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correspondence between monetary valuation and correction policy is explored through a case
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l. Introduction

State of the art

Aviation has been for a century not only a means of transportation, but a vessel foreconomic
enterprise and wealth generation, and an enabler of transactions that would otherwise be
impossible. With it, however, come adverse effects: increased noise and the worsening of
local air quality are the most notable among them, leading to a concealed but pernicious
cost on the society that lives around airports. Since this cost is not reflected in the free flow
of the market, it receives the name of externality, and its identification, quantification, and

correction has been a matter of intense study for the last five decades.

Progress has been made in the identification of the harmful effects derived from noise and
air quality, linked to ailments such as sleep disturbance, circulatory disease or respiratory
problems, though much ground is yet to be treaded. ICAO and other regulatory bodies are
only recently catching up with an increase in stringency that may account for particulate
matter effects, and WHO and the EU have dedicated considerable effort to research of epi-
demiological nature. This first step allows for the advancement of quantification methods,
which rely in explaining the intangible and invisible in monetary terms. Whether through the
appraisal of the health costs, or through the direct estimation of the market price associated
to the externality, quantification methods have become increasingly popular in literature in
a parallel fashion with the growing concern among regulators to address these matters.
From this urgency emerges the necessity to adequately prevent and correct these costs,
from approaches of regulatory, technical, operational, or economic. This pressure, in turn,
results in positive industry trends, namely the development of quieter, cleaner aircraft that

are becoming prevalent in modern-day skies, such as the Airbus 320neo family.

The growing concern is ever more prevalent within the European Union, whereupon citizens
increasingly frequently make decisions not only based on private economic interest, but also
under their environmental implications. The case of Amsterdam Airport Schiphol is of pecu-
liar interest due to the historic challenge posed by making one of the busiest airports in the
continent a suitable place to live, while ensuring that externality correction policy satisfies
all stakeholders. The critical situation of the airport, at present exceeding its capacity cap
established nearly two decades ago, merits further attention as a modern example of the
relative importance of quantification methods to frame this balance between the govern-

ment, airport management, airlines, and the community.
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Objectives

The goal of this thesis is twofold. One, to examine noise and emission externalities in depth,
to form a comprehensive vision of their sources and negative effects, and then to understand
quantification and correction as applied in the European Union. Two, to examine Amster-
dam Airport Schiphol as current example of how this knowledge is applied, and to discuss
whether current policy aligns with quantification methods and the general EU approach to-

wards externality correction.

In order to reach these objectives, it is of paramount importance to construct a sufficient
body of knowledge that, in the first place, leads to a deep understanding of what constitutes
an externality cost, and through which mechanisms this cost is inflicted on society. Proceed-
ing from this basis, quantification methods are of ultimate importance, and their procedures
must be closely examined through literature review in order to reproduce and analyse the
findings of studies concerning the case study. Additionally, correction measures are the last
of the elements to form a coherent argumentation in the case study, and so are to be re-
viewed from the standpoint of European Union policy. This should as a result allow the com-
pilation and summary of available information from a variety of sources, which cannot be

easily found currently in the comprehensive terms that conform the first goal of this thesis.

The analysis of the case study, focusing on Amsterdam Airport Schiphol as an example of
relevant European airport, will be then justified by all this prior collection of knowledge, and
will integrate the information and methodologies seen beforehand. It should then be possi-
ble to study Schiphol’s current situation first, and then proceed with a review of associated
literature examining noise externality costs. The reproduction of their calculations and a co-
hesive explanation of their findings would not be possible without the previous theoretical
work. Finally, exploring noise correction measures applied by the airport authority will pro-
vide the basis for an evaluation of how they relate to the current situation, and to enunciate
recommendations on how new policy would better resolve the cost of externality from the

point of view of quantification methods.

Motivation

Noise and emissions take central importance amid the prevalent attention that the negative
environmental effects from aviation receive in the present day, and more so in the case of
the European Union. Quantification methods represent a valuable economic tool, but their
importance in determining the decisions of policymakers is not manifest. Thus, examining

this relation supposes an innovative point of view which may support future consideration.
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The novelty of this thesis lies first in the lack of cohesive compilation of all available infor-
mation on noise and emissions externality costs, mainly due to the multidisciplinary charac-
ter of the fields involved: while this is inherently an economic concept, other disciplines such
as engineering (technological solutions and advancement of the state of the art), physics
(noise measurement and modelling), chemistry (emission studies), health sciences (epide-
miological studies linking health effects to costs), and naturally economy and aeronautical
management. This is, in truth, the character of the Aeronautical Management Degree, and
decisions in the sector of aviation must always stem from adequate multidisciplinary
knowledge. It must be noted however that an economic scope has been adhered to within
possible measure as to ensure the coherence of chapters towards the concluding elements
presented in the case study. To compile and explain all of these factors, even in a summa-

rised manner, constitutes the theoretical motivation of this thesis.

Novelty is further reinforced, however, by a practical study of the case of Amsterdam Airport
Schiphol, notorious in the last decade for its pioneer approach towards community involve-
ment in addressing noise externality, and for its controversial operational cap limiting its
competitivity within the EU. It is also the motivation of this thesis to examine how monetary
valuation is produced, and whilst applying these same techniques would be impossible due
to their scope and practical limitations, calculations should be reproduced and interpreted
to draw conclusions about the current situation of Amsterdam Airport Schiphol. It is there-
fore one of the aims of this thesis to practically demonstrate how the current situation of
Schiphol is a product of its own correction policies, and to which degree these should be

influenced by economic measures derived from externality quantification methods.

Methodology

The theoretical construction of this thesis is based on the gathering of information chiefly
from academic and institutional sources, though supporting data bases and sources have
been consulted due to the complexity and diversity of the fields involved. Research on all
topics of relevance has been reviewed with due care paid to its recency and relevance within
their fields, and particular attention has been dedicated to those studies that hold the most
importance in quantification method description and case study analysis. Relying on a re-
duced number of sources has been avoided in all possible situations, but due to the presence
of many previous meta-studies and the citation of previous research, this has not always
been possible. A specific section has been dedicated in the chapters pertaining to noise and
emissions to explain the metrics and units of measurement employed in the industry, justi-

fying its use in this thesis.
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The tool utilised for calculation and the reproduction of the figures offered by authors has
been Microsoft Excel, although data presentation has been enhanced in some cases with the
aid of image editing software. In all cases where a foreign currency was used in the results,
adjustment for inflation for said currency has been done and conversion has followed apply-
ing current currency exchange rates into euro. Unless otherwise indicated, data presented

is taken as obtained by the original authors.

Structure

The thesis is comprised of a total of ten chapters excluding this introduction, of which the
first eight present theoretical and practical content and the last two play a supportive role.
Chapters are ordered numerically as indicated by Roman numerals, starting from the count

of two. The thesis contains a total of 112 pages.

