. However, they lack conclusive results. New studies add information on the
importance of the night-time exposure to noise, and also the number and the level of
individual noise events, therefore they should be considered in more detail.

Sleep Disturbance

The WHO review showed a significant increase in the probability of additional
awakenings due to aircraft noise related to noise indicator LSmax and an increase
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in percentage of persons reporting to be highly sleep disturbed (%HSD) in relation
to noise indicator for night-time Lnight [76]. The literature review conducted within
ANIMA identified 24 publications comprising journal papers as well as conference
proceedings.

The vast majority of the studies refer to cross-sectional studies in the field. Three
studies have undertaken a pre-post-comparison for sleep disturbance/sleep quality
before and after the change of a night flight regime [48, 61, 66]. In eight publications,
disturbancewas assessed by physiologicalmeasurements [4, 7, 19, 37, 47, 48, 49, 63].
Twenty-one studies used self-reports to assess different sleep outcomes for aircraft
noise, such as insomnia, awakenings, and sleep quality. Only six of these studies
specifically referred to aircraft noise as the source for disturbance [13, 17, 48, 51,
57, 60], whilst thirteen others did not [4, 7, 15, 34–37, 39, 43, 50, 56, 59, 63, 66].
Two studies applied both neutral sleep quality questions but also questions referring
to aircraft noise as the source for sleep disturbance [52, 55].

Results of recent studies are generally in linewith the findings of theWHO review.
Physiologically measured disturbances of sleep quality, represented by an increase
of the time to fall asleep and wake time, number of awakenings or increased motility
were found for an increase in the exposure represented by higher average night
levels or a higher number of (loud) aircraft noise events. Studies using physiological
measurements confirmed the significant impact of themaximum sound pressure level
on the probability for awakening reactions. In one study [63], however, results were
not statistically significant, most probably due to the small sample of participants.
The benefit of the implementation of a night curfew from 23:00 to 05:00 at a large
German airport (Frankfurt Airport) was demonstrated with regard to the number of
awakenings per night, total sleep time and also the time spent in deep sleep [48].
However, residents reported higher sleep disturbance and an increased number of
awakenings in the early morning coinciding with the end of the night curfew at
05:00 [60]. Thus, the benefit of this night curfew is rather ambiguous.

A laboratory study compared the impact of the three major traffic noise sources—
air, railway and road traffic—and revealed that the probability to wake up from equal
maximum levels increased in the order aircraft < road < railway noise. This order
is reversed to that usually found for self-reported long-term sleep-disturbance, and
annoyance [19].

Since the assessment of both exposure variables and sleep outcomes differed
considerably between the eight studies included in this review, a comparison between
results is not possible.

Effects of aircraft noise exposure were also shown for self-reported sleep distur-
bances, decreased sleep quality or similar sleep outcomes. Eighteen of the twenty-
one publications report an effect of aircraft noise on participants’ self-reported sleep
outcomes. Studies not showing an effect all referred to general sleep outcomes not
mentioning aircraft noise as the source for sleep disturbances. The conclusion that
effects of aircraft noise exposure on self-reported sleep disturbance are higher when
aircraft noise was mentioned as a source for the sleep disturbances, was already
drawn in the recent WHO evidence review on the impact of environmental noise
on sleep [6]. The magnitude of effect also depended on the assessment methods



178 S. Benz et al.

for aircraft noise exposure. The magnitude of effect was enhanced in comparisons
between exposure groups vs. control groups and low exposure vs. high exposure
(e.g., [38, 43]). In contrast, when aircraft noise exposure was represented by average
sound pressure levels or the number of aircraft noise events during the night, not all
studies revealed a significant association to sleep disturbances or sleep quality (e.g.,
[37, 63]). It was concluded that average noise levels were not sufficient predictors for
sleep disturbances and the number of events and maximum level should be taken into
account as well. The Intermittency Ratio has been shown to be a relevant predictor
of self-reported sleep disturbance and adding important information to average noise
levels [13, 57].

Overall, self-reported sleep disturbance or decreased sleep quality do not neces-
sarily reflect the physiologically measured sleep quality or sleep disturbances due to
aircraft noise (e.g., [4, 48]). The studies included in this review using measures of
self-reports differed considerably with regard to the assessed sleep outcomes (sleep
disturbances (e.g., in Brink [13]), insomnia (e.g., in Kwak et al. [43]) etc.) and ques-
tions used for this assessment, e.g. specifically if sleep disturbances are attributed to
aircraft noise in the wording of questions (e.g., in Röösli et al., [57]) or not (e.g.,in
Janssen et al. [37]). Therefore, the possibility to compare the results of the various
studies is limited.

Key Message
Physiological measurements reveal sleep disturbances due to aircraft noise expo-
sure, mainly represented by awakenings. Self-reported measures of sleep outcomes
are affected by aircraft noise exposure, too, but do not necessarily reflect physio-
logically measured sleep outcomes. The magnitude of the effect of aircraft noise
exposure on sleep is influenced both by the assessment of exposure variables and
sleep outcomes. Average sound pressure levels are insufficient predictors of both
physiologically-measured and self-reported sleep outcomes. The number of noise
events and maximum levels should be considered, too.

Cognitive Impairment

TheWHO review on cognition showed that most of the studies focus on the impact of
aircraft noise on children. Children exposed to aircraft noise above 55 dB Lden have
a higher risk of experiencing cognitive constraints related to their reading skills and
oral comprehension [57]. The ANIMA review included only one new publication
on cognitive impairment in children [39]. In this new study, a 20 dBA increase in
aircraft noise exposurewas associatedwith a 2-month delay in reading abilities for the
whole sample, and with a 3-month delay in the subsample of non-migrant children.
For the evaluation of the noise effect, other factors impacting reading should also be
considered, especially socioeconomic status and the number of books at home.
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The ANIMA review supports the WHO conclusion on the negative association
between aircraft noise exposure and reading comprehension in children. The review
on aviation noise and public health [29] confirms the WHO conclusions.

Key message
Aircraft noise has an effect on cognitive functioning in children related to reading
skills and oral comprehension. These effects are important to be considered in
protection of children’s health.

Mental Health and Well-Being

In the WHO review it was emphasised that consistent conclusions for the effects of
aircraft noise exposure on mental health and well-being could not be drawn. This
is due to the small number of studies, the differences in the experimental design of
the studies and a variation of methods for noise metrics and outcome measurements.
Further, no estimates of risks could be drawn from the results [77]. In newer studies
included in the ANIMA review as well as resulting from new searches there is new
but still inconsistent evidence for a relationship between aircraft noise and mental
health.

In studies with short-term measures of well-being and quality of life, referring to
a momentary time period, higher aircraft sound levels were associated with lower
levels of happiness [28] and well-being [44]. Further, small but significant effects of
aircraft noise on quality of life were found in children [39] and adults [61], that is,
with increasing aircraft noise levels reported quality of life decreased.

In a study on the impact of aircraft noise exposure on well-being and health in
children it was shown that noise exposure had no direct effects on child-reported
physical well-being and parents’ reports of children’s health [64].

No association was found for aircraft noise exposure and the use of medica-
tion indicated for mental health issues [10], and psychological distress measures
[9]. However, in another study significant differences regarding depression scores
between high exposure groups and the control group were observed [35].

In two studies examining the long-term effect of aircraft noise on diagnoses of
depression no direct association was found for depression diagnoses one year later
in a German study [11] and ten years later in a Swiss study [25].

Finally, for diagnoses of manifest disorders a study analysing insurance data
found a positive relationship between aircraft noise exposure and diagnosed unipolar
depression when socioeconomic status was taken into account, i.e. with increasing
aircraft noise levels an increase in risk for diagnoses of depression was investigated
[62].

Results of the ANIMA review and new literature support the findings of the initial
WHO review indicating inconsistent evidence for the influence of aircraft noise on
mental health outcomes. 3 of 5 studies showed weak but significant associations of
quality of life and well-being measures with noise exposures showing health-related
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quality of life to be impaired by aircraft noise, while only two other studies found
significant evidence for the impact of aviation noise on psychological distress [9]
and diagnosed depressions [62].

However, further analyses support the assumption that there might not be a direct
effect of aviation noise on mental health measures but effects may be mediated by
annoyance, i.e. an increase in noise levels leads to an increase in annoyance ratings
which further contributes to other health effects [11, 25].

Key Message
New studies are available indicating a negative effect of aircraft noise exposure on
well-being, quality of life and diagnosed depression, but overall findings on mental
health are still inconsistent and scarce.

Hearing Impairment

The WHO review found no evidence of an association between aircraft noise expo-
sure and hearing impairment and tinnitus [77]. The ANIMA review has not identified
new studies that would investigate the association between aircraft noise exposure
and hearing impairment outcomes or tinnitus.

Key Message
There is no evidence that aircraft noisewould cause hearing impairment in the general
public.

Adverse Birth Outcomes

The WHO review identified a knowledge gap and a need for long-term studies on
adverse birth outcomes (pre-term delivery, low birth weight and congenital anoma-
lies) and other adverse effects from exposure to environmental noise, to inform future
recommendations properly [77]. The ANIMA review did not identify any new study
investigating the association between aircraft noise and adverse birth outcomes.

Key Message
There is a need for further research on the adverse birth and reproductive outcomes
due to the importance of long-term morbidity that they can cause [29].

Metabolic Diseases

The WHO identified a research gap on the impact of aircraft noise exposure on
metabolic diseases, which is why they could not draw firm conclusions [77].



Impact of Aircraft Noise on Health 181

The ANIMA review could only identify very few studies examining the impact
of aircraft noise exposure on different metabolic diseases. Two studies found a
significant increase in waist circumference per 10 dB Lden increase in aircraft noise
exposure.

Three studies are available analysing the relationship between aircraft noise expo-
sure and obesity. Two of these studies found a significant association between aircraft
noise exposure and an increase in waist circumference [21, 54]. Results by Pyko et al.
[54] further showed a significant weight gain of 0.03 kg per 10 dB Lden increase in
aircraft noise exposure. In another study, no such associationswere observed between
aircraft noise and adiposity markers as well as the development of obesity [27].

Three studies that looked at the impact of aircraft noise exposure on the incidence
or prevalence of diabetes could be identified. Two studies did not show a significant
relationship between aircraft noise and diabetes incidence and prevalence of diabetes
[21, 72], whereas Eze et al. [24] describe a significant association between aircraft
noise and incidence of diabetes, indicating that the risk of diabetes increases with
increasing noise levels.

Key Message
Overall, there are very few studies available investigating the effect of aircraft noise
exposure on metabolic diseases. Therefore, no firm conclusions can be drawn from
the current evidence. More research is needed on this topic.

Noise Annoyance—A Mediator of Aircraft Noise Effects
on Health?

Annoyance is one of themost studied and established effects of noise and is, therefore,
often used as a noise impact measure for estimation and regulation purposes. As
increasing aircraft noise exposure levels are linked to an increase in aircraft noise
annoyance, it can further be hypothesised that increasing annoyance levels might
contribute to other adverse health outcomes.

Annoyance as a stress response and health outcome itself is described as “a relation
between an acoustic situation and a person who is forced by noise to do things he/she
does notwant to do,who cognitively and emotionally evaluates this situation and feels
partly helpless” (Guski et al. [30], p. 525). Due to the multi-dimensional structure of
annoyance with its cognitive, emotional and behavioural aspects, it might be related
to, or even contribute to, various health outcomes or even to disorders.

Health outcomes can also be discussed as contributing to the manifestation of
noise annoyance. The relation of noise annoyance and health outcomes thus leads
to two questions: Do high ratings of annoyance play a role in the development and
maintenance of diseases? Are people, who are suffering from any form of disease,
more bothered, annoyed or disturbed by aircraft noise?
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New studies support an indirect role of annoyance in the relationship of aircraft
noise exposure and health outcomes. That is, noise exposure influences noise annoy-
ance, which in turn affects the health outcome. Supporting evidence for this theory
results fromstudies on the effect of aircraft noise exposure on cardiovascular diseases,
sleep outcomes, and mental health measures.

There has been a vast amount of studies on the impact of aircraft noise on cardio-
vascular diseases, but only few of them also examined the relationship to annoy-
ance. Eriksson et al. [20] found the relative risk for hypertension among participants
reporting annoyance to be higher than in participants who are not annoyed. This is
supported by findings from Babisch et al. [2] and Baudin et al. [8]. By contrast, in
a small study from Italy, no association between blood pressure and annoyance was
shown [15].

A few studies showed a link between mental health and well-being-related
measures and noise annoyance. Spilski et al. [64] reported indirect effects of aircraft
noise on physical well-being in children via noise annoyance, i.e. with an increase in
noise annoyance children’s self-reported physical well-being decreased. Similarly,
a higher risk for psychological distress was observed for people being extremely
annoyed by noise in comparison to a lower risk for people being less annoyed [9].
Baudin et al. [10] found an association between aircraft noise annoyance and the
use of anxiolytics (medication for anxiety disorders), implying a mediating role of
annoyance for the link of aircraft noise exposure to mental health outcomes.

As shown earlier, aircraft noise did not have a direct effect onmental-health related
quality of life [61] and diagnoses of depression [11], but in both studies an indirect
effect via annoyance was found. The results suggest that aircraft noise exposure
decreases mental health-related quality of life [61] and predicts the development of
depression one year later [11] via noise annoyance. Both studies further indicate
that there is a reciprocal association, i.e. that diagnoses of depression and poorer
mental-health related quality of life also contributed to higher ratings of annoyance
a year later. In addition, whereas the absolute aircraft noise level was not directly
associated with mental health-related quality of life, in one of the studies [61] it
turned out that the change in noise exposure due to the opening of a new runway lead
directly and indirectly via noise annoyance to a poorer mental health-related quality
of life. This indicates the importance of communication and engagement in airport
noise management, particularly in situations of change (see also Chaps. 8 and 9).

Moreover, effects of annoyance were also observed for sleep quality [3] and
physical activity [26]. Better rated sleep quality was accompanied with a lower rating
of long-term aircraft noise annoyance [3], while noise annoyance was negatively
associatedwith physical activity, i.e. higher ratings of transportation noise annoyance
predicted reduced physical activity [26].

Some studies even showed signs of reversed causality, i.e. the health outcome also
predicted a future increase of noise annoyance [11, 61]. This indicates that vulnera-
bility due to physiological and/or psychological health issues may limit resources to
cope with noise which can contribute to higher annoyance.
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Due to different methods to assess noise annoyance as well as different health
outcomes and measures, it is difficult to draw consistent conclusions. However,
evidence indicates that annoyance contributes to adverse mental health outcomes.

Key Message
Several studies showed a link between noise annoyance and various mental health
outcomes. As stress responses (i.e. annoyance) are considered to be an important
element in the development of some diseases it is recommended to further investigate
the relationship between annoyance and health outcomes.

Overall, the reviews highlight the importance of addressing aircraft noise annoy-
ance and sleep disturbance as the most critical outcomes. The assumption is that
interventions aiming at the reduction of noise annoyance might in turn at least
partly reduce negative health outcomes. Figure 1 gives a summary of the different
health outcomes associated with aircraft noise exposure and depicts the underlying
mechanisms and role of noise annoyance.

Fig. 1 Health effects of aircraft noise exposure and the role of annoyance
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Why Does Aircraft Noise Exposure Have an Impact
on Health?

General Health-Related Mechanisms of Aircraft Noise
Exposure

We are constantly surrounded by sound. In a general assumption, sound can be eval-
uated as positive, neutral, or negative. When sound is characterised as unpleasant
or unwanted, the notion is changed to noise. Environmental noise can cause distur-
bances, e.g. in daily activities such aswatching television, concentrating or in conver-
sations with people. Further, environmental noise can be considered as an environ-
mental stress factor that challenges the human system [12]. Stress is a reaction of the
body and mind in demanding situations. In particular, stress occurs in situations of
uncertainty and unpredictability [40]. Stress can be considered as a reaction in and
to specific situations and stimuli, but also as a process, as stress responses can trigger
subsequent reactions.

The human stress system is vital and essential to tackle demanding situations. The
human body andmind always try to maintain a state of balance [16]. In case this state
is threatened, the fight-or-flight response is activated, for example when confronted
with a dangerous wild animal. From an evolutionary perspective, this fight-or-flight
response is crucial for survival. The body shuts down current irrelevant activation
(such as digestion etc.) while enhancing all acutely vital processes to stay alert and
focused. Nowadays, acute life-threatening situations or stimuli are rather rare in
industrial countries. However, there are other situations or stimuli that trigger this
response, e.g. when environmental exposures such as noise challenge us.

In an established reaction scheme for the adverse effects of noise on health [1]
the chain is described as follows: In a hierarchical chain the sound exposure leads to
psychological effects in terms of cognitive, emotional and behavioural reactions
(annoyance and disturbance). On a physiological level it activates physiological
processes, e.g. the activation of stress hormones, that are considered as stress indi-
cators. Prolonged physiological activation through noise can trigger biological risk
factors, e.g. change in blood pressure, which are directly linked to long-term health
effects [1].

An individual evaluation of the situation or stimulus further plays a key role in
the stress mechanism. Psychological models suggest that for a stress response it is
also important whether a situation or stimulus is perceived as demanding. A second
important aspect is whether an individual feels like he/she is able to cope with the
situation with the available resources [45]. Thus, when an individual feels threatened
by a noise situation, the first reaction is usually trying to cope with it, e.g. by closing
the windows.

As suggested by Stallen [65], coping and perceived control are essential concepts
influencing the degree of annoyance. Coping is an individual’s capability of having
resources to deal with the noise (or other situations) that are perceived as demanding
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and being able to apply strategies. This process of copingwith noise events is dynamic
and is associated with reappraisals of the noise situation and the success of coping.
Strategies can refer to how the noise is valued, the mindset or direct adjustments
of the behaviour to the noise conditions. This can be closing the windows when the
noise situation is perceived as disturbing. Coping directly relates to perceived control,
which can be described as an individual’s belief of being capable to influence certain
events in its life. To be able to cope means that one perceives having control over the
situation (and vice versa), this in turn can decrease annoyance. Hence, when one is
able to cope, one experiences less stress, i.e. less annoyance (See also Chap. 8).

Furthermore, the resources to cope with demanding situations from time to time
require restoration. Being in nature, having access to green areas and doing physical
activities outdoors allow recovery [18, 32, 31]. Studies show that transportation noise
is not only a stressor in itself, but hinders outdoor physical activities and constrains
the restorative environmental qualities, thus hampering recovery from daily stress
[26, 73, 74]. This means, if an environmental demand lasts over a long period of
time, resources for coping decline, and restoration is constrained. Long-term stress
can be harmful and the degree of annoyance can vary.

It is important to note that a physiological stress response is not independent from
a psychological stress response as they are naturally linked and contribute to each
other, e.g. being annoyed by noise and the release of stress hormones are reciprocally
related. Further, research suggests that annoyance plays a central role in the relation-
ship between aircraft noise exposure and health effects. In recent years, researchers
have started to study annoyance as a precursor/mediator for further physical and
mental health issues. That means that part of the effect of noise exposure on a health
outcome is explained by the effect of noise exposure on noise annoyance, which in
turn contributes to health effects (examples are described in the section on annoyance
as a mediator).

Whether an individual evaluates a certain situation or stimulus as stressful, and
is annoyed by it, is also determined by other factors. Acoustical features and noise
characteristics (e.g. harmfulness, intensity, duration, loudness etc.) are critical when
it comes to annoyance as some features can be more annoying than others, but also
non-acoustical factors are crucial, e.g. attitudes, concerns, expectations etc. Their
impact is elaborated on further in Chap. 8.

To summarise, noise as a stressful stimulus can affect the regulation of the human
organism [16]. Short-term reactions of the stress system to noise might not be prob-
lematic. Stress responses only become unhealthywhen activation of the stress system
is prolonged while the resources for coping are limited. If the process of coping with
noise is not successful in the long run and recovery is not possible, it is likely that
this environmental demand together with the lack of control and ability to cope can
lead to stress-related long-term health effects.
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Health-Related Mechanisms of Aircraft Noise Exposure
During Sleep

Undisturbed sleep of sufficient length is a vital process for human beings, providing
the necessary daytime alertness, performance ability and health (see [5]). According
to the WHO [75], environmental noise-related self-reported sleep disturbance is
widespread in the European Region leading to the highest number of noise-related
loss of healthy life years compared to other noise health outcomes, followed by noise
annoyance. With regard to the number of healthy life years lost in the European
Union, noise-induced sleep disturbance is therefore regarded as “the most delete-
rious non-auditory effect of environmental noise exposure.” (Basner et al. [5], p. 5).
Deterioration of sleep quality and interruptions of sleep together with noise annoy-
ance [8, 10] are regarded as belonging to the possible key variables in the causal
pathway of noise-induced cardiovascular and metabolic diseases [77]. The conse-
quences of interrupted sleep from transport noise can be classified as immediate
reactions, short-term reactions, and long-term consequences [53, 75].

Nocturnal noise affects the human organism in a rather direct way. Even during
sleep in an unconscious state, the hearing system has an alerting function to prevent
harm from possible ambient threats and therefore continually inspects the environ-
ment acoustically. Sudden noise events that emerge from the background have hinted
at threats in the early history of humankind. It was necessary that humans were able
to awake and react quickly if necessary. Noisy events are subliminally perceived and
evaluated even during sleep and can provoke physiological reactions that enhance
the alertness of the individual. Therefore, meaningful noise events (e.g. one’s own
crying child) are more likely to cause reactions than less meaningful noise events
appearing at the same sound level [6].

(a) Immediate reactions to nocturnal noise
Acute noise exposure affects the function of multiple organs and systems,

including an increase in blood pressure and heart rate. These reactions are
most likely induced by the release of stress hormones, such as adrenaline and
noradrenaline. These reactions helped humans in their early history to react
adequately to the threat, i.e. to remove the threat by actively confronting it
(= fight reaction) or to flee from it (= flight reaction). These stress reac-
tions even appear when noise is not consciously perceived, e.g. during sleep.
Stress reactions due to intruding noise can disturb the balance in the organism.
These changes refer to blood pressure, blood flow, blood lipids, carbohydrates
(glucose) regulation, electrolytes, and thrombosis/fibrinolysis [75].

As a consequence of the above described stress responses, immediate reac-
tions in sleeping behaviourmay occur. These comprise short arousal responses,
changes from a deeper to a lighter sleep stage, awakenings, body movements,
and in consequence, an increase in total wake time, a reduced time in deep
sleep, and more general sleep loss [75].

(b) Short-term reactions to nocturnal noise
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As a consequence of the sleep loss and the reduced restoration during the
night, sleepiness in the morning and the following day and a reduced well-
being as well as a decrease in cognitive performance during the daytime can
occur [75].

(c) Long-term reactions
Chronic sleep loss and recurring interruptions of sleep are a major risk

factor for cardiovascular and metabolic diseases. This link set up the assump-
tions that recurring noise-induced awakenings and the resulting sleep loss may
account for the higher risks of negative health outcomes (see above) after a
longer period of aircraft noise exposure. However, the relationship between
the immediate and long-term effects of noise is not completely clear, yet, in
particular as mediators such as noise annoyance seem to play a relevant role for
long-term health effects as well [8, 9]. The assumption that noise-induced sleep
disturbance is part of the causal pathway from nocturnal exposure to increased
risks for cardiovascular and metabolic diseases is often replicated (e.g. WHO,
[76]), evidence for the mediating effect is scarce [56] or contradictory [21].
Very recently it was concluded that nocturnal aircraft noise exposure increases
the risk of developing hypertension via a direct effect on blood pressure as well
as via a mediated effect as a consequence of chronic sleep disturbance [56].

The appearance of acute reactions to nocturnal aircraft noise do not differ from
natural reactions, such as spontaneous awakenings. However, a considerable increase
in the number of these immediate reactions is assumed to constitute a health issue
as it reduces the restorative power of sleep [6, 75]. Healthy adult individuals briefly
awaken approximately 20 times during an 8 h night and most of these awakenings
are too short to be remembered the next day. Up to now, it is not clear how many
additional noise-induced awakenings are needed to cause adverse effects on restora-
tion and health. Large differences between individuals are assumed with regard to
an acceptable number of additional noise-induced awakenings depending on the
vulnerability of the individual towards noise effects and the presence of additional,
non-acoustical risk factors for health outcomes [6]. Several vulnerability factors are
discussed below.

Individual Risk Factors in the Causal Chain from Noise
to Health Outcomes

The vast majority of studies included in the WHO reviews and the ANIMA review
considered noise effects in the general population. Only few studies have focused
on so-called vulnerable groups, who are considered as more susceptible to adverse
effects of aircraft noise and at a higher than expected risk for developing particular
diseases [68]. In the context of noise-induced health effects, vulnerability factors
comprise physical and mental health parameters, phase in life, lifestyle factors and
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habits, educational and socioeconomic status as well as characteristics of the envi-
ronment. Groups considered to be at higher risks are for instance children, elderly
people, shift-workers, chronically ill including mentally ill people, noise sensitive
people as well as people with a low socioeconomic status [68]. The mechanisms
of the vulnerability factor are not fully understood yet and are not necessarily the
same for different vulnerable groups. Children, for instance, are in a sensitive devel-
opmental life stage and do not yet possess adequate strategies to cope with the
noise, although not being per se more vulnerable. They are regarded as being less
annoyed than adults, having lower risks for sleep disturbances but are more suscep-
tible for cognitive impairments and cardiovascular diseases [68]. However, recent
research in primary school children showed an aircraft noise-induced reduction of
deep sleep due to noise that is comparable to the deep sleep reductions due to obstruc-
tive sleep apnea syndrome [4], which is regarded as a risk factor for the development
of mental, metabolic and cardiovascular dysfunctions. Elderly people are likewise
not considered to be at higher risk for annoyance. But they are regarded as more
susceptible to noise-induced cardiovascular dysfunctions while their susceptibility
for sleep disturbance due to aircraft noise is not completely clear yet [68].

One crucial factor resulting in higher susceptibility, in particular for annoyance
[46] but also for cardiovascular disease [8], psychological distress as well as psychi-
atric disorders [71], is noise sensitivity. Noise sensitivity has a genetic component
but can also be the result of mental or physical illness [68]. Moreover, noise sensi-
tivity has been found to be highest in middle age, attributed to a higher workload
and caring for children or other family members [46]. In summary, it is concluded
that future research should focus on subgroups to understand the effects and mecha-
nisms of aircraft noise for health effects in populations at higher risks and to provide
group-specific exposure response relationships. Moreover, attention should be given
to potential accumulation of environmental as well as social risk factors across the
lifespan but also during specific life stages resulting in higher susceptibility to noise,
poorer capacities to cope with the noise and consequently to higher risks for adverse
health effects. Research in this field could shed more light in starting points for
intervention measures.

Current Gaps in the Relationship Between Aircraft Noise
Exposure and Health Outcomes

Despite the vast amount of studies on the impacts of aircraft noise on health, a couple
of open questions remain. Study results have shown the association between aircraft
noise exposure and aircraft noise annoyance as well as aircraft noise induced sleep
disturbances (https://www.mdpi.com/journal/ijerph/special_issues/WHO_reviews).
Sleep disturbance and aircraft noise annoyance highly correlate with each other [67]
and are thought to be relevant in the causal pathway from aircraft noise exposure
to cardiovascular diseases [22]. However, the causal link between noise annoyance

https://www.mdpi.com/journal/ijerph/special_issues/WHO_reviews
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and sleep disturbance is still unclear, i.e. whether aircraft noise annoyance facilitates
sleep disturbances or whether sleep disturbances foster aircraft noise annoyance. A
reciprocal relationship between these two factors is also conceivable. That is, sleep
disturbance caused by aircraft noise can cause tiredness and reduce one’s resources
during daytime. This in turn could contribute to aircraft noise annoyance. On the
other hand, if one feels annoyed by aircraft noise, this could affect one’s sleep and
one is more easily disturbed by aircraft noise at bedtime. Results from one study
indicate the former: a higher self-reported sleep quality was linked to lower long-
term aircraft noise annoyance [3]. However, empirical evidence on this relation is
still scarce.

An analysis done by Schreckenberg et al. [61] using longitudinal data from the
NORAH study focused on the relationship between aircraft noise annoyance and
mental health-related quality of life (HQoL) and results indicate a reciprocal relation-
ship between these two factors. A detailed overview of studies related to annoyance
and mental health is provided by van Kamp and Davies’ review [69]. Overall, there
are mixed results regarding a direct relationship between aircraft noise exposure and
mental health. However, noise annoyance seems to be a relevant mediator. Further,
Kamp and Davies [69] reviewed studies including noise sensitivity as one additional
important modifying factor.

Many studies examine the relationship between aircraft noise exposure and
various health outcomes, such as sleep disturbances or cardiovascular diseases.
However, there are limitations in some of those studies that need further consid-
eration and should be addressed in future studies accordingly [42]. Limitations can
encompass the study design itself, including the question of causality, noise expo-
sure assessment and outcome operationalisation, aspects concerning the response
rates and the disregard of potential confounding factors (i.e. other factors that might
additionally influence the health outcome).

To tackle the question of causality, i.e. whether factor A causes B or vice versa,
prospective, long-term studies with (at least) twomeasurements should be conducted
to establish a potential causal relationship. Another limitation for some studies is a
selective non-response, i.e. people with certain characteristics do not participate or
participate to a much lesser extent. For example, in online surveys, elderly people
are often underrepresented. Aspects such as these need to be considered.

The Lden is probably the most frequently used noise metric assessing noise expo-
sure. However, there is a debate about whether this is always the best option to
choose. Other metrics may be better suited to reflect the actual sound environment
or better fit examining the research question at hand (e.g. [33]).

When looking at the relationship between noise exposure and different diseases,
the operationalisation of the outcome is very important. One can rely on self-report
health measures or use health data provided by insurances or other institutions that
contain medical diagnoses. However, both data sources can lead to an under- and
overestimation of a disease. Further, health data may lack relevant information on
specific characteristics or behaviours of a person that might additionally influence
the health outcome (confounding factors).
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Future studies should aim to address the above-mentioned limitations to improve
data quality and generate valid and robust evidence.

Conclusions

Aircraft noise exposure poses aworldwide health issue. Literature reviews conducted
by WHO and within ANIMA have identified a relationship between aircraft noise
exposure and adverse health outcomes such as annoyance, sleep disturbance, and
cardiovascular diseases. Further, more recent studies found evidence for an impact of
aircraft noise exposure onmental healthmeasures. It has been found that noise annoy-
ance and sleep disturbance also play a role as mediators of adverse health effects.
A continuous experience of aircraft noise annoyance has been linked to adverse
health effects through stress mechanisms. Further sleep disturbance has been found
to promote adverse health effects, e.g. for cardiovascular diseases. Consequently,
reducing noise annoyance and sleep disturbance can help to decrease adverse health
effects and to improve people’s well-being and their quality of life. To reduce aircraft
noise annoyance there are two important aspects. First, decreasing aircraft noise
exposure should be the main focus to reduce annoyance and related health effects.
Second, the possibility to recover from the noise exposure should be accomodated,
e.g., by providing access to recreational and green areas and areas of reduced noise
exposure [34].

