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Abstract

The surrounding communities of Dublin Airport are experiencing increasing noise due to
increasing air traffic. Aircraft noise is a significant environmental issue, with substantial
implications for public health and quality of life, contributing to annoyance and increasing
the risk of health problems, including cardiovascular diseases. Consequently, it is essential to
analyze current and future noise exposure in terms of population and area exposure, and to

lay focus on noise mitigation measures to reduce negative health effects.

This thesis examines the short-term and long-term airport noise at Dublin Airport, ex-

ploring monthly fluctuations and the integration of future aircraft concepts.

Currently, environmental noise, including airport noise, is mapped every five years under
Environmental Noise Directive (END), which mandates the production of annual noise con-
tours. However, this thesis demonstrates that conventional annual noise maps fail to capture
substantial monthly fluctuations in noise exposure. In some cases, the maximum monthly
change in area exposure reaches up to 100 % a level of variation that annual averages are
incapable of representing. To address this gap, the thesis introduces maximum monthly
change in area exposure as a novel metric to quantify and visualize these significant temporal

dynamics.

To address a critical aspect of airport noise communication related to long-term forecast-
ing for improved planning, including land use management and the protection of communities
near airports, this thesis presents noise level projections through to the year 2050. The fore-
casts for 2030, 2040, and 2050 combine expected increases in air traffic with technology

uptake, including the introduction of quieter generation 2 and 3 aircraft.

From 2023 to 2030, the area exposed to noise levels of Lg.,,= 45dB(A) is projected to
increase from 171.48km? to 217.32km?. In the 2040 scenario, despite an increase in air

traffic, it is possible to reduce the exposed area to 199.30km?, representing a decrease of

8.29 % compared to 2030.
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The 2050 noise predictions are based on simulated noise data for future aircraft concepts,
specifically the Blended Wing Body aircraft, as a proxy for emerging technologies. Therefore,
Noise-Power-Distance (NPD) data was generated for integration into the noise model. The
study further evaluates Dublin Airport’s communication strategy regarding noise exposure
and offers recommendations for improving public engagement and policymaker responses to
evolving noise trends.

However, even with the introduction of future aircraft concepts, the exposed area increases
to 214.10km?, which corresponds to an increase of 24.87 % compared to 2023, while the total
number of flights increases by 47 %.

The findings highlight significant gaps in current noise forecasting and communication,
stressing the need for more detailed, and dynamic models that account for seasonal and
monthly noise variations. This thesis concludes with policy recommendations for better noise
mitigation, land-use planning, and the adoption of quieter aircraft technologies to reduce

long-term airport noise exposure.
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1.1 Scope and Research Objectives

Aircraft noise is a persistent environmental concern around major airports, with significant
implications for the health, well-being, and quality of life of surrounding communities [1].
Dublin Airport, as Ireland’s busiest international gateway, is no exception to this challenge
[2]. With increasing air traffic and the anticipated growth of aviation over the coming decades
[3], the noise impact on local populations is projected to increase, making it imperative to

explore effective strategies for mitigating this environmental nuisance.

This thesis aims to advance the understanding of airport noise by introducing a new ap-
proach to noise mapping and prediction, demonstrated on a case study of Dublin Airport.
Specifically, monthly fluctuations in noise exposure are addressed, which are not displayed
by the current standard of annual noise maps. To quantify these fluctuations a new metric,
the maximum change in area exposure, is introduced. The metric visualizes the extent of
monthly variation in noise exposure depending on the area over a full year, providing a more
detailed view of how airport surrounding communities are affected by airport noise through-

out different times of the year.

In addition to these short-term variations, this research explores long-term noise pre-
diction for Dublin Airport, extending forecasts to 2030, 2040, and 2050. This includes a
combination of air traffic increase and technology uptake, which consists of fleet share trends
and generation shifts. These forecast scenarios integrate both short-term and long-term pro-

jections, offering a detailed look at the evolving noise landscape.

The 2050 airport noise forecast includes future aircraft concepts (generation 3), for which
there is currently no real-world data. To address this gap, Noise-Power-Distance (NPD)
data is generated and incorporated into the noise prediction model. In this study, all future
aircraft concepts are assumed to be Blended Wing Body (BWB) aircraft. This aircraft type is
anticipated to be among the first next-generation models to enter the market and is expected
to have the most significant impact on noise reduction. Even with a small fleet share by
2050, generation 3 aircraft are projected to demonstrate noticeable differences, illustrating

the potential influence of future aircraft concepts on the airport’s noise footprint [3, 4].
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Furthermore, this thesis reports on the communication strategy surrounding aircraft noise
at Dublin Airport and compares it to best practices. It examines the communication of noise
information to the public and local stakeholders, assessing its accessibility and clarity while
providing recommendations to enhance transparency, public engagement, and awareness of
noise exposure and mitigation efforts. This includes suggesting more dynamic and accessible
platforms for residents to track noise forecasts, as well as advising policymakers on how to

integrate these predictions into land-use planning and noise management decisions.

The key areas of this research are:

e Monthly Fluctuations in Noise Exposure: The development of a metric to dis-
play the maximum change in area exposure, highlighting the significance of modeling

monthly fluctuations and extreme noise events.

e Long-Term Noise Prediction: Forecasting future noise levels for 2030, 2040, and

2050, incorporating detailed air traffic increase and technology uptake.

e Future Aircraft Concepts: Modeling the noise impact of generation 3 aircraft, using
simulated NPD data for the BWB concept to represent future aircraft technologies in

the 2050 scenario.

e Communication Strategy and Policy Recommendations: Evaluation of Dublin
Airport’s noise communication strategies and recommend improvements, including how
policymakers should respond to evolving noise trends and how the public should be

informed about current and future noise exposure.

By addressing these objectives, this research aims to contribute to more effective noise
mitigation strategies, improve long-term planning for airport operations, and foster a clearer
understanding of the future trajectory of airport noise in Dublin. The findings of this the-
sis provide actionable insights for airport authorities, policymakers, and local communities,
helping them navigate the challenges posed by increasing air traffic and advancing aircraft

technologies.
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1.2 Thesis Outline

The structure of the thesis is as follows: The literature review outlines the principles of en-
vironmental noise mapping, discusses sources of aircraft noise, and examines strategies for
noise reduction. It also highlights the negative health impacts of noise and the relevant EU

regulations governing airport noise.

Subsequently, the thesis provides a comprehensive overview of Dublin Airport as the
major airport of the Republic of Ireland, serving as the case study. It covers the airport’s

historical context, current operations, operational restrictions, and communication strategies.

The methodology chapter outlines the detailed process of noise mapping, encompassing
the generation of future aircraft concept data and the operational mechanics of the overall
noise model. The publication Predicting Airport Noise Impact to 2040: Traffic Growth and
Technology Uptake [5] significantly contributes to the methodology. During post-processing,
the generated noise contours are thoroughly analyzed to evaluate key metrics, including area

affected, population exposure levels, and variations in monthly noise exposure trends.

The analysis chapter presents the monthly noise maps for Dublin Airport in 2023, com-
paring these to mandatory annual results collected every five years under the END directive.
Monthly fluctuations are displayed in the form of noise contour lines and the maximum noise
exposure change. The chapter draws on insights from the papers Benefits of Monthly Noise
Maps in Comparison to Annual Assessments [6], Noise Impact of changing Flight Routes:
from Planning to Reality [7] and Re-surging Airport Noise: Understanding Aircraft Noise
Dynamics During and After the COVID-19 Pandemic at Dublin Airport [8].

In the noise prediction chapter, forecasts for airport noise at Dublin Airport extend to
2050. Scenarios of air traffic growth and advancements in aircraft technology are combined
to predict low, base, and high noise levels for 2030, 2040, and 2050. In the noise prediction
models for 2050, future aircraft concepts (generation 3 aircraft) are incorporated as part
of the anticipated technology uptake. All Generation 3 aircraft concepts are assumed to
be represented by the Blended Wing Body (BWB) aircraft for this study, for which Noise-

Power-Distance (NPD) data is generated and subsequently integrated into the airport noise

4
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prediction model. This chapter has been informed by the findings and methodologies pre-
sented in the papers The Future of Airport Noise: A Comprehensive Analysis of Population
Exposure at Dublin Airport 2023 to 2030 [9], Predicting Airport Noise Impact to 2040: Traffic
Growth and Technology Uptake [5], and Airport Noise Forecasting to 2050: Integrating the
Blended Wing Body Concept [10].

The discussion section evaluates the noise contours for 2023 to 2050, while the conclu-
sion summarizes findings and recommendations, and suggests potential avenues for future

research.



INTRODUCTION 1.3. PUBLISHED WORK

1.3

Published Work

Multiple papers have been written as part of this research to disseminate key findings and

contribute to the broader scientific community.

1.3.1

[10]

[6]

1.3.2

[12]
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Karina Einicke and John Kennedy. Predicting Airport Noise Impact to 2040: Traffic
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682X. doi: https://doi.org/10.1016/j.apacoust.2024.110229. URL https://www.
sciencedirect.com /science/article/pii/S0003682X24003803.