The first chapter, Airport impact upon society, is of introductory character and seeks to ex-
plain the economic benefits and costs associated with airport activity, their magnitude, and
their reach, as well as their estimation. The concept of negative externality is also explained,
which forms the theoretical core of this thesis. Then proceed two chapters dedicated to
Noise and Emissions, the first two main forms of externality caused by airports. These chap-
ters contain a brief review of the definitions, metrics, and units used when referring to noise
and emissions, a summary identifying sources that lead to their generation, and a profound
description of their negative effects in accordance with current research. The next chapter,
Externality quantification, has as its goal to adjust the economic concepts seen in chapter I/
with the more technical definition of the negative effects of externality seen in chapters ///
and V. Dedicating a section to noise and another to emissions, the use of distinct methods
is explained and justified, to then explore two noise methods in particular, hedonic pricing
and contingent valuation, due to their importance in the case study and their stronger eco-
nomic basis, and some of the calculations present in research are reproduced. From this fol-
lows a final theoretical chapter, Correcting externality, that aims to offer an overview of dif-

ferent measures focusing on the correction of noise and emission externality respectively.

Lastly, chapter VIl is dedicated to the case study of noise externality in Amsterdam Airport
Schiphol. Opening with a description of its current situation, a research analysis of three
main studies is done afterwards by a reproduction of their figures and a summary of their
findings. This is followed by a review of externality correction policy, and finally a commen-
tary to reflect on how measures are linked with valuation and to which degree policies are
quantitatively driven, as well as to formulate recommendations. The last two chapters, IX

and X, contain a list of sources and gather annexes respectively.
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Il. Airport impact upon society

Aviation is, intrinsically, a sensitive and volatile sector, offset by high risks, and characterized
by an often-tenuous equilibrium among stakeholders. However, aviation can also be held as
an economic sector in the national and supranational levels that is ever-growing, well-sup-
ported by public investment and development, and historically promising in its long-term
forecasts. According to ICAQ’s own figures™, the growth of air transport industry has on av-
erage overtaken GDP growth for the last two decades, and has shown rapid recovery from
crises that made demand plunge considerably, sometimes for a span of years, such as the
9/11 terror attacks on US soil, the SARS epidemic, or the world recession of 2008.

Within this context of sustained historical growth, airports have evolved dramatically since
the inception of civil aviation in the interwar period. What once were a diversity of airstrips
and scattered airfields originally destined for exclusive military use gave way to a model that
aimed to support the economic development, lengthening of the supply chains, and com-
mercial input and output of the metropolitan areas immediately adjacent to the airports.
The degree of connectivity provided was increasingly important after aviation began to oc-
cupy first a prime position as a strategic sector within a national frame, and later one of com-
petitivity in an international ambit, where metropoles were linked to one another and fed
from minor stations thanks to the attachment of the airports to the logistic area they aimed
to support. This role was not only maintained, but reinforced, after the liberalization era in
the US and Europe led to a rise of demand and an unprecedented affordability of air

transport that involved the necessity of expanding airport capacity in accordance®.

Naturally, these areas, however densely populated initially, began to experience growth of
their own, not only due to urban expansion from the capitals, but also as a consequence of
the induced impact upon the surrounding vicinity: the infrastructure supporting the airport
itself, of growing capacity and therefore surface area, stimulates the mesh around it, which
includes job creation, land usage, real estate construction, network capillarity, and the de-
velopment of complementary activities. The considerable public investment needed to ha-
bilitate the land, build infrastructure that is safe and secure, regulate traffic and operation
of such infrastructure by private parties, enable adequate ground access, and lastly offer
otherincentives such as tax-free fuel or funding for joint projects® attests to the great return
that is expected from an airport as a long-term concept. Not in vain, the resulting stimulus
translates in a positive manner in the local, regional, and national ambit, through impacts

traditionally categorized as direct, indirect, induced, and catalytic* .
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Benefits

Aviation is the only mean of rapid worldwide transportation, and its importance for global
businessis paramount: it generates economic growth, creates jobs, and facilitates trade and
tourisminternationally. In 2016 this industry represented 3.6% of global GDP, and supported
a total of 65.5 million jobs, 10.2 million of which were direct; those figures do not account,
however, for the enabling of other business activities, the value provided by the speed and
connectivity of air travel, the stimulus to domestic tourism and trade, or the appeal offered
for foreign direct investment. In terms of tourism alone, of 1.4 billion international tourists
in 2018, over half of them travelled by air to reach their destination, translating into 37 mil-
lion jobs in the tourism sector supported by aviation. Lastly, air transport plays a key role in
articulating global trade and electronic commerce thanks to its speed and consistency in
markets under increasing Just-In-Time pressure: goods worth a total of USD 6.8 trillion were
displaced in 2018, a 35% of the world’s traded goods by value but only 1% in terms of vol-

ume®,

Aviation as a generator of wealth and employment is defined, as mentioned above, first
through its own activities and supply chains (direct and indirect impacts) and then as an en-
abler of other industries (induced and catalytic impacts). In this framework, every person
employed in aviation or in tourism generated by this sector sustained another 6.4 jobs else-
where worldwide, and for every 1 USD of gross value added directly created by aviation, USD
3.8 of economic activity was supported elsewhere worldwide. The direct impact of aviation
stems from the sector itself, by serving passengers directly at airlines, service providers, or
airports themselves, in areas such as check-in, catering, or cargo, but it also directly reflects
on the manufacturing sector that produces the aircraft that form the basis of most of this
activity. This direct generation of wealth was in 2016 estimated as USD 704.4 million (at an
average of USD 69 000 per worker per year, three and a half times the average across world
economy)®9 and yielding an occupation of 10.2 million jobs. Downstream industries sup-
plying airport activities, such as fuel suppliers or construction companies, have alternatively
resulted in an indirect impact of 11 million jobs in 2016 and USD 238 billion of global eco-
nomic activity. Induced impact, on the other hand, is an effect of the spending of the in-
comes of the aforementioned direct and indirect employees that supports jobs in other sec-
tors (forinstance, retail, consumer goods, or service industries such as banks or restaurants),
amounting an approximate of USD 454 billion®. Air transport is effectively a key gear of many
other industries that rely on it as a transport link, leading to what is called catalytic impact:
just-in-time delivery systems, international investment into regions, or networking and col-
laboration among global organizations forms a connectivity mesh that helps countries par-

ticipate in the worldwide economy by letting business operate efficiently and attract high-
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quality employees. This last form of impact is difficult to quantify, although it has been
pointed out to respond for EUR 427 million of European GDP in 2013,

Other, more qualitative benefits entail the developmental impact on a regional level, attract-
ing and concentrating industries through a better connectivity and access to international
markets, and the airport’s role as a logistic centre supported by a high quality labour pool,
good ground accessibility, and the presence of related industry, sometimes coalescingin the
form of business parks. Similarly, it’s difficult to evaluate in economic terms the great aid air
travel signifies in the integration of remote or isolated territories for national entities, inval-
uable to vertebrate service and communication networks, as well as to retain skilled work-
force in places that would be otherwise handicapped in offering an adequate quality of life
for residents, such as islands or land far removed from the urban centres. As an essential
service, air transport may be the only possible means of bringing humanitarian aid during
emergencies, and the only affordable and practical way for many citizens to access educa-

tion, enhance their leisure opportunities, or broaden their cultural horizon.