The number of existing studies on the various health outcomes differs enormously.
However, only a few studies are available on, e.g., metabolic diseases and as the
existing results are not consistent they do not allow for drawing firm conclusions.
There is an urgency for future research to further investigate the impact of aircraft
noise exposure on health for different populations such as vulnerable groups like
children and elderly people. As annoyance and sleep disturbance are also mediators
to health outcomes, it is essential to better understand and fully identify the underlying
mechanisms to efficiently minimise further adverse health effects.

Assessing noise exposure, its impact and related research results grants the eval-
uation of noise interventions that can be improved and harmonised after evaluation.
In the WHO Environmental Noise Guidelines for the European Region [76] this is
already acknowledged as for the first time the noise guidelines include recommen-
dations on noise interventions. The systematic WHO review on the health impact of
noise interventions [14] provides a study protocol to be followed in future research
that allows for evaluating the impact of noise interventions. This allows for the
development of proper treatment and health care, prevention of health effects and
mitigation strategies. A consistentmonitoring system could provide a comprehensive
approach to establish how interventions affect annoyance and interrelated outcomes.
With this knowledge mitigation strategies for noise annoyance can improve people’s
well-being as well as quality of life and mitigate potentially adverse long-term health
effects. A better understanding of these underlying mechanisms and the impact of
aircraft noise exposure on health can serve as an essential guidance for developing
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the specific design and targeted implementation of successful noise interventions and
mitigation strategies.
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Annoyance and Sleep Disturbance
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Abstract Annoyance and sleep disturbances due to aircraft noise represent a major
burden of disease. They are considered as health effects as well as part of the causal
pathway from exposure to long-term effects such as cardiovascular and metabolic
diseases as well as mental disorders (e.g. depression). Both annoyance and sleep
disturbance are not only determined by the noise exposure, but also to a consid-
erable extent by non-acoustic factors. This chapter summarises the most relevant
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non-acoustic factors and briefly explains their mechanisms on annoyance and sleep
as well as the potential to address these factors via interventionmethods aiming at the
reduction of adverse noise outcomes and an increase in the quality of life of airport
residents. Here, the focus is on airport management measures that are considered to
help improve the residents’ coping capacity. Findings from the ANIMA case studies
with regard to main aspects of quality of life in airport residents around European
airports are briefly reported and recommendations for a community-oriented airport
management are derived.

Keywords Noise annoyance · Sleep disturbance · Quality of life · Coping ·
Non-acoustic factors · Interventions

Annoyance as the Most Common Psychological Effect
of Noise and Its Non-Acoustic Influence Factors

Annoyance due to aircraft noise includes behavioral, emotional and cognitive
elements. These are (a) the feeling of disturbance due to noise combined with behav-
ioral responses in order tominimise the disturbance, e.g. closing thewindow to reduce
the noise from outdoors, (b) an emotional/attitudinal response like anger about the
noise and a negative attitude towards the noise source, and (c) a cognitive response
like the distressful insight that one cannot do much against this unwanted situation.

The multifaceted definition of annoyance already hints at several factors influ-
encing an individual’s reaction to noise. Following the research outcomes on noise
effects, only about one third of the variations in long-term annoyance judgments can
be explained by variables representing the average noise exposure such as Lden, Ldn,
or LAeq [1]. Another third of the variation in noise annoyance ratings can be explained
by non-acoustic factors, whilst the last third of variance has remained unexplained so
far. Non-acoustic factors can be roughly described as those factors “which are not
directly connected to the nature of the sound” [2]. Most researchers have defined
non-acoustic factors as being those variables that modify, moderate or co-determine
responses to noise, but not being part of the causal chain from sound via disturbances
to annoyance and further health-related outcomes [e.g., 1]. In order to categorise the
manifold non-acoustic factors, it seems plausible to discriminate between factors
referring to attitudes and traits of the individuals exposed to noise (personal and
social factors) and factors referring to the context of the noise situation (contextual
and situational factors) [3]. Moreover, factors exist that refer to the social aspects of
the noise management at the noise source. In the following, these factors are listed up
and briefly explained with the focus on insights on individual strategies to cope with
noise that turn out to be more or less successful. Results from ANIMA [4] under-
line the importance of considering coping strategies and possibilities more deeply
to get a better understanding of the association between aircraft noise exposure and
annoyance.
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Personal and Social Factors

Attitudes, Concerns, and Expectations

Attitudes, concerns, and expectations belong to the most important non-acoustic
factors influencing annoyance [e.g., 5, 6]. Positive evaluations of the noise source,
such as the belief that the noise source is important for the local economy, reduce
noise annoyance [7] whilst negative attitudes and concerns about the negative health
outcomes and in particular the fear of aircraft crashes increase annoyance [e.g., 7,
8]. Aviation-related fears and negative attitudes can contribute even more to aircraft
noise annoyance during the past 12 months than the average indicators of noise level
such as Lden, Ldn, or LAeq [e.g., 7, 8].Annoyance is also enhanced in individuals who
believe that the noise situation will worsen in the future [e.g., 8, 9] and in individuals
who generally prioritise environmental and silence aspects to economic issues when
it comes to airport-related decisions [3, 9].

Noise Sensitivity and Personality Traits

Noise sensitivity is considered as a stable personality trait with regard to an indi-
vidual’s general susceptibility to noise [10] that may be associated with a more
general disposition for experiencing negative emotions, such as anger, tension or
anxiety [11, 12].Noise sensitivity is considered as oneof themost influential variables
of noise annoyance besides the above-mentioned attitudes [e.g., 5].

Coping Strategies

The ability to cope with a noise situation depends on possibilities for control and can
differ from one person to another. There are three main ways for a person to deal
with noise exposure:

1. Adopt a short-term coping strategy referring to the “here and now”, such as
strategies that focus on problem-solving or emotions at a given moment. These
strategies target the adaptation to the noise exposure via actions to reduce the
discomfort induced by the noise, e.g. by cognitive rationalisation, escaping from
noise or at least attempting to decrease it, and by covering the noise source [13].

2. Adopt a long-term coping strategy that refers to taking actions against the annoy-
ance and its resolution, for example, by participating in citizens’ groups and
developing collective strategies to change regulations, by moving to another
life place [13] or by simply complaining to the airport.

3. Do not adopt any coping strategies, which can be explained either by the fact
that the exposed individuals do not perceive any discomfort, that they are able
to delegate the responsibility, or that they feel not to have control over the noise
situation and/or that they experience so-called learned helplessness [14]. The
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latter is an adverse mental outcome developed by people who repeatedly feel a
real or perceived absence of control over the outcome of a stressful situation. As
a consequence, they have learned that they are seemingly unable to control or
change anything, and hence are helpless in this situation.Residentswho resigned
to the stressful noise situation are at higher risk to develop health problems.

In view of this, the ability to cope and coping strategies of an individual are obvi-
ously important non-acoustic factors that determine the way of living with noise
exposure. And this goes far beyond the mere feeling of annoyance. Coping strategies
are therefore considered as a factor involved in the causal pathway from noise expo-
sure to health impacts [15]. However, several questions are not fully resolved: Does
the inability to cope have an impact on annoyance as suggested by [16]?Does learned
helplessness tend to reinforce negative emotions that would foster annoyance? Future
research should bring light in this circle of exposure, annoyance, learned helpless-
ness and health risks. What are the options to break it, e.g. by providing adequate
possibilities to improve coping capacities and by having control over a noise situ-
ation? There is already evidence that personal control and learned helplessness are
relevant intervening factors in the causal chain from noise exposure to annoyance and
further health outcomes [e.g. 8, 17].However, systematic knowledge about successful
interventions improving the process of coping with noise is lacking.

Trust in Authorities and Perceived Fairness

The aforementioned ability to cope and the psychological aspects of perceived control
are not only dependent on individual abilities and convictions. The behavior of the
airport managers also plays a role including to what extent it is perceived as trust-
worthy and fair in regard to the affected residents [1, 18]. In this context,many aspects
impact on the perception of trust and fairness, but among them is the perception that
the airport authorities do their best to avoid unnecessary noise and a perception of an
airport communicating honestly and taking the concerns of noise-affected residents
seriously. Fairness aspects are strongly related to trust in authority and seem, thus,
to be able to reduce annoyance by implementing a consistently fair communication.
Fairness aspects have been known to play an important role in various fields (e.g. in
the organisational and judicial context) since the 1970s and recently gained attention
also in the context of aircraft noise exposure [19, 20]. Research on fairness has iden-
tified a variety of different factors that are important for establishing an environment
that allows building trust through fairness. These factors are considered in detail
in Chap. 11 and recommendations are made how these can be taken up by airport
management.
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Residential Satisfaction

Residential satisfaction is a frequently studied factor in the socio-psychological
field. There is evidence showing that feeling well in the neighbourhood and being
content with its (acoustic) appearance and infrastructure impacts annoyance [3, 6,
9]. However, since residential satisfaction also has a strong subjective component
and noise effect studies including residential satisfaction are mostly cross-sectional,
it is also conceivable that residential satisfaction is rather a consequence of noise
affected by annoyance [21].

Demographics

Although often examined in annoyance research, significant effects of demographic
factors such as age, gender, occupational status, educational level, homeownership,
dependency on the noise source, and use of the noise source, on annoyance were
only seldomly found and if so, they were small [5, 6]. Age has a rather curvilinear
effect; i.e. relatively young and relatively old people are less annoyed [5] whilst
gender seems to have no influence on annoyance at all. Slightly higher annoyance
is reported for people with higher educational level and occupational status, for
homeowners, and for people who neither are dependent on the noise source nor use
it [5].

Contextual and Situational Factors

Degree of Urbanisation and Background Noise Exposure

A typical factor that is lying outside an individual and that persists across different
noise situations is the surrounding of an individual. There is at least some evidence
that the type of the neighborhood has an influence on annoyance. Noise annoyance
seems to be highest in rural areas, followed by suburban, urban, commercial, and
industrial areas in decreasing order [3, 22]. Indeed, in an urban area, residents’ expec-
tations are congruent with the noise in contrast to rural environments representing
a much more peaceful place for people where noise is not expected. The specific
situation in rural areas needs to be taken into account for airports surrounded by
rather rural areas.

Access to Greenery and Recreational Areas, Appearance
of Neighborhood

Coping with environmental stress as produced by noise requires an individual’s
resources and coping capabilities to be restored. Access to nature or green areas is
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regarded as allowing such recovery [23]. For example, the availability of vegeta-
tion and green spaces as well as the perceived neighborhood greenery can reduce
annoyance due to road traffic noise [24, 25] and railway noise [25]. However, green
areas per se do not necessarily reduce aircraft noise annoyance. The availability of
residential green areas was also shown to increase aircraft noise annoyance for those
that were still exposed to aircraft noise [25]. The reason for this might be that aircraft
noise ismore alien and intrusive in residential areas than road traffic noise [25].More-
over, the more the neighborhood is perceived as green, the more residents expect a
quieter residential environment and might regard aircraft noise as even more intru-
sive. However, green spaces as compensation strategies can encourage people living
under the flight paths to adopt more healthy coping strategies and, thus, improve
their quality of life [15]. Moreover, literature shows that the presence of vegetation
presented simultaneously with moving water can reduce annoyance as it improves
the soundscape [26, 27].

Access to a Quiet Side of the Dwelling

In the context of annoyance due to railway and road traffic, it was shown that the
possibility to escape from noise has an annoyance-reducing effect. For example,
people residing along a very busy road perceive lower annoyancewhen their bedroom
or living room is directed to a quiet façade [28, 29] that also represents a facet of
perceived control over the noise situation. Besides themere exposure reducing effect,
the visual quality of the space (a courtyard or greenery) had an impact on annoyance
[30]. Even though aircraft noise cannot be compared to road traffic noise and a quiet
façade is per se not feasible, the beneficial effect of the opportunity to escape from
noise, e.g. via a quiet room in the building or access to nearby quiet recreational
areas, is assumed to be transferable as it offers a measure to cope with the noise.

Differences in Annoyance in Changing Versus Stable Exposure Situations

A fundamental change in the noise exposure, i.e. an abrupt reduction or increase
that is not only due to temporal changes, causes different levels of annoyance than
would be expected at airports with a stable exposure. For so-called high-rate change
airports that were announced to have or that actually experienced a step change in
exposure, for instance because of the opening of a new runway, and, thus, an increase
of flight numbers, community annoyance is usually higher than at airports without
an experienced or announced change (so-called low-rate change airports) at the same
exposure level [31]. Evidence for a change effect exists both for a step-increase and
step-decrease in the noise exposure [e.g., 32]. The mechanisms of this effect are not
fully understood, yet. Several explanations including a change in residents’ attitudes
or their retaining of previous and no longer appropriate coping strategies have been
discussed [33]. Also, the time it takes the change effect to extinguish is only roughly
estimated ranging from several months to several years [33].
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A step change in noise exposure can also occur due to (unforeseen) events other
than operational expansions or re-organisations. In this context, the abrupt reduction
of flight numbers during the COVID-19-pandemic seems worth mentioning. The
effect of this unforeseen period of decreased aircraft noise exposure on future annoy-
ance after resuming regular operation schemes is currently not clear and warrants
consideration in future research on aircraft noise impacts. Relevant questions are, for
instance, whether and to what extent airport residents have got “used” to the reduced
noise exposure and, thus, have changed their expectation towards acceptable noise
levels in their neighbourhood area, to what extent they have changed their habits, for
instance with regard to outdoor activities and window-opening behaviour as well as,
whether residents’ general noise sensitivity and noise tolerance have changed during
the lockdown.With regard to the perception of the noise (relief) during the pandemic
and future expectations, at least some of these questions are currently targeted in [34].

Temporal Factors of a Noise Situation

As a result of a busy and noisy working environment, a demand for quiet and restful
periods, in particular during the evening and night, has been established in modern
industrialised civilisations [35, 36]. The time of day when the noise occurs is, there-
fore, a relevant situational influence factor [3, 37]. Certain times of a day coincide
with specific activities like communication including conversation, socialisation,
listening to the radio, and watching TV, prevailing in the afternoon and evening.
During the night, the need for recreation and sleep prevails [38]. The early morning
hours are likewise regarded as very susceptible to noise due to an individual’s psycho-
physiological adaptation process to the rhythm of the day [36]. Higher annoyance
was reported for the weekend [37] most likely due to the fact that the weekend coin-
cides with noise-susceptible activities, above all recreation. In general, the activities
contribute to the explanation of why at the same noise exposure level people differ
in their short-term annoyance ratings (e.g. per event, hour, or day [3]). In noise effect
studies assessing long-term noise responses (e.g. over a period of the past 12months),
activities are specifically addressed in questions on how often or how much these
activities were disturbed by noise. In these studies, activity disturbances are regarded
as primary reactions to noise preceding annoyance and not as a non-acoustic factor
modifying the annoyance without itself depending on noise exposure [e.g. 39].

This last point leads to the method of annoyance assessment. The standardised,
general one-item question and scale recommended by the International Commission
on the Biological Effects of Noise [ICBEN; 40] is the most common method to
assess transportation noise annoyance. Notwithstanding the huge benefits of this
internationally standardised method, some deficiencies exist [41, 42] since it is not
capable of considering the time of the day the annoyance is experienced (morning,
night, etc.). The ICBEN-question refers to the past twelve months, but there is also
a bias in memory capacity. Individuals generally tend to remember mostly the very
recent or very early experiences [recency and primacy effect, 43]. With regards to
the self-assessment of annoyance, research has shown that individuals tend to refer
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to recent situations [44] or the worst situations [45]. Moreover, the semantics a
respondent puts under the term of annoyance (loudness, fear, anger, depression) may
have an effect as well. As mentioned in the beginning of this chapter, the concept
of annoyance covers behavioral, emotional and cognitive elements. Acknowledging
this, the ICBEN question makes an attempt to capture the multidimensionality of the
concept via only one single-item question that combines the aspects “annoyance”,
“disturbance”, and “bother”. Whether these concepts can really be subsumed under
the general construct of annoyance, is disputable. It could be valuable in further
research to complement the ICBEN-question by additional standardised questions
to better match the concept of annoyance [46].

Social Aspects of the Noise Management

As described, trust in authorities and perceived fairness play a major role in coping
with aircraft noise exposure. Their role can be generally extended to the experience
of a neighbourly relationshipwith the airport and its activities. Social aspects of noise
management and noise exposure are non-acoustic factors that may additionally affect
noise annoyance. Examples of such social, non-acoustic factors are:

• The effect of noise insulation on noise-induced annoyance is evident [6]. Although
exposure from outdoor noise diminished, evidence for an annoyance-reducing
effect of noise insulation is mixed. The mere fact that noise insulation has been
installed at home did not affect annoyance [9], but being satisfied with the sound
attenuation of insulation windows at home had an effect [47]. Results from
ANIMA show that insulation scheme procedure is not considered by residents as
a relevant solution depending on the season and the regional climate. It is rather
perceived as a necessary measure but not sufficient to reduce their discomfort
regarding aircraft noise [4].

• A shift or redistribution of noise exposure across populations. Such operational
measures change the exposure of the affected people, but they are also relatedwith
non-acoustic factors described above, such as the perception that noise authorities
care for the residents’ needs and health. The distribution of costs and benefits that
fall across the populationmight be uneven and perceived as unfair [4]. To solve this
problem, rigorous and accepted methods for balancing uneven costs and benefits
of aviation are required [48].

Given the nature of those social non-acoustic factors, fairness beliefs and trust in
authorities are potentially addressable by a community-oriented airportmanagement,
meaning that interventions that are undertaken are accompanied by consultation,
education and communication as well as community engagement.
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Sleep Disturbance as the Most Common Neuro-Behavioral
and Physiological Effect of Noise and Its Non-Acoustic
Influence Factors

Disturbances of sleep are a major adverse reaction to nocturnal noise and can be
manifested by changes in the sleep depth and sleep continuity and, as a consequence
of this less restorative sleep, by fatigue and a reduced cognitive performance during
the following day. As already described in Chap. 9, sudden noisy events have hinted
at threats in the early history of humankind. It was necessary that humans were able
to react quickly, including when asleep. Noisy events are, therefore, subliminally
perceived and evaluated even during sleep and can provoke physiological reactions
such as an awakening, bringing an individual back to a conscious state. The extent
of the sleep disturbance per night depends on the number of noise events and each
one’s acoustic properties, such as the level of the noise event, or the speed that the
level rises, which is an indicator of how fast the event is approaching. Potentially
threatening noise events consequently cause a reaction with higher probability [49].
Whether a noise event causes an awakening, however, does not only depend on its
acoustic properties but also on situational and personal factors.

Situational Factors

In the framework of the ANIMA-project, a standardised sleep model has been devel-
oped that describes the probability for an aircraft noise-induced awakening from
sleep that does not only include acoustic features of the aircraft noise event (e.g.
maximum level, duration, speed of the level rise) but also situational factors [50].
Whether an individual wakes up is influenced by the duration it has already been
asleep. With increasing sleep time, the internal biological drive for sleep decreases
and sleep becomes more susceptible for disturbances, as it is particularly the case in
the early morning hours. When sleep pressure is low, the human organism is not only
prone for an awakening but also has greater problems to fall asleep again [49]. The
time spent asleep is also connected to the prevailing sleep stages, which are again
influencing the probability for an aircraft noise to evoke an awakening reaction. It is
less likely to awake from deep sleep stages than from light sleep stages. Moreover,
whether an aircraft noise event causes an awakening or not is influenced by the back-
ground sound pressure level at the time when the noise event occurs. The probability
to awake is enhanced when the aircraft noise event stands out from the background
noise.
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Personal Factors

Personal factors such as age can have an influence on sleep. Sleep rhythm and the
duration spent in the different sleep stages change during a lifespan. With increasing
age, the amount of deep sleep decreases [51]. Children are less likely to awake than
adults at the same sound pressure level [52] whilst the elderly are assumed to be at
higher risks for aircraft noise induced-sleep disturbances. Age is therefore included
in the ANIMA standardised sleep model [50]. However, the effect of aircraft noise
on elderly people has sparsely been investigated. An effect of age on self-rated sleep
disturbances due to aircraft noise has recently been shown [53]. Gender is not a
relevant influence factor of the probability to awake due to aircraft noise according
to the ANIMA standardised sleep model [50] and other studies [54]. Additionally,
self-rated sleep disturbance due to aircraft noise seems not to be remarkably affected
by gender [53].

Noise sensitivity is assumed to be an important non-acoustic factor for both self-
rated sleep disturbance and acute physical reactions to transportation noise [55].
However, the evidence of differences between noise sensitive versus non-sensitive
individuals is scarce and systematic analyses of the effect of noise sensitivity on
physiologically measured sleep are lacking [54].

The extent of the impact of personal factors may also depend on the measurement
of sleep disturbance. Asking for self-rated sleep disturbances due to, e.g. aircraft
noise, leaves room for personal attitudes, emotions and knowledge similarly as it is
the case for annoyance judgments. The relation between self-rated sleep disturbance
assessed without any reference to aircraft noise and the exposure level is weaker
than when aircraft noise is explicitly mentioned as a potential source of the sleep
disturbance [49]. But also for physiologicallymeasured sleep disturbances and awak-
enings, the effect of aircraft noise exposure differs remarkably between individuals.
These differences are not fully explainable by gender, age, and noise sensitivity [54].
Attitudes towards aviation may be a source for these differences [56].

Relation Between Sleep Disturbance and Annoyance

As described above, annoyance can evolve from the repeated disturbance of intended
activities including sleeping. Annoyance is therefore sometimes regarded as one
secondary effect of sleep disturbance as well as the resulting perception of fatigue,
decreased cognitive functioning and changed mood [35]. Evidence exists that (short-
term) annoyance assessed in the morning and with regard to the past night is related
to the past night’s aircraft noise exposure [57]. Likewise, an association between
nocturnal aircraft noise exposure and cognitive functioning [58] and with self-rated
tiredness in themorning [59]was found.Nevertheless,whether annoyance judgments
are covering experiences of sleep disturbance or whether noise annoyed residents
suffer from sleep disturbance more often, is not clear yet [60]. Presumably, the
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relation between sleep disturbance and annoyance is reciprocal. Poor sleep from
nocturnal noise can affect the next day’s mood, performance and well-being and as
a consequence promote annoyance. However, feeling annoyed due to aircraft noise
during the day may affect sleep as well since annoying/upsetting situations that were
experienced during the day can be processed during sleep.

Role of Non-Acoustic Factors for Aircraft Noise
Interventions

A crucial conclusion that can be drawn from the research on the effect of non-
acoustic factors so far, is that those factors have the largest impact on the noise
response that tackle the individual’s capacity to cope with the noise. As described
above, control over the noise situation or aviation-related decisions can strengthen
one’s coping capacity. The perception of having control covers two components: On
the one hand, direct and immediate measures can be undertaken, e.g., controlling
a noise situation via closing windows, or, having access to respite locations and
periods. On the other hand, people can have indirect control via being represented
in noise-related decision-making processes and, thereby, having voice either person-
ally or through trusted authorities that act and decide on the residents’ behalf. In
that sense, it is important to distinguish long-term from short-term coping strategies
in the same way that we differentiate between long-term and short-term annoy-
ance. Short-term annoyance is associated with short-term coping strategies and can
strongly influence the discomfort felt in a specific situation. In contrast, long-term
annoyance is associated with long-term coping strategies and can have on the long
run a strong impact on residents’ health. By improving the ability of residents to
cope with their noise exposure in the long-term and not only at a given time, inter-
ventions could reduce residents’ annoyance. Residents’ coping capacity is assumed
to be enhanced by giving them decision-making power, by acknowledging them as
knowledgeable of their experiences in the field of noise exposure, by acknowledging
and considering the environmental and the health costs of each planned project, etc.
Thus, enhancing the coping capacity may tackle certain outcomes that are related
to annoyance, such as improving residents’ health, creating trust and transparency
between airport operators, authorities and residents, and savingmore time and energy
in raising aviation-related projects.

Further to the importance of perceived control for coping with noise, the possi-
bility of recreation is crucial as it allows for restoring coping capacities that are
diminishedwhen dealingwith ongoing stress. Besides continuously reducing aircraft
noise exposure as well as implementing interventions targeting non-acoustic factors,
noise management should focus on increasing people’s perceived control and coping
capacities and allow for space and time for recreation.

Therefore, some authors have categorised non-acoustic factors with regard to the
strength of importance for aircraft noise responses, in particular annoyance, and
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the modifiability by means of interventions [2, 61, 62]. A review and summary
were produced within ANIMA [63]. For this chapter, we revised and enhanced this
system of categorising non-acoustic factors by adding the assessment of the effect
of non-acoustic factors on sleep-disturbance and exemplifying how the factors can
be addressed in aircraft noise management (see Table 1).

Even when aircraft noise interventions such as those mentioned in Table 1
aim at reducing adverse noise effects addressing both acoustic as well as non-
acoustic factors of, for example, annoyance or sleep disturbance, airport operators
and aviation-related authorities have to be aware that the aircraft noise management
activities have an impact on communities’ quality of life in general. This is true for
all airport activities. Therefore, in the next section, we will describe main areas of
people’s quality of life and link them to airport/aviation activities that potentially
address these quality of life facets in an airport region.

Role of Airport Interventions on Quality of Life in Airport
Regions

There are a variety of definitions and frameworks relating to quality of life. The
WHO defines quality of life (QoL) as “an individual’s perception of their position
in life in the context of the culture and value systems in which they live and in
relation to their goals, expectations, standards and concerns” [65, p 1], which is a
broad conceptualisation that emphasises a person’s motives and perceptions. Most
of previous research has been conducted on the interaction between noise exposure
and annoyance or health-related effects. The innovative approach within the ANIMA
project addressed the relationship between aircraft noise exposure, noise annoyance,
and QoL. It is essential to understand the impact of aircraft noise management and
noise-related interventions that can influence different dimensions of QoL next to
health-relatedoutcomes.Currently, little is knownabout the quality of life dimensions
and their interactions that are important for residents around airports. For the purpose
of addressing issues that communities in the vicinity of airports face, one existing
framework, the EUROSTAT approach [66], was considered best fit and adapted in the
ANIMA project [67]. The EUROSTAT framework considers nine QoL dimensions
with specific indicators for measuring QoL: material living conditions, productive or
main activity (job), health, education, leisure, economic security and physical safety,
governance and basic rights, natural and living environment, and overall experience
of life. To some extent the different dimensions overlap and interdependencies are
likely to occur.

Within the ANIMA project, a study was conducted in four different European
airport regions in an attempt to capture crucial aspects of residents’ quality of life
[4]. A re-analysis of recently collected data from a survey conducted around Schiphol
revealed that participants living near Schiphol Airport are generally satisfied with
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Table1 Role of non-acoustic factors in aircraft noise management

Factor Effect on … Address-ability Starting points for
modification/improvement

Annoy-ance Sleep

Personal and
social factors

Attitudes,
concerns,
expectations

+ + + – Communication and engagement
campaigns accompanying
interventions and projects (e.g.
operational changes) and raising
awareness in both airport
management and the affected
communities; dialogue forum and
information service;
acknowledgement of adverse health
and environmental outcomes by
airport management; transparent
complaint management;
compensation programs with the
engagement of communities, e.g.,
via compensation that is selectable
by the residents

Trust in
authorities,
perceived fairness

+ + ? +

Coping strategies + ? + – Communication and engagement
campaigns; dialogue forum and
information service; transparent
complaint management; education
on coping possibilities; respite
times with dynamic noise maps
with information on planned air
traffic around airports making noise
exposure predictable and enabling
residents to plan noise-susceptible
(outdoor) activites

Residential
satisfaction

+ – + ? + Community engagement in design
of neighborhood appearance;
land-use planning; provision of
access to greenery and quiet
recreational areas

Demographics + – + – + – Age: Land-use planning regarding
vulnerable groups (children,
elderly, i.e. placement of
kindergartens, schools, nursing
homes)
House ownership: House purchase
scheme, noise exposure schemes

(continued)
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Table1 (continued)

Factor Effect on … Address-ability Starting points for
modification/improvement

Annoy-ance Sleep

Contextual and
situational
factors

Degree of
urbanisation &
background noise

+ + – Improved noise-sensitive land use
planning legislation; access to
recreational, calm and green areas;
operational interventionsAccess to

greenery &
recreational areas,
appearance of
neighborhood

+ – ? +

Access to a quiet
side of the
dwelling

+ + + – Insulation programs; indoor design
of dwellings and arrangement of
rooms (e.g. bedrooms); sound
adaptive buildings and urban design

Time/day when
noise occurs

+ + + Operational interventions (respite
time, night curfews); dynamic
noise maps with information on
planned air traffic around airports
making noise exposure predictable
and enabling residents to plan
noise-susceptible (outdoor)
activites; raising awareness for the
requirement of noise respite times

Social aspects of
noise
management

Insulation + + + Consultation and community
engagement; insulation programs
engaging communities, e.g., via
selectable insulation measures;
dynamic noise maps with
information for planned air traffic
around airports

Operational
intervention

+ + +

Adapted from [2, 61, 62] and modified according to the review presented in this chapter and results
obtained from ANIMA studies [4, 64]
Note + evidence for an effect or addressability is given, – evidence for an effect or addressability
is not given, + – evidence for an effect or addressability is ambivalent, ? evidence for an effect or
addressability has not yet been examined, + ? an effect is assumed but has not yet been examined.
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their residential area. However, there is a difference in people’s residential satis-
faction depending on the noise contour they live in. Although all groups were on
average either “satisfied” or “very satisfied” with their residential area, the results
suggest that the exposure to higher levels of aircraft noise may negatively affect
people’s residential satisfaction. Similar results were found conducting focus groups
around Marseille Airport. Overall, participants were satisfied with their living envi-
ronment, but aircraft noise exposure and other negative effects of air traffic were
mentioned as aspects of their residential area negatively affecting their QoL. People
living around Frankfurt Airport were asked about their understanding of quality of
life. They mentioned aspects such as family, health, nature, the social and living
environment, and security. Most participants stated that their living environment has
a crucial impact on their quality of life, which can be both positive (nature) and
negative (noise). When asked about their living environment, residents living near
Heathrow Airport mentioned, for example, being concerned about air quality and
noise pollution. With respect to quality of life, they rated the existing infrastructure
and nature as positive aspects and mentioned negative aspects such as road traffic
and an increase in aircraft noise.

At the end of 2020, a survey of various factors related to QoL and the impact of
aviation during Covid-19 was carried out to gain a better understanding of the effect
of less air traffic on residents’ perception of aviation. To this end, a group of people
living close to Schiphol was compared with a group living around the city of Utrecht.
The results suggest that the group living around Utrecht (placed nearer to the local
airport) takes a more negative view of aviation than the group living near Schiphol
(living further away from the local airport). This negative affinity with aviation is
also supported by other recent Dutch studies [e.g., 68].