Conference Papers

Karina Einicke and John Kennedy. Noise Impact of changing Flight Routes: from
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08 2023 doi: 10.3397/IN_2023_0424.
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2.1 Background

Environmental noise is defined as unwanted or harmful sound that constitutes a form of
environmental pollution and cannot be overlooked. It arises from a wide range of open-air
sources, including road, rail, and air traffic, industrial activities, and recreational events.
It affects not only the environment but also human health and well-being. Over time, the
study of noise pollution has progressed from simply recognizing it as a general annoyance to
developing a deeper understanding of its broader effects on public health and overall quality
of life [1, 13].

This literature review addresses the multifaceted nature of noise pollution, emphasizing
its significance and relevance in contemporary society. The review covers environmental and
aircraft noise, exploring their sources, characteristics, and specific impacts. It also gives an
overview of the health effects of noise exposure, including cardiovascular diseases, cognitive
impairment, and sleep disturbances [13]. Furthermore, the review examines regulatory mea-
sures and noise management strategies, in particular the Balanced Approach proposed by the
International Civil Aviation Organization (ICAO) [14].

Relevant noise mapping regulations are introduced, providing a foundation for a detailed
analysis of current research and practices in noise management. This background section
highlights the importance of understanding noise pollution and the need for effective man-

agement strategies, addressing the advancements and the gaps in the existing literature.

2.2 Aircraft Noise as Part of Environmental Noise

Noise tends to spread widely in the environment, particularly in highly urbanized areas
[1, 13, 15]. It is closely associated with industrial development, transport infrastructure, and
ongoing urbanization. Undesired noise represents a significant source of pollution not only

affecting human physiology but also impacting the environment as a whole.

2.2.1 Aircraft Noise

Aircraft noise is a significant component of environmental noise, especially in areas close to
airports and flight paths [1]. As air travel continues to grow globally [16], the impact of aircraft

noise on surrounding communities and environments has become increasingly prominent [1].
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This work concentrates on aircraft and airport noise, which is one of the most harmful and
disturbing noise sources for people in airport surrounding areas. Aircraft noise is a major
localized noise pollution source. At the same time, road traffic and railway noise affect more
people, as the aircraft noise is limited to below flight paths and airport surrounding areas.
Aircraft noise is generated from various sources during different phases of flight, including
approach, departure, and taxiing [17]. In terms of noise sources, composite noise (airframe
noise) is the major noise component of overall noise in all stages of the flight. Fan noise is
following closely, while jet noise is the quietest noise component. Overall these two noise

sources can be categorized as engine noise.

Engine Noise

During take-off procedures, engine noise is the predominant noise source of the aircraft.
Aircraft engines have multiple noise sources, which include fan, compressor, combustion,
turbine, and exhaust (jet) noise [18].

Noise emitted during the approach is mainly high-frequency originating from the engine’s
intake and exhaust [18]. The main noise source is described as the fan-compressor [17,
19]. Combustion noise contributes at very low frequencies and its contribution increases
downstream the high-pressure turbine [20]. The dominant noise source for subsonic jets is
believed to be small-scale turbulence. Large-scale structures are not seen as effective regarding

acoustic sources [18].

Airframe Noise

Airframe noise is aerodynamic noise, mainly generated by landing gear and high-lift devices of
the aircraft [21, 22]. Ever since the bypass ratio of aircraft engines was increased significantly,
thus reducing engine noise (a larger proportion of air bypasses the engine core, the jet velocity
decreases, leading to a reduction in jet noise, which is one of the dominant noise sources in
aircraft engines), airframe noise has become more dominant. It can even dominate the overall
aircraft noise, and thus engine noise [23-25]. During the approach phase, airframe noise has
become the most prominent aircraft noise source, when engines are throttled down [24, 26].
It is also significant during take-off after thrust reduction is applied. Airframe noise is mainly
caused by the wing systems, airbrakes, spoilers, landing gear, and high lift devices (consisting
of flaps and claps), as well as cavities on the airframe. Acoustics waves are formed as flow

structures around the body get distorted and cause local pressure variation. High-lift devices
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in landing configuration cause 10 dB higher noise in comparison to the cruise configuration

at the same speed.

The interaction between various noise sources on an aircraft is referred to as the instal-
lation effect [27]. For example, turbulence generated by high-lift devices can interact with
the vortices produced by the rear landing gear, increasing the overall turbulence in the flow
field. Reducing this interaction and the associated turbulent flow can help mitigate noise.
Similarly, when engine-generated turbulence interacts with airframe flow fields, altering the

engine placement can be an effective measure to reduce noise.

Overall Aircraft Noise

The analysis of noise spectra for wide body fan jets, a pattern observed across all aircraft
types, demonstrates that sound pressure levels are significantly higher during takeoff than
during the landing approach [28]. Figure 2.1 illustrates a typical departure spectral class
for commonly used narrow body aircraft, such as variants of the A320 and Boeing 737max8.
This spectrum is employed in the noise modeling process and is defined in ECAC Doc. 29,
Volume 3, Part 1 [29]. It has been included here as a standardized acoustic reference for
departure scenarios. This particular spectral class has been selected as an example because
these aircraft types are the most commonly operated narrow-body jets at Dublin Airport,

accounting for over 50 % of all aircraft movements (see Table A.1).
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Figure 2.1: Departure spectral class 103 for aircraft types such as A320 and 737max8 [30]
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Noise Source Modeling and Prediction

Predicting the noise generated by the entire aircraft differs from analyzing noise produced
by isolated sources [27]. Local flow fields affect installed noise sources, making it essential
to account for interactions between them. This installation effect, plays a significant role in

accurately modeling overall aircraft noise.

Aircraft noise is difficult to model, not only because of the geometric complexity but also
because of installation and component interaction effects, Reynolds-number effects, turbu-
lent, unsteady, and highly non-linear flow fields, and propagation of the broadband noise in
the far field [25]. Modeling a single aircraft component might be useful for understanding
noise generated by a specific part and reducing this noise. However, once the component is
installed on the aircraft interaction effects with unsteady flows generated by other compo-
nents might change the far-field noise of the developed component. Thus, noise prediction for
complex geometries is difficult and time-consuming, which leads to challenges when facing

noise reduction strategies.

2.2.2 Aircraft Noise Chapters

EASA defines noise certification standards for various aircraft types, categorized into twin-
aisle, single-aisle, regional, turboprop, and business jets. These classifications are based on
several factors, including Maximum Take-Off Weight (MTOW), maximum thrust rating, air-
craft type, and noise levels measured at specific certification points. Aircraft are assigned
to different noise chapters following the procedure outlined by International Civil Aviation
Organization [14] and EASA, EAA, and Eurocontrol [31]. As shown in Figure 2.2, there are
three noise certification points for categorizing aircraft: the approach reference point, located
2000 m before the landing threshold; the lateral certification point, 450 m perpendicular to
the flight path at the location of maximum noise; and the flyover certification point, 6500 m
beyond the Start of Roll (SOR). For all three certification reference points, the Effective Per-
ceived Noise Level (EPNL) Lgpy is measured repeatedly under controlled test conditions,
which account for factors such as aircraft operation, instrumentation setup, and environmen-
tal conditions. During an aircraft’s noise certification, several key noise metrics are recorded,
including Lag, Lmaz, and Lgpy, to support the generation of Noise-Power-Distance (NPD)

data (see Section 4.1.2). These measurements are taken for different aircraft configurations

11
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and weights to ensure that the noise data accurately reflects performance across a range of
operational scenarios [29].

This categorization by noise chapter is instrumental for airports in managing noise pol-
lution, allowing them to implement measures such as banning noisier aircraft or limiting the
number of, for example, Chapter 3 aircraft. Figure 2.3 highlights the progression of noise
standards established by ICAOQ, illustrating a clear trend toward quieter aircraft over the
past 30 years. This evolution reflects technological advances and stricter noise regulations,

supporting efforts to reduce the environmental impact of aviation noise.

Arrival
Final approach footprint

Continuing climb
= 5_7/\:_

Approach Initial climb
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Departure
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Figure 2.2: Certification reference points for noise chapter certification from ECAC [29]

2.2.3 Aircraft Generations

Aircraft are categorized into different aircraft generations and types, depending on their
production year and aircraft size. Eurocontrol [16], which developes aviation forecasts for
Europe, and Mott MacDodonald Global Aviation [32], which analyses operation and fleet
development at Dublin Airport, categorize aircraft depending on their size and passenger
capacity. Narrow body aircraft are single-aisle aircraft, the most popular models include
Boeing 737, Boeing 757, and A320. The Boeing 767, 777, 787, Airbus 330, 350, and 380
are considered wide body aircraft. These airplanes have twin-aisles and are typically used

for long-haul services. Regional aircraft are small one-aisle jets, which are used for short-

12
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Figure 2.3: Aircraft certification noise levels from EASA, EEA, Eurocontrol [31]

distance flights. The most popular regional jets specifically at Dublin Airport are BAel46,
Bombardier CRJ and Cseries, and Embraer RJ.

The commercial aircraft production cycle determines the aircraft generation. Newer gen-
eration aircraft are equipped with advanced technology that enhances fuel efficiency and
reduces noise. Mott MacDodonald Global Aviation [32] displays an overview of aircraft
generation, depending on the production and technology (see Table 2.1 and Figure 2.4). Pro-
duction cycles are important to estimate when aircraft come and leave service and which
aircraft might be able to replace them. Aircraft are expected to have an average lifespan of

25 years after which they can stay in service as freighter conversions [32].