Costs

The costs derived from the exploitation of aviation, particularly those sourced in airports,
start at the sizeable economic investment and tight regulatory oversight required to ensure
that air transport infrastructure operates in accordance with international standards of reli-
ability, safety, security, and performance. Therefore, the development of a policy that en-
compasses not only the airport itself and its role as a service provider, but also wider na-
tional interests, lies within the responsibilities of governing bodies, which are also in charge
of its economic and financial performance. The latter is characterized by large and long-last-
ing expenditure in financing and maintenance costs, and must strike a balance between the
pricing of airport services to ensure self-sustainability and the avoidance of monopolistic
abuse and accounting for the domestic and international dimension of demand. The area
dedicated to this sort of activity is immobile and strongly dependant on the present and fu-
ture availability of space, shaping regional policy on a national level for a long time, and re-
quires careful adaptation to characteristics such as the wealth of the population, polymodal
transport links, geographic specifications, and the degree of economic regulation”. The na-
tional entity is also better able to minimize capital cost thanks to its possibility guaranteeing
debt, and its risk management capacity is facilitated by its advantage allotting contingent

liabilities.
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Airports, in parallel with other structures of the aviation sector, have been traditionally con-
templated as a national asset, and governments have been reluctant on ceding control over
to private enterprises that might not uphold the best interest of consumers and investors for
the short- and long-term®, Another factor to consider, as will be discussed at length below,
is the serious negative impacts aviation (concentrated chiefly as airport activity) has upon
society in the form of externality, which if not offset by firm regulation and checks by policy-
makers, would go unattended seeing as local well-being cannot be guaranteed by the spon-
taneous self-limitation of a market that in this case is idiosyncratically national and interna-
tional. This doesn’t exclude private participation, however, generally sought due to the need
to facilitate investment in large-scale improvement programs, capacity expansion, or new
airport construction, and that allows for larger financial autonomy, the prosecution of com-
mercial objectives, and even full for-profit management by private firms with or without
public limitations. In 2017, 31.1% of Europe’s airports were privately participated to some
degree, the largest proportion among all regions worldwide, yet they accounted for 75% of
all passenger traffic in the continent®. Regional airports are often owned and funded by lo-
cal governments due to its low commercial viability and essential role for the economy of

the region, whereas private investors are found predominantly at larger airports.

Nevertheless, aviation authorities, as well as national bodies, do acknowledge that such
negative externalities need correcting. As to adequately compensate the effects upon soci-
ety, identifying and measuring this impact has become the focus of much of the research in
the regulatory levels, and has made it possible for incentives to shift in the industry as well;
for instance, building and operating quieter engines is motivated by restrictions and tax
pressure, as well as public awareness. While some of the aforementioned harmful conse-
quences are the result of the emplacement and construction of the airport and associated
projects, others are a direct result of its activity. In a similar way, the social costs of airport
may find its origin not only in the day-to-day flight operations, but also in ground operations
serving them, in airport terminal operations, in the ground accesses to the airport, or even

in projects derived from it.

Negative externalities

A negative externality is understood as a portion of the cost associated with a good’s or ser-
vice’s production borne by individuals that have no influence on the decisions involved in
that production. This is considered an inefficiency in the market, where the volume of pro-
duction exceeds the desirable amount, and the parties bearing the cost are not part of the

transaction?, In the case of the aviation sector, airports as air traffic hubs reunite a large
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part of the environmental cost associated with the economic transaction. An airport’s im-
pact is not only limited to foreseeable local effects of construction and expansion, but also

on the environmental issues caused by its operation.

Land take, landscape and wildlife impact, as well as social costs to nearby communities are
derived from airport planning when establishing new infrastructure, such as in the case of
capacity increase through the building of runways or terminal facilities. On the other hand,
noise, air pollution, and waste and energy management, are direct effects of its operation
that have an impact absorbed by society, characterized most importantly by the surround-
ing areas. By large, the most salient externalities European regulators have tried to correct
have the first two: noise is a very perceptible and easily quantifiable environmental effect,
and concerns over air pollution have increased in regulatory levels in the last decades due
to increasing awareness over greenhouse emissions and air quality. Both are currently reg-
ulated both at international (ICAO Annex | and Il, as well as European Union Directives), na-
tional (studies and surveys funded by governments), and local levels (airport environmental

plans and reports).

As externalities are understood as the detriment in the welfare of those who are not repre-
sented in the economic activity that causes that detriment, it could be inferred that a lack of
well-defined property rights is in fact the root of the problem, as it prevents the existence of
a market for these external effects. Such is the case of airports: individuals living in its vicinity
do not have clearly defined property rights that may entitle them to quiet peace and clean
air, and the definition of such rights is not possible due to the characteristics of airports as
explained before. Therefore, a price mechanism (based on cost price, or shadow price) that
may distribute the cost of the damage across those partaking in the economic activity caus-
ingitis one of the solutions to compensate social damage. In the case of aviation, identifying
and measuring this externality is key to establish a corrective account on those air passen-
gers choosing to fly, thus compensating the costs on residents affected by noise and emis-

sions™,

In conclusion, while benefits and project costs for airport operation, construction and ex-
pansion may be appraised with relative ease (except perhaps in the case of the catalytic ben-
efits), it is not possible to plainly account for environmental costs, particularly beyond Envi-
ronmental Assessment Studies. The reality of aviation benefits is, therefore, consubstantial
with externality costs, which are perceived only by a part of society. These costs will be char-

acterised further.
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I1l. Noise

Possibly the most obvious form of negative externality incurred by airport activity, noise is
an obvious and bothersome environmental impact that leads to a decrease in the well-being
and quality of life of those living in the proximity of airport facilities, and even to serious
health problems. In this chapter a description of noise externality will proceed starting by
the definitions and units of measure involved, continuing with an identification of the
sources that will be later key to understanding corrective policy, and finally understanding

the nature of the negative effects associated with it.