In the section above, it was explained that non-acoustic factors of annoyance refer-
ring to attitudes, concerns, personal traits, residential satisfaction and demographics
of the person exposed to aircraft noise, affect the perception of annoyance. Results
from case studies conductedwithinANIMA suggest an interaction of several of those
non-acoustic factors and a direct impact on people’s QoL. If people were exposed
to higher noise levels they reported lower residential satisfaction and other negative
effects of air traffic seemed to negatively affect their QoL. When noise exposure
increases, the balance between advantages and disadvantages of the noise exposure
may shift. People living closest to airports do not necessarily havemore benefits such
as mobility, or economic safety.

Natural and Living Environment

High exposure to aircraft noise may have a negative impact on residents’ natural
and living environment as it disturbs people’s daily activities. People might be more
concerned about the noise exposure, increasing air traffic, lowering housing prices,
lower air quality, negative developmental effects in children and the feeling of shame
for the noise. When people feel ashamed in front of their friends or families for the
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noise exposure at their homes, a direct negative impact on their social life is likely to
result.Non-acoustic factors such as increased concernsmayalter people’swell-being,
impact their health and their social life and in that way affect their QoL.

Productive or Main Activity

It seems that an economic relationship with the airport creates fewer negative asso-
ciations with aviation. Most people working for the aviation industry trust their
company and they identify themselves with aviation and their work. Their residen-
tial satisfaction may be high and together with less concerns their perception of
noise annoyance may be limited. In this way, non-acoustic factors related to noise
annoyance are intertwined with the residents’ QoL.

Education and Leisure

There are dimensions where airports can have a direct positive impact on their
neighborhood. Airports can have a beneficial take on improving quality of life in
adding value to certain aspects such as structural improvements (e.g. infrastruc-
ture), supporting leisure activities in sponsoring training gear for local sports clubs,
providing access to education, knowledge, public activities, leisure and cultural
places, general aviation or drone areas. Research indicated that children living in
the vicinity of airports show impaired reading abilities, explained by aircraft noise
exposure [69]. Creating access to education, knowledge, libraries and learning facili-
ties may be a way to respond to impaired reading abilities or even counteract adverse
effects. Regarding leisure time, asmentioned in the section on the non-acoustic factor
of “Access to greenery and recreational areas” the possibility to recreate is able to
minimise annoyance. In addition, it is also an important aspect of QoL, both for
children, and adults in general as it allows physical activities, learning by playing, it
improves health and allows for recovery from daily stress.

Using a concept like QoL to assess the impact of an airport on its surroundings
allows for observing both positive and negative consequences that are linked to
the airport. Next to decreasing people’s stress response to noise, i.e. annoyance, by
reducing the noise exposure, it can be useful to improve their QoL as this can help
increase people’s coping capacities. While many interventions aimed at reducing or
minimising noise responses in the past, only few interventions additionally focused
on improving quality of life specifically.Although not specifically addressed, existing
interventions can have unintended (positive) side effects on residents’ QoL. Several
studies have linked aircraft noise annoyance to health-related QoL [e.g. 16].

In addition, QoL factors might be positively influenced in an indirect way. By
improving residents’ QoL, airports can affect non-acoustic factors of annoyance
such as concerns, negative attitudes and residential satisfaction. Building on the
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relationship and creating trust requires frequent and transparent communication.
Well-developed community engagement strategies should strongly focus on estab-
lishing a good relationship and not only be applied when an operational change or
procedure is planned. Another important aspect is commitment to engage residents.
When carrying out community engagement actions, people’s opinions and the local
situation need to be considered. Feedback should be provided and information on
the progress of investigated topics should be reported back to the residents. When
airport management engages and establishes good relationships with their neighbor-
hood the feeling of being in control and empowerment might be granted to the resi-
dents. Trust in aviation and the related authorities can improve people’s QoL. When
considering QoL and aiming at improvements in QoL dimensions/aspects through
interventions, it is necessary to focus on local characteristics and tailor interventions
to the conditions and local issues of the targeted area.

Conclusions: How to Deal with Non-Acoustic Factors
in Aircraft Noise Management?

This chapter has highlighted the importance of considering non-acoustic factors
in aviation-related decision-making and management. The Balanced Approach to
aircraft noise management of the International Civil Aviation Organisation (ICAO)
has already adopted the idea of considering non-acoustic factors. Consideration of
people’s views (via improved communication and information access as well as
consultation) has been emphasised to be involved in each of the four existing elements
(a) reduction of noise at source, (b) land-use planning and management, (c) noise
abatement operational procedures, and (d) operating restrictions [70]. The goal is to
address specific noise problems at individual airports in order to identify the noise-
related measures that achieve cost-effective maximum environmental benefits using
objective and measurable criteria. Within the ANIMA project, several case studies
at small and large airports have been carried out in order to investigate the potential
of best practice interventions in aircraft noise management that address non-acoustic
factors.

The case studies revealed the importance of involving all stakeholders, such as
representatives of airport operators, local communities, civil aviation authorities and
policymakers. Transparent policy of noisemanagement and community engagement
showed to be of crucial importance in reaching promising interventions aiming at
reducing annoyance and enhancing quality of life of citizens.

The results of the case studies confirmedwhat is theoretically derived: community
engagement has to be understood as a possibility for residents to not only have a
voice, but above all, to take part in the decision-making process. Their voice has to
count rather than be only consultative. This is confirmed by experienced aircraft noise
campaigners such as [71] when he stated in his reflection of 20 years of campaigning:
“The key thing for airports to address is the local area-specific issues which concern
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the campaigners. And communities need to be involved in shaping these solutions,
particularly at times of change” [71, p 3].

For instance, some results of ANIMA [64] showed that people describe an ideal
relationship with the airport as sharing information, fairness, mediation, trust as well
as recognition. On a more practical level, options like open and transparent dialog
and communication, benefits, being involved, performance and compensation can
help to create this ideal relationship. Specifically, these ideas translate into improve-
ments directly affecting noise reduction, noise compensation, and communication.
All in all, communication and engagement are crucial elements of aircraft noise
management for addressing non-acoustic factors of aircraft noise annoyance and
sleep disturbances. They are also good starting points to enhance residents’ quality
of life as they have the capacity to lower annoyance.

This chapter has demonstrated the immense effect that non-acoustic factors have
on sleep disturbance, annoyance and more broadly on quality of life. Overall, it
appears necessary to revise the manner in which annoyance is assessed by adding
more standardised questions, and to better investigate the role of coping strategies
and the ability to cope with noise and on the capacity to reduce health impacts.
The proposed starting points of interventions that address the non-acoustic factors
(Table 1) are derived from evidence mainly on findings of non-acoustic contrib-
utors to annoyance. In part, it is assumed that most of these non-acoustic factors
also affect sleep disturbances. Whether the suggested interventions listed in Table
1 actually have a beneficial effect on citizens’ quality of life including a decrease
in sleep disturbance and annoyance has to be systematically examined in evaluation
studies. Such studies should be a fixed part of the implementation of aircraft noise
interventions.

Chapter 11 elaborates more on this and presents criteria and standards to guide
the establishment of successful and beneficial communication and engagement. At
the end of this chapter, we point out that the evaluation and its results themselves
address non-acoustic factors as, once communicated, the evaluation contributes to
the building of trust in authorities, perceived fairness and self-regulation (being part
of a—hopefully successful—story).
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Engaging Communities in the Hard
Quest for Consensus

G. Heyes , D. Hauptvogel , S. Benz , D. Schreckenberg , P. Hooper ,
and R. Aalmoes

Abstract Mistrust, negative attitudes and the expectation of not having any voice
against airport authorities can considerably impact on the perception of aircraft noise
exposure, lead to increased annoyance and can even influence sleep quality of the
noise affected residents. As a result, quality of life can reasonably be assumed to
be reduced. This chapter focuses on measures to engage airport communities in
aviation-related decision making by improving the information and communication
of airports in order to enhance residents’ ‘competence’ and also trust in the airport
noise authorities. The role of non-acoustical factors, including aviation-relatedmedia
coverage in this process, is discussed and results from a media coverage analysis
conducted in the ANIMA project are presented. Based on research on perceived fair-
ness in communication, recommendations are given as to how to communicate and
engage residents with the aim of building a neighbourly relationship between airport
authorities and residents on an even footing and, thus, enable an improved exchange
leading to deeper understanding and comprehension by both parties. Results from
the ANIMA review on airport management strategies (including communication
and engagement aspects) of several European airports are presented and conclusions
are drawn about what characterises good (or bad) communication and community
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engagement strategies for the purpose of a neighbourly relationship between the
airport and its residents.

Keywords Communication · Engagement · Non-acoustic factors · Fairness ·
Evaluation · Noise management

Introduction

Aircraft noise has been shown to cause adverse effects on human health (see
Chapter 7). It is assumed that this is partly mediated by the effect of annoyance.
Previous chapters have taught us the important role of non-acoustic factors for the
levels of annoyance.

As described inChapter 8 there are different non-acoustical factors, i.e., situational
and personal/social factors that contribute to how noise is perceived and processed,
and that these non-acoustic factors can affect the impact of environmental hazards.
Non-acoustical factors can be summarised as factors that are not directly connected
to the sound [1], but modify or co-determine the response to it. In this way managing
non-acoustical factors can be seen as a crucial and essential opportunity to minimise
annoyance reactions and reduce the adverse effects of noise. This is also due to the fact
that noise reduction alone has not resulted in corresponding reductions in annoyance.
Hence, non-acoustic factors are seen as having a critical impact on noise effects, and
are equally important to considerwhen tackling annoyance and other noise responses.
In Chapter 8, several categories of non-acoustical factors were identified, some of
which can be more influenced than others, with some especially important. One’s
general sensitivity to noise, personal (mis-)trust in responsible authorities, attitudes
towards the airport and aviation in general as well as expectations and fears, e.g.,
for health risks and aircraft crashes, have been identified as the most important non-
acoustic factors. Besides these factors, socially shared information is also relevant
for how we perceive or what we experience [2]. Particularly vital and influential
factors are those related to communication and social exchange. Communicating
with other people about issues informs our knowledge and shapes our expectations.
For example, a neighbour complaining about something can directly affect how we
perceive the topic of complaint.

By studying the influence of discourse on people’s experience of aircraft noise,
research provides evidence that the discourse in an airport region not only originates
the degree of annoyance but also how policy discourse resonates in private discourses
[3, 4].Onefindingwas that people are influencedbypolicy in that they refer to policies
when talking about noise experience. Private discourse often directly reflects the
story lines of annoyance policies. This was shown by comparing two airport regions,
Amsterdam Schiphol and Zurich Kloten. Further, it seems that noise experience
was influenced by the discourse in that annoyance ratings were supported by policy
discourse arguments. Taken together this can mean that when people are engaged

https://doi.org/10.1007/978-3-030-91194-2_7
https://doi.org/10.1007/978-3-030-91194-2_8
https://doi.org/10.1007/978-3-030-91194-2_8
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in the process of policy definition it can contribute positively to their experience of
noise.

The Role of Media Coverage

Another factor able to contribute to the impacts of noise is public discussion and
how the media reports noise. One could summarise it by saying that dominant policy
discourses can shape our experience [4], which suggests that media coverage is at
least able to shape our experience and perception of noise. Interest of the media
focuses on coverage on deviating opinions and events, such as demonstrations, not
on activities that influence existing practices.

Findings from research on other sources of environmental exposures suggest that
the way the media frames information in its reports shapes the expectations of people
around the exposure source. Moreover, expectations around possible adverse health
outcomes of exposure sources can contribute to the occurrence of negative health
outcomes [5], which has shown that the framing of information influences how
participants perceive the noise. Studies on wind turbine noise for example suggest
that when participants saw negative framed material on the effects of infrasound it
affected the number and intensity of health complaints people reportedwhen exposed
to [6] or annoyed by [7] infrasound. The same was true for a group that were shown
positive information about infrasound, they reported less health complaints and even
some positive effects while exposed to infrasound. It is assumed that media coverage
about potential adverse health effects builds up expectations on the consequences of
the exposure and this, for various reasons, increases or even causes potential health
outcomes.

As highlighted in Chapter 8, the perception of avoidability, unpredictability,
uncontrollability, and procedural unfairness increases stress responses and annoy-
ance, and reduces the perception of being able to cope. In particular, when the expo-
sure situation is likely to change, e.g. due to re-allocation of flight paths, increase in
air traffic, and/or an expansion of the airport, questions arise fromnewor increasingly
exposed residents, such as: Are these changes necessary or could they be avoided?
Is the new situation predictable? Are the changes in exposure fair and are the way
these changes are established and the decisions made fair? Information is essen-
tial in residents having answers to these questions, and thus having some form of
perceived control of the situation. This is particularly the case in ambiguous situ-
ations where residents already dislike situations, and are expected to dislike future
situations. Hence, this is where socially shared information such as from the media
comes into play. Another point in line with this is that it facilitates the adoption of
an attitude, intention, or behaviour, if this follows a social norm, that is, if relevant
persons (family, neighbours, friends) expect such an attitude, intention, or behavior
from someone [8]. If family members or neighbours are annoyed by aircraft noise, it
is easier to be annoyed too, or to regard this as confirmation of one’s own annoyance
(in terms of ‘I am not alone with my annoyance’). In addition, other people talking

https://doi.org/10.1007/978-3-030-91194-2_8
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about noise issues can raise awareness or draw attention to a noise issue. The latter
has become particularly relevant in the era of the internet and social-media in which
the networks or individuals, be them formal or informal, have extended significantly.
Social-media in particular enables one’s views to be potentially influenced by a large
number of people who may not be experts on a subject but who nonetheless can
play an informing role in the development of an individual’s perceptions on a given
subject (the role of social media is discussed in more detail in Chapter 10).

The role of media, in particular local media, is not so much that it produces
noise responses such as annoyance, but that it can reflect socially shared knowledge,
opinions, and perceptions of noise which particularly become relevant in situations
of change. In this sense, it is hypothesised that the way aircraft noise is covered in
media articles influences the way that noise exposure is perceived and processed,
e.g. resulting in expectations and contributing to noise annoyance and further health
issues.

Analysis of media reports showed that the motivation for participation in the
NORAH study around Frankfurt Airport was influenced by media coverage about
Frankfurt Airport: a higher number of reports about the study were related to a higher
number of completed interviews in the study (Guski, Peschel, Wothge, 2014). This
indicates that the media articles seem to have contributed to the residents’ awareness
of the importance of the study and that it would be useful perhaps even for one’s
own residential quality of life to participate—in terms of ‘if the study is on health
effects of aircraft noise and repeatedly described in the media, it has a point there
and I should be part of it’.

Results of the ANIMAMedia Coverage Analysis

The media analysis conducted within ANIMA deals with how media reports about
aircraft noise and how related topics may influence annoyance ratings assessed in
the NORAH study on health effects of aircraft noise.

This was done by linking media reports around Frankfurt Airport during the
NORAH study to the annoyance ratings over the same time periods and examining
if annoyance ratings are influenced by media reports. Looking at the content of news
reports headlines, categories of topics were derived from the reports, such as “night
flight”, “noise exposure”,”protest”, among others, and analyses were conducted to
find out how reports with certain content may affect the annoyance ratings. For
each participant, reports from 180 days prior to the study interviews were taken into
account as it was assumed that some time was needed to process media reports and
assimilate information.

First results indicate that media coverage about certain noise-related topics have
an impact on annoyance ratings, in that stronger annoyance has been reported when
media articles more frequently reported about these noise-related topics (for further
details see Hauptvogel et al., 2021).

https://doi.org/10.1007/978-3-030-91194-2_10
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First and foremost, the focus of most media is reporting about existing issues and
to shed light on problems that are relevant and/or pending. It is about displaying
and focusing attention on e.g. local noise issues around an airport. The frequency of
reporting about certain topics reflects the relevance of these topics.

So when it is assumed that annoyance ratings can partly be explained by media
reports, it is not based on the assumption that reporting explains the annoyance but
that media coverage can have an impact on how exposures are perceived and to be
aware of how framing of certain health issues are delivered. Media reporting can
have an effect itself in providing attention to the specific problem. When airports
or other authorities work on improvements to the problem, media coverage adapts
accordingly. Media coverage can therefore cause but also extend existing discourse
about the topic, which in turn shapes opinions and can influence the perception of
the noise itself.

Therefore the focus of any intervention should not be to change information but to
change the problem, which in turn changes the information about the change, topic
or issue. This is a dynamic process. Thus, when communication and engagement
measures are trying to determine the discourse in the region around the topic itself,
this cannot be simply confined to changing the communication around it but to
include interventions that focus on reduction of noise. In other words, meaningful
communication and engagement is that relating to the reduction of the causes of
negative impacts.

Change of communication and engagement strategy of an airport has to be accom-
panied by technical or operational changes and vice versa. Communication without
implementing changes may even encourage higher mistrust in responsible authori-
ties. The whole dynamic has its origin in the problem, the noise source, itself and
how it is managed.

Transferring this to the Balanced Approach could mean that communication and
engagement has to be built across all four pillars.

Communication and Engagement and Noise Management

Given the nature of the described non-acoustical factors, including media coverage,
it is hardly surprising that researchers and the aviation industry have identified
communication and engagement as key elements in themanagement of noise impacts.

The aviation industry has gone to considerable effort to reduce noise and noise
impact over the past 50 years, mostly via significant reductions in noise from indi-
vidual aircraft, driven by increasingly stringent certification regulations regarding
aircraft design. These reductions have not, however, resulted in corresponding reduc-
tions in annoyance. Instead, public opinion is an increasing constraint to airport
activity, despite fewer people being exposed to higher levels of noise than in previous
years [9]. The ICAO Balanced Approach has looked to help address this by not just
reducing noise at source (although this remains important), but also through other
measures that are designed to bettermanage noise for the benefits of residents.Aswell
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as encouraging reductions in noise at source, the Balanced Approach also outlines
actions that can be taken with regard to: land-use planning and management policies
that seek to reduce noise exposure on the ground, either by keeping noise sensi-
tive developments (i.e. conurbations) away from high-noise areas, or by managing
sound on the ground, through insulation programmes, Operational Procedures, such
as moving flight tracks so as to not over fly communities, and; operating restrictions,
for instance night flight limits or absolute caps on aircraft movements.

And, finally, in 2007 the Balanced Approach Guidance was expanded to include
‘People issues’. This added fifth pillar focuses on communication strategies, advo-
cating the use of enhanced information that is easily accessible by the public and
emphasises the role of consultation. Although not formally adopted through the
Balanced Approach as a core pillar, the concept of communication and engagement
as a noise management tool is now seen to be increasingly important.

Communication and engagement does not purely exist as an additional pillar
through which noise can be managed—it can also help aid the successful implemen-
tation of other balanced approach measures. Successful noise management actions
must be technically feasible or viable in order to be implemented, and together
with a range of technical data, the industry has typically focused the development
of Balanced Approach interventions on such data in order to develop interventions
that are deemed to have the greatest potential impact and benefit for noise affected
communities. Indeed, national noise policy is often focused on such considerations,
leading airports to develop, for instance, new operational procedures based on aggre-
gated noise metrics and success criteria such as the number of people exposed
to certain levels of noise. This is a sensible approach, which can provide airports
with confidence that the noise management actions they develop will be more likely
to result in positive outcomes. As previously mentioned however, improvements in
noise as measured through such approaches is not a guarantee that residents will
perceive them as successful, or that there will be a positive impact on annoyance
and complaints. The reason for this is that truly successful noise management inter-
ventions require a further consideration to technical feasibility and viability—desir-
ability. Put simply, if a noise management intervention looks good on paper, but is
not deemed to be effective or desirable in the eyes of those it is designed to serve
(i.e. residents), then it is less likely to be perceived by those same residents as being
an effective or appropriate response to the noise they experience. Through commu-
nication and engagement, airports are able to explain noise and noise management
processes to residents, but also gain their feedback and insight into what success
looks like in residents’ own eyes. This information can be incorporated into decision
making and help to produce noise outcomes that are more likely to be viewed as
appropriate.
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Why is Fairness so Important in this Context?

The operation of an airport inevitably leads to noise. Unfortunately and despite the
application of the four “traditional” pillars of the ICAOBalancedApproach, it cannot
be ruled out that the noise affects some peoplemore than others. The nature of aircraft
noise means that it has to be distributed in a certain way over parts of the population.

Logically, this distribution is inherently unfair—as some people get more noise
than others. Aircraft noise is man-made and the exposure to it is often seen as a
social conflict arising from the fact that residents view noise as the airport exposing
them [10]. In order to come to a certain distribution of the noise, decisions have to
be made. Procedures have to be applied to reach these decisions and the results of
the decision-making process need to be communicated to affected people. For this
reason, it makes sense to look at the exposure to aircraft noise from the perspective
of fairness research, in particular research on procedural and interpersonal fairness,
which offer some important starting points on how to dealwith this inherently unequal
distribution.

Fairness as the Overall Goal

An observation made since the 1970s is that people are more likely to accept and
adopt unfavourable outcomes of decisions when the decisions are based on correct
information, when the decision-making process is free from bias and applied consis-
tently over time and, above all, when the affected people have been involved in the
decision-making process [11]. This so-called “fair process effect” is based on the
observation that giving people “voice” makes them more likely to accept decisions
[12–14]. As described in detail in Chapter 8, noise annoyance is a stress response that
depends on various factors such as how much coping opportunities and resources
people perceive.

In evolutionary terms, procedural fairness is an extremely important indicator for
a person to be an accepted and valued member of a group. It therefore fulfils the need
for belonging and self-esteem [12, 14].

This means that airport management should apply procedures that are as fair as
possible and recognised as such by the public. The assumption that giving voice
leads to increased perceived fairness and reduced annoyance due to noise exposure
has already been shown in studies [15] when people who could express their pref-
erence for a certain sound were significantly less annoyed than people who could
not. However, annoyance was particularly high among people whose preference was
actively ignored. A more recent study [16] also showed that many opportunities to
participate led to a higher acceptance of a fictitious airport expansion. It also showed
that the focus on the jobs created by the airport expansion had no effect on acceptance.

In sum, it can be said that procedural aspects of aircraft noise distribution have an
enormous influence on how people perceive aviation, the airport and the noise and

https://doi.org/10.1007/978-3-030-91194-2_8
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to what extent they are annoyed by the noise. Interventions that take these insights
into account can therefore be very effective.

Despite the positive effect of having voice or control in the decision-making
process, fairness research has also shown the critical impact of providing information
and justification of a decision for the perception of the outcome of this decision. From
the perspective fairness regarding informational aspects and regarding the interaction
between two parties (so-called informational and interpersonal fairness), people may
perceive unfairness, even though they consider the procedure and its result as fair,
just because of an improper treatment or a lack of justification by the decision-
maker [17]. But also in case of a negative outcome, the decision process may be
recognised as fairer when an adequate justification or causal account is given by the
authority who made the decision [18, 19]. These findings point to the need for a
good communication strategy of the airport management and we will come back to
the lessons learned from this branch of fairness research when we define criteria for
good communication and information.

To give an overview, research has identified a set of criteria and standards relating
to the fairness aspects mentioned above, which, taken together, can create a percep-
tion of fair process and fair interaction with the parties concerned. Research distin-
guishes between several facets of fairness. A distinction can be made between proce-
dural, interpersonal and informational fairness. All of these main fairness standards
comprise a number of criteria:

Fairness standards

Procedural Process control procedures provide opportunities for voice

Decision control procedures provide influence over outcome

Bias suppression procedures are neutral and unbiased

Representativeness procedures take into account concerns of subgroups

Consistency procedures are consistent across persons and time

Accuracy procedures are based on accurate information

Correctability procedures offer opportunities for appeals of outcomes

Informational Truthfulness explanations about procedures are honest

Justification explanations about procedures are thorough

Interpersonal Propriety enactment of procedures refrains from improper remarks

Respect enactment of procedures refrain from improper remarks

(Rules taken from [11, 13, 20, 21], after [22], Colquitt)

With these research-derived criteria, concrete recommendations can be derived
on what constitutes good communication and engagement and how to build a
neighbourly relationship with residents of local airport communities.
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What is Communication and Engagement

At its core, communication refers to the disseminationof information fromoneperson
or organisation, to another person or organisation. For instance, governments may
communicate information about certain changes to legislation, or about new laws or
policies to the public—government health and safety warnings around the time of
the Covid-19 pandemic being a good example. For aviation, airports may commu-
nicate for a range of reasons, for example sharing noise data or operational changes
to their communities, or performing marketing activities regarding things like the
promotion of noise management measures, reductions in noise levels as described
through metrics such as Lden, or quality of life benefits afforded to residents as a
result of airport activity as well as contributions to the national or regional economy.
What really defines communication however is the one-way flow of information that
it typically implies. That is, one actor passing on information to another. Typically,
communication tools therefore include things like newspaper articles, radio adver-
tisements, websites, mail and other printed media such as noise action plans, noise
contour maps or other corporate reporting—with more recent innovations including
the use of social media to, for example, communicate things like airport operating
conditions. The intent of such activities is for a specific message, or messages, to be
heard by a target audience, at a specific point in time, andwith a targeted outcome. As
such communication activities tend to lose meaning over time, and whilst their one-
way flow of information and generic targeting can be helpful in explaining things to
residents, they can also lead to disengagement from receptive audiences or confusion
if messages are unclear, misunderstood or not trusted. This is particularly difficult
for airports, who are tasked with explaining highly complicated, multi-faceted and
technical data in simple and easily digestible formats. This is a significant challenge
as simple communication measures can lack relevant information, whilst commu-
nication materials that show a range of information can be critiqued for being too
complicated to understand. This is compounded by the fact that communicating
noise through different metrics has a range of different advantages and disadvan-
tages. Noise contours for example, do a good job at illustrating aggregated noise
levels around an airport, however they fundamentally describe an audible factor,
through a visual medium, and describe noise in a way that is not experienced by
residents, who live through individual noise events. The result is that contour maps
are often poorly understood by residents [23], despite legislation such as the Envi-
ronmental Noise [24]/49/EC requiring airports to produce such contour maps and
to disseminate them to the public. In worst case scenarios poor communication can
lead to mistrust between airports and community groups who may begin to question
the information that they are being told, thus raising the question of the value of the
communication itself.

Engagement, on the other hand, refers not just to the provision of information
to stakeholders, but to establishing a dialogue. Here the objective is to embark on
a conversation with stakeholders to explain things to them, but importantly, to also
listen. The concept is rooted in the fact that residents are the experts on their own lived
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experiences and can offer important insight that may otherwise remain unknown,
and that could play an important role in decision making around the development
of any noise management interventions that are likely to be perceived as acceptable.
Hence, the aim is not only to pass information onto stakeholders, but to also listen to
stories about their lives, their fears, the things they do in life, and to build empathy
for them and their perspectives on given issues. Put simply, engagement implies not
just talking, but also listening, and understanding and the need to tailor messages
and information to different people, in so doing having the potential to become
more meaningful interactions over time. The importance of engagement can be seen
through concepts such as design thinking,which are applied in organisational settings
to develop solutions to a range of operational challenges. The process is based on
the idea that considering the needs of a given beneficiary of a service is essential in
order to maximise the likelihood of the success of that service. The process is rooted
in deep engagement with stakeholders, including the use of multi-stakeholder design
teams, collecting qualitative data to complement quantitative information, and under-
standing and addressing core challenges directly. Similar approaches are already set
out in aviation noise through proposed processes in the United Kingdom’s Civil
Aviation Authority CAP 1616 [25] document and the United States Federal Avia-
tion Authority Program 150 [26]. Both take iterative step processes to develop noise
management interventions that include a focus on understanding resident needs and
embed them as core principles in the development of noise management actions.
Methods for engagement go beyond the mere dissemination of information as with
pure communication, and involve more participatory methods such as consultation,
focus groups, workshops or full collaborative and participative working groups.
Hence communication and engagement can be seen as sitting on a spectrum, from
the simple provision of information, through to more participatory levels that afford
degrees of citizen empowerment through partnerships, delegation of control. This
has been helpfully illustrated by [1], who, as illustrated in Table 1, created a Wheel

Table 1 Asensio el al. [1]
types of public participation

Category Sub-Category

Information Minimal communication

Limited information

Good quality information

Consultation Limited consultation

Customer care

Genuine consultation

Participation Effective advisory body

Partnership

Limited centralised decision making

Empowerment Delegated control

Independent control

Entrusted control
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of Participation for airport noise management, adapted from the work of Arnstein’s
Ladder of Public Participation [27] to illustrate the types of public participation that
exist.

Communication tools may still be used as part of engagement, but rather than as
the primary output, they merely lay the framework on which a wider discussion can
take place. At the same time, it should be stressed that engagement with stakeholders
does not imply that good levels of communication have taken place. It is entirely
possible for example, that an airport may be seeking to engage with residents, but
communicating noise information to them poorly, or even in a manner that residents
deem to be dishonest (such claims may be untrue, but if they are true in the eyes
of residents they remain a relevant management concern). Likewise, processes of
engagement do not necessarily mean success. Engagement has to be meaningful and
with an honest intent to listen to and learn from stakeholders. Failure to do this can
result in mistrust, which once lost can be almost impossible to win back.

Building on findings from case study research conducted in ANIMA, some of the
characteristics and key principles of, and differences between, communication and
engagement are outlined below:

• Communication typically sets out to describe what is happening, or what has
happened, or to perform basic consultation regarding a set of predetermined inter-
ventions. Engagement on the other hand, explains why things are happening, and
seeks to obtain the input of stakeholders regarding decisions that have not yet
been taken, the aim being to produce fair outcomes.

• Communication describes one way dialogues between airports, speaking to resi-
dents. This means that communication methods more often than not include
contour maps, noise reporting, noise action plans, or marketing information.
Engagement on the other hand describes two-way flows of information, and there-
fore utilises methods such as consultation events, workshops, focus groups and
Dialogue Forums. These require more effort and resources to operate but better
reflect a more engaged and informative process that is more likely to lead to
outcomes that are perceived to be successful in the eyes of stakeholders.

• Communication typically uses quantitative data to describe and communicate
noise. This is useful in that it is an attempt to describe noise in the most accurate
way possible. However it is also beset with difficulties of describing a complex
and highly technical concept (noise) through simple metrics. Engagement may
also use the same information, but its two-way flow of information also concerns
qualitative data, i.e. how residents feel about noise and how noise is likely to affect
them.