Generation 0 aircraft were developed in the 1970s and 1980s and are mostly retired as
passenger aircraft at this point [32]. They have been replaced by generation 1 aircraft, which
have been developed until the 2000s and are currently in operation. Generation 2 aircraft
are in production in the 2020s and are entering the market, production, or are still under
development.

Generation 3 aircraft can be considered future aircraft concepts, such as hybrid fuel and

electric [16, 33], open-rotor [34], Blended Wing Body (BWB) [4], or braced wing [35] aircraft.

A comparison of the departure noise contour at L., = 55dB(A) of different aircraft

generations can be seen in Figure 2.5, with the corresponding values presented in Table 2.2.
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Generation 0
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Figure 2.4: Commercial aircraft production cycle (aircraft types in production by generation)
from Mott MacDodonald Global Aviation [32]

As an example of narrow body aircraft, the Boeing 737-800 aircraft is a generation 1 aircraft,
which is succeeded by the Boeing 737max8, a generation 2 aircraft. The noise contour at
Lgern, = 55dB(A) indicates a 63 % smaller noise footprint for the 787max8. This trend of a
smaller noise footprint can also be observed for wide body aircraft such as the Boeing 777
family (including B77W and B778) aircraft and the generation 2 B777X. The B777X has a
40 % reduction in area exposure at Lq, = 55dB(A) compared to the B7T7TW.

2.2.4 Airport Noise

Overall airport noise includes various ground-based sources, including taxiing aircraft, engine
testing, the use of auxiliary power units [20], luggage transport, and ground vehicle noise.
These elements are integral to airport operations and might contribute to the overall noise
environment. This work will focus specifically on aircraft noise, excluding other ground-based
noise sources.

The terminology used in the literature to describe noise related to airports is often in-
consistent, with terms like airport noise, aircraft noise, and overall airport noise being used

interchangeably or ambiguously. For the purposes of this work, airport noise will refer specif-
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Generation

Aircraft

Generation 0

Generation 1

Generation 2

Generation 3

aircraft developed in the 1970s or 1980s

B737 (classic), B757, B767, A300, A310

aircraft developed in the 1990s or 2000s

B737NG, B777, A320, A330, A340, A380,

Bombardier CRJ, E-Jets, ATR42, ATR72

aircraft currently entering production/under development
B737max, B787, B 777X, A320neo, A350, Cseries,
E-Jet-E2, Sukoi Superjet

future aircraft concepts

BWB, electric propulsion , braced wing , open-rotor aircraft

Table 2.1: Aircraft generation categorization according to Mott MacDodonald Global
Aviation [32] and future aircraft concepts (generation 3 [4, 16, 33-35])

Departure L_max [ B777x [ 737-800
E190 B788 [ ] 737max8

[ ATR72 B77W A320-211

0 2.5 5 km
departure direction: # [

Figure 2.5: Aircraft departure noise footprint contour line at Ly,q, = 55dB(A) for different

aircraft types

ically to all noise generated by aircraft operations at a single airport over a defined time

period, excluding any noise generated from ground operations. Aircraft noise typically refers

to the noise produced by individual aircraft, whereas airport noise encompasses the collective

aircraft noise from the airport’s operations. This distinction is maintained throughout this

thesis for clarity and precision.
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Area Exposure for L,,,, = 55dB(A)

Aircraft Area [km?] | Aircraft Area [km?]
E190 103.70 B7TTW 211.77
ATRT72 56.47 737-800 183.21
Brr7X 126.40 737Tmax8 68.12
B788 125.55 A320-211 107.45

Table 2.2: Aircraft departure noise footprint at L., = 55dB(A) for different aircraft types

2.3 Influence of Weather on Noise Propagation

Climate change is exerting profound effects on various meteorological parameters, including
temperature, precipitation, and wind patterns, thereby significantly influencing air traffic
operations. Projections indicate that by 2050, these alterations will substantially impact the
aviation sector [36]. Particularly in Europe, where shifts in wind conditions and heightened
precipitation levels are expected, the incidence of extreme weather events is expected to in-
crease [37, 38]. This anticipatory rise in extreme wind speeds, coupled with the variability
in wind direction across north and central western Europe, holds implications for airport
operations, potentially resulting in infrastructure damage and compromised safety measures.
Moreover, as atmospheric conditions evolve, aircraft performance is set to transform. Changes
in wind patterns may necessitate adjustments in runway lengths, while temperature fluctu-
ations could pose challenges such as heat-induced damage to airport surfaces or increased
demands for cooling and heating systems. Consequently, aircraft operators may need to
adapt their scheduling practices, opting to deploy heavier aircraft during cooler periods of
the day to mitigate potential operational disruptions.

Wind pattern changes might increase crosswinds, which can disrupt or cause changes to
aircraft and airport operations. In addition, an increase in turbulence and surface winds
could be experienced. A shift in wind direction will cause a change in airport operations. At
Dublin Airport wind changes from easterly to westerly cause changes in departure and arrival
direction. In the case of crosswinds, the Cross Runway 16/34 can be used [39]. For airports
without a cross runway, an increase in crosswinds would cause a reduction in capacity [37].

In addition to wind speed and direction, wind shear and turbulence impact aircraft op-
erations. Variations in headwind during approach can lead to a shallower descent angle or
even a climb, or result in reduced lift, potentially causing a short landing. Pilots must take
corrective measures to safely operate the aircraft under these conditions [40]. These adjust-

ments may include altering thrust settings and modifying flap or slat angles to maintain the
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correct flight path. Changes in wind direction already affect the operation at Dublin Airport.

Depending on the wind direction, departure and arrival direction are changed [41].

Humidity, air temperature, and wind speeds significantly affect noise propagation [29,
42]. Depending on meteorological conditions, sound levels can vary by more than 10 dB
at distances over several hundred meters. Sound absorption depends on air temperature
and relative humidity, with its impact varying based on the sound frequency. For lateral
attenuation, fluctuations in wind and temperature cause refraction, altering the direction

and intensity of sound reflections.

Atmospheric absorption is influenced by propagation distance and the atmospheric at-
tenuation coefficient, which depends on temperature, relative humidity, and atmospheric
pressure. The ground effect involves the absorption or reflection of sound by the ground as
it travels from the source to the receiver [42, 43]. This effect is determined by height above
the ground, atmospheric conditions, and the acoustic properties of the surface. Factors like
water and snow can alter ground absorption. Wind and temperature gradients can scatter

sound, causing refraction and altering the sound’s propagation path.

Aircraft noise measurements for reference procedures should ideally be conducted under
standardized atmospheric conditions, including a constant pressure of 1.013 25 kPa, an am-
bient temperature of 25°C, relative humidity of 70 %, and zero wind [14]. However, since
achieving these exact conditions is often impractical, noise tests should be performed under
acceptable atmospheric ranges. These include relative humidity between 30 % to 90 %, am-
bient temperatures from 2°C to 30 °C, average wind speeds below 5.1 m/s, crosswind speeds
below 2.6 m/s, and no precipitation during testing. These conditions help ensure the accuracy

and consistency of noise data across varying environments.

2.4 Health Effects of Noise

Transport noise is a recognized issue and causes community annoyance [44] up to major
health impacts, such as sleep disturbance [45], adverse effects on the endocrine and immune
systems [46], and cardiovascular and metabolic diseases [13, 47—49]. However, there is a
limited number of studies that focus specifically on the effects of aircraft and airport noise,

highlighting the need for further research in this area.
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Aircraft noise typically causes greater annoyance than other types of transportation noise
at equivalent noise levels [50]. In the context of noise, annoyance refers to the feeling of
discomfort, irritation, or disturbance caused by unwanted or disruptive sounds. It is an
immeasurable health effect that can lead to various negative health impacts mentioned above,
particularly stress, and may contribute to the development of cardiovascular diseases [1].
Among the various sources of noise pollution, the recurrent cycles of aircraft take-off and
landing noise have emerged as particularly unwelcome and intrusive in airport vicinity [51].
The risk of exposure to aircraft noise is not equally distributed throughout society, with
lower socioeconomic and disadvantaged groups often living closer to airports and experiencing
higher noise levels. Consequently, residents in these areas are likely to view noise reduction
measures as beneficial for their health and well-being. In contrast, individuals benefiting from
airport services might prefer increased air traffic and view noise reduction measures as an
unnecessary expense [1]. Furthermore, urban expansion and rising population density around
airports exacerbate the issue, and the anticipated increase in air traffic is expected to further
negatively impact the well-being of those living in close proximity to airports [3, 52].

World Health Organization (WHO) [1] measures the burden of disease due to environ-
mental noise in Disability-Adjusted-Life-Year (DALY)s, which indicates the extent of lost life
years due to disability or premature mortality. The DALYs lost is estimated to be 61000
years due to Ischemic Heart Disease (IHD), 45000 years due to cognitive impairment in chil-
dren, 903 000 years due to sleep disturbance, 22 000 years due to tinnitus, and 654 000 years
due to annoyance within western Europe [13]. This amounts to over 1.67 million DALYSs in

western Europe being due to environmental noise within a single year.
Life Quality

Environmental noise significantly impacts life quality by contributing to annoyance, mental
health issues, and overall well-being [53-55]. As an environmental stressor, it can increase
stress hormones, such as cortisol, which are linked to the development of anxiety disorders
and depression. Annoyance, a psychological stress response, can activate physiological stress
hormones and lead to sleep deprivation. Nighttime noise, in particular, is known to disrupt
sleep, resulting in fatigue and low mood the following day. This effect can be especially
pronounced in children, potentially leading to heightened stress responses, including increased
levels of adrenaline and noradrenaline. Moreover, there is growing evidence that mental

health problems associated with noise exposure may contribute to hyperactivity symptoms
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in children [56-58]. In addition to these effects, multiple studies are able to link aircraft
noise specifically to an increased risk of depression, further illustrating the profound impact

of environmental noise on mental health.