Noise pollution finds its root cause both in the aircraft themselves and in other auxiliary sys-
tems during ground operations, but the largest contributor is the noise generated in run-
ways during take-off and landing and on their approach and departure. Noise annoyance is
a subjective effect, and so different factors have an influence on how it is perceived by the
community, such as the statistically measurable cumulative effect in the long term, as well
as the concentration of noise in night hours. This unwanted sound is produced due to the
passage of air against aircraft structure or through its power plants, causing noise from the
friction as well as pressure disturbances that propagate to an observer on the ground be-

low®?,

Definitions

An important distinction needs to be considered between the subjective “annoyance” per-
ceived by the affected community and a more physical appreciation of acoustic pressure;
while the latter can only be measured, the former needs to be interpreted. Conciliating both
magnitudes requires definitions that rely on numerical operations and depend on exposure,
time, audibility, and maximum value. Human hearing responds to a wide range of frequen-
cies (20 Hzto 20 kHz), but aircraft noise certification is studied at 50 to 10 kHz and in ¥z octave
bands®¥. For comparative purposes, four metrics are used in literature as to quantify noise

annoyance:

B Sound Pressure Level (SPL) and decibel (dB): the decibel is a relative unit that ex-
presses the ratio between two sonic pressure values, taking into account a reference
value as a threshold. As it follows a logarithmic scale, a noise source producing 50

decibels is 10 times louder than another one producing 40 decibels.
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B Asthe human ear does not perceive different frequencies equally and is more percep-
tive towards mean values, these units are generally weighted to better approximate
them to auditive reality. The A-weighted decibel attempts to offer this more realistic
approach byfiltering lower and higher frequencies, conserving those frequencies that
are more harmful for the ear. For reference, an airport terminal generates noise in its
interior in the order of 60-65 dBA,

B Maximum sound level (Lmax): as aircraft are in motion, their noise levels vary over time,
increasing on the approach and decreasing as it flies away. Therefore, the maximum
sound level is the largest value in dB or dBA that the noise source reaches at a given

time, though it does not account for its duration*> 19,

B Average sound level (Leq): the total sound energy measured over a given period of time

offers a mean value in dBA®©,

B Sound Exposure Level (SEL): the magnitude or level of the event generating the
sound, as well as the duration, is compressed into what is known as SEL. This offers a

good assessment of environmental noise in a single value measured in dB or dBA!®),
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Image 1: Sound Exposure Level is determined as the logarithm of the in-
tegral of the surfaced comprised by the time period where sound pressure
from a sound event is above a threshold level. In the image, this threshold
is 55 dBA. Lmax value of 65 dB may also be observed [Source: (16)]

B Day-night average sound level (L¢en or DNL) and night average sound level (Lnignt): it is
the sound pressure level averaged over the year thatincludes penalties for the annoy-
ance caused at night hours, accepted by the European Union for assessing noise im-

pact. 10 dB are added to the A-weighted sound levels during night-time and 5 dB dur-
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ing evening due to lower background noise leading to increased noticeability of air-
craft noise. Lnignt is the sound pressure level averaged over the year for the night time
period only"”. What comprises this time period may vary from country to country (for
instance, in Sweden it is taken as 2200-0700, whereas for Spain it is 2300-0700)®%.

B Effective Perceived Noise Level (EPNL): it is an international metric used for certifica-
tion of commercial aircraft as described in Annex 16. It is measured in EPNdB. It is a
complex variable resulting from the location of the source (flyover, lateral, or ap-

proach) and correcting factors for tone and duration of the flight"®,

Cutback thrust /

/ ’ Sideline reference Take-off | Flyover

T"‘E‘G . Max, Take-off

Approach Flyaver
reference reference
point point

Image 2: ICAQ's procedure for aircraft noise certification. Three different measurement points (approach,
side-line, and take-off/flyover) result in an EPNL figure that must meet certification standards of the latest
update of Chapter 16 Volume | [Source: (19)]

The recording devices employed to measure those metrics are set at specific locations to
capture arrival and departure both laterally and positionally, and have a lower bound to dis-
card background noise®. Computing noise levels at individual locations of interest make it
possible to draw noise exposure contours based on metrics like Leg, in terms of lines con-
necting points at a same dBA level, going from 57 dBA to 72 dBA at 3 dB intervals®?. Long-
term effects consider those same L., measurements over a 24-hour period with the correc-
tive addition of 10 dB at night to obtain Lgen, set generally at = 55 dBA™,
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Noise sources

The causes of airport noise can be located firstly in the aircraft itself and its movement, and
secondly in other systems and machinery that is essential for airport operations. As for the
first of these sources, it is generally assumed for theoretical noise modelling, backed up by
empirical studies and tests, that each component of the aircraft responsible for a consider-
able noise contribution can be treated independently, calculating the resulting noise at one
frequency by summing all the components at the same frequency*®. For that matter, these
components can be further classified as belonging to either propulsive (engines) and non-
propulsive (airframe), and they both depend on operational conditions and configuration.
Further, corrections must be made taking into consideration equipment on the aircraft such
as noise shielding, and factors outside the airplane like ground topography. The propagation
from these noise sources however has an impact at long distances, up to several kilometres,
travelling through layers of the atmosphere that are in turn affected by changes in density,

pressure, temperature, humidity and wind conditions®Y.

y [m]

x [m]

Image 3: Noise plots for the low (left) and high frequency (right) bands of an Airbus 380 four-engine aircraft.
The aircraft contour is indicated by a black line and the position of the main and nose landing gear is
denoted by the squares [Source: (22)]

Airframe noise can be understood as the result of friction and turbulence between the air
and the moving airplane, an effect that increases with speed, and whether or not landing
gear and high-lift devices are deployed. Understanding non-propulsive components, partic-
ularly landing gear and high-lift systems, as a noise source was first tackled experimentally
by gathering empirical data, and within the last two years, following a more physics-based
approach through the modelling of turbulence®). High-lift devices, such as flaps and slats,
are mechanisms on the aircraft wing destined to increasing lift, and in turn, generate large
turbulences that generate noise. In the case of flaps, located in the aft profile of the wing,
vortexes form on its edges due to air flow separation caused by pressure gradients, leaving

a trail of acoustic disturbance. Slats, which are located on the wing’s frontal profile, behave
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slightly differently, creating not only vortex turbulence but also mechanical oscillation lead-
ing to cavity noise, mainly due to its positioning. Lastly, landing gear is on its own an im-
portant noise source particularly on approach, when their contact with the air flow is larger.
The effect of the large aerodynamic wake is coupled with its interaction with the bay that
hosts it, as well as with the wing (sitting above it) and with flap configuration. Additionally,
the effect of the tyre on the ground often exceeds 90 dB, and leads to lower-frequency noise
that is transmitted over long distances. As for noise caused by the fuselage, it is generally

considered negligible, at 10 dB below high-lift device noise™.