• In pure communication, the actor that is leading the communication typically
takes on the role of expert. This can lead to hierarchical stakeholder relationships
that can make establishing trust difficult, and can cause the lead communicator to
discount other sources of information. Engagement on the other hand is typically
based on levelled hierarchies in which all stakeholders are seen to have potentially
valuable information to offer decisionmaking processes. Empathy plays a key role
and consensus is deemed more likely to be reached through understanding.
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The above may suggest that engagement is a more comprehensive approach than
communication, it should not be seen as necessarily being best practice in every
scenario, as the level of engagement activity undertaken by an airport should be
determined by the desired output of the interaction. Hence, both communication
and engagement approaches should be used with an awareness of the attributes and
benefits of each, and importantly, the circumstances surrounding the area in which
they are to be implemented, for instance what is the ultimate desired outcome of the
interaction, the understanding of which may itself require some form of engagement.
That said, best practice dictates that engagement should at the least be considered
whenever an airport is looking to communicate something to its residents, or to make
operational changes or other modifications to airport activity. The importance of this
can be appreciated through the fact that noise management, at its fundamental core,
exists for the benefit of airport residents, be it due to direct pressure to manage noise
as demanded by communities, or in response to legislation designed to protect noise
affected communities from the potentially significant noise impact caused by noise
exposure. It is therefore important to not just develop noise management actions or
general airport operations that are technically feasible or viable, but to also consider
what actions are desirable in the eyes of those residents.

A Tale of Communication and Engagement Gone Wrong

Vienna Airport is the largest airport in Austria and of major economic importance
to the region. The airport built its second runway in 1972, however they projected
that airport capacity would be reached by 2012 and that an additional runway would
therefore be needed to continue airport growth.

Hence, the airport began plans for a third runway in 1998 to the south of existing
airport infrastructure. However, the airport made such an announcement without
effective consultation or dialogue with its communities.

The result was significant opposition to the runway by local community groups
who felt aggrieved about the lack of consultation, and the health impacts that they
would be subjected to from increased traffic, particularly for communitieswhowould
be newly overflown by aircraft arriving and departing from the new runway. By
not being engaged with, trust was damaged and opposition campaigns proved so
successful that approval for the third runwaywas not granted—indeed, some 20 years
later, the runway has still not been built.

This is an example of an airport not engaging with its residents effectively, and
demonstrated the potential impact to airport operations from doing so. However,
Vienna Airport learned from this mistake, and as we demonstrate later in the chapter,
they are now regarded as one of the best examples of an airport communicating and
engaging with its residents.
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How to Do ‘Good’ Communication and Engagement

Noise managers increasingly understand the human response to noise and the role
of non-acoustic factors in driving annoyance. Addressing such factors is however
complicated, and coupled with external pressure for absolute reductions in noise,
has seen the majority of noise management actions focus on addressing acoustic
factors. Although such an approach is understandable, doing so has not always led
to successful outcomes—hence why noise (as measured through metrics such as
noise level equivalents) has remained stable or fallen at many airports, against a
background of increased levels of reported annoyance.

Despite the continuing trend that communication and engagement are recognised
by airports as important, there is a lack of clear recommendations on what consti-
tutes successful communication, how to implement it and how to evaluate it. So
what needs to be emphasised here is that any kind of communication and engage-
ment should be underpinned by certain quality criteria and theoretical principles. For
this purpose, we suggest focusing on principles derived from research on fairness in
social exchanges. This is the onlyway to achieve a long-term and sustainable trust and
acceptance of the airport. Great progress in the ANIMA Project was achieved since
not only theoretical recommendations were derived but their application in practice
was assessed as well. So how have airports been performing in terms of communica-
tion and engagement? This has been a key question throughout the ANIMA Project.
Airports have been communicating about noise for many decades, with approaches
moving over time from a purely dissemination of information approach, towards
processes more aligned to consultation and engagement that can aid airport decision
making.

In a review of airport case studies across the European Union, ANIMA research
came to the following conclusions about communication and engagement:

• There has been an evolution from communication towards more participative
forms of discourse, notably an increase in consultation and the development of
noise dialogue or community programs.

• However, communication and engagement tends to happen in a relative ad-hoc
mannerwith data provision often following guidance to produce quantitative noise
data only, and with such data often being disseminated in ways that publics find
hard to comprehend.

• Communication and engagement tends to remain largely about information provi-
sion rather than leveraging the potential benefits of engagement in light of the role
of non-acoustic factors.

• Communication and engagement often happens without an intended outcome that
seeks to address given challenges or needs.

• There is rarely any evaluation as to the impact of any communication and
engagement.

• Communication and engagement is generally seen as ancillary noise management
activities, rather than as playing a key informing role in the success of other
interventions, or as a management tool in their own right.
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As with all aspects of noise management, it is important that airports do not
follow prescribed advice based on ‘best practices’ from elsewhere, but rather base
their actions on their own definitions of ‘good practice’ as appropriate for their own
circumstances. That said, there are some core guidelines that can help to ensure
that good communication and engagement is taking place between airports and their
community stakeholders. In the Table below we set out a range of recommendations
that airports should consider when looking to conduct ‘IDEAL’ communication and
engagement with residents. One should also note however that as a two-way process,
communication and engagement is not necessarily in the hands of airports in its
totality. Communities too have a responsibility to engage with airports about noise,
to learn about noise management and to understand noise data made available to
them. That said, it has to be stressed that as the source of the noise, and with the
agency to make change, it is airports who must play the lead role in facilitating
engagement and in providing information that is both relevant to residents and that
is produced in a way that is comprehensible to non-experts.

The ‘IDEAL’ characteristics of communication and engagement

I Inclusive and diverse: No communities or hard to reach groups should be left behind.
This can include those who do not have a history of complaints, and those in deprived
areas or those consisting of different nationalities

Information provision: Residents should be provided with data relevant to them. This
means taking the time to understand what those data are, how they can be illustrated or
described, and what appropriate communication channels might be

Impartial: Advanced communication and engagement is not an easy task as it can
involve having difficult conversations with conflicting voices. Independent facilitation
can help overcome these challenges whilst also providing access to experts in the
facilitation of things like focus groups and workshops. Data provided by impartial
experts can also help to build trust

Interrogate: It is important to ask questions about any pre-held perceptions about noise
problems and their likely solutions as what may appear to be a challenge to be solved
(i.e. reducing complaints), may actually be triggered by something at a deeper level.
Questioning such perceptions and gaining insight from residents can be a useful way
to understand how core challenges can be addressed, to identify targeted outcomes,
and to establish potential criteria on which such outcomes can be evaluated

D Decisions: All stakeholders may have expert knowledge that has the potential to
inform decision making, or to influence the potential success of a given intervention. It
can be helpful therefore to perform stakeholder analysis or stakeholder mapping when
performing any activities that are likely to influence noise to identify two factors: who
has interest in the issue, and who can have influence over the issue. With this
information it is possible to determine who should be engaged about noise—although
it should be considered that sometimes there can be unintended consequences that
could affect groups that were not expected. It can therefore be helpful to include all
groups in engagements in order to develop well rounded understanding and to aid
decision making

Direct: Airports should be honest with the citizens. This means that airports should
start communicating honestly, directly and transparently from the beginning of a
decision process

(continued)
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(continued)

The ‘IDEAL’ characteristics of communication and engagement

E Early: Communities should be communicated with early and often throughout any
changes that may affect them. This is important to make them aware of what is
happening, but also to understand their needs, preferences, fears and so on, and to
communicate any potential changes to the noise they may be exposed to (be it on a
trial or temporary basis)

Easy: It is important that data is communicated and explained as clearly as possible and
that information is easy to understand without any previous knowledge or expertise.
Presenting complex information that people find difficult to grasp can lead to airports
being accused of hiding data by purposely putting up barriers. Communication and
engagement should be tailored to the characteristics of each airport and community
groups and what the interaction sets out to achieve. This includes using appropriate
language and data, both in terms of relevance to the subject of the communication or
engagement, but also to the expertise and comprehension of the recipient

Explain: Airports should not just be explaining what has happened and what the
results of any changes have been. They should also articulate, clearly, why decisions
have been made, whether other options were considered, why other options may not
have been selected. Noise action plans can be a great way to demonstrate that noise
has been addressed at a strategic level

Empathy: Effective communication and engagement means going beyond numbers
and thinking in qualitative terms by developing stories of the lived experiences of
residents and developing and acknowledging empathy for those stories. Airports can
also tell their own stories to help articulate the significant difficulties that they have in
managing noise, thus helping to foster empathy for their own situation

A Accessible: Information should be easy to find and not hidden in technical reports, or
multiple clicks into a website. For communication to be received effectively its
intended audience should be able to access that information as easily as possible. Hard
to find information gives the impression of mis-intent, which can be harmful to trust in
airport-stakeholder relationships

Authentic: Communication that does not set out to convey a certain message or have
some intended outcome should generally be avoided as it can be considered as
communication for communication’s sake. Rather any communication should have
some targeted outcome or rationale for taking place. Meanwhile engagement should
be based on concepts of empowerment, trust and learning—engagement without these
factors is less likely to lead to socially-optimal outcomes

Accurate: It is easy to begin any decision-making process with perceptions of the
challenge and any likely solutions. It is no different for noise. What can be perceived
by an airport to be an issue that needs to be solved by obvious operational solutions
may not actually be the core issue that needs to be addressed. For instance, setting out
merely to reduce complaints is not likely to be as effective as setting out to solve the
‘triggers’ to those complaints. Management interventions that seek to address
challenges without going to these deeper levels can result in money and time being
wasted, or worse—damaging a situation yet further. It can be important to spend time
listening and speaking to stakeholders to try to better understand a given noise problem

Amenable: If decisions are made that are wrong from the citizens’ point of view or
there is new knowledge, then there are possibilities to amend these decisions

(continued)
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(continued)

The ‘IDEAL’ characteristics of communication and engagement

L Legitimacy: We all have our own internal maps about what the world looks like, and to
each of us those maps are reality. It is important to respect those views. Treating
stakeholders and their views with respect and dignity is important in building trust and
building effective relationships with residents and campaign groups

Vienna Airport: Now an Example of Good Communication
and Engagement

Following from the opposition campaigns that resulted from the third runway
announcement, in 2001 the airport embarked on a formal mediation process with
all their stakeholders in an attempt to heal the wounds from the conflict surrounding
the third runway and to build a better relationship across all stakeholders. The media-
tion group counted asmany as 50 parties including air traffic control, airlines, mayors
from communities, and communities themselves.

The mediation process concluded in 2005 with two key outcomes. First, a media-
tion contract was established which agreed to put in place a number of noise regula-
tions and limits to protect local communities, whilst acknowledging the importance
of the airport to the local economy. It also saw a creation of an environmental fund
for breaches of noise limits to be channelled back into community projects. These
achievements were made possible because of an acknowledgement on the side of
industry that they had a responsibility to protect communities from noise, whilst
community groups also acknowledged the importance of airport growth to the local
economy. This created a shared vision on which all parties could build.

Second, the group founded a Dialogue Forum with the purpose of handling issues
and conflicts related to flight operations and to develop solutions to any conflicts of
interest that may arise. The Forum comprises members of all stakeholders, including
from all communities around the airport. All communities are included on any issues
that are discussed, even if they are not directly impacted, with the aim of promoting
fairness, whilst helping to ensure that unpredicted impacts could be accounted for.
The group meets regularly and are independently chaired away from the airport
to help to ensure accountability and levelled hierarchies of control. Meanwhile a
member of AustroControl (the Austrian air navigation services provider) also sits
on the forum and provides data for residents as requested, also explaining results to
them, and thus helping to build trust and confidence in the data provided. To date,
the airport has not implemented any major changes without prior approval from the
Dialogue Forum, and the process has proved robust enough to mean that there have
been no rejections of any management proposals made to date.
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Evaluation

Evaluation is a vital instrument to assess, validate and rate the success of an commu-
nication, engagement or other noise management measure during the whole process
of forming, implementing, and postprocessing an intervention, helping to keep track
of each step of the process of implementation and to reflect on the process and derive
implications for beneficial adjustments. Further, evaluation helps to assess intended
and unintended outcomes and the impact the intervention has on the target group and
its effectiveness in terms of cost–benefit analysis.

Fundamental aspects of an evaluation include defining the aim of an intervention
(i.e. what do we want to achieve with the intervention), definition of a target group
(i.e. who is to be addressed and/or involved), definition of success criteria (e.g. when
is an intervention considered as successful—with decrease of complaints, with a
measurable increase in Quality of Life or a measurable increase in perceived fair-
ness?), defining the way of proceeding to achieve the goals as well as how to come
to an agreement on the procedure of engagement. These aspects of evaluation should
be defined in advance.

During the implementation process it is favourable to monitor the implementa-
tion according to definition criteria, e.g. is this the right target group? Are people
responding as anticipated to the intervention? What preliminary outcomes are
observed, both intended and unintended? Is there a need for fine-tuning?

The impact assessment is conducted after the intervention has been imple-
mented. Corresponding to the success criteria it is to be assessed what has been
achieved regarding the defined outcome. Was the engagement process carried out
as outlined at the beginning of the process? The fairness questionnaire developed
within ANIMA project can be a useful instrument to assess/evaluate the process of
the implementation of an intervention and the intervention itself.

Results from the evaluation process can be used to tailor future interventions to
the characteristics of an airport region and/or to adapt and thus improve already
implemented interventions.

Evaluating Fairness in the Context of Aircraft Noise
Management—Introduction of an Psychometric Instrument

Since fairness is considered to be a highly important part of effective communication
and engagement a psychometric questionnaire has been developed in the framework
of ANIMA.

Based on the latest research in the field of justice psychology and in accordance
with findings that have emerged in the exchange with affected citizens, a psychome-
tric questionnaire was developed by conducting a study in the proximity of various
German airports. This questionnaire is able to empirically capture the quality and
success of airport management strategies via focusing on the perceived procedural,
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informational and interpersonal aspects of the residents’ perception of the airport
management’s actions. In summary, the questionnaire is able to capture the perception
of a fair and neighbourly relationship.

Since different aspects of fairness are captured in a differentiatedmanner, concrete
statements can be made on whether interventions that are intended to address
certain aspects of neighbourliness (e.g.more involvement of citizens, comprehensible
information provision) are also perceived as such.

With the survey of aspects of neighbourliness, not only can the effectiveness of
interventions be assessed, but it can also bedetermined atwhichpoints an intervention
is necessary at all. Thus, the questionnaire offers an empirical instrument that can be
used in a versatile and economical way due to its proven psychometric quality.

ANIMA in Action

The ANIMA Project has approached noise on a theoretical and practical level, by
conducting research to help understand and inform on future communication and
engagement practice, but also by working directly with airports to disseminate what
we have learned. Below, we present one such case study, carried out in collaboration
between ANIMA researchers and Rotterdam The Hague Airport.

Rotterdam the Hague

Rotterdam The Hague Airport is a regional airport near the city of Rotterdam, with
a maximum capacity of just over 50 thousand flights a year [28, 29]. It has one
paved runway and it features mostly holiday traffic, general aviation flights and
helicopter movements. Due to the location of the airport in the vicinity of the city
of Rotterdam and surrounding villages, noise annoyance is an issue. A regional
consultation committee, called “Commissie Regionaal Overleg” (CRO), deals with
matters related to noise annoyance by aviation. The CRO consists of representatives
of the airport, local government, and community representatives.

A project group consisting of representatives from the airport, the community, the
local ANSP, experts and theNLRwas formed to investigate the benefits of optimising
the runway 06 take-off procedure. The aim is to reduce the overall aircraft noise
annoyance. According to calculations of noise contours including Lden and LAmax

noise levels, a reduction in noise exposure for some areas was expected by adjusting
the initial turn of the departure procedure. Overall the noise exposure would be
shifted. This means that some regions initially exposed to higher noise levels would
benefit with the alternative departure procedure. However, other regions which are
initially exposed to lower noise levels would receive higher noise levels.

There is no secondary goal for this operational change, such as capacity increase
or reduction of fuel. Therefore, the opinion of the community is leading in the final
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decision on accepting the alternative departure procedure or not. Due to the complex
situation,NLRwas asked to investigate the possible impact of this operational change
for the whole community.

Within this study several challenges were discovered. It was difficult to explain
the calculated noise levels to the community. Therefore, a simulation was set up to
compare the aircraft noise between the original and the alternative procedure for five
different locations around the airport.

For each location, the current and the alternative flyover sounds were played, and
subsequently, they were intermittent played (with 4 s interval) for direct comparison.
The locations were discussed within the initial project group. Five representative
locations along the flight path that were the most and the least impacted were chosen
for the simulations. The simulationwas first tested by people from the CRO, and after
that, evaluated by 15 people recruited by the community representatives. The key
provision in the set-up is that the locations thatwere usedwere not knownbeforehand,
and it was also not known which procedure was the original or the alternative one.

Results from the simulation will be gathered and presented to the community,
together with the disclosure of the locations belonging to the evaluated fly-overs.
Results should help to evaluate which changes in noise level are audible, and put
them in relation to the noise report on this measure. It may also provide directions
for future optimisations to address whether they may benefit the community or not.
Key learning from this study are related to the community engagement strategy,
the structure of the process, the way the information was presented, the feedback
from the community and the evaluation on how perceptual data can be used next to
traditionally applied calculations to form a fair decision-making process.

Closing Remark

This chapter has outlined the importance of communication and engagement and set
out some core principles that can aid airports in improving speaking to, and listening
to, their communities.

It is important that airports engage with citizens more effectively, throughout
the entire process of developing and delivering an intervention in order to increase
the potential for noise management interventions being successful. It is vital that
stakeholders are communicated to and engaged with throughout the process of inter-
vention development if we aspire to develop outcomes that are more likely to be
deemed acceptable by all stakeholders.

This can be daunting for airport management whomay come frommore technical
backgrounds and may lack the experience or expertise in qualitative forms of data
capture, dissemination and decision making. However, such difficulties will not be
resolved by inaction, but by being embraced and embedded in approaches to noise
impact management.
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Towards Innovative Ways to Assess
Annoyance

Catherine Lavandier , Roalt Aalmoes , Romain Dedieu ,
Ferenc Marki , Stephan Großarth, Dirk Schreckenberg ,
Asma Gharbi , and Dimitris Kotzinos

Abstract Technological changes have driven the developments in the field of noise
annoyance research. It helped to increase knowledge on the topic substantially. It also
provides opportunities to conduct novel research. The introduction of the internet, the
mobile phone, and miniaturisation and improved sensor technology are at the core of
the three research examples presented in this chapter. The first example is the use of a
Virtual Reality simulation to evaluate aircraft flyovers in different environments, and
it examines how visual perception influences noise annoyance. The second example
describes the use of a mobile application applying an Experience Sampling Method
to assess noise annoyance for a group of people living near an airport. The third and
final example is a study over social media discussions in relation to noise annoyance
and quality of life around airports. These three examples demonstrate how novel
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technologies help to collect and analyse data from people who live around airports,
and so improve our understanding of the effect of noise on humans.

Keywords Virtual reality · Social media · Experience sampling method ·Mobile
application · Soundscape · Sound perception · Audio-visual interaction · Sound
environment · Quality of sound · Quality of life

Introduction

Noise annoyance is a known health-related societal problem for a long time, and
cannot be solved in the near future. But the conditions and environment in which it
occurs do change. Significant changes have taken place in the twentieth century that
affect how noise annoyance occurs and how it is perceived, and this trend continued
in the twenty-first century. If we look at the forces that come into play, we can
discriminate four interrelated factors (Fig. 11.1).

First, the noise sources change: if we look at the transportation domain, new vehi-
cles appear (such as drones), or existing vehicles go through a disruptive cycle, such
as the movement from petrol-based towards electric-powered automobiles. Research
on noise mitigation measures has also reduced the impact by noise at the source. For
instance, by increasing the by-pass ratio of jet engines, a significant noise reduction
is achieved, making aircraft much more quiet than earlier generations (see Chap. 5
and Fig. 11.2).

Second, human perception and attitude, and consequently how people react to
noise, have changed. Noise nuisance that was previously accepted and considered
part of the environment is, with amore vocal community, noticedmuchmore andmay
lead to complaints that are more significant. In one way, the improved democratic
instruments or government protectionmeasures enhance the ability to complain about
noise issues, but new and more efficient ways of communication cannot be ignored

Fig. 11.1 Noise sources that
cause annoyance have
changed during the course of
time. Human perception and
the attitude towards noise
annoyance have changed as
well. Technological
developments and expanded
knowledge have both driven
these changes on both noise
sources and human
perception and attitude
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Fig. 11.2 Trends of noise reduction through the twentieth century. Source Le livre blanc de
l’acoustique en France en 2010 (edited by SFA, the French Acoustical Society)

as well.With the internet, people aremore organised to complain via email, websites,
and social media, and authorities are also more organised to communicate with them
and enhance people’s engagement.

Indeed, aircraft noise annoyance per given intensity of average sound levels have
increased over the last decades although single airplanes got quieter at the same time
[14]. As described in Chapt. 9, there is evidence that annoyance mediates the impact
of noise exposure on further long-term health risks, indicating that the increase in
annoyance over time would in the long run also affect long-term health effects of
aircraft noise.

The third reason is the gain in knowledge on noise annoyance on humans. The vast
amount of research undertaken improved both psycho-acoustic knowledge and the
impact on health. It created standardised exposure–response curves and standardised
noise annoyance research questionnaires, such as the ICBEN scales [10]. And, the
improvements in noise effect research led to human health reports on noise impact
such as that by the WHO [46].

The fourth reason for the change of environment is the change of technology:
technological advances reduced noise at the source, made people more aware of
noise nuisance, and helped increase knowledge on the topic of noise annoyance.
But it will also provide researchers with new means to conduct noise research. The
introduction of the internet with email, websites, and, subsequently, social media
creates a larger audience for conducting large-scale evaluations. The introduction and
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large-scale adoption of (smart) cell phones creates a potential pool of test subjects
that can register their location, record sounds, and answer questions related to local
soundscapes and noise annoyance. Finally, miniaturisation, improved processing
power, and development of sensor technology has led to revolutionary technologies
such as Virtual Reality and Augmented Reality. Typical examples of these devices
are the Google Glasses, the Oculus Rift, and the Microsoft Hololens. In addition,
research projects may use advanced virtual-reality headsets based on the combined
use of head-tracking and Head Relay Transfer Functions (HRTFs) to provide natural
spatial audio representation. The combination of visual and audio stimuli can create
an immersive simulation to mimic real-life experiences that could otherwise only be
examined using empirical studies.

In the next sections, we focus on some innovative ways to conduct acoustic
research towards noise annoyance. In no way are these examples exhaustive, in
the sense that they cover all recent technological innovations; but hopefully, they
would help in showing how they can help finding new ways to characterise, mitigate,
or manage annoyance; Or conducting other new innovative research in the domain
of acoustics or in related fields. The first example is the use of a Virtual Reality
simulation to evaluate aircraft flyovers in different environments, and it examines
how visual perception influences noise annoyance. The second example describes
the use of a mobile application to apply an Experience Sampling Method to assess
noise annoyance for a group of people living near an airport. The third and final
example is a study over social media discussions in relation to noise annoyance and
quality of life around airports. The last two examples could also be combined with
the dynamic population maps that are described in the following chapter, to corre-
late people’s location and their annoyance, a novel approach not seen previously in
aircraft annoyance research.

Immersive Simulation to Mimic Real-Life Experiences

Communication and engagement by airport authorities, local government, or local
plannerswith communities is important and is discussed in other sections of this book.
With respect to communication on noise impact, a more difficult task is at hand to
explain predicted noise levels and what they mean for the affected communities.
There are different ways to present changes to the noise on paper, and those used
often are the 24h annual noise level, single-event peak-levels, or number of (highly)
annoyed people near the airport. But to make these numbers better comprehensible
for the layman, a demonstration that simulates aircraft flyovers at the predicted sound
level would clarify what these numbers mean. Novel approaches that use aural and
visual stimuli can be used for this purpose. There are some virtual reality applications
(auralisation and visualisation) which can be used by residents to give them better
understanding of the impact of future airport scenarios in land-use planning, as the
virtual reality creates a higher immersion for the user. Virtual Reality headsets feature
a greater field of view than projector or TV screen. Additionally, using head-tracking
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sensors, they allow the system to change the visuals in a way that allows the user
to look in all directions. The same is true for the (spatial) sounds that are produced
and provide audio-directivity. But this immersion has to be ecologically valid if
authorities want to be trusted by residents during communication campaigns.

Validation of a Virtual Reality Application for Aircraft Noise

In this section, a validation study [8] is presented to evaluate the Virtual Community
Noise Simulator (VCNS) for the perception of aircraft noise (Fig. 11.3). The VCNS
has been developed by the Netherlands Aerospace Centre (NLR) based upon earlier
work done atNASALangley [38]. The current set-upmakes use of the shelf hardware,
such as an Oculus Rift CV1 VR headset, supported by a powerful laptop computer,
and separate headphones for the audio.

Participants of the study take part in a perceptual experiment. Two landscapes are
presented in which the participants evaluate the flyover sounds and visuals of three
distinct aircraft. These three aircraft are the Airbus A320neo, the Airbus A380, and a
revolutionary design called the “BOLT” (Blended wing body with Optimised Low-
noise Technologies, Fig. 11.4, see also Chap. 6). The influence of the visuals is also
measured by presenting the sound of one aircraft with the visuals of the other aircraft
as well. In one additional condition, the visual is not visible and this is represented
by an overcast sky. To prevent influence from different background noises, a single
background recording was used in both landscapes.

In order to test if the size of the aircraft (or the absence of the aircraft vision
because of clouds) has an influence on the perception of the audio-visual situation,
all synthesised sounds were crossed with all visual situations. So, twenty-four envi-
ronmental situations were created (three types of aircraft sound x four types of visual

Fig. 11.3 Artist impression
of the virtual community
noise simulator by NLR
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Fig. 11.4 The “BOLT” architecture

aircraft source x two types of landscape). The four types of visual aircraft source
correspond to the three aircraft plus one situation with clouds in the sky. The two
landscapes correspond to one green park, and one urban situation.

Sixty participants were immersed in these twenty-four situations. After each
flyover, they had to use the joystick on the touch controller to give answers to a
questionnaire which appeared in the virtual world (Fig. 11.5). It consisted of four
ratings:

(1) Overall, does this situation seem more or less

Unpleasant/Unbearable ….. Pleasant/ Bearable?

(2) Does the association of sound with visual seem more or less

Unrealistic/Non credible/Incoherent ….. Realistic/Credible/Coherent?

(3) Is the sound of this aircraft more or less

Unpleasant/Unbearable ….. Pleasant/Bearable?

Fig. 11.5 Question about
the audio-visual situation in
the virtual world
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(4) Does the noise level of this aircraft seem more or less

Strong/Loud ….. Weak/Quiet?
After assessing the twenty-four situations, participants had to fill a final question-

naire concerning the simulator’s overall efficiency in creating a feeling of reality, and
concerning personal information such as their noise sensitivity, or their quality of
life. As the experiment was conducted by the Cergy Paris University (CYU, France),
it was previously submitted to this ethical committee which approved it.

For the overall pleasantness measure, three groups of participants rated the audio-
visual situations differently. One group rated all the situations in the “negative” part
of the scale, which means that they found the environment less pleasant than the
other groups. Generally, participants of this group are more noise sensitive than the
other participants and a little bit older. Another group of less noise sensitive people
rated the overall pleasantness in the middle of the scale. The last group rated the
overall pleasantness in the “positive” part of the scale. In this group, participants are
a little bit younger, whatever their noise sensitivity.

If we have a look on the influence of the landscape, it seems that the majority of
participants were not influenced by the landscape, but some of them preferred the
flyover in the park, because the situation is greener [45] and some of them disliked
the flyover in the park because the flyover disturb the quietness of this environmental
situation [4]. The size of the aircraft has no influence on the sound perception nor on
the overall pleasantness.

For the sound pleasantness, the aircraft sound of the A380 is the most unpleasant
because it is the loudest one (LAmax,30 s = 76.1 dB(A)). This sound also has the
lowest pitch. Then the A320neo and the new aircraft are perceived as more pleasant
as they are both less noisy (LAmax,30 s = 72.1 dB(A) and LAmax,30 s = 71.3 dB(A)
respectively). People react globally in agreement with results of the literature about
sound perception [12, 26, 30]. The study about realism can explain why the results
are so close to scientific literature about aircraft noise.

In total, 78% of the participants found the virtual audio-visual environment
very or extremely realistic (Fig. 11.6). All sound syntheses are of similar real-

Fig. 11.6 Distribution of the answers given by participants at the end of the experiment about
realism and immersion



248 C. Lavandier et al.

istic/credible/coherent quality. Nevertheless, participants noticed that the simulation
of the A320neo is the most credible from a visual point of view. The odd architecture
of the “BOLT” aircraft renders its visual simulation less credible, theA380 is also less
credible than the A320neo because people are less familiar with this large aircraft.
It has also been found that the realism of the visuals are not only deteriorated by
the unknown nature of the aircraft but also by clouds. Moreover, presence of clouds
leads to an overall more unpleasant situation, and the sound of the new aircraft is
judged louder under clouds compared to the same sound coming from any aircraft
that is seen in the sky.

To conclude, the quality of the application has been validated by our perceptual
experiment. 96% of the participants felt surrounded by the environment and the
results, which are in line with literature about aircraft noise, show that this virtual
reality tool can be used for communication with residents around airports in a fair
approach. If we want to improve the quality of the application, the efforts should
focus on the visualisation of the artificial clouds.

Effectiveness of This Virtual Reality Application for Better
Communication

In order to test the effectiveness of this simulation tool, an in-situ experiment will
be organised in a city around an airport where an operational change of the aircraft
route is planned. If people feel that they understand this change better with the virtual
reality tool than with classical maps (noise maps and aircraft trajectories), in theory
they should feel in more control and thus should be more confident with the airport
authorities. The hypothesis behind this in-situ experiment is that the noise annoyance
could be reduced with the use of such a tool, reducing fear about what will happen
in the future.

Mobile Application to Assess People’s “Annoyance”

Introduction

For about two decades, airport residents’ long-term annoyance has been studied by
asking the ICBEN question, “Thinking about the last 12 months or so, how much
did aircraft noise as a whole bother, disturb or annoy you?” [10]. Typically, and in
line with the ICBEN recommendations, annoyance ratings have been given on 5-
point verbal scales and 11-point numerical scales. By dichotomising the answers in
values of high (1) and not high (0) annoyance, the percentage of respondents highly
annoyed related to computed average noise levels provide exposure–response curves
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Fig. 11.7 Variance in exposure–response curves for the percentage of persons highly annoyed by
aircraft noise [15]. Source Guski et al. [15], adapted and modified

that inform noise policy. Unfortunately, various study exposure–response curves
deviate significantly (Fig. 11.7).

During these field studies, researchers also asked participants other questions to
find reasons for their specific level of annoyance. However, here again, significant
differences occurred. While there have been found many important driving factors
to get annoyed, after decades of aircraft noise annoyance research, we are still not
in the position to be able to set mathematical models, which would estimate with
acceptable accuracy the annoyance due to its contextual embedment. It turned out
that non-acoustic factors play an important role in the judgements [13], but theweight
of one or the other factor is hugely different from place to place, and situation to
situation, because airport residents and their living conditions are different. Those
who live near a huge hub, like Heathrow or Frankfurt, behave differently from those
who live near medium or small sized airports. Whether the airport has night traffic or
not is also important. Over the years it has also been found that people in a changing
situation (e.g. a new runway or a new flight route) behave completely differently as
opposed to those living around a steady state airport. All this leads to the conclusion
that while there have been quite a lot of field studies conducted already, because of the
diversity of situations, we still don’t have enough information to predict annoyance.