Communication Interference

Communication can be significantly disrupted by environmental noise, leading to distractions
that adversely affect children’s cognitive abilities [1]. Prolonged exposure to sounds from
personal listening devices can result in temporary and even permanent hearing threshold
shifts, tinnitus, and poor speech communication in noisy environments. Insufficient protection
against loud noise at work or during leisure activities further increases the risk of hearing loss
and tinnitus. While these findings do not specifically address aircraft noise, they illustrate
the broader impact noise can have on communication and cognitive functioning, underscoring

the potential relevance to aviation-related noise exposure.

Cardiovascular Diseases

Multiple studies have been conducted on the influence of environmental noise on cardiovas-
cular and metabolic effects. Especially road traffic noise has a significant impact on Ischemic
Heart Disease (IHD). Several studies report associations between transportation noise (in-
cluding aircraft noise) and stroke, diabetes, and obesity [59]. Additionally, evidence suggests
that noise-induced annoyance and sleep disturbances can increase the risk of cardiovascu-
lar diseases. Insufficient sleep influences inflammatory markers as well as endocrine and
metabolic functions, leading to a higher incidence of cardiovascular issues. Leptin, a regu-
lator also closely linked to sleep quality, influences weight control, glucose regulation, and

cardiovascular health [60].

Vulnerable Population

Bartels et al. [61] explores the effects of aircraft noise on vulnerable populations, including
children, the elderly, and shift workers who sleep during the day. The study finds that for
children, aircraft noise can disrupt sleep by fragmenting it and reducing the duration of deep
sleep. Although these disturbances may appear minor, they are comparable to the sleep
changes observed in childhood obstructive sleep apnea, a recognized sleep disorder. For older
adults, nocturnal aircraft noise exposure adversely affects self-reported sleep quality and in-

creases annoyance. The probability of experiencing moderate to high levels of annoyance
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correlates with the frequency of aircraft noise events during sleep, with the extended wake-
fulness common among older individuals potentially heightening their perception of noise and
resulting in greater annoyance. Additionally, the study shows that day sleepers exposed to
aircraft noise experience a significant increase in non-restorative stage 1 sleep, while night
sleepers do not. There is also a trend towards reduced deep sleep duration in those who sleep
during the day, with no similar reduction observed in night sleepers. Both day and night
sleepers reported increased annoyance and reduced self-rated sleep quality due to aircraft

noise exposure.

Hospitals, including those with intensive care units, represent a particularly vulnerable
population due to their complex environments and the varying sensitivity of their users to
noise. Excessive noise levels in these settings can significantly impact stress levels, sleep
quality, and the overall recovery process for patients, potentially leading to sleep disorders
[62, 63]. The disruptive effects of noise also extend to interference in communication, in-
creased aggression, and general annoyance [64]. Moreover, constant distractions from noise

can contribute to medical errors, further compromising patient care.x

In hospitals and care units, patients with dementia are especially vulnerable to noise
disturbances [65]. They are highly sensitive to minor disruptions, making a tailored, non-
disturbing sound environment crucial for their well-being and quality of life. Effective acoustic
design must address both internal noise sources and external environmental noise from road,

rail, and air traffic to create a calm and supportive atmosphere for dementia patients.

Children, as part of the vulnerable population, are in a critical phase of cognitive de-
velopment and rapid growth [66]. During this period, their coping mechanisms are not fully
developed, making them particularly susceptible to the adverse effects of environmental noise.
The first guidelines to limit noise exposure for children were published in 1999, recommending
a maximum level of L 4., = 55dB for outdoor playgrounds to prevent annoyance and L 4.4 <
35 dB during class to avoid interference with information processing and to protect speech in-
telligibility [67]. However, some consider these noise limits to be unachievable [66]. Research
indicates that noise can directly affect children’s cognitive abilities, including impairments in
speech perception, listening, and reading comprehension [1]. These effects may also be com-
pounded by additional factors, such as frustration experienced by both teachers and students

due to disruptions in teacher-student interactions [68]. Environmental noise can significantly
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impact task performance, leading to increased alertness, learned helplessness [69], heightened

annoyance and stress [70], and sleep disruption [71].

A study before and after the closure of an airport in Munich [72] showed that cognitive
tasks requiring central language processing are particularly sensitive to noise. In children
aged 9-12 years, the effects of noise exposure were found to be reversible. After the airport’s
closure, improvements were observed in tasks involving running memory, with memory span
in particular showing notable enhancement. Another stress response associated with en-

vironmental noise is diminished mood and performance, along with reduced concentration

[66].

Non-acoustic Factors

In addition to acoustic factors (noise levels), aircraft noise annoyance can be linked to non-
acoustic factors, such as the mentioned take-off and landing cycles, but also flyovers, the
duration and reach of the maximum noise level L amqz, as well as attitudes and feelings

towards air traffic [73-75].

Airport and aircraft noise annoyance is influenced not only by noise levels but also by indi-
vidual and social factors [76]. Personal factors include sensitivity to noise, fear of harm from
the source, personal evaluation of the noise, and coping capacity. Social factors encompass
the general evaluation of the noise source, trust in authorities, history of noise exposure, and
resident expectations. Effective communication and cooperation between airport authorities
and communities are crucial. Providing residents with information about the necessity of
the noise, the actions being taken to reduce it, and future plans for managing the issue is
essential. Additionally, involving residents in discussions about noise abatement programs,
such as insulation schemes and operation restrictions, can help address their concerns and
improve their overall acceptance of the noise situation.

Given the significant negative health impacts associated with environmental noise, particu-
larly around airports, there is a growing need for effective noise regulation and management.
One crucial aspect of this is airport noise mapping, which plays a key role in identifying areas
of high noise exposure, guiding regulatory efforts, and implementing targeted noise reduction

strategies to mitigate these adverse effects.
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2.5 Noise Regulations and Airport Noise Mapping

To reduce the negative impacts of specifically aircraft noise and thus lighten community
annoyance in airport surrounding areas, International Civil Aviation Organization (ICAO)
proposes a Balanced Approach [14, 77]. This includes noise source modification, land-use
planning, optimized operation procedures, and operation restrictions (such as nighttime flight

restrictions or flight number restrictions).

2.5.1 Balanced Approach

Noise source modification involves the adoption of advanced technologies designed to reduce
noise at its origin. This includes innovations such as quieter aircraft engines, which may
feature acoustic liners to dampen sound [17, 78, 79], high-lift device design [24] and winglet
designs that reduce aerodynamic noise, and landing-gear hub caps that minimize the noise
generated [24, 80]. New redesigned aircraft have a high potential to have a smaller noise
footprint than conventional aircraft concepts [79]. Fleet evolution is an important aspect,
when reducing the airport’s noise footprint, as newer aircraft are usually equipped with the

newest and quietest technology.

By implementing these technologies or new aircraft, the overall noise produced by aircraft
is significantly decreased if flight numbers do not increase, thereby reducing the noise exposure
for airport surrounding communities. These measures are crucial for mitigating the impact

of aircraft noise and enhancing the quality of life for residents in affected areas.

During the development of airports and the surrounding areas, the Balanced Approach
guarantees a way that balances environments, economic, and social concerns [14]. Effective
land-use planning and management plays a crucial role in maintaining compatibility between
nearby airport activities and aviation. The primary objective of such planning is to reduce
the impact of aircraft noise on residents by introducing zoning regulations around airports.
Compatible areas, such as those designated for industrial and commercial use, should be
situated around airport facilities, while incompatible areas, including schools and residential

neighborhoods, should be avoided.

Operation restrictions are noise-related limits and can include curfews, nighttime restric-

tions, noise quotas and budgets, cap rules, non-addition rules, and restrictions related to the
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nature of a flight [14, 77]. In general operation restrictions are measures, which reduce or
limit the access of an aircraft to the airport.

The extent of operational optimizations depends on the airport’s physical layout and sur-
rounding environment. All optimization procedures must prioritize safety and can include
noise-preferential routes and runways, new take-off and landing procedures, and improve-
ments in air traffic management [14]. To reduce noise exposure for communities near airports,
preferential runway use can help aircraft avoid noise-sensitive areas. Additionally, optimized
operational procedures tailored to specific aircraft types can be implemented [81]. Noise-
preferential routes and designated flight corridors further mitigate noise by guiding aircraft
along defined paths that steer them away from sensitive areas during arrivals and departures.
These measures collectively contribute to minimizing the impact of aircraft noise on nearby

communities.

2.5.2 Noise Limits

To maintain health and quality of life, the introduction of noise limits becomes essential.
Individuals exposed to Ly;gn: > 55 dB(A) may encounter adverse effects, while those exposed
to Lgen, > 65dB(A) are prone to significant annoyance, potentially leading to negative health
outcomes [82]. Beyond these thresholds, there is a discernible health risk associated with
increased noise exposure.