Beginning with the early days of jet propulsion, the main source of noise was associated with
the mechanisms of the jet nozzle itself until the development of turbofan technology, allow-
ing for increased propulsive efficiency and reducing it to a similar noise footprint as com-
pressor noise. Engine noise finds its origin in the sound of moving parts, as well as the air
coming out of the engine at high speeds and interacting with air flow resulting in turbulence.
In a similar method as the one applied for airframe noise, propulsive noise is studied as the
composite of the individual elements that make up the engine; due to their synergy and joint
action however, engine noise can be simplified as divided between tonal noise generated by
the regular rotation of turbomachinery blades, and broadband noise caused by pressure
fluctuations associated with turbulence™. Fan noise is the leading contributor of noise in
most flight conditions, though it is more directional (more notable in front of the fan), and
depends on technical aspects of the engine like fan compression ratio, diameter, blade num-
ber, rotational speed, or temperature gradient across the engine. Tip Mach speed resulting
from rotational force, when reaching supersonic values, translates into a characteristic
buzzsaw noise. Advanced design of fan blades and rotor-stator arrangement, as well as

acoustical lining concepts have been able to reduce this impact to a certain degree®,

As for jet noise, it has been widely studied since the 1950s, with technology moving forward
from gas turbine engines into turbofan engines with increasing by-pass ratios, introducing a
layer of moderately fast-moving cold air between the hot exhaust and the still air to perform
more quietly. Jet noise comprehends noise from the engine core (the rotating machinery,
i.e. compressor and turbine stages, combustor noise (from the combustion itself and from
the hot gas exhaustion in the turbines and the nozzle), and turbine noise, particularly nota-
ble on approach; all of this components are hard to separate in their noise contributions,
however, as they work in solidarity. In the particular case of propellers, still in common use
particularly in short-range aircraft, noise is characterized by a broadband component and a
discrete frequency; the latter is the result of the “thickness noise” generated when the blade
displaces the air mass depending on its thickness, and a “loading noise” that is the acoustic

disturbance from the aerodynamic loading, or how much air weight is lifted by unit area®.
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Another relevant factor among propulsive noise is the usage of thrust reversers, which con-
sists in the re-direction of air from the fans to deflect it out from the side of the engine, cre-
ating an elevated amount of drag to help decelerating the aircraft right after landing. As the
friction with the air is very large, it has a considerable impact on the noise generated during
landing, estimated as an increase of up to 10 dBA on average (from 75 dBA to 85 dBA)®.
Similarly, auxiliary power units or APU, used to energize the aircraft when an external power
unit cannot be supplied on the ground, contribute to airport noise in the form of combustion
noise. While highly dependent on aircraft type, APU noise is considered to have a notable
impactin the 250-350 Hz range®. Both reverse thrust and APU usage are not directly limited
by ICAO, JAA or even FAA regulations, and generally respond to an airport-based approach;
it is worth noting however that Annex 16 does limit ramp noise around the aircraft to 85 dBA

and of 90 dBA in the immediate vicinity.

g g 8 g
- N = 2
£lg £
Typical Departure Typical Arrival
Noise Distribution Noise Distribution

Image 4: Importance of noise sources during departure and arrival, as identified by ICAO [Source:(27)]

Negative effects

Noise exposure, whatever the source, is linked to public health as well as satisfaction and
well-being®?®, According to the World Health Organization, between 1 and 1.6 million DALYS
(Disability Adjusted Life Years, the number of years lost due to ill-health, disability or early
death) are lost annually to the negative effects of environmental noise over the health of
those exposed in high income western European countries, of which 903 000 account for
sleep disturbance, 654 000 to noise annoyance, 61 000 to heart diseases, and 45 000 to cog-
nitive impairment in children®. These negative effects manifest for long-term exposure be-
yond certain thresholds, and there is considerable evidence demonstrating an impact on the
aforementioned issues (sleep disturbance, community annoyance, hypertension and cardi-

ovascular diseases, and children’s cognition and learning) as well as the collectives more
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badly affected by them (remarkably, children, the elderly, persons with hearing impair-
ments, night-time workers, and infirm and rehabilitating persons)©?, Other conditions such
as tinnitus and effects on pregnancy and birth still lack sufficient research basis for a clear

association with aircraft noise.

Living within a daytime aircraft noise path has also been tied to a reduction of perceived
well-being for levels over 55 dBA, with repercussions on life satisfaction, self-esteem, happi-
ness, affect balance, and increased anxiety “equivalent to around half the effect of being a
smoker for some well-being measures”®Y, After the 1999 report on environmental noise by
WHO cited before, the European Union elaborated a directive based on its guidelinesin 2002,
enacted by members states through national policy and action plans, and drawing strategic
noise maps at Lgen 55 dB and Lugne 50 dB?%), The total population residing inside those two
noise contours for the 47 major European airports were 2.58 and 0.98 million people respec-
tively in 20177, WHO Regional Office for Europe has been publishing new guidelines regu-
larly since then, strongly recommending reducing noise levels produced by aircraft below
Laen 45 dB and Lnignt 40 dB due to proven adverse health effects in its 2018 report; it is esti-
mated that around 3.2 million people were highly annoyed by aircraft noise, and 1.4 million
suffered from high sleep disturbance in 2017 around the 47 major airports. The number of
people exposed to more than 50 aircraft noise events exceeding 70 dB per day was estimated
to be 1 million in 2017 for the same airports, a 60% more than in 20052 [See Annex 1 for

WHO Community Noise Guidelines - Source: (33)].

Noise also has a negative effect upon wildlife, though studying these effects on wild animals
on their own environment and under natural conditions is challenging. Additionally, sensi-
tivity to noise sources, such as aircraft, ground operations, or airport accesses, is highly var-
iable among different species, and it is difficult to isolate with certainty the impact of noise
from those of others such as visual disturbance and emissions. The growth of urban areas
applies pressure on the protection of natural habitats, however, and so concern about wild-
life disturbance has increased for the last two decades. As it is currently understood, both
birds and fish have been observed to suffer the effects of noise to a measurable degree. Nev-
ertheless, the case of fish concerns sonic boom cases (although not yet conclusively linked
as having a harmful effect) from supersonic aircraft, which currently do not operate in com-
mercial conditions in the European Union; other airborne sound is reflected on water surface
with only a small fraction penetrating the air-water boundary. The behaviour of reptiles, am-
phibians, and invertebrates is still too poorly studied for any conclusive statements to be

made on the matter®”,
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Birds are especially affected by noise, notably grassland and woodland birds. These animals
have their breeding and feeding habits altered by noise, and it encourages unnecessary en-
ergy expenditure when moving towards or away from the sound source, which may expose
them to predators. Besides their feeding habits, this disturbance also affects their breeding
success, and some species are noted by changing migration patterns as a consequence of it.
Studies have established a relationship between a lower bird population density and noise
level; sound levels above 50 dBA could be considered negative at distances of 1000 m. It is
worth mentioning that physiological consequences are not well researched yet, and that

population density alone is not a determinant indicator of habitat quality®.