However, these classical field studies are quite costly and furthermore it has
increasingly become difficult to get participants to take part. So, we need new ways
to make test procedure and annoyance estimation easier, thus less costly and to get
“access” to a lot of people, to find the necessary number of volunteers to take part.
And therefore mobile phones come into play [24, 34, 37]: through them, people are
very easily be accessed with regard to their short-term annoyance, the test procedure
can bemuchmore flexible (e.g. asking participants not just once but at several random
times is easily done by an appropriatemobile application) and data exchange between
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researcher and participant is also fast and reliable. Moreover, acoustic measurements
can be stored on the device, at the assessment moments.

It seems that it is worth trying to modify also the methodology, because the
importance of non-acoustic factors means, at the end, that the key problem is the
deterioration of the quality of life of people. Further, annoyance can be understood
as a stress response to noise (seeChaps. 9 and 10) driven by the noise exposure aswell
as the perceived lack of control or capacity to cope with the noise. In addition, when
being asked retrospectively about the noise annoyance over a period of severalmonths
as recommended by ICBEN, annoyance judgments could be biased by memory
capacity (see also Chap. 10). Therefore, a momentary assessment, which captures
feelings in real time, became the choice for ANIMA’s pilot study to assess sound
perception in airport regions closer in time to the sound events.

The ANIMA Mobile Application (AnimApp)

Experience Sampling Method

Themethod proposed—in order to assess acute perception of sound events—is called
Experience Sampling Method (ESM; sometimes also called Ecological Momentary
Assessment). In contrast to the assessment of retrospective long-term judgments as
it is done in most of the ‘classical’ socio-acoustic surveys, this method allows to
assess the experiences in-situ repeatedly on different (consecutive) days at different
times of day. Hence, the ESM approach can be characterised as “capturing life as it’s
lived” [3]. By installing a survey-software on participants’ devices, researchers are
able to prompt for several assessments, whenever it appears to be necessary. Data is
then submitted to a server and is available as soon as the upload is finished. Although
ESMs have been found to be useful in many scientific disciplines they have just
shortly found their way into modern noise impact assessments [7, 11, 28]. Here, we
have found a promising way to get a realistic insight into people’s everyday noise
experience, which we regard as essential when examining sound perception and its
impact on quality of life in individuals.

The ANIMA project features among others the development of a new mobile
application, called ANIMA Research, nicknamed simply AnimApp (see Fig. 11.8).
Using the application, we carry out an ESM study about the impact of the sound-
scape and landscape of the surrounding environment on people’s perception of the
environment and their quality of life around airports.
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Fig. 11.8 Example screenshots of the Anima Research application ‘AnimApp’

Global Structure of the Application

Explanations and Permissions

After installing the app, during the first start, the test procedure is explained, permis-
sions are asked for location and microphone usage, and notification sending. In
addition, settings have to be reviewed and adjusted at will, so the frequency and
time-span of the test suits the participant’s lifestyle. Then the user exits the app. The
application is designed as self-operating. Once installed, notifications will prompt
for assessments at random intervals. The selection of momentary, weekly or the final
questionnaire as well as the replacement of missed notifications are all automatically
done without further intervention by the participants or the research team.

Momentary Assessments

Duringweekdays, from 7A.M. until 11 P.M. (when not shortened by the participant),
once around each full hour the app sends a notification (Fig. 11.9):

Depending on the user’s preference 2 to 4 assessment notifications come a day.
Hours ofmeasurement (i.e. 7A.M, 8A.M, etc.) are randomised for thewhole duration
of the test, so the user doesn’t know when the next measurement request will be
prompted for. Each hour of the day is tested within the adjusted interval. The total
duration of the study adapts correspondingly.

The user has to respond to a notification in 20 min and to start the momentary
assessment consisting of sound recording and questionnaire filling.

Duringweekend days, the participants respond to the samequestionnaire, however
in a shorter time frame, i.e. from 10 A.M. till 10 P.M. and just every second hour
only.
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Fig. 11.9 Notification calling to perform an assessment

End-Of-Week Assessments

At the endof theworkweek, i.e. onFriday evening, a short end-of-week questionnaire
has to be filled in. In addition, after the very last weekend’s momentary assessment,
the same end-of-week questionnaire is asked relating to all weekend days during the
test.

Final Questionnaire

Once all week and week-end hours have been performed, a final questionnaire is
presented to the user asking for noise sensitivity, and standardised questions on
well-being [17, 33].

Acoustic Measurements and Selected Questions

The ANIMA project tries to depart from the classical approach by moving from
the focus on average noise pollution and annoyance towards a broader view and the
general notion of the perception of acute sound quality and its impact on quality of
life. The broadened,more open content of judgments is combinedwith its assessment
in acute, specificmomentsmaking the responsemore independent frommemory bias
and from biases that may come along with the noise-attributing wording (so-called
demand characteristics) of the standardised long-term annoyance questions.

Regarding the acoustic metric describing the sound environment, it is worth trying
to find better acoustic metrics, which are closer related to people’s sound perception
than the day-evening-night sound level Lden, which summarises and weights noise
events over a 24 h period of the day. In order to be able to calculate most indicators
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that are proposed in the literature, the spectrum of the recorded sound (third octave
band, each second) is stored in the AnimApp.

At each moment when a notification is received by a participant, a 1-min acoustic
measurement has to be performed and then a series of questions appears. The ques-
tions that have been selected are inspired from the so-called soundscape question-
naires [2, 5], which capture all relevant dimensions that can explain the impact of
sound environment on people and which have been recently standardised [18, 19].
The first dimension is the pleasantness of the sound, followed by the eventfulness,
and the familiarity with the environment. The acoustic environment should also be
described with the types of sound sources, which are present in the environment.
The context is not limited to the location (which is captured by the smartphone), but
should also concern the activity of the participant at themoment of the evaluation. The
context also has to include visual data. Actually, it has been shown that the quality of
the landscape has an influence on the perceived pleasantness of a soundscape when
people are outside: the greener the landscape, the higher quality the soundscape [31,
32, 45]. When individuals are inside, the natural elements people could see through
their windows reduced the negative effect due to noise [43]. We examine this further
by asking participants to answer what they see through their windows, if they have a
view of the outside. In the frame of our approach, we also want to question the rating
of long-term annoyance by means of single items: people feel disturbed at different
moments of the day, or evening, or even night, but participants could have difficulties
to produce a valid annoyance rating over a longer period time (e.g. 12 months) [9, 40,
41, 44]. To examine how people add up all the different experiences deriving from
their perception - at least for a one week period, we decided to ask 3 questions on the
environment (overall impression on the sound pleasantness, landscape pleasantness,
and representativeness of the week) at the end of each week.

Of course, the unexplained variance of noise annoyance could partly derive from
personal dispositions. Accordingly, we assess the mood at each notification. Further-
more, the individual noise sensitivity and the perceived quality of life is assessed in
the final questionnaire.

Development of the Mobile Application

AnimAppwas developed for the two operating systemsAndroid and iOS. This allows
awidespread use of the application on the vastmajority ofmodern smartphones in use
[39] keeping participation requirements on low threshold. For the use of AnimApp
on these two operating systems, several operation system specific adaptations and
adjustments were applied.

In regular field studies, the procedure of the study is explained in detail to the
participants and once they agree to participate, they tend to complywell, which can be
enforced by offering an expense allowance. But with mobile applications, long text-
based explanations, which might demotivate participants to continue participating
have to be avoided. Specific effort has to be deployed in formulating instructions
precisely and shortly at the same time.
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Another difficulty is how to bring our test through, when the user often disregards
the notifications to do an assessment. After a pre-test phase, we decided to allow
20 min delay between notifications and possible answers, and to send reminder
notifications each 5 min to the user.

The regularity of data provision also needs attention: on the one hand, apps should
avoid running all the time in the background (and thus draining battery), but on the
other hand they must make sure to send assessment data to us, once a measurement is
completed. In our case, when connectivity is not available after fulfilling a measure-
ment, there is no other option than to schedule data sending for later time. However,
we ensured the battery will be drained as little as possible and even if the application
is killed by the user the schedule for the upload of data still persists.

Finally, tracking of participants’ location imposes further potential problems. In
our studywewant to know the position of the user at the timeof the assessment, so that
we can estimate the aircraft noise exposure for the respective positions afterwards.
Additionally, we ask our participants to allow tracking of their position all the time,
so we have an impression how airport residents move during the day (i.e. to know—
based on noise maps—how much they are exposed to aircraft versus other noise).
This option needs consent of the user (see below; paragraph on data security and
privacy).

Randomisation

For all field studies, from the point of view of later statistical analysis, the randomness
of sample collection is very important. Therefore, to assure good randomisation
among assessment hours and among participants, for AnimApp it has been decided
(a) to let the participants perform an assessment at randomly selected hours (but
along the test, each hour will be assessed just once), each day 2–4 times depending
what he/she set up in the settings, (b) to define a 10 min time-frame around full hours
and then randomly select the exact time in the resulting time span (e.g. between 7:55
and 8:05).

Data Security, Privacy

AnimApp made several steps to respect people’s privacy and to be fully compliant
to GDPR:

• It is not necessary for the users to enter any personal data to register in the study,
they simply get automatically the next free user ID, thus users remain anonymous,
and their answers too.

• The sound recording is right on the phone transferred into a series of 3rd octave
band spectra, one for each second, and only this is transmitted to the server. This
keeps privacy as the original audio recording cannot be reconstructed from these
acoustic data.
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• The user has explicitly to agree to constant location tracking, and can also refuse
if preferred. Also, positions are rounded to a grid of 100 * 100 m on the user’s
phone and only then sent to the server.

• For any cases, during first use, a user must explicitly agree to our privacy policy,
including the agreement that we collect/store/process data from the participant
with his/her consent.

Experiences Around Two Airports

A first version of the application has been tested during winter 2018, and a feedback
questionnaire has then been proposed to the “beta” testers. Based on these feedbacks,
the test procedure has been refined and the final version (which has been described
in this Chapter) will be used for the actual study. Two different sized airports will be
observed. The application will be experimented during spring/summer 2021 around
Ljubljana Airport in Slovenia, and London Heathrow Airport in the UK. Of course,
the application has been translated into Slovenian for being used in Slovenia. Gener-
ally, instructions and indications are technically provided through separated libraries
that are easing the adaptation to a wide range of other languages. Results should
show whether such an approach could be used for more airports, and more suitable
periods (more traffic for tourism, outside of a sanitary crisis like COVID-19).

Using Twitter as a Survey Tool: Understanding people’s
Opinions of Quality of Life Around Airports

Context

Social media has increasingly become a space where people meet to discuss, express
opinions and debate over a wide range of subjects ranging from global politics to
everyday life and frompolitical and ideological opinions to advertisement of products
and services. A specific part of the discussions about everyday life is the focus of
this work, done as part of the ANIMA project but having wider applicability: this
part concerns the understanding and subsequent classification of people’s annoyance
when they live, work or socialise around airports. In order to do this, we need to
analyse discussions over an extended period of time which are somewhat localised
since we need the involved people to either live or work around airports or to show a
significant presence that would allow them to be considered as directly affected by
the generated impact from the airport operation.

Actually, surveys assessing the impact of the operation of an airport on the popu-
lation living in the adjacent areas have been carried out for a long time and have
received particular focus (and a lot of scrutiny) in cases of airports’ expansions.
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These surveys have taken place in traditional ways, mainly through the selection of
a representative part of the population which is contacted either by person (door-to-
door), by phone or through post in order to fill a predetermined questionnaire. More
recently, such surveys are being contacted either online or through mobile apps,
where the invited subjects download and install an app on their mobile phones and
then use the app to answer specific questions and/or allow it to monitor (parts of)
their everyday life. Main disadvantages in both cases are the difficulty to extract big
enough samples and to guarantee the participation of the users during the duration
of the survey, since quality of life issues cannot be assessed in one-off answering.
Moreover, as in all surveys, the usage of mobile apps raises various privacy concerns,
which can, of course, be mitigated by extra developer effort, as it is the case in the
ANIMA mobile app.

Compared to these methods, surveys based on social media research and anal-
ysis exhibit various advantages and disadvantages. On the advantages side, we can
put the infrastructure for capturing social media posts once and then monitor the
discussions for an extended period of time with no extra cost (besides the cost of
processing and storage of the posts). Additionally, socialmedia platforms like Twitter
or Facebook can provide easy access to thousands or millions of users and millions
or billions of relevant tweets (depending on the airport, the area, etc.) so as to extend
the sample that “participates” in the survey. The users are actually taking part in
online discussions based on their own interest, with no strict requirements. On the
disadvantage side, online social media brings its own biases, for example it is well
known that people from older generations use them very little or only for purposes
of communication with family and friends. One more problem is that posts do not
necessarily carry location information, so sometimes localising a discussion is not
possible or becomes a costly operation by itself. Finally, discussions on social media
are directly affected by whatever captures the public’s eye as well as from the actual
reality, for example during the recent COVID-19 crisis discussions on social media
are overwhelmingly dominated by this and the lack of actual flights mitigated the
issues and the discussions. The richness of information in social media can also be
a curse: not all discussions are relevant to the specific subject. In that respect, we
need first to extract the relevant posts or discussions, which is not a trivial subject
by itself. Additionally, in the case of Twitter and other microblogging services the
imposed limit on the number of characters for each post forces people to express
themselves in unique and sometimes difficult to understand ways. Nevertheless, the
number of posts that can be captured and the number of users that participate make
it a viable alternative that—with the necessary scientific precautions—can provide
valuable insights on the opinions and sentiments over quality-of-life issues around
airports.

As part of the ANIMA project, we develop a set of reusable tools and method-
ologies that allow capturing the necessary relevant social media posts, extracting the
topics of discussions around quality of life and classifying the sentiments around
these topics as positive, neutral or negative trying to depict a qualitative assessment
of the opinions of people from the area around airports. For the purposes of the
project, we focus on the area around Heathrow airport in London, UK (one of the
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busiest airports in a very densely populated area) but the methodology and principles
described can be easily applied in any other similar case.

Scientific Background

The core of the work in this task is the extraction of opinions and the analysis of
sentiments contained within those opinions that would allow us to classify those
opinions as positive, neutral and negative.

Sentiment classification is a hard challenge that faces several challenges such as
dealing with trivial posts, incomplete sentences, misspelling and abbreviation due to
size restrictions, dealing with specific meanings such as irony or humour and the use
of emotional expressions. Sentiment classification approaches can be classified into
three main categories: (i) machine learning, (ii) lexicon based [22, 23, 47] and (iii)
hybrid approach.

Machine learning-based sentiment analysis consists in predicting the polarity of
sentiments by training a machine learning model with examples of emotions in text
to automatically learn how to detect sentiment without human input. In the litera-
ture, one can find works that use emoticons [35], slang language and acronyms [16],
words in text and their respective part-of-speech (POS). Other elements to consider
are intensifiers such as all caps and characters’ repetitions (e.g., happpyyy) [21],
punctuation marks, n-grams [21] and negation marks [29] or (all possible) combi-
nations [21] as features of the analysed tweets. In [35] and [6], authors performed a
2-way classification (i.e., positive or negative) on data with emoticons and applied
respectively SVM (Support Vector Machine) and NB (Naive Bayes) algorithms that
were able to achieve more than 70% accuracy.

Recent works tried neural networks with word embeddings for the representa-
tion of tweets and showed that they achieved much better performance in sentiment
analysis [20, 27, 36, 42]. Word embeddings represent words by dense vectors with
much lower dimensionality. Each word is positioned via its vector value into a multi-
dimensional space (embedding space) which helps to consider their semantics (i.e.,
synonyms are geometrically close, antonyms are far from each other). Mathematical
operations can also be applied on vectors and produces semantically correct results,
e.g., the sum of the word embeddings of king and female produces the word embed-
ding of queen. Ren et al. [36] has used a context-based convolutional neural network
(CNN) to apply sentiment classification on Twitter corpus. Tang et al. [42] encodes
sentiment information of texts (e.g., sentences and words) together with contexts of
words in sentiment embeddings. They showed that sentiment embeddings consis-
tently outperform context-based embeddings in tasks such as word-level sentiment
analysis, sentence level sentiment classification and building sentiment lexicons.

Besides machine learning approaches for sentiment classification, in the literature
we find lexicon-based approaches. While finding or constructing those lexicons is
not always an easy task and the difficulty might vary depending on the language,
these methods allow us to use a list of words (dictionary of subjective words) [22],
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where each word is associated with a specific sentiment; emoticons are used the same
way as well. Yadollahi et al. [48] discuss the ability to use more than one dataset
to take into account multiple subjective perspectives of the word and to modify the
existing dictionary in order to satisfy the topic sentiment characteristics. Asghar
et al. [1] proposed to classify sentiments in reviews by combining an emoticon clas-
sifier, a modifier and negation classifier and a classifier based on the opinion lexicon
SentiWordNetwork (SWNC) in a sequential, then input the text to a domain specific
classifier (DSC) that takes into account the polarity of domain specific words both
existing or unknown in SWNC. Such a hybrid approach consists of the combina-
tion of both machine learning and lexicon-based approaches, which can improve the
results of sentiment classification. More information on related works in the area can
be found in [25].

Analysis Pipeline

For our sentiment analysis task, we propose an approach that uses data mining and
machine learning for the extraction of relevant tweets, then a lexicon-based sentiment
classifier to calculate their polarities and classify them to negative, positive and
neutral.More specifically,we provide a processing pipeline of four distinct sequential
and interdependent steps. More specifically:

Collection and Preprocessing of Tweets

Tweets are collected through the Twitter API, which provides a standard way to get
(a part of) the real time stream of public tweets and filter those by keywords, location,
language, users, etc. We used mainly keyword-based and location-based queries. We
are extracting only English language tweets and use keywords like: “Heathrow”,
“LHR”, “noise”, “annoyance”, etc. to increase the chances to get relevant messages.
Also, location queries were used based on Heathrow’s day, evening and night level
(Lden) noise contours in order to bound the area of interest. (This led to a bounding
box of 167 km wide and 73 km long, centred around Heathrow airport to be used as
location filter to Twitter API).

Those tweets go through a pre-processing phase, where we firstly remove links,
numbers, emoticons and Twitter specific words, then we make all words lowercase
and apply tokenisation. On those tokenised words, we correct as many errors as
possible (mainly spelling errors) and then we assign part-of-speech (POS) tags and
lemmatise thewords in order toworkwith amore compact and stronger set for under-
standing relevance. It should be noted here that the removed parts (e.g., emoticons)
are not deleted permanently but are passed to the next processing steps.
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Relevance Classification

From the previous step we end up with a bag of words (including hashtags), so
here we use these words to form unigrams, bigrams and hashtags as features and
use tf-idf as a metric to represent tweets. Then the SVM algorithm is trained on a
manually annotated sample of tweets, so as to be able to classify tweets as relevant
or not. We filter the relevant tweets through a lexicon-based classifier in order to
benefit from the domain knowledge (expressed through the lexicon), which assigns
a relevance score to each tweet. We keep those tweets that exceed a threshold. This
double classification provides better results compared with other methods, for more
details please see [25].

Sentiment Analysis of Relevant Tweets

Based on the selection of relevant tweets, we proceed to classify those tweets as
positive, negative or neutral. We do this by exploring various facets of the tweets and
calculate different scores that represent each facet. At the end, we put together those
scores in order to compute a single score per relevant tweet that would allow the
system (based on this value) to classify it. In order to do this, we use three different
facets: (a) emoticons (collected from tweets and labeled as positive or negative),
(b) lexicon-based polarity of words (using dictionaries, where each word has been
classified as positive or negative and given a score) and (c) the SentiWordNet, a
dictionary where each word has been attributed at the same time a positive, a negative
and a neutral scorewith the restriction that these scores add up to 1. Thefinalweighted
score is calculated based on the individual scores and is used for classifying the tweet.

The overall processing pipeline is depicted in Fig. 11.10 and has been published
in more detail in [25].

Preliminary Results

At the time of writing this text, we already had some promising preliminary results,
at least in the sense of capturing correctly the overall sentiment of the population
involved, given the limitations discussed in the beginning. Although the complexity
of the pipeline amplifies the errors we have in the processing, preliminary results
show quite good accuracy in the classification of sentiments found in the relevant
tweets.Moreover, the errorswe calculate are equally distributed between the different
classes, which shows that the method does not introduce any bias towards a specific
class. Results can be visualised either as graphs or as localised data with the use of
a map for the visual background.
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Fig. 11.10 The twitter analysis pipeline [25]

Future Work

Themain effort is the large-scale application and evaluation of the proposed method-
ology. Given the effects of the COVID-19 pandemic on airport traffic but also on the
discussions on twitter and other social media, we will rely on historical data (i.e. data
recorded prior to the pandemic) to do our processing. This eases the requirements
on real-time processing and allows us to apply additional methods, like embed-
dings, which can improve the accuracy of sentiment classification. Unlike the “bag
of words” representation used by our methods so far, where the context plays a small
role; these newer methods are able to detect similarities and hence classify unseen
words which are similar to other words seen in the training set. Recurrent Neural
Network (RNN) offers a memory factor that helps to consider the previous and the
following words to better predict the sentiment of current words and hence to effi-
ciently predict the sentiment of the whole sentence, which improves the accuracy of
the classifier.

Conclusion

In this chapter, we presented how recent technological innovations could help to
collect and analyse data from people who live around airports, and so improve our
understanding of the adverse effect of noise on humans.
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A Virtual Reality simulation made it possible to evaluate how visual settings
of the aircraft (wide body, narrow body, blended wing body) and of the landscape
(green park vs. urban situation) influenced sound perception. The quality of the
tool has been tested, showing that 96% of the participants felt surrounded by the
environment, and 78% found the virtual audio-visual environment very or extremely
realistic. This application rendered highly immersive audio-visual situations, so, it
has been hypothesised that it could be relevant to communicate with residents in a
fair approach, showing the impact of future airport scenarios in land-use planning.

A mobile application (AnimApp) has been developed to study the impact of
the audio-visual environment on sound perception and on quality of life around
airports. The method of experience sampling has been chosen, because it captures
subjective experiences as they are experienced in-situ in real life. Perceptual data on
the sound as well as the visual environment are collected in addition to acoustic data.
The final study will take place during spring/summer 2021 at two locations: one at
Ljubljana Airport in Slovenia, the other at London Heathrow Airport in the UK with
the aim of convincing more than 60 participants in each site. This experiment will
probably suffer from the reduction of air traffic due to the COVID-19 pandemic,
but this application can be also used in the future to collect valuable perceptual data
synchronised with acoustic ones with more participants.

Finally, using social media as a means to survey people’s opinions on various
subjects, including quality of life and issues of noise around airports, seems to be
promising and produces credible results. The process gives us insights based on
existing online discussions and based on complex learning pipelines; it discovers,
classifies and localises the opinions of the users. The complexity of the current
processing architectures is significant but the results produced so far are promising
for the future. Being able to combine those data with additional offline data and
data from multiple sources (e.g. other opinion sites, land use, etc.) could improve
the quality of the insights provided into people’s responses to aircraft noise, and,
thus, and allow to further refine the process of aviation noise management in airport
regions.
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Abstract Noise impactmanagement goes hand in handwith the capability to predict
the noise impact on exposed communities. Three tools to that purpose are presented
in this chapter: the Noise Management Toolset (NMT), the Demo Virtual Commu-
nity Tool (VCT) and Dynamic Noise Mapping. The NMT is a web-based tool giving
stakeholders the opportunity to evaluate scenarios through not only noise expo-
sure, but also noise impact, by introducing annoyance related metrics like the awak-
ening index, with an easy-to-use interface. The VCT is the underlying research tool
exploring and testing new indicators and options that might be of relevance to target
audiences, such as land use planning information about location dependent activi-
ties or window insulation. The third approach, Dynamic Noise Mapping, adds the
important aspect of population movement to classical noise mapping approaches
where temporal changes of noise maps are tracked and included in noise exposure
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Introduction

When taking decisions with regard to land use planning, changes in air tracks etc.,
stakeholders need to rely on numbers. At present many tools are available that allow
the user to generate noise exposure maps for airport scenarios. Although most of
these tools have a rather sophisticated graphical user interface, their proper operation
requires significant technical skills, usually only available at specialised consultants
or at environmental departments of big airports. Due to the cost involved, this will
normally limit the use of such tools to specific scenarios, required for compliance
with legal requirements. It does thus usually not allow other interested stakeholders
like land use planners, policymakers, airport staff, etc. to “play” with such tools to
get a better understanding of the factors influencing airport noise management.

On the other hand, state-of-the-art tools usually only generate information on
noise exposure. Although this is relevant for planning purposes, it falls short when
airport noise issues need to be managed at a detailed level. As has been highlighted
by the ANIMA project, an understanding of the reaction of people on interventions,
aimed at reducing the noise impact, is required to maximise the benefits of such
interventions.

Also, generating information on noise impact does not only imply knowledge of
the noise sources in space and time, but also of the impacted population. Movement
of people necessarily influences their exposure to noise and hence their perceived
impact. Taking that varying parameter into account when estimating noise impact
seems unavoidable, if it is to be done realistically.

In the following, three tools are presented. The above described shortcomings of
current airport noise predictionmodels andmapping approaches have been addressed
in ANIMA through the development of the Noise Management Toolset (NMT),
the Virtual Community Tool (VCT) and Dynamic Noise Mapping. While the first
one (NMT) offers a range of versions, going from a public version to a tool for
aircraft noise experts, the second one (VCT) is a research tool elaborating, testing
and validating new indicators, visualisations and options that can be implemented
into the NMT if deemed of interest to stakeholders. The third approach, Dynamic
NoiseMapping, adds the important aspect of population movement to classical noise
mapping approaches.

Noise Management Toolset

Objectives of the Tool

The NMT has been developed with the aim to overcome the main shortcomings of
existing airport noise tools, highlighted above. Therefore the main objectives of the
tool are to:
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• Reduce the required technical skills so the tool can be used by a wider range of
users

• Extend the scope from noise exposure to noise impact.

To further enhance the scope of the tool, the following additional forward-looking
objective has been included:

• Allow for the inclusion of advanced aircraft/powerplant concepts (so as to study
their noise impact, not only exposure)

Working Principle

In the European context airport noise models have to be compatible with the method-
ology described in ECACDoc29 [1]. Therefore the NMT has been developed around
the SONDEO model [2], which implements the latest version of this methodology.
The design of SONDEO is such that it separates the complex noise calculations
required to obtain the noise levels for each individual aircraft (the so-called “single
events”), from the generation of the map that reflects the noise exposure of the full
fleet operation, representative for a certain scenario.After this, impact related features
can be calculated. Figure 1 provides a schematic representation of the workflow of
the NMT.

Fig. 1 Workflow of the noise management toolset
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Thefirst step (generationof the single events database) inevitably requires in-depth
technical knowledge of airport noisemodeling. To avoid exposing the end-user to this
part, the single-event database will be generated “off-line” by specialists (here called
the NMT Administrator). This database will contain the individual noise footprint
of each combination of aircraft type, flight track, flight profile, etc. that may be
considered later on in the scenarios. With the support of additional simulation tools,
the single events for any not yet existing aircraft can also be generated here. It is
noted that the single event database will need to be generated only once.

The resulting single event database will be available at the start of the on-line
user experience. The user can build his own scenarios by selecting the relevant
combinations of single events and in this way generate the full set of operations for
which the noise results shall be calculated. Apart from the standard noise exposure
metrics, relevant noise impact related metrics are also calculated.

The results of the calculations are graphically presented and the user can select
which results to display and can compare the results of various scenarios.

Airports

A so-called Public Toolset (PT) is available for the general public. The PT contains a
virtual airport, with the aim to illustrate the basic concepts of airport noise mapping,
explained in the ANIMA Best Practice Portal. To this end a set of traffic scenarios
has been included, which the user can visualise and for which relevant information
on the essential components (aircraft operations, tracks, noise contours, populated
areas, etc.) can be displayed.

Apart from the PT, limited to the illustration of basic concepts, a premium version
(the Noise Management Toolset or NMT) has been developed that addresses the
needs of users such as land use planners, policymakers, airport staff, universities,
etc. These users will want to be able to generate their own scenarios at a real airport,
e.g. to design an intervention and assess its effect on the noise exposure and impact.
Registration is required to obtain access to this advanced version of the NMT. As a
first step, an authorised person (here called theAirport Owner) shall request inclusion
of an airport in the NMT database, following the procedure described on the NMT
website. This person shall have the permissions required to publish the information
relevant for the noise calculations at that airport. The Airport Owner shall provide
a dataset with which the NMT Administrator can generate the single event database
and configure the system for inclusion of the new airport. This dataset will include
information on the runway(s), standard flight routes (tracks), aircraft fleet, populated
areas, etc. Once this database is ready, the airport will be available in the NMT and
the Airport Owner can invite additional users to register for the new airport. Each
NMT user will have access to all functionalities of the NMT for the virtual airport
and the airport(s) (s)he has been assigned to.
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Building of Scenarios

The basic structure for the calculations to be done with the NMT is the Scenario. A
Scenario represents a certain noise situation at an airport and as such consists of a
specific combination of the single events available in the database. Each single event
is defined by a unique combination of:

• Aircraft type
• Type of operation: Arrival or Departure
• Vertical flight procedure (“Profile”)
• Distance flown (indicator for the weight at take-off)
• Runway
• Track

To define a Scenario the user should provide the following information for each
single event (see Fig. 2):

• Number of operations
• Time of these operations (exact local time or period (Day, Evening, Night))

The NMT provides several options to create a new scenario. As a first option
a scenario can be generated from scratch. In this case the user has to provide all
the information on the aircraft operations. This can be done by manually filling
in a table like the one presented in Fig. 2, or, more conveniently, by uploading a
file containing the airport flight plan (similar to the time table usually managed at
airports, i.e. providing the time of each individual operation) or a so-called operations
file (resembling the table shown in Fig. 2, grouping the operations by period of the
day, thus losing the time information of the individual operations). Templates for
both are available on the NMT website. Usually the user will need to create the first
scenario for an airport in one of these manners. However, once this is done, it is
generally more convenient to clone the existing scenario and then change only those
operations required to define the new scenario. Several smart features are available to
assist the user in defining the new scenario. It is possible to move a certain amount of
operations from one track to another, for all aircraft and time periods, or for specific

Fig. 2 Example of building a scenario, based on single events
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aircraft types and/or time periods individually. Similarly, it is possible to increase
the number of operations by a certain percentage to easily simulate traffic growth.

Once a scenario has been created by one of the procedures explained above, the
noise calculation is invoked, which will generate the noise exposure and impact
maps.