Noise levels can be described with a single value, the equivalent continuous A-weighted
Sound Pressure Level L q. It is expressed over a specific time interval (usually 8h or 16h)

and utilizes the instantaneous A-weighted sound level L4 (t) [83].

I NG
L geqr = 101l0g | — 10710 dt (2.1)

T Jo
Aircraft noise is typically assessed with the help of the Sound Pressure Level (SPL). This
metric is time and frequency weighted (evening and night time penalty, A-weighting). The
noise index Lge, is the official metric adopted by the European Commission, which includes

a 5dB evening penalty and a 10 dB nighttime penalty (Equation 2.2) [29].

Lday evening+5 Lnight

1 L +10
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Airport noise limits are not clearly defined and guidelines often do not include noise limits,
which can be enforced. Thus, each country and airport can present results and noise exposure
differently [84]. Older airport noise maps present noise contours up to Lge, = 70dB(A) and
Lyight = 60dB(A) [85], while the Irish Aircraft Noise Competent Authority (ANCA) reports
Lgen, = 65dB(A) and Lyign: = 55dB(A) for Dublin Airport [82].

European member countries are required to submit noise maps and noise action plans to
the European Commission every five years [86]. These submissions must cover agglomerations
with 100000 or more inhabitants, major roads with over 3million vehicles per year, major
railways with over 30000 trains per year, and major airports with over 50000 movements
annually. In 2023, Dublin Airport was the only airport meeting this requirement. The
next largest airport, Cork Airport, recorded 19 777 movements per year, followed by Shannon
Airport with 14 998 movements annually [87]. The purpose of these reports is to present
the results of strategic noise mapping and action planning, ensuring that noise management
efforts are effectively targeted and implemented.

Under END transport noise is modelled according to the EPA guidelines using the CNOSSOS-
EU framework. ECAC Doc 29 is specifically used as the aircraft noise calculation standard
within this framework. [88]. Under END noise levels at Lge, = 55dB(A) and Lygne =
50dB(A) are the mandatory report thresholds, which are supposed to be published every five
years in form of strategic noise maps and noise management action plans [89]. The WHO
[1] strongly recommends limiting noise exposure levels to Lge, > 45dB(A) and Lp;gne >
40dB(A) as sleep disturbance and high annoyance can already occur at noise levels exceed-
ing these limits [13]. At higher noise exposure levels a clear health risk can be observed [82].
It should be noted that long-term noise indicators such as Ly;gn¢ and Lge, may underestimate
the impact of individual noise events and associated awakenings, as well as daily and monthly

noise fluctuations.

2.5.3 Quantification of non-acoustic Impact

Non-acoustic effects refer to the psychological impacts of noise, including annoyance caused
by aircraft flyovers and visual disturbances [90] . Additionally, the repetitive nature of noise
events can lead to non-rhythmic noise exposure, further contributing to the overall discomfort

and stress experienced by individuals in affected areas. To assess the impact of non-acoustical
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events, noise point counters to quantify the number of noise events are proposed by Mietlicki
et al. [90]. In combination with weighting for the level of instantaneous annoyance this event
might generate for the residents, this metric could help to represent the overall noise impact.

The Intermittency Ratio (IR) characterizes the eventfulness of a noise exposure situation
without relying on the overall energetic dose. The method has been tested for road, rail, and
airport noise but is still in the development phase [91, 92].

Within ECAC Doc. 29, a Number Above Threshold (NAT) index is defined, which
quantifies the number of noise events exceeding a specified threshold [30]. This index can
also be tailored for specific time periods throughout the day.

While these approaches for aircraft annoyance exist, assessing airport noise and its impact
is complex, and currently there is no universally established metric for measuring aircraft

noise annoyance.

2.6 Airport Noise Communication

Acoustic and non-acoustic factors associated with air traffic significantly influence perceptions
and attitudes toward airport noise [93]. Thus, effective airport communication strategies are
crucial for managing noise pollution from aircraft operations [94]. Successful communication
necessitates collaboration among airport authorities, airlines, and local communities to raise
awareness and develop solutions that mitigate noise impacts. Implementing strategies from
the Balanced Approach [14], including noise mitigation procedures, flight path modifications,
and community engagement initiatives, can inform residents about aircraft schedules and
noise levels. Keeping residents informed about long-term plans, operational changes, and the
overall effects of noise fosters positive relationships between the airport and the community.
This proactive communication supports a balance between increasing air traffic and commu-
nity well-being. While communication and engagement present substantial opportunities for
effective noise management [95], their potential remains largely unfulfilled. These methods
are often perceived as secondary tasks rather than essential components that enhance the
design and implementation of noise management initiatives.

The following section examines the communication strategies employed by selected air-
ports in relation to Dublin Airport (229 756 annual aircraft movements and 33 259 959 passengers

in 2023 [87]).
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Since 2018, Frankfurt Airport (430 346 annual aircraft movements and 59 359 539 passengers
in 2023 [96]) has published detailed monthly reports for 29 NMTs, including metrics such as
Leq, L Amaz, and the number of flights, along with operational modes and downtime [97, 98].
These reports also provide a comprehensive overview of noise sources associated with aircraft
and the influence of weather conditions on aircraft noise. Frankfurt Airport also charges
a noise charge per aircraft, depending on its noise category. Similarly, Dublin Airport of-
fers real-time noise level data for its NMTs [99] . Furthermore, Dublin Airport has been

publishing quarterly noise monitoring reports [100].

Zurich Airport (247456 annual aircraft movements and 28885 506 passengers in 2023
[101]) actively monitors flight paths and initiates investigations when aircraft deviate from
prescribed routes without valid reasons, such as storm clouds or air traffic control instructions
[102]. These investigations often result in discussions with airline pilots. Additionally, Zurich
Airport employs noise NMTs and has constructed a soundproofed hangar for ground engine
testing. Noise charges are levied based on aircraft noise categories, which motivate airlines to
invest in and operate quieter aircraft. Furthermore, Zurich Airport is obligated to cover the
costs of noise insulation measures for communities around the airport that are excessively
exposed to aircraft noise. Dublin Airport also operates a noise insulation scheme to reduce

the impact of aircraft noise on affected residential areas [39].

Heathrow Airport (450193 annual aircraft movements and 79 200 000 passengers in 2023
[103]) employs online communication and publishes schedules for runway alternation to peri-
odically alleviate communities from aircraft noise [104]. While adopting Heathrow’s model of
runway alternation may not be directly applicable to Dublin Airport, effective public commu-
nication regarding expected aircraft noise is crucial. Particularly for areas experiencing high
fluctuations in noise exposure, proactive communication about anticipated noise levels in the
coming weeks would be beneficial. Dublin Airport has already initiated steps by announc-
ing runway maintenance work [105]; however, the potential impact on surrounding residents’
noise exposure is not adequately addressed. It would be advantageous to inform residents
that increased noise levels can be expected during specific time frames and in specific areas,

facilitating informed community engagement and mitigation efforts.

Narita International Airport’s (209 927 annual aircraft movements and 32 705 995 passengers
in 2023 [106]) noise levels from 103 Noise and Traffic Monitoring Stations (NTMS) are eval-

uated by an independent, neutral party. The results are compiled into annual reports, which
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are then made publicly available [107]. This process ensures transparency and provides a
clear record of noise exposure levels over the year. Narita International Airport also offers
subsidies for soundproofing projects not only for residential areas but also for public facil-
ities like schools, hospitals, and nursing homes. All noise measurement data from the 103
monitoring stations around the airport is accessible to the public. To facilitate open com-
munication, consultation centers are located at five sites around the airport, where residents
can share their concerns and opinions on environmental issues, including aircraft noise and
airport operations.

Dublin Airport has established a dedicated website for submitting noise complaints. Com-
plaints can be linked to the real-time NMT system and submitted through an online form,
by mail, or via a freephone service [108].

Haneda Airport (464910 annual aircraft movements and 78719 302 passengers in 2023
[109]) prioritizes open dialogue with residents by actively engaging in various community
outreach efforts [110]. This includes studying new flight paths through explanatory meetings
held across Japan, where the opinions of many individuals are carefully considered. Addition-
ally, the airport ensures the careful provision of information by conducting briefing sessions in
areas affected by the new flight paths. An integral part of this process is the ongoing dialogue
with local residents, which is regarded as the most important aspect of their approach. To
address noise concerns, Haneda Airport implements soundproofing measures and enhances

its noise measurement practices, providing transparent monitoring results to the public.

2.6.1 Best Practice Airport Noise Communication

According to Heyes et al. [111] effective communication between airports and the surrounding
communities plays a critical role in managing the environmental and social impacts of airport
operations—particularly those related to aircraft noise. The primary goal of airport commu-
nication is to build and maintain trust and confidence among residents, especially in contexts
where noise and other externalities affect daily life. Establishing credibility through trans-
parent, consistent dialogue enables airports to function not only as infrastructure providers
but as responsible actors within their communities. Communication efforts should also serve
to inform the public of existing challenges, such as air traffic congestion, noise exposure, or
changes in flight routes. Providing this context helps residents understand that such issues are

often complex and shaped by operational, environmental, and regulatory factors. Moreover,
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airport communication should highlight possible solutions being explored or implemented to
address these challenges. This includes explaining noise mitigation measures, technological
upgrades, and procedural changes in a manner that is accessible to non-specialists. Clearly
outlining these steps empowers residents to evaluate the consequences of both the problems
and the proposed interventions, contributing to a more informed and constructive dialogue.
An essential aspect of communication is also its function in resolving conflicts between the
airport and the public. Through engagement platforms, dialogue sessions, and proactive out-
reach, airports can listen to concerns, clarify misunderstandings, and foster a mutual sense of
understanding. Ultimately, well-designed communication strategies can transform potential
opposition into cooperation by involving the community in developing shared solutions and

reinforcing the airport’s commitment to responsible operations.