Cardiovascular diseases

According to WHO’s Global Health Observatory data for the Global Burden of Disease, is-
chaemic heart diseases are the leading cause of death both in developed and developing
countries in 2016, accounting for 22.8% and 9.4% of total deaths respectively, of which
13.5% of deaths are attributable to high blood pressure (hypertension)®? %), The auditory
system is the human inlet for acoustic information, which is then processed by different
brain structures; consequently, repeated biological response conditions the nervous and en-
docrine system’s activity. Chronic noise stress may then dysregulate the homeostatic equi-
librium of the organism, impairing natural recovery processes and decreasing the body’s
regulatory capacity. Health effects of chronic noise stress begin to appear in the long term,
estimated in the range of 5 to 15 years®”. Cardiovascular disease as mentioned in this sec-
tion includes ischaemic heart disease, hypertension (high blood pressure) and stroke. Both
laboratory and empirical studies of non-auditory effects of noise have been conducted for
decades, pointing out to short-term effects such as short-term changes in circulation and
blood pressure, heart rate, cardiac rhythm and vasoconstriction, as well as stress hormones

affluence®.

Pathological studies point out associations between raised blood pressure and continuous
day-round noise levels above 55 dBA and peaking at 72 dBA, and linked exposure to aircraft
noise above 50 dBA with an increase of 20% in the risk of hypertension®”. More comprehen-
sively, the HYENA study (HYpertension and Exposure to Noise near Airports) found that a 10
dBA increase in Lyight Was associated with a 14% additional risk for high blood pressure, as
well as an increased likelihood of usage of hypertension medication. Other evidence com-
paring populations around London-Heathrow living under noise levels below 51dB in the
day-time and those exposed to noise levels over 63dB in the day-time had a 24% higher
chance of a hospital admission for stroke, a 21% higher chance of a hospital admission for

coronary heart disease; and a 14% higher chance of a hospital admission for cardiovascular
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Annoyance

Noise annoyance may be considered as an adverse effect on health going by WHO’s defini-
tion on health as “a state of complete physical, mental and social well-being and not merely
the absence of disease or infirmity®®. Annoyance is a notorious community matter that de-
scribes negative reactions to noise such as disturbance, irritation, dissatisfaction and nui-
sance, and stress-related psychosocial symptoms such as tiredness, stomach discomfort
have also been linked to this problem. While the definition given above is broad, noise an-
noyance is a legitimate environmental issue affecting the well-being and quality of life of the
population exposed, and some factors such as fear, sensitivity or anger do not respond di-
rectly to sound levels® [See Annex 2 for WHO’s estimates on DALY loss attributable to air

traffic noise - Source: (29)].

This negative effect is generally described by means of community surveys based on inter-
nationally standardized annoyance scales, appreciating responses in a 0 to 10 grade as “an-
noyed” (50% or more in the scale) or “highly annoyed” (72% or more); this method will be
described in further detail below due to its importance in valuation of externality cost. The
European Commission’s 2002 study associated exposure to aircraft noise at 60dB Lgen to a
38% of the population reporting being “annoyed” and a 17% being “highly annoyed”, while
at 65dB Leen it was associated with 48% of the population reporting being “annoyed” and
26% being “highly annoyed”®. These figures have increased since, however, as pointed out
by other studies. A 2006 study in the vicinity of Frankfurt Airport established that 64% of the
population sampled were highly annoyed by aircraft noise, with a 25% of the residents

claiming to be annoyed at levels above 53 dBA Lgen. Interestingly, the lower bound for aircraft
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noise-related annoyance has been getting lower since the first studies, with 25% of those
polled reporting annoyance decreasing 8 dBA between 1960 and 1995, and another 8 dBA
lower in the 2006 study®”. The reason for this decrease can be attributed to sensitization to

long-term stress over the years, as well as more thorough methodological analysis.

Ldn (Leq) vs %HA

= = = Amsterdam, 2002

w— e Frankfurt, 2005

Paris, 1958

EU (Miedema 1965-92)

S _inear (ANIS, 1982 (24 Leq))
w—_inear (ANASE, 2005 (24 Leq))
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Image 6: Annoyance curves showcasing the relationship between those highly annoyed and noise level in
Leen (dBA). There is a historical recess in the threshold for noise annoyance, showing increased sensitivity
towards noise. Data compiled by ICAO 2016 Environmental Report [Source: (40)]

Sleep disturbance

According to WHO, sleep disturbance, one of the most common complaints raised by popu-
lations exposed to aircraft noise, is considered the most grievous non-auditory effect of en-
vironmental noise exposure due to the epidemiologic links between limited sleep and neg-
ative health outcomes such as obesity or diabetes. Alertness and performance during the
day, as well as quality of life and good health, can only be guaranteed by undisturbed sleep
for several hours. The human auditory system is constantly watching the environment for
noise stimulus, responding naturally with changes in sleep structure or increases in heart
rate and breathing that, if substantial, can lead to an increase in health issues. Environmen-
tal noise may reduce the restorative power of sleep by the repetition of stimuli leading to
sleep fragmentation, which if recurrent can affect waking psychomotor performance,
memory consolidation, creativity, risk-taking behaviour, signal detection performance and
risks of accidents®. Repeated arousals deteriorate sleep quality by delaying sleep onset,

causing early awakenings, limiting sleep depth and REM sleep, and increasing time spent in
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superficial sleep stages. The elderly, children, shift-workers, and those who are ill are con-

sidered at higher risk for noise-induced sleep disturbance®?,

Methods to estimate the impact of aircraft noise in sleep disturbance consist both in self-
reporting in epidemiological studies using surveys as well as polysomnography, a wide-
spread sleep analysis technique that allows for the recording of electroencephalogram (EEG)
and other physiological variables. Polysomnography allows for the identification of sleep
cycles lasting from 90 to 110 minutes, with individuals experiencing from 4 to 6 of such cycles
per night; there is evidence that aircraft noise affects time spent in different sleep cycles,
reducing slow-wave sleep (NREM stage 4) and REM sleep and increasing NREM Stages 1, 2
and 3@, A laboratory study for Frankfurt Airport using polysomnography concluded that a
curfew on flights in the 23:00-05:00 time frame led to a healthier sleep structure and to small
changes in sleep cycles®. It has also been established that SPL contemplating Lmac as low as
33 dBAinduce physiological reactions during sleep (proving that the organism is able to dif-
ferentiate these noise events from background noise), although this figure is well below the
limits set for policy and regulation?. According to the WHO Europe Night Noise Guidelines,
the target value for nocturnal noise exposure should be 40 dB Ly to protect both the public
and vulnerable groups [See Annex 3 for health effects linked to nocturnal noise exposure as
described by WHO - Source:_(29)].

Psychological health and cognitive effects in children

Drawing from the conclusions of studies linking aircraft noise with community annoyance,
it has been suggested that long-term exposure to aircraft noise could have an influence in
psychological health. Evidence for this correlation is not as abundant as for other health out-
comes such as cardiovascular disease, though the effects of noise in the cognitive develop-
ment of children has been a matter of research for decades®. Despite the lack of detectable
organic damage, noise has been linked to a deterioration of central processing and language
tasks like reading comprehension, attention, and certain memory performances, mani-
fested also through the results in standardized tests. Studies of epidemiological nature focus
on establishing a correlation between chronic exposure to noise disturbance and underper-
formance in cognitive capacities, while discarding confounding factors such as those of so-

cioeconomic nature®).