Visualisation of Results

Once a scenario has been calculated the results can be visualised. The user can select
the noise/impact contours that should be shown on the map. Information on track
usage, specific populated areas, etc. can also be presented.

To assess the effect of the intervention represented by a scenario, the results
(noise exposure and impact contours) of that scenario can be compared with those
from another scenario. Amaximum of 4 scenarios can be compared at the same time.

The reader is now encouraged to get a taste about the capability of the tool by
visiting:

https://anima-project.eu/noise-platform/noise-management-toolset and by
following the path along Noise Toolset to The Public Noise Toolset.

Future Work

Although the currently available NMT addresses the most relevant needs of the
targeted stakeholders, further development of the tool is envisaged, to cater for
additional functionalities that are considered of added value to the users.

WithinANIMAamore comprehensive desktop toolset has been developed for use
by aircraft noise experts. Some of the functionalities implemented in this tool may be
migrated to the web-based NMT. As a first additional feature, it is envisaged that the
web-based NMTwill be extended with the calculation of emissions (CO2 and NOx).
In this manner the user will be able to obtain in a single execution both the noise
and the emissions corresponding to a scenario. This will allow for the determination
of the interdependencies between both environmental aspects and provide the user
with means to perform trade-off studies.

As the title of the present chapter indicates, the NMT has been conceived with
the objective to go beyond the mapping of noise exposure, by including aspects
of noise impact. As this is a relatively new field of research, it is envisaged that
new knowledge will be generated in the coming years. The Virtual Community
Tool (VCT) described hereafter is the vehicle that will test the applicability of new
insights in a representative airport environment. Once validated with the VCT, the
new findings will be leveraged to the NMT. The web-based approach allows for
an instantaneous upgrade of the NMT, allowing its users access to state-of-the-art
knowledge on airport noise impact and its management.

https://anima-project.eu/noise-platform/noise-management-toolset
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Virtual Community Tool

Aim of the Tool

As it was seen in former chapters, noise causes annoyance, but its amount cannot
be clearly related to noise levels. Decision makers have a hard time trying to protect
people living around airports: on the one hand they must use objective, measurable
quantities, but on the other hand they should use something, which reflects people’s
subjective reactions to noise. Until now, separate daily, evening, and night-time noise
levels, or their combination (LDEN) are calculated in most cases. But unfortunately
these level metrics are normally computed for longer periods only, i.e., a month, the
busiest six months, or a year, thus blurring the annoying effect of some worse days or
even some hours of the day. Nevertheless, LDEN could already be seen as something
that is at least a bit perception oriented, because it gives a penalty weighting for
the evening and night hours, taking the more adverse effect of noise during these
hours into account. Unfortunately it is, by far, not “human friendly” enough, as it
absolutely does not consider the nature of aircraft noise being a series of individual
events in contrast to much more continuous noises. LDEN can neither take critical
hours into consideration, such as trying to get some rest outside after work, the time
when people try to fall asleep, or when they are in a light-sleep phase soon before
getting up; nor can it tell too much about sleep disturbance by the noise. (Similar
findings are described in [3], which thus recommends that “supplementary Single
Event metrics are routinely published by airports to better reflect the way in which
noise is experienced on the ground”.) Besides the metrics utilised, another issue with
the current noise computation approach is the computational cost. The strategies
applied currently are time consuming thus it is too costly to analyse various scenarios,
like the rearrangement of flight hours or the increase of flight traffic in the future, or
the renewal of the fleets, etc.

The introduction of new metrics to use as an evaluation tool on the harmful effect
of air traffic is not just a difficult scientific task, it is also a hard decision, because there
does not exist a universal, undisputed metric. Each of the metrics utilised nowadays
emphasises one certain effect of noise, while suppressing the others. Instead of trying
to invent new formulas of combined metrics, in ANIMA we try to move the current,
mainly level-oriented decision approach into a direction, where more factors are
considered. Therefore a tool has been developed, which is able to compute several
metrics, each being strongly related to annoyance. A strong emphasis has also been
set on the ability of the tool to easily change scenarios, i.e., to quickly analyse various
possibilities. We don’t know yet whether such a tool could be accepted by decision
makers therefore we call our tool the “Demo Virtual Community Tool” (referred
as “demo VCT”)—as it demonstrates a new approach on evaluating aircraft noise
effects.

When comparing it to the NMT, it is developed in a computer language, which
allows very fast program development, so we can quickly implement whatever we
think it could be useful, but it cannot correctly support user right management.
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Therefore it is good as an experimentation tool to find useful features that could be
later on implemented in a more commercial-like software, like the NMT.

Please note that all examples presented here serve only to demonstrate the capa-
bility and the potential of the tool. Although you’ll see computed metrics around
Budapest Airport, the applied schedules are fictional, so it is strongly emphasised
that the reader shall not draw any conclusions on the situation around BUD airport.

Working Principle

Figure 3 displays the overall workflow of the tool. There are two main inputs that
are required for the computations performed by the Virtual Community Tool. First,
an airport database must be available. This database contains the ground acoustical
data (i.e. acoustical footprints) of all possible flight operations of a single airport. The
dataset is sampled over a geographical grid that covers a given area in the vicinity
of the given airport. The airport database may also be supplemented by additional
regional information, containing a demographic map of the population density, an
insulation map of the buildings in the area and further auxiliary data. The second
input is called a flight schedule and it contains a list of actual operations performed
in a given frame of time. A typical schedule may contain all operations of a week or
a fortnight, whereas short schedules of a single day, or long schedules containing the
traffic over a whole year are also handled by the tool. Once a schedule is available, all
of its flights are matched to the airport database in order to establish the connection
of the actual operation with the corresponding acoustical footprint.

Fig. 3 Workflow of the demo VCT
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Bymeans of themetric computation engine, the tool enables the analysis of various
scenarios for one airport, i.e., a given airport database. A scenario contains the flight
schedule together with the traffic modifications defined by the user as well as the
land use plan (LUP) areas and the settings of the computations. The user is able to
edit the traffic composition through the graphical user interface. The main idea of the
tool is to allow for adjustment of the overall properties of the composition of the air
traffic instead of managing single operations one-by-one. This approach allows very
easy modification/redesign of the air traffic and thus facilitates the analysis of the
effects of planned interventions or expected trends, such as increasing or decreasing
the amount of operations on a flight path. Moreover, land use plans (e.g. financing
window insulation in a certain area, or establishing a business area, etc.) can easily
be defined and modified using the interactive map visualisation window.

Once a scenario is defined, the computation of the selected acoustical and non-
acoustical indicators is performed. These indicators, each being defined on the
geographical grid of the airport, are referred to as metrics. The computation of all
metrics necessitates iterating over the flight schedule and accumulating the corre-
sponding acoustical footprints as well as calculating non-acoustical indicators at
the same time. To be able to handle long schedules containing several months of
traffic in a short amount of time, the computation of each metric is specialised and
the possibilities to reduce the computational burden are exploited wherever possible.
The computation of acoustical indicators has been validated by comparing the results
providedbyour tool to reference computations carried out using commercial software
packages.

The main functionality of the tool is then the analysis and comparison of the
metrics computed for one or several different scenarios by means of a powerful
visualisation engine. Its map visualisation window (see Fig. 4) allows for displaying
the data as colormaps rendered over the satellite view of the area. The colormaps
can be augmented by an arbitrary number of contours that are fully customisable by
the user. At the same time, the visualised data can be exported and later imported
facilitating further comparisons.

Features

The most important capability of the Virtual Community Tool is that it is able to
compute various acoustical and non-acoustical indicators, including standardised
quantities (e.g. LDEN or Lnight) and metrics that are customisable by the user. One
example of such customisation is the ability to change the typical period of sleeping
hours of people which affects the calculation of the awakening indicator.

Also a key, unique feature of the tool is that it enables the user to modify the global
properties of the traffic of the airport through a clean graphical user interface that is
easy to handle. In particular, the following properties of air traffic can be adjusted:
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Fig. 4 Map visualization window showing various metrics for one scenario. One can observe that
areas defined by crucial limits of the metrics mark out somewhat different areas

– The global and the hourly amount of operations can be modified, meaning that
the traffic as a whole can be increased or decreased. Furthermore, the traffic can
be reorganised among the hours of the day, for example by moving a certain
percentage of the traffic from one hour to one or many others. This feature is
particularly useful for examining the day-evening-night balance of the noise and
annoyance caused by the current or the planned air traffic.

– The usage of runways and flight paths, allowing the adjustment of the amount of
traffic on them. Besides the ability of foretelling the effects of introducing new
flights, this feature can be especially useful for predicting the change of indicators
by such events as a renewal of a runway.

– The composition of the fleet, i.e. the relative amount of different types of aircraft,
allowing the replacement of older aircraft types by newer ones, as well as
completely banning operations of given aircraft types. This functionality allows
for forecasting the effect of the renewal of the fleet of airlines.

Areas for various types of land use plan actions may be defined by the user by
simply marking them on the map. Area types include green parks, business areas,
university campuses, or areas where window insulation for the houses is funded. The
areas defined by the user affect the computation of both acoustical and non-acoustical
indicators.
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If a demographic map of the examined area is available, the VCT imports it
automatically. Once the demographic map is loaded, the acoustical and annoyance
metrics can also be visualised taking the number of affected people into account,
indicating the seriousness of possible aircraft noise related problems. Furthermore,
the demographic map may be supplemented by a so-called occupancy map, which
describes—on an hourly basis—what percentage of the habitants are in fact at home.
This enables taking the number of affected people dynamically into account. This
unique feature is also exploited in defining the land use planning for the vicinity of
the airport. As an example, it can be expected that a business area or a shopping
center is not inhabited during the night hours.

The user has the possibility to either perform a series of adjustments on one
scenario, resulting in a modified scenario or to perform different adjustments on the
same scenario and then to save them as separate scenarios.

The integratedmap visualisationwindow allows for a straightforward comparison
in both cases: the modified scenario to the original, hence enabling a quick overview
of the effects of the planned changes or the comparison of various options for a
given starting situation. Moreover, the capability to compare several scenarios also
allows for comparing different schedules, i.e. worse day versus long-term average
or preferred versus non-preferred oparation mode of the airport.

Scenario Show-Cases

Let us recall a statement from European Parliament [4]:
“Furthermore, the use of newmetrics like Number of Events above a certain noise

value are being pushed forward. As it is indicated in the WHO 2018 Environmental
Noise Guidelines for the European Region “There is additional uncertainty when
characterising exposure using the acoustical description of aircraft noise by means
of Lden or Lnight. Use of these average noise indicators may limit the ability to
observe associations between exposure to aircraft noise and some health outcomes
(such as awakening reactions); as such, noise indicators based on the number of
events (such as the frequency distribution of LA,max) may be better suited. However,
such indicators are not widely used”.

There is, therefore, a proposal to start givingmore priority to other noise indicators
(in particular event-related metrics) as well as calculating lower noise level contours
to present noise exposure, which is a challenging modification considering the way
the noise effects have been studied until now.

This also supports the notion that annoyance is not just a yearly value and cannot
be characterised by a single metric. More and more countries are considering various
metrics simultaneously.Here, a good software comes in handy especially for “starting
the journey” airports, i.e. airports with less practice in aircraft noise abatement.

In the following you will see several scenarios demonstrating the capabilities of
the demo Virtual Community Tool. By showing differences in contour-sizes, we
definitely don’t want to give a position on what is appropriate to use. We just want
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Fig. 5 Multiple metrics can be shown at the same time. Color mapping depicts Lden, brown contin-
uous contour shows the limit for Lden = 45 dB, blue dashed curve shows Lnight = 40 dB, while the
black dash-dotted line encloses the area with > 1 additional awakening per night

decision makers to be in a better position to know what to expect. This information
could be used for communication purposes or taking actions.

1. Multi-metrics evaluations

State-of-the art research suggests the definition of protection zones based on
several properties, not just one. For aircraft noise, WHO recommends limiting
the aircraft noise exposure to less than 45 dB Lden, and for Lnight 40 dB [5].
Another recommendation is to keep the average additional awakenings induced
by noise below 1 per night [6]. As our demo VCT is capable of computing and
showing several metrics at the same time, one can clearly observe what areas
should be protected to fulfill all three conditions (See Fig. 5.)

2. Sleep-time preference

People differ from each other. Some prefer to go to bed later and also get up
later, others go earlier to sleep and get up also earlier. With the ability to flexibly
change the sleepinghours of people, independently from the night period defined
in regulations by each country, with our tool one can observe that “late sleepers”
in a much larger area have their nights unprotected from being woken up more
than once in average by the air traffic (see Fig. 6.) This example definitely shows
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Fig. 6 More than one additional awakening per night area for people sleeping from 22–06 (black
curve) and for those sleeping from 23–07 (brown dashed curve). Blue dash-dotted curve shows
these latter sleep hours with the reorganisation of the morning traffic: 50% of the flights between
06–07 are moved to 07–08

that while it is not realistic to completely shift the “airport start” to one hour
later, it is an option to shift at least some flights to after 7 o’clock, or in case
there is budget for it, to extend window insulation programs to a larger area,
or finally at least to spread simply the knowledge that “late-sleepers should not
live near airports”.

3. Scenarios to expect

It could be preferable to consider at the same time a long-term average and some
kind of maximum operation. Especially normal, but non-preferred configura-
tions could be cause for complaints, because published maps often present only
the long-term average, lowering those less-frequently happening, inconvenient
levels of areas, which receive high noise load only during non-preferred times.
The effect is even stronger when preferred and non-preferred configurations are
considered. It is worth explaining to people by visualisation why they some-
times feel so bad about the noise: because after a period with favourable condi-
tions the contrast to the unfavourable is much more pronounced. However such
scenarios are computed from completely different flight schedule lists. This is
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Fig. 7 The colormap shows the level difference of the non-preferred versus the preferred config-
uration. Although the strongly affected area (red area, > 6 dB) is huge, beyond the 45 dB contour
curves the noise is overall quite low. Still, the area between the two contour lines is remarkably
large. (Black curve is the non-preferred, white dashed curve is the preferred configuration.)

not a problem for the VCT, as the intelligent visualisation engine is able to
present several scenarios on the same map. (See Fig. 7).

4. Future

During Land Use Planning, it is wise to look a bit towards the future. While nobody
can tellwhatwill actually happen,most airports already have experience in evaluating
their flight traffic over the years. Most probably the increase in flight operations and
the renewal of airlines’ fleets can be estimated. To compute such expectations is
really easy for the user: just the increase in the total number of flights need to be
changed, and a few replacements of some older, but frequently used aircraft types
by some current ones and voilà, one can have an idea how the airport’s footprint will
perhaps evolve in the upcoming years. Figure 8. depicts such an estimation.

5. Critical Hours

We know from experience that some hours are more critical than others, e.g. falling
asleep is more prone to disturbance by noise events then when one is already asleep.
So people could be interested in traffic during these hours. As our Virtual Community
Tool performs internal computations on an hourly basis, the Map Display Window
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Fig. 8 Actual state (brown curve) versus 25% increased traffic with upgrading 20% of the older
part of the fleet by newer aircraft (blue dash-dotted curve). Contour curves show 50 movements per
day with a maximum noise level above 65 dB (N65)

allows the presentation of metrics for specific hours over the map but also the
overlaying of contours for several hours. (See Fig. 9).

6. Land Use Planning

Land Use Planning is a powerful way to control noise annoyance. Building well
soundproofed business-areas or shopping centers near airports could be examples
for it. In these areas no population is there to be disturbed during the night time, and
during the day, business areas can afford to pay for well soundproofed buildings,
while in shopping centers the noise levels are usually already so high indoors that
higher outside noise levels are not relevant. But also the effect of financing window
insulation in a certain area isworth studying, especially ifweknow the typical original
sound insulation quality of houses and the seasonal habit of people to close or leave
their windows open during the nights. The VCT allows for an easy definition of land
use planned areas by defining simply their functionality. Also a map containing the
typical sound insulation quality of houses around the airport can be used by the tool,
so the effect of soundproofing improvement can be easily studied. On Fig. 10 an
example scenario is shown: some areas received window insulation and a business
center has been established near the airport.
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Fig. 9 This figure shows the overall night-time’s noise load with white contour curves. While the
average noise-load towards the city is similar to those away from it, actually the number of loud
events depicted by the colormap (maximum noise level above 65 dB) between 22–23 o’clock is
about half as in the opposite direction. This is a favourable effect for the densely populated city area

Dynamic Noise Maps

Background and Definition

Dynamic noise mapping represents a relatively new concept in the airport noise
literature. Different authors have used this term for various purposes in the previous
years. Before going into further details, it is beneficial to compare the current usage
of this term and to precisely define themeaning of the “dynamic noise maps” concept
in this book.

Most of the research studies have used this term to present noise in a given
moment of time, i.e. to differentiate between noise maps for different period of
the day (peak or off-peak hours) and for the different days of the week (weekdays
and weekends) [7, 8]. Another research project [9] defines dynamic noise maps as
acoustic maps that illustrate in real time the temporal change of noise levels. Such
noise maps are constantly updated using algorithms and software in real time for
different operating conditions (sources, traffic, and weather conditions), by detecting
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Fig. 10 Awakening is reduced in areas with LUP functionality. Purple marked area depicts a
business area, while the orange ones define window insulation programs

noise andmeteorological data from low-costmonitoring stations andweather sensors
[10].

When real-time noise levels obtained from noise monitoring stations are used for
dynamic noise mapping, measurements could be taken only at specific points due to
limitations in the number of noise monitors. To obtain the existing noise levels for
the rest of the area of interest some estimates are needed. This is usually done by
updating the previously calculated noise levels using a reverse engineering method
(based on a sound power assigned to each existing noise source and the distance to
the measuring point) [11].

In several research studies, production of dynamic noisemaps has been performed
by including the citizens into the process of collecting the noise levels data in their
surroundings instead of using noise monitoring stations. In that sense, citizens act as
sensors and measure the level of noise using applications on their mobile phone or
some other smart device [12–14].

Although the ultimate goal of making any noise map should be to determine the
number of people exposed to noise, none of the mentioned approaches consider the
dynamics of population movement. Even though such dynamic noise maps indicate
different noise levels during the observed periods for which they are made, it is
assumed that the population is constant in all observed locations, which is not the
case in reality.
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The first attempt to include the dynamics of a population’s movements into the
assessment of aircraft noise exposure was carried out by Ganić and Babić [15],
followed by a series of papers by Ganić et al. [16–18] and Ho-Huu et al. [19]. In
all these research efforts, the emphasis was on optimising the aircraft assignment to
departure and arrival routes, while dynamic noisemapswere created only for one-day
scenarios to demonstrate the possibilities of the developed algorithm to reduce noise
annoyance and fuel consumption. Furthermore, the calculations of daily population
mobility included many assumptions and were based only on data from the census.

In this book, different ways of collecting human mobility patterns will be
explained in more detail along with the methodology used to incorporate it into
dynamic noise maps. Furthermore, a real case study conducted within the ANIMA
project, based on the one-year air traffic data, will shed light on the benefits of using
this new approach and demonstrate how daily movements influence the estimated
population noise annoyance around an airport.

Human Mobility Patterns

In the sense of dynamic noise mapping, human mobility patterns (sometimes also
referred to as population daily mobility or movement patterns) are defined as the
movements of human beings (individuals as well as groups) in space and time.
Motivation behind people’s movements on a daily basis is manifold. While most
common daily trips include commuting to and from work or school, they are also
connected with the social, leisure and other activities.

During the last decade, substantial progress has been made in the study of human
mobility. Not only by the significant advancement in the field of information and
communication technologies enabling more accurate tracking of people’s move-
ments, but also in that the collection and processing of such data is more accessible
to the general public.

While geography might be the first discipline to analyse mobility data and put
forward corresponding theories to describe travel patterns [20], the study of human
mobility currently spans several disciplines. It is widely used in transportation studies
to describe how people plan and schedule their daily travel, as well as to provide
better forecasts of future travel patterns.

Abetter understandingof humanmobility patterns leads tomore appropriate urban
planning and infrastructure design, new tools to monitor health and well-being in
cities, reduction of pollution, internal security and epidemic modelling, to name but
a few. In this book, the special emphasis will be given on the use of human mobility
patterns to estimate more accurately the number of people annoyed by aircraft noise.
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Different Ways of Collecting Human Mobility Patterns

Collection of information on human mobility has a long tradition. Some of the well-
known and widely used techniques to collect the data include surveys and question-
naires. In particular, census data, collected periodically through national surveys,
contain the questions related to the location of the workplace and school/faculty as
well as the place of residence. By creating an origin–destination matrix, these data
can be used to estimate daily/weekly commuting flows within a city or on a country
level.

Another way of using questionnaires for collecting the mobility data is by
conducting National travel surveys which have proved to be valuable for modelling
and planning of transport systems. Compared to the census data, travel surveys
contain more detailed information about daily activities of persons participating
in the survey, including number of trips per day, origin and destination of each trip,
time of the beginning of each trip, travel time and distance of each trip, purpose of
a trip, mode of transport, etc. By using proven statistical methods, data collected
through travel surveys allow us to simulate the movements of the whole population
with great detail.

Due to technological development and the increase in usage of the internet, the
methods to obtain the data have changed through the years, though the purpose
mainly remained the same.Digital footprints producedbypeople usingvarious digital
services such as mobile phones, smartphone applications, or social networks, could
provide valuable insights into their daily movement patterns.

These digital footprints can be classified as passive and active [21]. The main
difference between them is whether they are left voluntary or involuntary. Many
online activities such as tweeting or tagging a photo carry an information (electronic
trail) about the location and timestamp that could be used to track the movement
of the users when the frequency of such activities is satisfactory. Passive footprints
are collected involuntary by using smart-card data, mobile phone records, GPS data,
while active footprints come from the users themselves when they expose locational
data in photos or messages while using social networks such as Twitter, Facebook
of Foursquare and photo-sharing web sites, like Flickr or Instagram.

All these methods can be used to collect population mobility data necessary to
develop dynamic noisemaps. Nevertheless, numerous challenges can be encountered
due to privacy issues. To protect the anonymity of individual persons or businesses,
any data must be collected in accordance with the legislative framework, such as
the General Data Protection Regulation (GDPR) that harmonises data privacy laws
across Europe. Someof themeasures can include signing aConfidentiality agreement
and Declaration on Data Protection by the person who will use such sensitive data.
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Methodology

To be able to assess the daily mobility patterns of the population, as a first step
suggested here is development of an adequate travel model. Some broad types of
models used in transportation planning include the following [22]: sketch-planning
models, strategic-planning models, trip-based models, and activity-based models.

The choice of model depends on the purpose for which it will be used. Because
activity-based models typically function at the level of individual persons and repre-
sent how these persons travel across the entire day, they aremost suitable for dynamic
noise maps. Since detailed explanation of the activity-based travel models goes
beyond the scope of this book, only some brief description of the main concept
will be given herein. For more details, interested readers may refer to [22].

Activity-Based Travel Models

Activity-basedmodels consider activity and travel choices for eachperson throughout
the entire day, taking into account different types and priorities of the activities that
individuals are participating in [22]. The structure of activity-based models varies
in the literature. Nevertheless, as shown in Fig. 11, between the model inputs and
outputs,most activity-basedmodels include the followingmajor types of components
[22]: synthetic population, longer-term and mobility choices, daily activity patterns,
tour and trip details, and trip assignment.

The first component, synthetic population, represents a basis for predicting the
behaviour of the households and persons in themodelled area. It contains anonymous
microdata with the appropriate variables and granularity, statistically equivalent to
the actual population of interest, to serve as input for micro-simulation agent-based
models.

Next component involves modelling of choices that are made on a less frequent,
longer-term basis, such aswhere to live, work or study. In addition, decisionswhether
to own a car, driving license, bicycles or transit passes also belong to longer-term and
mobility choices that can significantly influence the availability and attractiveness of
different location, mode, and scheduling choices that create daily activity and travel
patterns. These choices are simulated for each agent in the synthetic population.

Conditional upon predicted longer-term and mobility choices, all travels during
the day are simulated using day-pattern, tour-level, and trip-level models. The main
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Fig. 11 Activity-based travel model components [22]
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output of the daily activity pattern model is the exact number of tours that each indi-
vidualmakes for each of a number of different activity and tour purposes. Scheduling,
location choice, and mode choice are all relevant at both the tour level and the trip
level.

Scheduling model within the tour predicts the departure and arrival times for
mandatory purposes (such as work or school), while the trip-level models simu-
late additional stops within the tour, for example on the way home, for other
non-mandatory purposes (such as shopping, social visits, recreation, etc.).

Apart from the usual home and work/school locations that are predicted within
the longer-term andmobility models, locationmodel is used to predict the location of
any intermediate stops along the tour, as well as tour origin and the tour destination.

Mode choice model predicts the use of mode at both the tour level and the trip
level. In most cases, people are inclined to use the same mode for an entire tour,
where the selected mode is the same for each trip within the tour. Nevertheless, there
are also infrequent cases of multimodal tours which could include carpooling or
park-and-ride concepts.

The final step in the activity-based travel modelling is to assign simulated trips to
the networks. The whole process could be iterated to recalculate the travel times or
some other parameters, if needed.

Calculation of Dynamic Noise Maps

After obtaining daily mobility patterns of population, the next step is to extract the
distribution of people at desired spatial and temporal resolution. The most detailed
spatial resolution would include every single location where people spend time.
Nevertheless, such a detailed approach is not practical nor needed for airport noise
impact studies since the aircraft noise levels do not differ significantly among closely
located points. Another approach is to aggregate points into grid cells (e.g. 500 ×
500 m) and to calculate noise levels only for grid cell centroid which will then
represent all the points within that cell.

On the other hand, temporal resolution will depend on the change in number of
people at different locations and frequency of activities in the observed model. The
minimum temporal detail should include at least four or five time periods in the
day, as opposed to some models that use continuous time (e.g., 1,440 one-minute
periods in the day). Furthermore, temporal resolution could be observed separately
for working and nonworking days since population daily mobility patterns can be
completely different from each other.

The noise metric that needs to be calculated for each location is LAeq,T or the
A-weighted, equivalent continuous sound level determined over time period T. After
calculating LAeq noise levels, the next step is tomatch the number of people exposed
to those noise levels at each location (spatial resolution) during each time period
(temporal resolution). As a result, cumulative noise impact for each person for the
whole day could be calculated.
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For example, if themodel uses 24 time periods in the study, LAeq,1 hwill be used,
where 1 h denotes the one-hour time period over which the fluctuating sound levels
need to be averaged based on yearly average traffic for each hour. The overall traffic
for the whole year should be divided into hourly periods, separately for working days
(Monday to Friday) and non-working days (Saturday and Sunday) and then averaged
(divided by number of days which will be different for working and non-working
days). As a result, 48 different scenarios will need to be calculated.

How Do Human Mobility Patterns Influence the Population
Noise Exposure Around an Airport?

To demonstrate to what extent human mobility patterns could influence population
noise exposure, let us observe an example of Heathrow airport and work-related
commuting patterns to and from one local authority. London Borough of Hounslow,
located east of the airport, is used here as an example since the largest part of its
territory is situated within the Heathrow airport Lden 55 dB noise contours.

Figure 12 showswork-related commuting from and to (number shown in brackets)
Hounslow for each local authority around the airport. According to the 2011 UK
Census, there are 102,654 residents aged 16 and over in employment living in Houn-
slow. By analysing the location of usual residence and place of work, it is detected

Fig. 12 Work-related commuting from (to) Hounslow



Towards Mapping of Noise Impact 287

that only 30% of them (31,030) work in Hounslow, while the rest of the residents
work in other local authorities. This implies that for 70% of the working popu-
lation within this area (71,624 residents), the noise exposure could be incorrectly
estimated (probably overestimated) since they will be spending a large portion of
the day (at least while during their working hours) outside of their usual residence.
For example, 11,954 residents of Hounslow (11.64%) work in London Borough of
Hillingdon, while 10,294 (10.03%) of them work in City of Westminster and City
of London which are outside of the Lden 55 dB noise contours. There are 43,730
residents who commute from Hounslow to 12 local authorities that are also, at least
partially, affected by aircraft noise. This indicates that more than half of Hounslow
employees work further away from the airport, in the areas not affected by aircraft
noise, thus being exposed to less noise than anticipated based only on the residential
location.

On the other hand, Fig. 12 also shows that, out of 105,007 employees working
in Hounslow, 70% of them (73,977) live outside this local authority. Most of these
employees (59.2%) travel from local authorities where the aircraft noise levels are
considered insignificant, since only 42,831 of them (40.2%) are residents of 12 local
authorities affected by aircraft noise, such as nearby Ealing (10,385) and Richmond
upon Thames (7102).

When combining the employees traveling to and fromHounslow, thiswork-related
commuting results in the presence of additional 2353 people within this area during
the working hours compared to the number of residents. Nevertheless, the main
change in individual noise exposure comes from the fact that 70%of the residentswill
experience noise levels different from the expected one at their residential locations.
The biggest difference between inflow and outflow of commuters is observed for
the City of Westminster and City of London where 10,294 of residents commute
from Hounslow to work there, while only 719 of their employees work in Hounslow.
This is easily explained having in mind that the highest number and concentration
of workplace zones is in this part of London.

The similar conclusion can be drawn from the commuting patterns of high school
pupils and students, while the proximity of elementary schools and kindergartens
to residential locations makes the commuting patterns of the youngest members of
the society irrelevant for this kind of analysis. Apart from the trips from and to
work or school, which are regarded as main or mandatory activities, there are many
additional non-mandatory activities with various trip purposes that are also relevant
for dynamic noise mapping. Timing when these activities occur as well as their
duration also affect the noise exposure of individuals performing these activities.
Results from London Travel Demand Survey, conducted by Transport for London,
shown in Fig. 13, indicate that travel patterns are steady throughout the years in terms
of the time of the beginning of the trip. The highest peaks, when most of the trips
start, are observed from 7 to 9 AM and again from 3 to 5 PM. This is usually in
correlation with the time when people leave for, and return from, work or school.

Usual time of the beginning of the trip differs significantly for different travel
purposes. Figure 14 shows the results from the National Travel Survey conducted
in the UK, where all the activities are combined and presented as eight different
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Fig. 13 Trips by start time in London (Source: London Travel Demand Survey)

purposes of trips. At a first glance, obvious differences in trip start times for different
trip purposes can be observed.

Although for some trip purposes, such as business (Fig. 14b) or holiday (Fig. 14h),
there is a fairly uniform distribution of trips during each hour of the day, for most
of the purposes a pronounced peak can be clearly seen. For example, the largest
number of employees start their journey around 6 AM, while the second peak with
a much smaller number of trips occurs around 6 PM (Fig. 14a). For trips with the
educational purpose (Fig. 14c) including escorting trips (Fig. 14d), there are two
approximately equal peaks, around 9 AM and 4 PM. Most of the shopping activities
start within the period from 11 AM to 3 PM with the moderate intensity also shown
during evening hours until the midnight (Fig. 14e). As expected, only activities that
include entertainment and visiting friends are dominant during late evening and early
morning hours (Fig. 14g).