Many airports have implemented noise mitigation measures, but often fall short in effec-
tively communicating with surrounding communities. Clear, consistent, and accessible com-
munication is crucial to maintain trust and reduce frustration among residents [111, 112].
One key step is the regular publication of understandable reports from NMTs. These reports
should not only present data but also address the specific concerns of nearby communities,

offering explanations in plain language that can be understood by non-experts.

Noise maps are another important tool for transparency [113], yet they are often presented
without adequate explanation. Visual aids, such as noise contour lines, for instance, are
frequently misunderstood by the general public. Airports should therefore take additional
steps to educate residents about how to interpret these maps and about the broader health
impacts of noise exposure. Raising awareness of the long-term consequences of noise pollution

can help communities better understand the importance of mitigation efforts.

Equally important is providing residents with direct communication channels to the air-
port’s noise management team. A dedicated hotline or at least an email service should be
in place, allowing residents to ask questions, report unexpected disturbances, or express con-
cerns. As discussed in Chapter 5, flight routes do not always adhere to planned paths and
can unexpectedly affect different neighborhoods. In these cases, it’s essential for the airport
to be responsive and listen to those impacted. Airports expecting changes in flight paths or
having recently undergone such transitions may also benefit from setting up local communi-
cation centers. These centers allow for in-person dialogue, giving residents the opportunity

to express concerns and receive timely explanations.
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Most airports already offer noise insulation schemes for highly affected areas. However,
eligibility criteria and the application process are often poorly communicated. Airports should
ensure that this information is easy to find and clearly explained, so that those in need of
support can access it without unnecessary barriers.

Beyond noise-specific measures, general information about airport operations can foster
greater understanding within the community. A clear overview of how flight procedures vary
with weather, wind conditions, or time of day can help demystify why certain decisions are
made. This transparency can reduce confusion and prevent misinterpretations of normal
operational changes as avoidable nuisances.

Finally, all noise mitigation strategies in place, such as bans on louder aircraft, the use of
noise-preferential routes or corridors, and adjusted take-off and landing procedures, should be
clearly communicated to the public. Explaining these efforts in a way that is meaningful and
easy to understand allows residents to recognize the airport’s attempts to balance operations
with community well-being.

When thoughtfully applied, these communication strategies can significantly improve the
public’s understanding of airport noise and help build stronger, more cooperative relationships

between airports and the communities they serve.

2.7 Contribution of the Thesis

While annual noise maps are commonly used, they often fail to capture monthly noise fluctu-
ations, particularly in aircraft noise, which is highly sensitive to weather conditions and wind
patterns. This thesis addresses this gap by providing a more detailed analysis of noise varia-
tions over shorter time periods, thereby enhancing the accuracy of noise impact assessments.
In the context of land-use planning (part of the Balanced Approach to noise management),
this research offers forward-looking insights that support long-term planning. By incorporat-
ing detailed noise data, the thesis equips the public, policymakers, and planners with valuable
information to make informed decisions about land use and potential communication strate-
gies.

The noise forecasts in this thesis combine air traffic growth with a detailed analysis of
fleet evolution and technology uptake up to 2050. A novel aspect of this work is the incorpo-

ration of NPD data for generation 3 aircraft, which provides a more accurate representation
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of future noise levels. Until now, only aircraft substitution tables have been used for newer
aircraft configurations, typically relying on proxy aircraft data. By using actual NPD data
for generation 3 aircraft, this research offers a more precise and innovative approach to fore-
casting future noise impacts in 2050. This proactive approach ensures that noise management
strategies are more responsive to actual conditions and better suited to mitigate the impacts

on affected communities.

2.8 Summary

This chapter reviewed the literature on noise pollution, focusing on environmental and air-
craft noise, its health effects, and regulatory measures, including the Balanced Approach. It
began with an examination of environmental noise, detailing its sources and characteristics,
before addressing aircraft noise, which was found to be notably more disruptive due to its
high intensity and intermittent nature. The chapter then explored the health effects of noise
exposure, linking it to cardiovascular diseases, cognitive impairment, sleep disturbances, and
general annoyance, with emphasis on its disproportionate impact on populations near high-
noise areas. The chapter also addressed noise regulations and airport noise mapping, detailing
European requirements for noise assessment and action plans aimed at mitigating noise im-
pact through the Balanced Approach. It discussed the limitations of annual noise maps and
their inability to capture fluctuations in noise levels. Finally, it highlighted the importance of
effective communication strategies between airports and surrounding communities as critical

for improving land-use planning and enhancing noise mitigation efforts.
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3.1 Introduction

In this chapter, Dublin Airport is introduced as the central case study for the thesis. Given its
proximity to Trinity College Dublin, using Dublin Airport provides a relevant and accessible
focus for this research. Located on the east coast of Ireland, Dublin Airport serves as a major
hub for both short- and long-distance international flights and is well-connected in terms of
flight routes [2]. The chapter begins with an exploration of the airport’s historical context,
followed by an overview of past and current runway operations, including operational limits.
Additionally, it examines the weather and flight patterns for 2023, providing a current snap-
shot of airport activity. The chapter also explores the population density of areas surrounding
the airport and analyzes the existing noise map. Finally, the current communication strategy
employed by the airport is discussed, exploring how the airport engages with the community

regarding noise management and other operational concerns.

3.1.1 Historical Context

The building of Dublin Airport began in 1936 [114, 115]. It was placed in the vicinity of
16 km of Dublin’s city center on open and flat land. The commercial airport, initially called
Collinstown Airport, opened on January 19, 1940, operating a single flight to Liverpool from a
curved terminal [116, 117]. Since then more than 600 million passengers have traveled through
the airport [118]. The original terminal building was built to accommodate 100 000 passengers
annually. In 1948 and 1950 new concrete runways were extended and finished and passenger
numbers reached around 200 000 annually. The first transatlantic flight was operated in 1958.
Within 20 years of its opening the terminal building was not able to handle the increasing
amount of passengers. In June 1959, a new North Terminal was completed, initially intended
to handle all European and US flights. However, it ultimately served as the arrival terminal
for all passengers. Due to increasing aircraft sizes new departure gate piers were added by the
1960s. To meet the needs of increasing passenger numbers Dublin Airport expanded again
with a new terminal building, departure gate piers, runway, and taxiway in June 1972. By
1989 the passenger numbers increased to 5 million and reached more than 10 million in 1997.
Within 21 years Dublin Airport reached 23.5million passengers in 2008. Dublin Airport’s
capacity to handle more than 30 million passengers annually was ensured by the completion

of Terminal 2 in November 2010, which was granted planning permission in 2007 [119]. The
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planning permission for the North Runway was submitted in 2004 [39], approved in 2007, and
was originally expected to be completed in 2021 [119]. Due to the economic situation, the
project was deferred until 2016 [39]. In 2016, when passenger numbers exceeded 30 million
for the first time, the decision was made to proceed with plans for the North Runway. The

third runway at Dublin Airport was opened on August 24th, 2022 [41].

In 2017 Dublin Airport supported around 97400 jobs and contributed around 4% to
Ireland’s GDP [39]. In 2018 63 passenger airlines had aircraft movements scheduled at Dublin
Airport [119]. From 2006 to 2015 Dublin Airport’s national market share has grown from
73 % to 84 %. As aircraft capacity increased, the number of passengers per aircraft movement

has also increased, which is a continuing trend due to more modern aircraft at Dublin Airport.

The planning permission of the North Runway included planning conditions, which also
state operation restrictions [39]. One of the operating conditions for the opening of the
North Runway was that it would only be in operation from 07:00 to 23:00, with a limit of
65 aircraft movements per night (23:00 to 07:00). Due to the operation restrictions of the
airport’s overall nighttime operation, the Dublin Airport Authority (DAA) has requested to
change these conditions. In a public consultation for airport surrounding communities in
2016 possible mitigation measures, the development of a new community fund, and future
flight paths were discussed. Noise contour maps were developed for the different flight routes,
divided into day and night contours. Before the operation of the North Runway, nighttime

flights came to an average of 100 aircraft movements per night.

3.1.2 Current Situation

Currently, Dublin Airport operates in a mixed mode with a parallel runway system and
preferred runway usage (see Section 3.2, Option 7b). To address the noise problem, several
noise mitigation measures in line with the Balanced Approach [14] have been implemented.
For noise reduction at the source, Dublin Airport has banned Chapter 2 aircraft, and by
2015, nearly 95 % of all aircraft movements were from Chapter 4 aircraft [39]. To incentivize
the adoption of newer, quieter aircraft, noise charges were introduced [120]. Operational
procedures such as reverse thrust and ground run-ups are restricted, and NPRs have been
established. According to the North Runway Report, these operational restrictions are con-

sidered a ”last resort”.
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All departing aircraft must follow Noise Preferential Routes, specific flight paths designed
to minimize noise over densely populated areas [39]. These routes are up to 1.8 km wide and
extend to an altitude of approximately 3000 ft (914.4 m).