A remarkable study in the field was published in 1998 following the 1992 relocation of Mu-
nich Airport, reflecting its effects on the health and cognition of children aged 9 to 11 years.

Deficits in long-term memory and reading comprehension disappeared after children

NEGATIVE EXTERNALITIES OF AIRPORTS: QUANTITATIVE DESCRIPTION AND ANALYSIS PAGE 20 OF 112



ceased to be exposed to high noise exposure and led to further development of these capa-
bilities, proving that this hindrance could be reversed“?, Another more recent but equally
important study known as RANCH (Road traffic and Aircraft Noise and children’s Cognition
& Health) focusing on children aged 9 to 10 from schools around London Heathrow, Amster-
dam Schiphol, and Madrid Barajas found correlations between aircraft noise levels and read-
ing comprehension: such skills fell below average at around 55 dB Lq and a 5 dB increase
was associated with a 2-month delay in reading age in the UK, and a 1-month delay in the
Netherlands®. Finally, despite the lack of research on the psychological health of adults,
the already mentioned HYENA study pointed out that 10dB increases in Leq and Lnign levels
were associated with a 28% and 27% increase in anxiety medication use respectively. While
no association was found for anti-depressant and or sleep medication use, a sub-study con-
cluded that salivary cortisol levels (a hormone detected in higher values for people with de-
pression) were 34% higher for women exposed to aircraft noise >60dB L.q, compared to

women exposed to less than 50dB L.

As a concluding statement, it can therefore be stated that negative effects of noise, while
pervasive, may be perceived and gauged mainly from the community annoyance caused.
Health effects present themselves in solidarity, but some of them are not easily noted by
individuals exposed to them. Correct measurement and identification of these effects leads

to policy groundwork, which in turn helps in corrective measures being undertaken.

NEGATIVE EXTERNALITIES OF AIRPORTS: QUANTITATIVE DESCRIPTION AND ANALYSIS PAGE 21 OF 112



IV. Emissions

Airports, and aviation at large, intrinsically produce air pollutants due to the nature of air
travel, which is dependent on combustion engines to power the aircraft. The effect of this
emission is twofold: in the first place, air quality in the vicinity of the airport is affected by
the concentration of particulate matter and gases; in second place, the release of green-
house gases produces an aggregate effect on global warming and ocean acidification, upon
which environmental focus has been putin the last few decades. Both effects are solidary to
the activity of airports, which, as explained, has been growing considerably and leading to
further concern about its negative impact on health and the environment. This chapter will
discuss, in a similar fashion to the previous chapter dedicated to noise, the definition of all
relevant pollutants that result in emissions’ negative effects, to follow with an identification
of the sources and finally an extensive research review to describe negative effects and their

importance.

Aviation represents a 2% of all human-induced carbon dioxide emissions, and 12% of carbon
dioxide emissions from all transport sources, behind other types of transportation such as

road transport®; yet, if averaged across . .
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must be accounted for.
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Definitions

As mentioned, aircraft engines work through the combustion of hydrocarbon fuels (kero-
sene), which upon completion releases carbon dioxide, water vapour, and sulphur dioxide
as products; this combustion, while being of very high efficiency in modern engines, still
gives rise to other combustion products such as carbon monoxide and particulates. These
compounds are therefore not just gaseous, but also comprise hydrocarbon and aerosol par-
ticles containing organic and inorganic components with volatile and semi-volatile proper-
ties“®, Annex 16 Volume 1l of ICAO aims to identify and rate these emissions for aircraft cer-
tification, and European legislation, namely Directive 2008/101/EC. The main pollutants in-
volved in these emissions, affecting not only global warming and acidification but also lead-

ing to local air pollution, are the following:

B Carbon dioxide (CO,): the resulting product from the complete combustion process
found in the engines, carbon in fuel combines with the oxygen in air to form carbon
dioxide. This gaseous emission has been linked to greenhouse effects when dispersed
in the atmosphere, as it absorbs infrared light and heats up concentrating energy near
the surface and lower atmospheric layers, making it difficult for energy to reach the
upper atmosphere®), Carbon dioxide contributes to global warming through this pro-
cess, and is particularly harmful as it lingers in the atmosphere for thousands of
years®. Another repercussion is ocean acidification, a regular increase in the pH of
oceans due to the dissolution of carbon dioxide on the surface of masses of water
turning into acid components, which poses serious danger to biosphere®Y, As men-
tioned, this is the largest form of emission from aircraft at 163 million tonnes by 2017,

making aviation the most polluting form of transport in terms of carbon dioxide®*.

B Nitrogen oxides (NOy): they comprise nitric oxide (NO) and nitrogen dioxide (NO,).
These gaseous emissions are formed when air, containing nitrogen, passes through
high temperature and high pressure combustion, leading to NO oxidizing and forming
NO,, which is acidic and highly corrosive. NOx may further react with ammonia to form
nitric acid vapor, or with volatile organic compounds to form ozone, both considered
highly toxic and damaging to lung tissue®?, Similarly to carbon dioxide, NOy are also
greenhouse gases, leading to the formation of ozone in lower atmospheric layers that
absorb infrared radiation. Besides this global effect, local effects in air quality are of
considerable concern due to serious health impacts linked to increased susceptibility
to respiratory diseases; high NOy levels may also damage foliage and decrease plant
growth, its deposition may lead to soil and water acidification, and are also suspected
to contribute to photochemical smog®. WHO recommends that exposure for hu-

mans does not exceed an annual mean of 40 ug/m?3, and that levels of 30 pg/m? are
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not exceeded for vegetation®®. Levels of NOx due to aviation as of 2017 amounted to
839 thousand tonnes, making it the second largest form of emission. In 2015, aviation
accounted for 14% of all EU transport NOy emissions, and for 7% of the total EU NOx

emissions®4.