All these differences are considered when developing human mobility patterns
for dynamic noise mapping. They influence the temporal and spatial distribution
of people, thus leading to population noise exposure other than expected when the
movements of residents are disregarded in the noise mapping process.

ANIMA Case Study: Dynamic Noise Maps for Ljubljana
Airport

The case study that will be presented here aims to show how population movements
affect the estimated number of people exposed to aircraft noise. The research was
done within the ANIMA project, to demonstrate the capabilities of dynamic noise
mapping compared to the traditional way of developing noise maps. More detailed
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Fig. 14 Trip start time by trip purpose (source: UK National Travel Survey)

information about the methodology and input data for this study can be found in
[23].

Ljubljana Jože Pučnik Airport was chosen for the case study. It is the busiest
airport in Slovenia, handling more than 1.7 million passengers and approximately 31
thousand aircraft operations in 2019. The airport has a single runway 3300m long and
is located 20 kmnorthwest of the Ljubljana capital. Even though the Ljubljana airport
is not recognised as a “major airport “ as defined in the Directive 2002/49/EC, proac-
tive noise assessment actions have been undertaken by the airport authority including
the development of noise contour maps and regular continuous noise monitoring in
the most noise exposed areas for several years.
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The year 2018 has been selected for this case study based on the availability of data
regarding population mobility patterns and air traffic. The yearly traffic at Ljubljana
airport for 2018 consisted of 35,512 aircraft operations, performed by 213 different
aircraft types, indicating that on average, there were approximately 97 operations
per day, or 4 movements per hour. There were several peaks during the day, with the
most flights occurring between 5 and 6 PM (nine flights in average), while only 6%
of operations were performed during the night hours.

The population mobility patterns are assessed using a dedicated national travel
survey. The most recent one conducted in Slovenia was the Daily PassengerMobility
Survey (TR-MOB 2017). The data were obtained from the Statistical Office of the
Republic of Slovenia through the special request for protected microdata containing
detailed information about each trip on an individual level. The number of respon-
dents in this survey was 8,842, while the number of trips conducted was 24,195.
Since 1355 (15.3%) survey participants reported that they stayed at home, the average
number of trips per day can be calculated as 2.7 or 3.2, depending on whether all the
respondents are considered or only the ones conducting the trips. In terms of different
trip purposes, leisure activities were the reasons behind most of the recorded trips
(35.6%), followed by commuting trips to and fromwork (24.3%). Other trip purposes
included education, professional and personal business, shopping, and escorting
(driving/picking up/accompanying a child or other person). More information about
this survey, including explanations about methodology, is contained in [24].

Once all the data had been collected, the A-weighted equivalent continuous sound
level was calculated to match the number of people exposed to those noise levels
at each location (500 m × 500 m grid) during each one-hour period. As a result,
the cumulative noise impact for each person has been assessed and the results are
presented herein.

The results lead to the conclusion that even thoughpeople live at locations enclosed
in the 37 dB Lden noise contour (the threshold for becoming annoyed according to
[25]), 10.1% of them (marked with white square symbol on Fig. 15) are not exposed
to aircraft noise levels (Lden) above 37 dB due to daily mobility to locations away
from the airport. Furthermore, apart from the 4884 people that are living within
the presented noise contour (marked with red star symbol), there are additional
704 persons (14.4%) also experiencing aircraft noise exposure (marked with yellow
triangles) even though they are located outside the 37 dB noise contour. This can be
explained by considering that people who live outside the area affected by aircraft
noise may work or study within these areas at some time during the day and are,
therefore, affected by aircraft noise. The fourth group of people (marked with grey
circles) resides outside this noise contour and is not affected by aircraft noise, even
when the daily mobility patterns are considered.

In order to better demonstrate the dynamics behind this novel approach, four
different noisemapswith estimated number of people at each location are presented in
Fig. 16 describing: (a) night (02–03 h), (b) morning (08–09h), (c) afternoon (14–15h)
and (d) evening (20–21h) periods. This figure illustrates the temporal and spatial vari-
ation in population around Ljubljana airport. In addition, the change in the number of
operations between each hour is clearly visible through the different shapes and areas
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Fig. 15 Dynamic noise map for Ljubljana airport

Fig. 16 Simulation of dynamic noise maps



292 F. Marki et al.

that calculated noise contours take. As expected, the smallest changes are observed
during night hours, when the traffic frequency is low as well as the movements of
the people.

It should be borne in mind that this case study only considers Lden as a factor
for estimating annoyance. As shown within the ANIMA project, aside from noise
exposure, non-acoustic factors have a considerable influence on perceived annoy-
ance, and they should also be taken into account in future research on dynamic noise
mapping.

Further Developments

There are several directions for the future development of dynamic noise maps. This
includes the involvement and contribution of several stakeholders and interested
parties who can influence the collection and quality of necessary data, the adoption
of legal frameworks, as well as the management of airport operations, all based on
the new knowledge regarding the population noise exposure due to daily migration.

First of all, collecting more detailed data on population daily movements is the
basis for amore accurate calculation of the actual exposure of the population to noise.
Therefore, encouraging active public involvement, especially of the residents living
in the vicinity of the airport, would significantly improve the quality of dynamic
noise maps. One of the steps towards achieving this goal is to motivate citizens
to contribute through participation in daily mobility surveys or by using dedicated
applications that can collect data on people’s movements. In that sense, it is pivotal
to educate the citizens such that they could understand more clearly the needs of the
airport and be more willing to participate in such endeavours. It goes without saying
that by giving the necessary and truthful information about their movement patterns,
residents are helping the airport to better solve the noise problem they could be faced
with. On the other hand, it is also advisable to educate the airport authorities to adopt
and take advantage of the new technologies and approaches through which dynamic
noise maps can be implemented in practice more easily.

Although the above-mentioned surveys aremainly organised and conducted by the
National Statistical Institutes, usually on a country level, one of the future directions
may stimulate airports to also embrace such activities. In that regard, the airport
authorities could conduct more detailed and more frequent surveys on a smaller
sample, that could primarily include settlements around the airport that are most
affected by aircraft noise. In that way, the movement habits of the local residents
could be determined more accurately. Estimation of the number of people highly
annoyed by aircraft noise, with such new data, could give the airport authorities
a new perspective on the noise issue around the airport. Through such dedicated
questionnaires, residents could also express their preferences about the periods of
the day when the aircraft noise bothers them the most, or vice versa to indicate to
the airport when, due to the nature of their activities, noise is not an issue since
they could be far away from their residences. If applicable, airports could use such



Towards Mapping of Noise Impact 293

information when negotiating with the airlines about the seasonal schedule in order
to reduce annoyance. Certainly, this approach is in linewith themodern aspirations of
every airport that has a noise issue since the current focus is primarily on improving
communication with the residents, sharing information, and providing transparent
reporting about the airport noise to the general public.

Air navigation service providers (ANSPs) could also benefit from dynamic noise
maps and use them to reduce the adverse impact of noise on the population. The
number of people in an area is a vital indicator for the noise impact analysis and
should therefore be considered when making decisions regarding air traffic assign-
ment that influence the noise allocation. Population noise exposure reduction can be
achieved by optimising the distribution of aircraft on arrival and departure routes, by
considering spatial and temporal variations in the number of inhabitants in the settle-
ments around the airport, since these data are available in dynamic noise maps. One
of the future developments of this approach could lead to the inclusion of dynamic
noise maps into a decision support tool that could help air traffic controllers in their
activities either on tactical, pre-tactical or strategic level. There are several ongoing
research efforts in this direction which will allow the ANSPs to minimise the number
of people exposed to noise while using the benefits of dynamic noise maps.

Finally, to apply the presented dynamic noise maps approach globally, it is pivotal
to involve the policymakers who have the power of setting and directing regulatory
frameworks that should follow the developments in this area. All current studies
conducted on the basis of a legally imputed obligation, as is the case of strategic
noise maps, consider the noise level on the most exposed façade of the building.
All reported numbers of people exposed to noise are attributed to all persons living
in the buildings according to the census data, regardless of their actual location.
Future regulatory developments should consider the inclusion of population daily
mobility patterns in the noise mapping process in order to assess the impact of noise
on the population more realistically. Therefore, it is key to inform the policymakers
about the possibilities of dynamic noise maps and their advantages compared to
traditional noise maps currently in use. More detailed research on this topic should
provide guidelines to the policymakers on how to incorporate this approach into the
legislation so that any airport that has a noise problem could benefit from a dynamic
noise mapping approach.
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ANIMA Noise Platform and ANIMA
Methodology: One-Stop Shop
for Aviation Noise Management

Alexandra Covrig and G. Heyes

Abstract When you think about aviation noise, you might imagine an airplane
taking off.When you think about decreasing aviation noise, the first thing that usually
comes up in one’s mind are the new silent plane engines. This makes perfect sense,
but it does not fully grasp the issue of aviation noise. The ANIMA project is based on
a holistic approach to aviation noise, as it focuses on non-acoustical factors as well.
Annoyance, as perceived by local communities surrounding airports, also depends
on non-acoustical factors, which can be situational (time of the day, day of the
week, activity performed while exposed to noise) and personal (sensitivity to noise,
attitudes, noise insulation).

Keywords Airport communities · Communication · Community engagement ·
Design thinking

How is ANIMA Different and What is its Added Value

While seeking to better understand annoyance, ANIMA observed that aviation noise
is not only an engineering issue which requires reducing noise at source. Reducing
annoyance only by using quieter aircraft is indeed helpful, but not enough to make an
airport a good neighbour to the local residents. Therefore, ANIMA takes a different
and innovative stance to aviation noise. The project carried out research from an

Illustrating How ANIMA is Endeavouring to Propose a One-Stop Shop Where Various Aviation
Noise-Related StakeholdersWould Find Possible Solutions for theChallenges TheyAreConfronted
with.
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interdisciplinary approach, by bringing together aircraft engineers, urban geogra-
phers, psychologists, sociologists, noise experts and regulatory experts. This diverse
and comprehensive partnership resulted in novel approaches to aviation noise impact
management and mitigation. ANIMA is not the traditional aviation noise research
project, since it aimed at complementing the existing intensity-averaged noise maps
by dynamic profile-dependent annoyance maps.

In addition to its novel approach to aviation noise impact management, the holistic
character of ANIMA stems also from the fact that it builds on other previous projects,
such as X-NOISE, SEFA (Sound Engineering For Aircraft), COSMA (Community
Oriented Solutions to Minimise aircraft noise Annoyance) and TEAM PLAY. X-
NOISE was a Coordination and Support Action project which focused on aircraft
noise and on lowering the noise exposure of communities. The project coordinated
research activities and created an aero-acoustical knowledge base. ANIMA not only
maintained the legacy of X-NOISE, but it extended its role through the setup of a
specific committee gathering other relevant EU project coordinators. It also devel-
oped and consolidated a scenario-based, impact-driven strategic roadmap for aviation
noise research. Throughout its four years of activity, ANIMA has been successfully
leading the global coordination of European research efforts on aviation noise and
it encouraged the wider network of experts and stakeholders, at both European and
national levels, to maintain and enrich the roadmap developed within the project.
As for SEFA, it was the pioneering EU project on aircraft noise impact. It included
laboratory hearing tests and started developing the Virtual Resident tool. ANIMA
followed up on SEFA by further developing the tool into a new inclusive version:
Virtual Community Tool. This version comprises new scenarios with more accu-
rate and thorough behavioural reactions to aircraft noise. The tool allows users to
test traffic around airports as well as possible evolutions with new aircraft or flight
scenarios. After SEFA, COSMA further built on this project, as it focused on labo-
ratory tests and field investigations on noise in order to develop engineering criteria
for aircraft design and operations that help reduce annoyance. ANIMA expanded the
scope of COSMA, by exploring management and community engagement, rather
than looking at noise itself. Regarding TEAM PLAY, the project created a modelling
framework to support the European perspective in the international policy arena.
ANIMA added to this framework an augmented modelling capability related to
annoyance and a noise management toolset designed to enable use by the wider
audience.

Looking at the development process ofANIMA, it can be noticed that there are two
underlying elements at the core of the project: non-acoustical factors and communi-
cation. When addressing annoyance, non-acoustical factors and communication are
at the centre of ANIMA’s unique approach.
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Community Engagement in ANIMA Project

Noise management in airport areas can only be successful if all parties, including the
ones contributing to noise and those who can hear the noise, are engaged in dialogue
at the same table and benefit from a common understanding of what is at stake.

Interventions meant to reduce annoyance should be designed based on struc-
tured exchanges with communities. Lack of transparent communication and fair
exchanges usually lead to failed interventions, since the needs and expectations of
the diverse stakeholders tend to differ. ANIMAunderstood that different stakeholders
have different needs and there is no universal solution, but open dialogue can pave
the way towards consensus. Structured exchanges between airports and communi-
ties must be fair, meaning that communities must benefit from distribution of user-
friendly information which avoids technical jargon and that the standpoints of all
stakeholders are taken into account. To reach consensus, shared and restored trust
are prerequisites.

In this sense, ANIMA engaged with several local communities, such as resi-
dents from Gava (Spain), Iasi (Romania), Brussels (Belgium) and Kranj (Slovenia).
Thanks to these numerous meetings and interactions, it became clear that there are
still many knowledge gaps among relevant stakeholders. From these encounters,
ANIMA learnt that, when coping with aviation noise, some residents feel “help-
less”, “left-out” or “unaware”. In these circumstances, open and fair dialogue, which
ensures equally-beneficial outcomes for everyone, can only occur when everyone is
equipped with the same knowledge and understanding. To discuss aviation noise,
pre-existing knowledge about a broad spectrum of different fields, such as aviation
noisemanagement, airportmanagement, avionics, noise and exposure, health impacts
and human behaviour, legislation, policymaking, might be necessary. No one can be
an expert in everything, so there is a need in finding and understanding the missing
parts of the noise puzzle. To facilitate engagement, communicationmust be inclusive,
transparent and most-importantly, it must be a two-way process, where all parties
can add to the dialogue. If a fair, inclusive and transparent decision-making process
is set up with all stakeholders, including neighbouring communities, then authorities
and airports must be ready to accept and endorse the consensus reached through the
process. The goal is to develop a common noise policy for impact mitigation.

The main takeaway that can be drawn from the ANIMA events is that when it
comes down to noise management, prevention and proactivity are key. If legislation
is not yet available at the degree of needed protection, initiatives to increase quality
of life must still be taken at national, regional and municipal level. Oftentimes, the
level of awareness is not the same among stakeholders, hence the importance of
working collaboratively towards common noise policy which benefits all parties.
Better awareness and knowledge on different noise sources and indicators would
support the understanding of the impact that noise has on human health and well-
being in different ways.
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ANIMA Noise Platform

As previously stated, noise is not only a technical issue, but also a social, regulatory
and political issue. To mitigate impact, stakeholders, ranging from policymakers to
residents and fromairports tomanufacturers, have towork together towards solutions.

To encourage collaborative decision-makingon the development of commonnoise
policies and to ensure engagement with local communities, ANIMA project created
a Noise Platform. This platform provides the medium and tools for stakeholders to
address the challenge of aviation noise exposure. The Noise Platform is the result of
the successful collaboration between aircraft and airport engineers, noise specialists,
urban geographers, psychologists, sociologists and experts on aviation regulation,
who sought to better understand the annoyance and to develop best practice solu-
tions to alleviate this burden. The ANIMA partners carried out research and engaged
in dialogue with policymakers, airports, and noise-affected communities to assess
how aviation noise mitigation interventions are implemented and how affected these
measures are in reducing annoyance and improving quality of life. This platform
captures the results of this research, offering an overview of aviation noise regula-
tion and how to implement it, as well as current gaps and new solutions to bridge
those gaps. It also provides tools, such as a mobile application, which is meant to
help airports and authorities to capture how local communities perceive annoyance.A
NoiseManagement Toolset was also developed and is available on this platform. This
toolset aims to help airports and authorities to compute noise maps and awakening
indexes in order to test the impact of different scenarios with various fleet config-
urations and flights. In addition, the platform gives access to an enriched Aviation
Noise Research Roadmap, which supports policymakers in defining future policy
and research goals. Other ANIMA results are available on the platform, such as
scientific publications summarising key findings on how to address aviation noise
impact as well as more tools fostering community engagement and building trans-
parent working relations across all stakeholders. TheANIMANoise Platform is open
to everybody, featuring free and user-friendly content.

TheANIMANoise Platformwas designed and built by applying and following the
principles used in the ANIMAmethodology of noise interventions and management,
which will be covered in subsections below.

‘Designing’ Effective Noise Management Measures

At its core, noisemanagement is a process of problem solving. It sees airports seeking
to provide their service (facilitating air transport) in a way that causes as little noise
impact as possible on residents, via a range of noise management measures (i.e. those
described under the ICAO Balanced Approach elements), including ‘people issues’,
or communication and engagement. Airports do this due to legislation that exists to
protect residents from the health impacts of noise, or as part of their social-license to
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operate, by demonstrating to residents that they are doing all that they can tominimise
noise, and thus reduce the likelihood for complaints that otherwise can constrain
airport activity. In this sense, noise management actions and interventions can also
be seen as services. They are things that the airport provides for the benefit of external
beneficiaries, and hence the perceived success of those interventions depends very
much on understanding and responding to the needs, demands, and wishes of those
stakeholders. It is for this reason why, as described in Chap. 11, considering those
perspectives, through communication and engagement is so crucial to the design of
effective noise management strategies.

Most business activity is not actively designed (Downe, 2020). This is the case
whether it be at the process or system level, the business model level, or the strategic
level. Rather, the things that businesses do tend to organically evolve over time
as individual problems arise and are solved in turn. The result can be a mesh of
organisational processes and strategies that have never actually been holistically
designed in a systematic or targeted way, instead, they essentially exist to solve
problems (either for the business or for stakeholders), often with increasing levels of
complexity or bureaucracy.

If most services are not designed, it poses the natural question of how design
principles and processes can help to inform their development. Indeed, there is now
an entire industry dedicated to concepts such asDesign Thinking and ServiceDesign,
supported by a range of academic research and publications, including a focus on
the management of environmental management issues such as noise. Design and
design thinking concepts have also been applied in a range of aviation contexts,
including challenges related to airport and air cabin design, safety, and security
and by organisations such as airlines, the military, and NASA (Hall et al. 2013;
Goodheart 2016; This Is DesignThinking.net, 2016; McGowan et al. 2017; Turner
Donald 2017; Design For Europe 2020). In terms of noise design-led approaches are
also advocated in national guidance such as the United Kingdom’s Civil Aviation
Authority CAP1616 document and the United States Federal Aviation Authority
Program 150 document, which both use design process and principles to inform the
airspace design.

Below, the concept of design is introduced and its potential role in noise manage-
ment is described. We then present the ANIMAMethod for designing and delivering
noisemanagement interventions, devised through a series of case studieswith airports
from across European Member States.

Design-Led Approaches to Noise Management

The wide range of characteristics that define each airport and the challenges that
they face means that there is no ubiquitous solution to noise that can be applied
to all airports. Instead, airports need to design their own tailored solutions to the
distinctive challenges that they face. They need robust yet flexible approaches that
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can take them from the challenges that comprise a range of unknowns, to the develop-
ment and implementation of solutions that solve core issues based on a deep under-
standing of the challenges faced. As ANIMA research has shown, and as described
in Chap. 11, this process should embed concepts of stakeholder engagement and
two-way dialogues that develop empathy for residents, and to develop outcomes that
are perceived as fair by, where possible, incorporating elements of public participa-
tion into decision-making processes. Developing noise management interventions
should also seek out measures that are able to address core problems that trigger (for
instance) complaints rather than seeing complaints as the challenge to be solved. In
other words, they should address the cause of noise issues rather than the symptom.

Importantly, noise management measures, to be truly effective, have to comply
with three requirements. They must be:

• Viable in terms of complex factors such as safety, security, environmental
interdependencies and legislative compliance;

• Feasible in terms of airport infrastructure and financial capabilities; and
• Desirable to industry and community stakeholders.

This sort of thinking can be incredibly helpful in empowering organisations to
understand not just what is possible and best suited to their own needs, but also
to those of their stakeholders. This is of critical importance for noise management
where the perspectives of those for whom noise management measures are designed
to benefit can have a significant influence on the perceived success of thosemeasures.
This is particularly the case considering the important role of non-acoustic factors
that are referred to throughout this book. ANIMA research has shown that airports
have historically performed well in terms of feasibility and viability as these are
generally technical driven considerations that the industry has been managing for
many decades. These criteria are complex, but they can be informed by quanti-
tative monitoring and modelling data that can act as an evidence base to support
and communicate the decision-making process to stakeholders, and to evidence the
success of given measures. The desirability of noise management decisions, i.e. in
the eyes of stakeholders, is however a much more challenging concept as it inher-
ently requires the collection of qualitative data that requires a particular set of skills,
can be time-consuming and involves a range of complex and conflicting viewpoints.
Design-led approaches can help in this regard. ‘Design thinking’ is a human-centred
(van der Bijl-Brouwer and Dorst 2017) and iterative step-approach to solving prob-
lems that acknowledges that there are many levels of understanding required to solve
the complex challenges faced by organisations and that these perspectives must be
considered for outcomes to be regarded as successful. Design thinking proposes an
iterative process through which it is possible to move from a hypothetical starting
position with many unknowns, towards solutions built on the needs of those who
end-users by addressing the root cause of the problem at hand. It does this not by
providing a rigid set of rules and actions. Instead, design thinking creates a series of
spaces in which different types of activities take place (Brown 2008; Liedtka 2015),
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for example, empathy building, learning, brainstorming, trialling and implementa-
tion. As a flexible process, there is no agreed definition of what design thinking looks
like, but generally, it is described as comprising four key phases:

• Discovery: A research phase in which an initial challenge or problem is explored
by researchers in order to obtain a range of data (quantitative and qualitative in
nature) that can be used to get a deeper understanding of the problem at hand.
For noise management, this may include the monitoring and modelling of noise
data, but also speaking to industry stakeholders (i.e. national airspace providers
and airlines) and community stakeholders (i.e. local authority and community
members) for their important and essential insight.

• Defining: An interpretative phase where the collected data is analysed with the
aim of providing key insights into problems faced.

• Design: With a deeper level of insight, creative brainstorming design exercises
take place to identify as many potential solutions as possible. Consultation events
and the use of dialogue forums and other community groups is an increasing
trendwhere design options and their selection are increasingly informing decision
making in aviation.

• Delivery: The most promising solutions can be implemented through iterative
processes of testing and trials, to understand the validity and likely impacts of
the designed solutions, and their potential scaling up to full deployment. This
is similar to approaches already undertaken in aviation where trialling of, for
example, operational procedures typically takes place before full implementation.

As shown above, the aviation industry often conducts each of these phases as
important activities, however, there does not exist any standardised approach that
can help airports move through these processes in a systematic way that can be
evidenced to stakeholders. Design thinking is one such way and has informed the
development of the ANIMA Methodology described below.

The ANIMAMethodology

Design Thinking is similar to an approach described in ANIMA research to guide
airports in developing noise management measures. The work posited that effective
noise management follows a similar multi-step iterative process, which poses a range
of questions. These steps and a range of example questions are provided below.

Identification of the Need for an Intervention

At this stage, an airport becomes aware of the need to implement a noisemanagement
measure. This means that airports should seek to learn as much about the situation
as possible to help inform decision making processes and the ultimate design of the
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measure. The idea for an intervention may arise from a number of sources. Perhaps
a new technology has become available, such as performance-based navigation, that
the airport wishes to implement. It could be that communities have identified an
opportunity for a change, or have been campaigning for a change in airspace design.
An airport could be seeking to build new infrastructure or be responding to legisla-
tion. The key thing to consider here is to not take the initial identification at face value,
but rather seek to understand as much as possible about the change. To understand,
for example, if communities are complaining, what the reasons for those complaints
are, and seeking to understand if the proposed changes will adequately make a posi-
tive difference. Stakeholders who have influence over the potential changes should
be spoken with and engaged in a two-way dialogue—this, importantly, includes
residents. Helpful questions and thinking at this stage may include:

• Do you have multi-stakeholder and independently led stakeholder engagement
pathways (including community representatives) through which the requirement
for an operational change could be communicated and discussed?

• Are all communities represented in such engagement activity, so that any re-
distributive effectives on noise exposure can be systematically addressed and
consensus built as to the most socially optimal outcome(s)?

• Are such stakeholders and community groups engaged openly and transparently
to establish trust? Is noise data made available on-line for those not able to attend
such forums?

• Are there other avenues through which communities or other stakeholders can
raise concerns with noise managers and/or make complaints?

• Are the concerns of those contacting an airport acknowledged? Are individuals
provided with tailored responses relevant to their specific concern, rather than via
template responses?

• Have you taken the time to question all assumptions about the need for the
measure, and attempted to define it accurately? It can be helpful here to rede-
fine the noise problem into a ‘how might we question’ that can more easily lead
to actionable outcomes.

Design of Options

It can be helpful, when designing how the noise management measure is imple-
mented, to conduct design approaches in two phases. A ‘green-light’ brainstorming
phase in which there are no wrong answers can help to generate potentially novel
solutions and things can be discarded too easily for being infeasible. Rather, green-
light brainstorming captures as many potential opportunities as possible and instead
reviews them in a secondary—‘red-light’ brainstorming phase, where the proposed
options are evaluated more critically. It can help to do this by using an evaluation
matrix that may map options against criteria such as ‘ease of implementation’ and
‘impact’. Doing so can help not just to determine what options have potential, but
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it can help to identify a pathway through which different options might be imple-
mentable. Stakeholder engagement and consultation is important at this stage as it
helps to ensure that, for example, resident needs and perspectives are included in
the design process, and so that more desirable outcomes can be achieved that are
more likely to lead to what are perceived to be more acceptable results. Including
residents in the decision-making process in this way also helps to embed the types of
principles linked to perceptions of control and engagement as described in Chap. 11.
When designing solutions, it can be helpful to think about questions such as:

• Are all stakeholders given the possibility of designing their own solutions to
the required change, or informing in the discussion of the development of other
options?

• Do stakeholders have the opportunity to work in collaboration with each other in
identifying potential noise mitigation solutions?

• Are designs pre-informed by a set of criteria and objectives, for example by
framing them within what is logistically feasible, safe, and regulatory compliant?

• Has time been taken to consider radically innovative solutions that may have been
missed?

• Have combinations of solutions been considered rather than pursuing just one
pillar of the Balanced Approach?

• Has the role of communication and engagement been considered as part of the
design, for instance how non-acoustic factors may be impacted?

Selection of Intervention Option

With a range of design options developed, the most appropriate should be selected.
This may include the use of a decision matrix that may include elements such as
impact, desirability, feasibility and viability. Different options can be scored against
each and the highest scoring option is thus the one that can be taken forward. It
can be helpful here to consider long term solutions to the problem that could be
implemented over longer-term periods through implementation pathways. Thus can
be achieved by creating an idealised vision of what the solution to the given problem
might look like in the future, and then working backwards from the idealised future
state towards the present, thus creating a pathway of what needs to happen in turn
for that vision to be realised. Doing so can reveal actions that need to be undertaken,
stakeholders who need to be consulted with or informed, and more importantly the
barriers that may need to be overcome. It can be helpful to think about questions
such as the below when at this stage:

• Has modelling been carried out (ideally by an independent entity) to assess
the impacts of the potential design options? Does this modelling include
interdependencies?

• Are these results communicated to stakeholder forums for discussion?
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• Have all stakeholders been included in the discussion, even if they appear to be
removed from the designed option (to help identify unintended consequences and
trade-offs between communities)?

• Have the reasons why some options may not be feasible been communicated
effectively?

• Have the results of any modelling, analysis and discussions been effectively
disseminated to the public? So that there is a clear and transparent pathway
that shows how the requirement for change was first raised, which options were
considered, and why one, in particular, has been advocated.

• Have other complementary interventions been considered? For example, could
an operational change be coupled with a change in land-use planning to enhance
the predicted benefits?

• Have trials been carried out to verifymodelling outcomes, and to perform analysis
on the impacts on communities and other stakeholders?

• Do communities understand and value the metrics and dissemination tools used?
Do you need to consider a different approach to communication?

Implementation

With a decision made as to how to address the problem, the solution to the problem
can then be implemented. Example questions or thoughts that might be helpful at
this stage might be:

• Have all stakeholders been made aware of the intervention in advance?
• Has the rationale for the chosen solution been explained to stakeholders rather

than just the outcome of the decision making process itself?
• In order to demonstrate outcomes, have you considered if you need to move noise

monitoring terminals, purchase new terminals, or make use of mobile terminals?
• Is regular feedback of the progress of the implementation made available to

stakeholders?
• Have contingency plans been designed should the new procedure change and you

need to fall back to the previous procedure?
• Do you have plans for on-going evaluation of the procedure, and plans for regular

dissemination? This includes the collection of qualitative information.

Post-Evaluation

The saying ‘you can’t manage what you can’t measure’ is as true for noise manage-
ment as it is for anything else. This enables performance to be assessed and for
any potential changes to be made. It enables best practice to be extended to other
areas and to add to the airports’ knowledge of how to address noise problems in the
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future. Importantly, evaluation also enables the impacts of any noise impact abate-
ment measures to be disseminated to stakeholders so that their success (or failure)
can be demonstrated. Failure should not be hidden but rather embraced and made
part of an on-going journey. Example helpful questions at this stage include:

• Have you committed to long term monitoring and evaluation and reporting to
stakeholders?

• Do you communicate the procedure at engagement events?
• Do you have a long-term plan for the evaluation of the outcome of the intervention

on non-acoustic factors, general acceptability of the decision and quality of life
implications for local residents?

The abovemethodology is not intended to be a rigid approach to solving any noise
management issue. Rather, the intention is to illustrate how this sort of design-led
thinking can help to develop and deliver more effective noise management outcomes,
but taking a considered approach to noise challenges. Taking the time to think about
the challenge, understand and learn about it, embed communication and engagement
into the decision-making process, making decisions based on empathy, and striving
towards targeted outcomes that can be effectively evaluated to demonstrate success
(or failure) to stakeholders, or to modify approaches in the future. In short, they help
to show that the airport is not just seeking to do ‘the right thing’ but also to do that
thing ‘in the right way’.

Lessons Learnt

The implementation of ANIMA project during its four years of activity has allowed
the participating partners to learn and ultimately share with the wider audience some
key aspects.

First of all, the project definitively confirmed that the problem of aviation noise is
not reduced only to a question of quantities of sonic pressure. Therefore, the adequate
management to try to minimise noise in such a way so that it does not become, on
the one hand, an issue that decreases the quality of life of many people, putting even
their health at risk, and, on the other hand, an issue that limits the daily operation
of airport infrastructure, must be approached jointly from different angles with the
corresponding specialists and with the necessary tools, both hard and soft. It has also
been found that since various disciplines as far apart as sociology and engineering
participate, a “common language” is necessary—in some sorts, it could resemble an
“Esperanto” for aviation noise management, which does not imply the abandonment
of any of the languages already in use, but the creation of a third party that serves as a
lingua franca, ensuring that all stakeholders, from top experts to local residents, can
understand, at a certain level of acceptance, what aeronautical noise really implies.