For land-use planning and management, insulation schemes were developed for residential
buildings exposed to 63 dB and schools exposed to 60 dB (information for time interval missing
in the report) [39]. The combined Home Sound Insulation Programme (HSIP) and Residential

Noise Insulation Scheme (RNIS) insulation schemes cover an area of almost 20 km?.

Contour Area [km?] Houses People
Insulation scheme 19.64 433 837

Table 3.1: Extend of combined HSIP and RNIS insulation schemes

The 2019 Dublin Airport Local Area Plan was developed to guide airport growth for six
years from 2018 onward, while also considering long-term planning objectives. Additionally,
an extension of the Dublin Area Rapid Transit (DART) system was proposed to improve

public transport connections from the city center [119].

3.2 Runway Operation

As air traffic is growing, it is important that runway operation balances economic, logistic,
and safety issues. On top of that, the goal is to use the full runway capacity of the airport
[121]. To plan runway operation growth forecasts and ground procedures have to be taken
into consideration.

Dublin Airport has three runways as of 2022: the South Runway (10R/28L), the Cross
Runway (16/34), and the newest addition, the North Runway (10L/28R) [122]. Figure 3.1
shows the dimensions of the currently operating runways of Dublin Airport. The North Run-
way is longer than the old Cross Runway or the South Runway and is able to accommodate
larger aircraft types [39]. The Cross Runway has the shortest runway length (2072m) and a
width of 61 m, as wide as the North Runway. The South Runway has a width of 45m and a
length of 2637 m. The North Runway is the longest runway at Dublin Airport with a length
of 3110 m.

Until 2022 all aircraft movements at Dublin Airport were operated from the South and

the Cross Runway [39]. Departures from the South Runway had to maintain a straight course
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Figure 3.1: Runways and runway dimensions at Dublin Airport

for around 9 km before turning. Departures from the South Runway to the east had to fly at
least 11 km before turning to the south.

The third runway at Dublin Airport enables a parallel runway system of the North and
the South Runway, which can accommodate more aircraft movements than two intersecting
runways. There are two different operation modes for aircraft movements on a parallel runway
system, such as Dublin Airport (using the North and the South Runway).

The mixed mode, in which the runway is used for approach and departure, and the seg-
regated mode, where the runway is only used for approach or departure maneuvers. The
segregated mode requires at least two runways at the airport. Aircraft movements at the
airport are restricted by a minimum safe separation distance between aircraft [123]. De-
pending on the operation mode, terminal capacity, and separation of aircraft movements, the
runway capacity can vary. These operational restrictions are influenced not only by runway
conditions but also by environmental noise regulations, which impact operating hours. In
addition, a safe distance must be maintained between aircraft during movements, with the
required separation depending on the leading and following aircraft. Departure-departure

separation also takes into account wake vortex interactions.

3.2.1 Current Runway Operation

As of August 24th, 2022, Dublin Airport operates with three runways [41] and in accordance
with Option 7b from the North Runway Report [39]. The North Runway and South Runway
typically operate separately or in semi-mixed mode, with the Cross Runway reserved for
strong crosswinds [124]. Before the opening of the North Runway, analysis of wind patterns
indicated that western operations would prevail approximately 70 % of the time. Under these

conditions, aircraft departures were scheduled from the North and South Runways, while
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arrivals preferably utilized the South Runway (Figure 3.2(a)). Conversely, during easterly
operations, departures favored the South Runway, with arrivals allocated to the North and

South Runways (Figure 3.2(b)) [125].

The parallel runway operation led to a 99 % reduction of Cross Runway use, meaning

highly populated areas such as Dublin City are rarely overflown [126]. The planning per-
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departure arrival

10R South Runway preferred runway for arrival 28L 34 c@

(a) Westerly Operations (approximately 70 % of the time)
16
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arrival departure

»%:» 10R South Runway preferred runway for departure 28L & »%2

(b) Easterly Operations (approximately 30 % of the time)

Figure 3.2: Dublin Airport runway operation mode, depending on wind direction (Option
7b) according to Dublin Airport [124]

mission for the North Runway included a reduction in nighttime flights from 100 to 65 per
night, as well as a prohibition on using the North Runway during nighttime hours [39, 125].
Dublin Airport has argued that these restrictions limit the number of services and routes it
can operate, resulting in higher fares and a projected loss of approximately 1.1 million pas-
sengers by 2025. To address these issues, a planning application was submitted to An Bord
Pleanala in 2020. The proposal seeks to extend the North Runway’s operational hours from
the current 07:00-23:00 to 06:00-00:00 [127]. It also proposes replacing the nighttime flight
limit with a noise quota count system between 23:30 and 06:00, along with the introduction

of a noise insulation grant scheme for residents most affected by the changes.

Dublin Airport operates under a passenger limit of 32 million annually across both ter-
minals, a figure which was already exceeded in 2023 (33.3 million passengers [87]). The DAA
submitted an infrastructure application to raise the limit to 40 million passengers per year
[128, 129]. At the same time a forecast from the North Runway Report predicts that passenger
numbers will reach 50 million by 2037 [39].
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During the first months of operation after the opening of the North Runway, aircraft
departing to the west of the North Runway and making a right turn (to the north) diverted
from the planned flight routes. This unexpected change in flight paths led to increased
flyovers of several local communities, resulting in significant noise exposure for residents. In
response, the DAA conducted a review of the flight paths and updated instrument flight
procedures to reconcile them with the previously communicated information [126, 130] . The
flight paths were adjusted in February 2023, which resulted in better alignment with the
planned flight paths proposed in 2016. This initial change in flight routes increased noise
exposure in communities that were not originally expected to be impacted by high levels of

aircraft noise from the North Runway.

3.2.2 Noise Charges

Dublin Airport introduced noise charges based on aircraft noise certification in July 2022,
which were updated for 2024 [120]. These charges are determined by the aircraft type and
configuration and are calculated per tonne based on the Quota Count (QC) value of the
aircraft. The QC value is calculated separately for arrivals and departures, depending on the
noise classification. For arriving aircraft, the noise classification is determined by subtracting
9dB from the approach Effective Perceived Noise in Decibels (EPNdB). For departing air-
craft, the classification is based on the difference between the average lateral noise EPNdB
and the take-off EPNdB. The QC value, is obtained from a table corresponding to the noise

classification.

The EPNAB values for noise certification levels are published by European Union Aviation

Safety Agency (EASA) [131].

3.2.3 Proposed Noise Quota System

The DAA applied for an amendment to the 2007 planning conditions to limit nighttime
flights to 65 per night, with a preference for South Runway use during these hours [132].
The proposed changes include replacing these conditions with a Noise Quota System and
permitting the use of the North Runway for an additional hour at night (23:00 to 00:00) and

in the morning (06:00 to 07:00). The Noise Quota System aims to limit the number of noisier
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aircraft operating at night (23:00 to 07:00) by assigning Quota Count (QC) values based on

aircraft noise classification.

The noise classification for the Noise Quota System is calculated similarly to the method
used for noise charges, with the QC value determined from a table [133]. Aircraft with a QC
value of four or more are prohibited from operating during nighttime hours. Only aircraft
with a QC value of less than two are allowed to land at night. The maximum annual limit

of noise quota points is capped at 16 260, with no limit on the number of movements.

This Noise Quota System is not unprecedented. Similar systems have already been imple-
mented at UK airports, including Heathrow [134], Gatwick [135], and Stansted [136]. How-
ever, unlike the proposed system, all three of these airports have also imposed a movement

limit during nighttime hours.

The proposed Noise Quota System for Dublin Airport has faced significant criticism due
to its high noise quota point limit and the absence of a movement limit [137, 138]. Although
the system favors the operation of quieter aircraft, it fails to impose an effective nighttime
restriction. The noise quota point cap is set too high, and without a movement limit, the
system does not adequately address individual noise events [90], which are not captured by

existing noise assessment metrics or reflected in a reduction of overall noise quota points.

King [137] suggests implementing a lower noise quota point limit along with seasonal
adjustments. Additionally, a movement limit, similar to those at UK airports, should be
introduced to enhance the effectiveness of the system. Currently (September 2024), this
Noise Quota System is not in place, and Dublin Airport must operate under its existing

planning conditions.

In September 2024, a proposal was made for an addition to the proposed noise quota
system aimed at mitigating the negative effects of sleep disturbance due to nighttime flights
[139]. The proposed system would introduce a movement limit on nighttime flights. It
includes a seasonal movement limit, with restrictions on the number of nighttime flights:
during the busy summer period (March to October), 70 % of the time, the cap would be
set at 100 aircraft per night. For the remaining period of the year, the average number
of nighttime flights would be limited to 14 per night. Furthermore, the proposal suggests
extending the housing insulation scheme to all households affected by L gmq, > 80dB during
the nighttime period (23:00-07:00).
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3.3 Communication Strategy

Effective communication and collaboration between airport authorities and local communities
are vital [76]. It’s important to keep residents informed about why the noise is necessary,
the measures being implemented to mitigate it, and future strategies for managing the noise
issue. Therefore, good communication and collaboration between the airport authorities and
residents are vital. Engaging residents in conversations about noise reduction initiatives can

address their concerns and enhance their overall acceptance.