Another great lesson is that, for different reasons (legislative, political, social, etc.),
aviation noise is being taken very seriously by many organisations and institutions,
and that many efforts are being devoted to avoid and minimise it from all possible
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points of view. It is precisely these efforts—led by airports, airlines and manufac-
turers—that, despite situations to be resolved and/or improved, there has been a large
divergence between the vertiginous increase in the number of flights and the number
of people affected by aviation noise. This divergence must be increased and can be
increased in order to facilitate the growth of aviation and a positive relationship with
airport environments and ANIMA can, hopefully, strongly help to do so by providing
information, knowledge, methodology and best practice to be carried out by certain
agents in the sector.

The development of the project itself—four years with multiple internal and
external activities—and the in-depth knowledge of various experiences both in the
investigation of new approaches and their subsequent application, has revealed that
dealing with aviation noise is not only a question of shared visions, if not also of time,
dedication and will. The struggle underpinning aviation noise and its impact on local
communities as well as on airport growth needs to be prioritised by policymakers
and addressing it should be one of the goals of the strategic policy agenda.
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Overall Perspectives

Laurent Leylekian

Abstract This section sums up themain findings fromANIMA and from associated
projects related to aviation noise in order to deliver some key messages for policy-
makers. These messages intend both to orient future research and to propose some
concrete way to implement measures that could alleviate the noise burden endured
by airports’ neighbouring communities. The final table gives an even more synthetic
view of these messages, the institutions they target, their objectives and the best ways
that are likely to support them.

Keywords Aircraft noise · Aviation noise · Noise regulations · Annoyance ·
Airport communities

The world that we used to know has been increasingly shaped by a worldwide
phenomenon namedglobalisation. Formore thanfifty years, globalisation has pushed
our societies in a direction seen by most of the people as a progress: Interweaving
of nations, economies and the exchange of goods and services have been deemed
the most efficient way to increase nations’ wealth and to repel the prospect of
confrontations by the advent of a kind of global culture.

Transport has been and is at the heart of such a conception, privileging
flows over stocks. And aviation at large has largely accompanied this trend
and benefited from it. Fifty years ago, aviation was for the upper class in the
Western hemisphere and for elites only elsewhere. Nowadays, even if it implies
only a few percents of the world population, it has become a mass transporta-
tion. Certainly, this way of life, which spread over the world, was criticised by
some groups that were marginal at the beginning. But such criticisms taking
ground on the increasing economic, sociological and environmental disequilibria
became audible if not dominant, despite the secondary impact of aviation on
both noise and pollution as constantly evidenced by the successive European
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Environmental Reports.1 They ultimately led to some frontal opposition such as
the “flight shame” movement pinpointing the very question of the social usefulness
of air transport.

The recent COVID pandemic—which is more a systemic consequence of glob-
alisation than a regrettable accident—gives the opportunity for an in-depth revision
of the air transport system and for its possible reboot on a more sustainable basis.
The aviation noise issue must be now considered in this prospect and lessons learnt
from ANIMA and other past European research projects could be usefully taken
into account. What are these lessons and what are recommendations stemming from
them?

Lesson One—Aircraft Noise Is Not Aviation Noise

So far, most of the efforts have been put on the reduction of noise at source, i.e.
on aircraft noise. Associated research is certainly much needed but not directly for
relieving the quality of life of people impacted by aviation noise. Actually, if the
European Union must maintain its support of aircraft noise research , it is
for the sake of competitiveness. As recalled by the European Commission itself,
aeronautics is one of the EU’s key high-tech sectors on the global market, providing
more than 500,000 jobs and generating a turnover of close to e180 billion euros
in 2019. If the EU is a world leader in the production of civil aircraft, including
helicopters, aircraft engines, parts and components, other global players constantly
challenge it and low aircraft noise is a key commercial argument, especially with
respect to the more and more stringent associated regulations. Therefore, research
aiming at reducing the noise at source is always needed.

Recommendation: Member States—especially those with an aircraft
industry—as well as the European Commission should maintain a significant
level of financial support on research intending to lower aircraft noise for the
competitiveness and the leadership of the European industry.

Lesson two—As for Technology, Research On Aircraft Noise
Must Favour Disruptive Concepts

Many past research projects addressed specific noise sources such as—for instance—
“airframe noise”, “jet noise”, “turbofan noise”. A decade ago, outcomes of such
projects led at lowTechnologyReadiness Levels (TRL)were progressively embarked

1 Non-road transports are responsible of only 1.7% of particle matters under 10µm, 2.9% of particle
matters under 2.5µm, 7.3% of the nitrogen oxide; International aviation is responsible of 3.4% of
all greenhouse gas in transport; number of people affected by aviation noise in Europe is below 3
millions, 19 millions for rail transport, 7é millions for road transport
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in some demonstration platforms through some large projects such as Silencer,
Openair or, more recently, CleanSky. A few years ago, the European Commission
fortunately decided to support again low TRL research on aircraft noise to keep
on favouring the competitiveness of the European industry. It is recommended to
orient as far as possible these low TRL research toward disruptive concepts.
This recommendation takes ground on the one hand on the fact that incremental
progresses on noise sources are going to saturate. There is still margin for progress
but roadmaps maintained in ANIMA and through the former X-Noise networks
give reasonable assessment for such margins which are limited. Recently launched
projects are for instance intending to gain no more than 0.5 to 2 dB at the utmost
for new concepts of landing gears or high-lift devices studied at low TRL. If ever
integrated on an actual aircraft with all its operational constraints, figures could be
even lower. This recommendation for disruptive concepts also takes ground on the
great deal of uncertainties about what will be the future of aviation. Energetic consid-
eration, other environmental concerns such as noise but also societal evolutions such
as the already mentioned “flight shame” may dismiss traditional long-haul/mid-haul
airliners based on regional hubs saturated with an overloaded demand in resources.
The recent stop in producing A380—a blatant success for the European technology
thatwas once considered as amarket game changer—is very significant in this regard.
Various scenarios may arise in the future—such as for instance those put forward
by the Association of European Research Establishments in Aeronautics (EREA) in
its vision study 2050 (https://erea.org/erea-vision-studies/). In this prospect, break-
through noise technologies may give genuine competitive advantages to unnoticed
trends or disregarded options that would eventually come true. Recent efforts put
on new aircraft design—such as in the ARTEM project—new propulsion types,
whatever hybrid or fully distributed-electric, or on UAVs for carrying people and
goods is a commendable trend and research on evaluating and lowering the noise
of such new aircraft or of newer concepts of noise reduction technologies must
be pursued.

Recommendation: Member States—especially those with an aircraft
industry—as well as the European Commission should orient low TRL research
for aircraft noise reduction on disruptive concepts rather than on incremental
research.

Lesson Three—Noise Regulations Based on Metrics Do Not
Protect Against Annoyance

Noise metrics are the historical instrument to assess noise impact, and especially
aircraft noise impact. There are good reasons to justify this situation: Studies of
aircraft noise are first and foremost performed by engineers and specialised acousti-
cians for whom noise metrics are the most “scientific” and “natural” tools. “Scien-
tific” here means related to hard science and, indeed, noise metrics are very suitable,

https://erea.org/erea-vision-studies/
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as related measures are comparable, reproducible and objective. That is why noise
metrics are and must remain privileged for aircraft certification purposes. But
they are more than questionable for assessing annoyance. Nobody ever heard a Lden
level nor an EPNL one. And if one once “heard” a dB(A), this instantaneous figure
alone is not representative of annoyance. There are certainly plenty of other indi-
cators which are more suitable for this endeavour, going from “number above” up
to awakening indices. However, even these indicators cannot figure out alone what
annoyance endured by an individual means, and annoyance, encompassing most of
the time one or several non-acoustical factors, can barely be represented by a number
or a percentage.

In this regard, the usage of noise indicators in regulations dedicated to lower
annoyance, for instance the Environmental Noise Directive (2002/49/EC) or the
Regulation 598/2014 introducing noise-related operating restrictions at Union
airports within a Balanced Approach, is only a bottom line and must be augmented
on a local basis by other instruments. Best practices exemplified in the ANIMA
project could be the basis for such more elaborated instruments, especially
because many local actors are in need for such guidelines.

Recommendation: The European Commission, the EASA along with the
ICAO may perform an insightful review of the ANIMA project’s outcomes
in order to further refine, elaborate and endorse joint and/or official guide-
lines on how to cope with annoyance beyond complying to noise metric-based
regulations.

The European Commission could also envisage maintaining and devel-
oping further the ANIMA top-level outcomes—and especially the Best Practice
Portal—as a basis of such guidelines.

Lesson Four—We Do Not Know What Annoyance Is,
But We Know How It Is Mediated

Annoyance is a kind of portmanteauword underwhich there is an incrediblewealth of
concepts and issues. The annoyance endured during business hours, which prevents
concentration, and which is detrimental to children’s learning, is not the same as
the annoyance endured on the weekend when one cannot enjoy a party outside with
relatives or friends. It is also not the same as the one which is stemming from a series
of nights during which one has been prevented from sleeping or has been awak-
ened. Eventually, it is not the same one, which ends in long-term fatigue, possible
anxiety or even nervous breakdown. Last, causal pathways between such noise-
induced annoyance and physiological effects such as hypertension or strokes remain
unclear even if these pathways are now clearly evidenced. In this regard, ANIMA
confirmed the previous conclusions from the World Health Organisation (WHO)
“strongly recommending” that noise levels around airports should be reduced to
below 45dBA Lden and 40dBA Lnight based on the percentage of highly annoyed
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and highly sleep disturbed people, respectively. ANIMA also found out that sleep
disturbance is the chief impact to remedy, as it is likely to mediate long-term
effects and especially physiological ones. This conclusion says nothing about the
non-acoustical factors,which are also heavily affecting annoyance felt by individuals.
Though some of these non-acoustical factors are now clearly understood, additional
research is needed on that specific point.

• Recommendations: In terms of actual implementation, Civil Aviation
Authorities and Airports must do their best to comply with the very
challenging WHO recommendations. Priority must be put on preventing
awakening.

• In terms of research, the European Commission should keep on supporting
works dedicated to deepening our understanding of the influence of non-
acoustical factors on annoyance.

Lesson Five—Do Not Presume Communities’ Expectations.
Be Fair With Them, Listen To Them And Empower Them

Even if all is not understood about non-acoustical factors, some points are now quite
clear. In particular, a substantial part of the annoyance derives from the feeling of
being deprived of any way to cope with aviation noise. Whether it is true or not, most
airports’ neighbours consider that they are not associated with decisions, that such
decisions are taken through top-down and technocratic processes and that eventual
communications are just intending to mislead or manipulate them through screening,
obscure and too sophisticated concepts.

It would be far more fruitful to engage such communities in a positive way, and
there are ANIMA-evidenced recipes in this regard. They are not necessarily easy to
implement, but they are worth trying.

First, airports should not presume to know what communities want; for instance,
they should not presume that window insulation is a necessity or that annoyance
should be evaluated through the Lden metrics. They should rather engage in a genuine
dialogue with all the stakeholders, of course including vocal activists or environ-
mental associations but also the silent majority among which some stakeholders
are sensitive to the social and economic importance of airports’ infrastructure. To
be effective, the engagement must be underpinned by a ‘common language’ that is
comprehensible to all. Jargon and dominant attitudes must be banned in order to give
fair access to expertise to all the audience. In particular, the various options must be
fairly exposed with all their implications and with all the other considerations than
noise (for instance, prohibitive safety ones or business impact). In this formatted
dialogue, the rules of the game must be clear and known to all in advance. In partic-
ular, decision-making processes must be inclusive, transparent and they must allow
the validity of claims to be challenged. Citizens understand that tough decisions,
not always in their interest, must be made, but if the process is unclear, even good
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decisions will be questioned. As a prerequisite, it also means that the instigators of
such processes must be ready to accept and endorse their conclusions otherwise, it
would be even more counterproductive than doing nothing.

Recommendations: Airports must locally engage their community to reach a
consensus between all the stakeholders, including the silent majority, and then
to endorse conclusions reached by the group.

Lesson Six—Evaluate Measures Taken On A Regular Basis

This lesson may sound obvious but it is not. Very often, some airports, even those at
the leading-edge, implement some ambitious plans intending to lower the annoyance
but there is little or no systematic evaluation of these efforts, nor indeed their wider
consequences. Further, research into the efficacy of certain forms of communication
and engagement is so limited as to be of little use to airports when designing noise
management interventions or more general community outreach programmes. This
additional factor may explain why in many cases airport community engagement
efforts do not yield the intended benefits for airports and communities alike.

Recommendations: Airports must evaluate and survey on a regular basis
measures they have taken and compare them with the updated expectations of
the neighbouring communities.

Lesson Seven—Do Not Wait Until It Is Too Late
For Implementing Regulation 598/2014

Regulation 598/2014 supersedes Directive EC 2002/30 and establishes “rules and
procedures with regard to the introduction of noise-related operating restrictions
at Union airports within a Balanced Approach”. However, applying this regulation
is mandatory only for airports above 50,000 civil aircraft movements per calendar
year. It appears to be too late for small but rapidly growing airports, especially when
it comes to land-use planning issues. Around some airports “starting the journey”
on noise management and mitigation—for instance, in Eastern Europe—there is an
actual risk that prospects for jobs and economic growth tend to override on the short-
term any societal or environmental considerations. Uncontrolled or commercially
driven developments of inappropriate land usesmay then occur, strongly encroaching
lands around airports and preventing or threatening any further enforcement of the
regulation.

By considering the adoption of Balanced Approach interventions before noise
becomes a constraint (i.e. via complaints and objections to developments), airports
will be better placed to manage their future. When being reactive to such pressures,
such airports will be forced to act quickly, potentially at a higher cost, and potentially



Overall Perspectives 315

with the issue taken out of their hands (i.e. by national policy-makers), leading to
sub-optimal outcomes. Through being proactive and developing long-term noise
management strategies, these rapidly growing airports will be able to better control
their ongoing development on their own terms and help to shape future policy rather
than being at the behest of policy decisions made by others. Land-Use Planning is
perhaps the best way throughwhich this can be done. For instance, if rapidly growing
airports are able to develop long-term noisemaps based on future growth, theywill be
able to resist the encroachment of noise-sensitive buildings such as public residences,
thus leading to fewer noise problems in the longer term.

Recommendation: The ICAO and the European Commission may develop
an authoritative guidance targeting regional airports beyond the threshold of
50,000 movements per year in order to provide an incentive for starting to
implement Balanced Approach interventions to pave the way for a possible
smooth implementation of the directive in the future.

Lesson Eight—Providing Experience Of “Pathfinders”
And “Experienced Travellers” To Airports “Starting The
Journey”

Through the case studies examined, ANIMA clearly showed that not all airports
have the same level of experience, understanding and achievements when it comes
to noise management and mitigation. On the one hand, “pathfinders” are airports
at the leading-edge of Balanced Approach implementation. They are usually large
and experienced platforms known to be innovative in exploring novel approaches
to noise annoyance, through leading-edge interventions involving a wide range of
stakeholders and Balanced Approach elements.

In the middle, there are airports that are “experienced travellers” in applying
Balanced Approach principles and interventions. Experienced travellers will require
support to further advance and add value to their noise management programmes,
considering that they may already be engaging with stakeholders.

On the other hand, airports “starting the journey” have little to no experience
in the application of Balanced Approach principles and/or community engagement.
Starting the journey, airports often lack the expertise and resources required for best
practice, and may face a lack of legislative drivers to encourage the implementation
of effective noise abatement interventions. Such airports may require guidance in
how to progress towards best practice for their own specific circumstances, rather
than copying the approaches of airports with more ‘advanced’ noise management
strategies.

It could be a good idea tomake the latter benefit from the experience of the former.
In this regard, the European Commission, along with dedicated associations such as
ACI or ARC, possibly as well as with training companies, may envisage exchange of
personnel and dedicated experts to favour learning-by-doing of the less experienced.
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This could look like the TEAMING or Erasmus work programme of the European
Commission.

Recommendation: The European Commission along with private partners
may favour exchange of personnel and experience between advanced and less
advanced airports in a kind of “Airasmus” programme

Lesson 9—Build On And Widen The Anima Experience
And Its Methods

Through its successive framework programmes for Research and Innovation, the
European Commission progressively enlarged its scope, starting from the key but
narrow concern of scientific Excellence to the market competitiveness of the Euro-
pean industry and to the return on investments for its citizens and taxpayers. In this
evolution, ANIMA has been a landmark with—maybe for the first time—associ-
ations of scholars from universities, research centres, industries’ primes but also
of experts in Human sciences and end-users that are airports. Led within Horizon
2020, ANIMA arose high expectations and the involved teams, at least, deem the
project a success: on the one hand, the cross-fertilisation of up-to-then siloed disci-
plines not only led to effective solutions or methods, but it also partook to build up
a common language, shared concerns and a comprehensive culture for the involved
stakeholders. This methodology is worth extending far beyond the single aviation
noise issue. It is noticeable that it is perfectly fitting new orientations put forward
by Horizon Europe through its highly transversal calls for proposals, notably an
increased and quick impact on citizens and taxpayers as well as the decarbonisation
of European economies.

On the other hand, ANIMA not only maintained the European Strategic Roadmap
on Aviation noise that was initiated by the successive X-Noise networks but it also
substantially enlarged it to Airport NoiseManagement and Indicators and to Impacts
Understanding. It also took this opportunity to enlarge the network of related national
focal points (NFPs) and therefore to amplify the EU influence on regions up-to-
then poorly connected to the European research ecosystem, such as for instance the
Western Balkans. It is believed that such a roadmap and such a network are very
valuable European assets which are not only allowing the Continent to weigh in
International bodies such as the ICAO but also to act as a major pole of reference for
its neighbourhood, whether Eastern or Southern.

Recommendation: The European Commission could take advantage of the
ANIMA experience, on the one hand by elaborating tailored calls for proposals
that would allow part of the consortium to embark with newcomers on enlarged
topics with strong interdependencies, for instance related to the highly complex
issue of decarbonising the air transport. It should also set conditions to maintain
the unique European Strategic Roadmap on Aviation noise and the associated
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network of experts as a major asset for leadership and for influence toward its
Eastern and Southern neighbours.

Summary of Recommendations

# To whom What How Objective

1 Member States and
the European
Commission

Maintain a significant
level of financial
support on research
intending to lower
aircraft noise

Nat’l research
projects & RIAs

Competitiveness of
EU industry

2 Member States and
the European
Commission

Orient low TRL
research for aircraft
noise reduction on
disruptive concepts
rather than on
incremental research

Nat’l research
projects & RIAs

Competitiveness of
EU industry

3 European
Commission, EASA
& ICAO

Elaborate and endorse
guidelines on how to
cope with annoyance
beyond complying to
noise metric-based
regulations

Based on the WHO
and ANIMA
findings

Social acceptance of
air transport

4 European
Commission

Maintain and Develop
further the ANIMA
top-level outcomes
—and especially the
Best Practice
Portal—as a basis of
such guidelines

Internal
achievement, call
for tender

Dissemination of
knowledge, Impact of
Horizon Europe

5 Civil Aviation
Authorities &
Airports

Comply with the
WHO
recommendations,
especially in order to
prevent awakening

Based on the WHO
and ANIMA
findings

Citizens health and
quality of life

6 European
Commission

Keep supporting
research on
non-acoustical factors

RIAs & CSAs Social acceptance of
air transport and
citizens health

7 Airports Engage communities
to reach a consensus
between all the
stakeholders,
including the silent
majority, and then to
endorse conclusions
reached by the group

ANIMA recipes in
the best practice
portal

Social acceptance of
air transport

(continued)
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(continued)

# To whom What How Objective

8 Airports Evaluate and survey
on a regular basis,
take measures and
compare them with
the updated
expectations of the
neighbouring
communities

Polling Social acceptance of
air transport

9 ICAO
European
Commission

Develop a guidance
targeting regional
airports below the
threshold of 50,000
movements per year
for convincing then to
start implementing
balanced approach
interventions

Communication
policy

Social acceptance of
air transport and
quality of life

10 European
Commission

Favour exchange of
personnel and
experience between
advanced and less
advanced airports in a
kind of “Airasmus”
programme

IA, Other financial
instruments

Training and
knowledge of experts
Quality of life

11 European
Commission

Elaborate calls for
proposals that would
take benefit from the
ANIMA experience,
for instance on
decarbonising the air
transport

RIA Impact of Horizon
Europe

12 European
Commission

Maintain the
European Strategic
Roadmap on Aviation
noise and the
associated network of
experts

CSA Leadership of the EU,
Influence on
neighbourhood
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credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.
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statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.
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Glossary

ACARE Advisory Council for Aeronautics Research in Europe
ANCAT Abatement of Nuisances Caused by Air Transport Expert Group
ANERS 3AF/AIAA Aircraft Noise and Emissions Reduction Symposium
ATM Air Traffice Management
CAP Committee for Aviation Environmental Protection
CROR Counter rotating open rotor engine
CSA “Coordination and Support Action” EU funding instrument
DB Decibel, a relative unit of sound strength
dB(A) decibel with A weighting
ECAC European Civil Aviation Conference
END Directive 2002/49/EC “Assessment and Management of Environmental

Noise”
EPNL, EPNdB Effective Perceived Noise Level in dB
ICAO International Civil Aviation Organisation
LUP Land Use Planning
NAP Noise Abatement Procedure
NRT Noise Reduction Technologies
UHBR Ultra High Bypass Ratio engine

© The Editor(s) (if applicable) and The Author(s) 2022
L. Leylekian et al. (eds.), Aviation Noise Impact Management,
https://doi.org/10.1007/978-3-030-91194-2

321

https://doi.org/10.1007/978-3-030-91194-2

	Foreword
	Preface
	Acknowledgements
	Contents
	 Understanding the Basics of Aviation Noise
	Context of Aviation Noise
	Basics of Physical Mechanisms, Metrics and Perception
	Sound Pressure Level and Loudness
	Temporal Behaviour: Peak/instantaneous Levels versus Equivalent Levels
	Lden: Day Evening Night Level
	Source Directivity
	Effective Perceived Noise Level: EPNL

	Reference

	 Noise Burden in Europe
	Introduction
	The Regulation Behind the Data Collection
	The Scope of the END Exclusions
	The Method Exclusions
	The Data Collection Exclusions

	Health Risk by Aviation Noise in Europe
	People Exposed to High Levels of Environmental Noise
	Health Risk Associated with Noise Exposure
	Burden of Disease

	Uncertainties in the Estimation Data
	Challenges for the Near Future
	References

	Regulating and Reducing Noise Today
	 Balanced Approach to Aircraft Noise Management
	From Noise Exposure to Noise Annoyance—Introduction Issues
	The Global Footprint of Aviation Noise
	The ICAO Noise Certification Procedure for Aircraft
	Reduction of Aircraft Noise at Source

	Land-Use Planning and Noise Impact Management Issues
	Airport Planning Manual for Appropriate Land-Use Inside Noise Zone
	Aircraft Operational Measures for Noise Reduction
	Departure Procedures
	Aircraft Operating Restrictions to Reduce Noise Exposure

	Conclusion: From Noise Exposure to Noise Impact Management
	References

	 Perspective on 25 Years of European Aircraft Noise Reduction Technology Efforts and Shift Towards Global Research Aimed at Quieter Air Transport
	Introduction—Background and General Context of Noise from Air Transport Operations
	European Context—ACARE Strategic Research Agendas and Establishment of the 2020 and 2050 Aviation Environmental Goals
	Phased Strategy Towards 2020 Targets and Beyond
	A Coordinated European Aviation Noise Research Effort
	Overall Approach to Coordination
	Noise Reduction at Source—Technological Achievements and Perspectives
	Noise Abatement Procedures (NAP)—Achievements and Perspectives
	Improvement in the Understanding of Aircraft Noise and Its Impacts

	Assessment of Progress Relative to ACARE Noise Reduction Targets
	Background and Methodology
	Changing Boundary Conditions
	2015 Progress Assessment
	Recent Developments in Assessing ACARE 2020 and 2050 Noise Targets and Associated Recommendations

	Addressing the Longer Term Objectives—Noise and the ACARE SRIA
	Identifying the Conditions for a Successful Strategy Aimed at the 2050 Noise Target while Considering a Wider Noise Research Effort Allowing Full Implementation of the Balanced Approach
	Establishing the Common Strategic Research Roadmap for Aviation Noise Reduction

	Community Building
	General Overview
	Integration of Research Community
	Collaboration Efforts and Outreach

	Lessons Learned
	Reflecting on the Technology Focused Effort and the Extended Research Scope
	Noise vs Emissions
	EU Transport Noise Policy


	 Future Aircraft and the Future of Aircraft Noise
	The Need for Novel Aircraft Configurations
	Boundary Layer Ingestion and the NOVA Concept: Implications on Noise
	The NOVA Aircraft
	ARTEM Objectives and Work Sharing
	Acoustic Assessment at Low Speed
	Acoustic Assessment at High Speed

	Conclusions and Perspectives on the BLI Study
	FRIDA, a Framework for Innovative Design in Aeronautics
	Aircraft Design and Noise Prediction for Novel Concepts
	Benefits of the Box-Wing Architecture for Passenger Aircraft—The H2020 Project “PARSIFAL”
	Sustainable SuperSonic Transport: Technical Challenges and Noise Certification
	Concluding Remarks
	References

	 Competing Agendas for Land-Use Around Airports
	Introduction
	Iasi Airport Case Study
	Introduction
	Experience with Aircraft Noise Management Prior to ANIMA
	Progress Within the ANIMA Project
	Conclusions

	Insulation Case Study
	Introduction
	Background
	Sound Insulation Schemes Studied
	Discussion
	Conclusions

	Overall Discussion
	Conclusions
	References

	Beyond Flying Machines, Human Beings
	 Impact of Aircraft Noise on Health
	What Are the Health Impacts of Aircraft Noise Exposure
	Cardiovascular Diseases
	Sleep Disturbance
	Cognitive Impairment
	Mental Health and Well-Being
	Hearing Impairment
	Adverse Birth Outcomes
	Metabolic Diseases
	Noise Annoyance—A Mediator of Aircraft Noise Effects on Health?

	Why Does Aircraft Noise Exposure Have an Impact on Health?
	General Health-Related Mechanisms of Aircraft Noise Exposure
	Health-Related Mechanisms of Aircraft Noise Exposure During Sleep
	Individual Risk Factors in the Causal Chain from Noise to Health Outcomes

	Current Gaps in the Relationship Between Aircraft Noise Exposure and Health Outcomes
	Conclusions
	References

	 Coping with Aviation Noise: Non-Acoustic Factors Influencing Annoyance and Sleep Disturbance from Noise
	Annoyance as the Most Common Psychological Effect of Noise and Its Non-Acoustic Influence Factors
	Personal and Social Factors
	Contextual and Situational Factors
	Social Aspects of the Noise Management

	Sleep Disturbance as the Most Common Neuro-Behavioral and Physiological Effect of Noise and Its Non-Acoustic Influence Factors
	Situational Factors
	Personal Factors
	Relation Between Sleep Disturbance and Annoyance
	Role of Non-Acoustic Factors for Aircraft Noise Interventions
	Role of Airport Interventions on Quality of Life in Airport Regions
	Natural and Living Environment
	Productive or Main Activity
	Education and Leisure

	Conclusions: How to Deal with Non-Acoustic Factors in Aircraft Noise Management?
	References

	 Engaging Communities in the Hard Quest for Consensus
	Introduction
	The Role of Media Coverage
	Results of the ANIMA Media Coverage Analysis
	Communication and Engagement and Noise Management
	Why is Fairness so Important in this Context?
	Fairness as the Overall Goal
	What is Communication and Engagement
	A Tale of Communication and Engagement Gone Wrong
	How to Do ‘Good’ Communication and Engagement
	Vienna Airport: Now an Example of Good Communication and Engagement
	Evaluation
	Evaluating Fairness in the Context of Aircraft Noise Management—Introduction of an Psychometric Instrument
	ANIMA in Action
	Rotterdam the Hague
	Closing Remark
	References

	 Towards Innovative Ways to Assess Annoyance
	Introduction
	Immersive Simulation to Mimic Real-Life Experiences
	Validation of a Virtual Reality Application for Aircraft Noise
	Effectiveness of This Virtual Reality Application for Better Communication

	Mobile Application to Assess People's “Annoyance”
	Introduction
	The ANIMA Mobile Application (AnimApp)
	Experiences Around Two Airports

	Using Twitter as a Survey Tool: Understanding people’s Opinions of Quality of Life Around Airports
	Context
	Scientific Background
	Analysis Pipeline
	Future Work

	Conclusion
	References

	 Towards Mapping of Noise Impact
	Introduction
	Noise Management Toolset
	Objectives of the Tool
	Working Principle
	Airports
	Building of Scenarios
	Visualisation of Results
	Future Work

	Virtual Community Tool
	Aim of the Tool
	Working Principle
	Features
	Scenario Show-Cases

	Dynamic Noise Maps
	Background and Definition
	Human Mobility Patterns
	Different Ways of Collecting Human Mobility Patterns
	Methodology
	How Do Human Mobility Patterns Influence the Population Noise Exposure Around an Airport?
	ANIMA Case Study: Dynamic Noise Maps for Ljubljana Airport
	Further Developments

	References

	 ANIMA Noise Platform and ANIMA Methodology: One-Stop Shop for Aviation Noise Management
	How is ANIMA Different and What is its Added Value
	Community Engagement in ANIMA Project
	ANIMA Noise Platform
	‘Designing’ Effective Noise Management Measures
	Design-Led Approaches to Noise Management
	The ANIMA Methodology
	Identification of the Need for an Intervention
	Design of Options
	Selection of Intervention Option
	Implementation
	Post-Evaluation
	Lessons Learnt

	References

	 Overall Perspectives
	Lesson One—Aircraft Noise Is Not Aviation Noise
	Lesson two—As for Technology, Research On Aircraft Noise Must Favour Disruptive Concepts
	Lesson Three—Noise Regulations Based on Metrics Do Not Protect Against Annoyance
	Lesson Four—We Do Not Know What Annoyance Is, But We Know How It Is Mediated
	Lesson Five—Do Not Presume Communities’ Expectations. Be Fair With Them, Listen To Them And Empower Them
	Lesson Six—Evaluate Measures Taken On A Regular Basis
	Lesson Seven—Do Not Wait Until It Is Too Late For Implementing Regulation 598/2014
	Lesson Eight—Providing Experience Of “Pathfinders” And “Experienced Travellers” To Airports “Starting The Journey”
	Lesson 9—Build On And Widen The Anima Experience And Its Methods
	Summary of Recommendations

	 Glossary