3.3.1 Population around Dublin Airport

Dublin Airport is situated close to the city of Dublin, making it susceptible to noise pollu-
tion that can affect a large number of residents [140]. Figure 3.3 illustrates the number of
dwellings around Dublin Airport, highlighting the high population density in Dublin City
itself (blue). Dublin Airport is located in L:M6 in Figure 3.3. Notably, areas such as Swords
(M3:05), Seabury (0O4:P5), and Malahide (Q:R5) to the northeast of the airport exhibit sig-
nificant population concentrations, with Swords housing approximately 43 000 residents and
Malahide around 13500. To the southwest, Blanchardstown (G8:J9) stands out as a highly
populated area with a population of approximately 74 500. Additionally, several communities
with notable population densities can be found to the northwest of the airport, including Dun-
shaughlin (C2:D3), with about 6000 residents; Ratoath (F2), with around 11000 residents;
and Ashbourne (H1:12), which also contributes to the overall demographic landscape.
Figure 3.3 also highlights the planned residential areas from the Development Plan 2023-
2029 [142]. These new communities focus on providing access to public transport and cycle
links. The plan promotes a mix of housing types and sizes, ensuring access to necessary social

and physical infrastructure.

3.3.2 Current Noise Maps and Noise Monitoring

From 2019 on, ANCA provides the annual noise maps for Dublin Airport in a map viewer
online [144]. In addition, Dublin Airport has published monthly reports since 2021 with
varying amounts of detail regarding flight and passenger numbers, runway and track usage,

wind direction, and noise complaints [100].
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Figure 3.3: Population around Dublin Airport with parishes from Census 2022 [140], dwellings
from Geo Directory [141], planned residential areas from Fingal County Council [142] and
Noise Monitoring Terminals from Dublin Airport [99] and Dublin City Council [143]

Dublin Airport provides annual airport noise maps for 2020 and 2021 through Webtrak
[99], and for 2023 via Aircraft Noise Competent Authority (ANCA) (Dublin City) [145].
However, despite monthly noise complaint reports being published [100], there is currently
no provision of monthly noise maps or educational resources that address the long-term health
impacts of aircraft noise for affected communities. This issue is not unique to Dublin Airport;
a similar lack of publicly available noise level data is common. Comparisons can be drawn
with the communication strategy of other international airports from differing jurisdictions.
Dublin Airport analyzes wind and weather patterns to optimize flight operations; however,

this information is only limitedly available to the public.

Dublin Airport offers real-time noise level data via WebTrak [99] at 19 fixed locations.
The airport also publishes quarterly noise monitoring reports and, since 2024, has provided
monthly statistics and maps of noise complaint areas. These reports reveal that most com-
plaints come from the area north of Dublin Airport, stretching out to the east and northwest
of the airport [100]. Dublin City Council also has 15 Noise Monitoring Terminal (NMT)s
spread across the city; however, these terminals are not within or near the monthly noise
contour lines of Dublin Airport. The noise readings from these terminals are stored and

available online [143].
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In addition, mid-term noise maps projecting to 2035 were published by Mott MacDodon-
ald Global Aviation [32] in the 2021 Development Report for Proposed Noise Measures.
However, these maps are of insufficient quality to accurately interpret specific noise levels
or to clearly identify highly exposed areas. Furthermore, long-term projections extending to

2040 or 2050 are currently not available.

3.4 Summary

Dublin Airport, located near Dublin City and highly populated areas, opened in 1936 and
has undergone several extensions, serving over 30 million passengers annually today. The
airport features a parallel runway system with three runways, typically operated in mixed
mode, with about 70 % of operations directed westerly. To address noise concerns, Dublin
Airport implements various mitigation measures, including noise preferential routes, noise
charges, and operational restrictions during nighttime. Specifically, the North Runway is not
used at night, and the number of flights is limited during these hours. An insulation scheme
is also in place to help reduce noise impact on surrounding communities.

A noise quota system, which classifies aircraft based on their noise emissions, was proposed
in conjunction with a nighttime flight restriction in 2024.

Since 2019, Dublin Airport has reported annual noise maps and developed land-use plan-
ning guidelines for new residential areas. Monthly reports detailing noise complaints and
flight numbers have been available, and starting in 2024, these reports will also include data
on runway usage and wind conditions. However, no monthly noise maps are available, which

can display monthly fluctuations in area and population noise exposure.

41






Chapter 4

Methodology

43



METHODOLOGY 4.1. NOISE MAPPING PROCESS

4.1 Noise Mapping Process

Environmental noise modeling is a crucial tool for understanding and managing aircraft noise
exposure at the population level. This section outlines the process for generating, calculating,
and post-processing aircraft noise data, with a focus on the methodology used in Europe.
Noise modeling not only helps assess the current impact of aviation on surrounding commu-
nities but also forecasts future noise scenarios, incorporating factors such as new flight paths,
changes in fleet composition, and advancements in noise-reducing technologies. Furthermore,
this section discusses the use and generation of Noise-Power-Distance (NPD) curves. Aircraft
noise in this work is modeled according to noise assessment methods defined in ECAC Doc.
29 under CNOSSOS-EU. This section details the entire noise modeling process, from input
data generation through to the final outputs used for policy and planning. Ground noise
sources such as APU usage, ground service vehicles, general airport operational noise, and
aircraft taxiing are classified as industrial noise and, therefore, are not included in the noise

modeling conducted in this thesis [29].

The Environmental Noise Directive (END) mandates EU member states to publish en-
vironmental noise maps for road, rail, industry, and aircraft noise (see Section 2.5.2). For
a common noise assessment among all countries, the European Commission has developed
a strategic noise mapping framework, known as Common Noise Assessment Methods in Eu-
rope (CNOSSOS-EU). It defines the main noise indicators (Lge, and Lyign:) and establishes
a method by which strategic noise maps are to be produced [146].

The CNOSSOS-EU method is valid for aircraft noise ranging from 63 Hz to 4 kHz, with a
possible extension to 8 kHz. The framework is designed for precision and reproducibility, en-
suring accuracy when comparing calculated noise levels to measurements, as well as computa-
tional speed, flexibility (especially for terrain), and simplicity [146]. However CNOSSOS-EU
does not develop its own model for aircraft noise, instead it refers to ECAC Doc. 29.

Aircraft noise within CNOSSOS-EU is modeled according to European Civil Aviation
Conference (ECAC) Doc. 29. The decision was between ECAC Doc. 29 and the German An-
leitung zur Berechnung von Larmschutzbereichen / Instructions on the Calculation of Noise
Protection Areas (AzB) 2008 method, which have different noise and performance database
structures [146]. ECAC Doc. 29 utilizes the Aircraft Noise and Performance database. The

framework also provides guidance on how to adapt and extend the ANP database to ac-
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count for new aircraft, meteorological conditions such as temperature and humidity, as well
as ground noise.

The AzB 2008 method relies on octave band spectra for emission data and employs a
spectral 2-dimensional directivity function [147]. In contrast, Doc. 29 utilizes Noise-Power-
Distance (NPD) data, spectral classes, and a semi-empirical dipole model that incorporates
corrections for installation effects, resulting in lateral directivity [29, 30]. However, Doc. 29
does not account for ground noise sources such as taxiing and Auxiliary Power Units (APU).

One of the key advantages of Doc. 29 is its greater flexibility in generating flight paths,
making it particularly useful for noise mitigation studies and optimizing flight procedures
[29, 30]. It is important to note that Doc. 29 does not address helicopter operations or
ground activities. Both models describe air and ground absorption using the same empirical
approach, although neither explicitly models meteorological effects.

Figure 4.1 illustrates the noise mapping procedure as outlined in the ECAC Doc. 29. This
figure presents the overall workflow, including the input data components, pre-processing
steps, noise modeling phases, and post-processing outputs.

All calculations for this project are conducted on an Alienware Aurora R12 computer,

equipped with an 11th Gen Intel(R) Core(TM) i9-11900KF' processor.

4.1.1 Input Data

The input data used in noise mapping is specific to each airport and includes details such as
airport geometry, runway information (e.g., coordinates), air traffic statistics, aircraft types
and quantities, flight tracks, and operational data [29]. Additionally, temporal data indicating

when specific aircraft take off or land is included.

Airport-Specific Data

Airport-specific data is critical for noise mapping and modeling. It includes reference co-
ordinates, runway geometry, topography, meteorology, and aircraft operations. Reference
coordinates consist of the aerodrome reference point at the aerodrome reference altitude.
Runway geometry includes the reference point, length, mean gradient, direction, start-of-roll
position, and landing threshold. These parameters define aircraft movements during take-off
and landing. Topography and surface cover are represented by terrain elevation variations

relative to the airport reference elevation, using a grid of x, y, and z coordinates with a spec-
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Figure 4.1: ECAC Doc. 29 noise mapping procedure based on ECAC [29, 30, 148]

ified mesh size. This allows for accurate modeling of noise propagation over varied terrain

[149]. Meteorological conditions, such as temperature, relative humidity, wind speed, and

wind direction, influence sound propagation [29, 30]. Average conditions at the location are

typically used. Wind conditions can significantly affect runway usage and flight paths.

Track Data

Track data is divided into two components: ground track and vertical profile [29, 30]. The

ground track consists of a sequence of coordinates that can either represent individual air-

craft movements or follow a <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>