W Volatile organic compounds (VOC): they include a wide range of chemicals of organic
nature, notably hydrocarbons (abbreviated HC, and consisting of compounds such as
methane or benzene), as well as halocarbons and oxygenates. These compounds are
characterized by being colourless, odourless, and vaporizing at room temperature.
They result from incomplete fuel combustion, remaining unburnt and combining in
the process to form other hydrocarbon structures®?. They are hazardous even at low
levels particularly for long-term exposure, leading to very diverse health issues de-
pending on the compound®. Recommended levels vary from 5 pg/m? in the case of
benzene to 2.25 ug/m?in the case of 1,3-Butadiene®. 57 thousand tonnes of HC were

produced by aviation in 2017%4,

B Particulate matter (PM): it includes both organic and inorganic substances, either
solid or liquid in state, resulting from incomplete combustion and aerosols from con-
densed gases, generally referred to as soot. Common components are sulphate, ni-
trates, ammonia, sodium chloride, black carbon, mineral dust and water®®. These
particles are described by their size in micrometres (for instance, PM;, would refer to
those smaller than 10um), in all cases small enough to be inhaled®?. PM have some
of the worst impact on human health, gravely affecting air quality and leading to in-
creased morbidity and mortality to those exposed, even at low concentrations. PMyo
can penetrate deep into lung tissue, and PM,s are able to penetrate the lung barrier
and enter the bloodstream. WHO recommends annual mean values of 10 pug/m? for
PM,s, and 20 ug/m?® for PM;,®%. 53 thousand tonnes of PM were liberated into the at-

mosphere in 2017 due to the activity of air transport®?,

B Carbon monoxide (CO): in conditions of temperature exceeding optimal combustion
temperature, or low oxygen concentration, carbon monoxide is released as a by-
product of the process of combustion of carbon in the fuel. Carbon monoxide has se-
rious health effects as it bonds to haemoglobin in blood and reduces oxygen absorp-
tion by blood cells, which may cause intoxication and organic failure, or milder symp-
toms such as fatigue and nausea®. Maximum exposure is indicated at 10 mg/m? as

the daily 8-hour mean. In 2017, 108 tonnes were produced due to aviation activity“®,

B Sulphuroxides (SOx): small quantities of sulphur are found in all petroleum fuels, gen-
erally at concentrations of 300-1100 ppm in aviation“®, During combustion, sulphur

combines with oxygen to produce sulphur oxides (chiefly SO, or sulphur dioxide),
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which may then contribute to secondary particulate matter formation, and even pre-
cipitate in the form of acid rain after combining with water to form sulphuric acid®?.
The latter effect can severely damage the ecosystem through the acidification of soils
and water with further impact to aquatic life and deforestation, and causing material
damage to infrastructure. SO, can also affect humans as an irritant and lead to respir-
atory infections, and more serious health effects if combined with PM. 20 ug/m3 is the

annual mean value for vegetation and humans®4,

B Other emissions of gaseous nature (water, ozone): other gaseous pollutants are re-
leased either directly or indirectly during combustion, though their importance by
amount is not comparable to the aforementioned compounds. In the case of water
(H20), it is produced as a result of combustion in the form of vapour, though at high
altitude and under certain atmospheric conditions this can have an impact towards
the greenhouse effect after condensing in what is known as contrails. These releases
have been associated with the formation of cirrus, which may have warming effects

that are not yet fully studied conclusively®?.

On the other hand, ozone (0O3) is generated mostly through photochemical reactions
from NOx and VOC, and is responsible both for greenhouse effects and air quality is-
sues. It causes health issues such as the irritation of the eyes or throat and lung and
heart problems, and it can cause both natural and material damage due to its corro-
sive properties®®. Levels of 100 pg/m3 for an 8-hour mean are not to be exceeded

more than 10 times per year.

Other complex chemical reactions may occur as these emissions mix with the atmosphere,
leading to new particles or increase concentrations of pre-existing particles, resulting in
broader exposure. For example, NO, contained in the plumes leads to the formation of nitric
acid (HNOs), which through interaction with atmospheric ammonia generates ammonium
nitrate particles (NH4sNOs) and oxidation reactions with hydrocarbons in gaseous state, lead-

ing to other organic compounds in the form of aerosol particles®?.

Pollutants can be classified also according to their transformation after being generated in
the source. Under this classification, we find those generated immediately after exiting the
combustor (such as CO,, NOy, or CO), those generated downstream from the engine in the
hot exhaust plume (SOx, VOC), and those that result from mixing with the atmosphere, after
cooling down (PM, ozone, H,0, some VOC). Hot combustion gases cool down when mixing
with ambient air, where gases like heavy hydrocarbons condense to form aerosol particles;
in the exhaust plume, some molecules undergo chemical reactions, which aggregate to form

larger particles (PM)®2,
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Emission sources

As mentioned above, aircraft are not the only source of aviation emissions, as airport road
access also constitutes a notable contributor to local air quality and greenhouse gas emis-
sions, as well as ground support equipment (GSE), generally reliant on combustion engines
and located within the airport premises to service aircraft and ground operations. Addition-
ally, normal flight operations also include other sources such as APU(Auxiliary Power Unit)
usage on the ramp, or the release of particulate matter during landing and take-off. Other
miscellaneous sources are important but are not unique to airports and may be encountered
in other large infrastructures, such as maintenance work, fuel storage facilities, and con-

struction projects.

The principle by which aircraft operate is based on the propulsion provided by combustion
engines, or in other words, the release of chemical energy stored in hydrocarbon-based fuel
in the conditions of adequate oxygen supply, high temperature, and high pressure. Airintake
is indispensable to provide this oxygen supply (containing oxygen and a majority of nitro-
gen), initiating the combustion of the fuel (kerosene, a hydrocarbon molecule or C,Hp, with
sulphur components) injected from the tanks into the engine. Ideally, combustion releases
carbon dioxide, water, and sulphur oxide along with air; realistically however, NOx, HC, CO,
soot, and SOy are emitted in addition to those combustion products®. These emissions are
produced during departure (taxi, take-off, and climb-out) and arrival (final approach, land-
ing, and taxi) generating a local effect in terms of air quality. During cruise and other stages
of descent and climb, local effects are not as notorious due to emissions dispersing atmos-
pherically, contributing mainly to greenhouse effects. ICAO certifies engines based on NOy,
CO, HC and smoke, under standards of the total quantity of pollutants emitted in a landing-
take-off cycle, divided by the maximum sea level thrust and plotted against the engine pres-
sure ratio at maximum sea level thrust®. Engine efficiency (how much thrust is applied) is
responsible for the amount of VOC and CO, a situation common on approach when engines
are working at reduced power. Similarly, the APU utilized on approach, taxi, or on the stand
generate similar pollutants to those released by the main engines, representing between 40
and 50% of total GSE emission of CO and NOy®Y,
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Image 8: Emissions resulting from aircraft engines are a consequence of the release of combustion products
and the reactions among them and with the air [Source: (59)]

Ground support equipment are very distinct in nature, and rely on internal combustion en-
gines very unlike those used in aviation. They consist of many different vehicles such as belt
loaders, pushback trucks, tractors, cabin service trucks, step-cars, or even emergency ser-
vice vehicles. In most cases save for those where an electric power system is present, GSE
use gasoline or diesel as fuel, with an emission pattern very different from aircraft engines
and resembling that of common road traffic®?, This includes CO,, CO, NOyx, PM and HC, which
along with power output dictate European emission standards. Ground access vehicles are
those accessing the airport on roadways mostly for delivering airport passengers and em-
ployees, comprising private vehicles, shuttles, public transportation and others. Gasoline,
diesel, compressed natural gas and electric engines can be found among them, and they are
subject to national regulations for private vehicles. Emissions are not too different from GSE,
and modelling their impact has been an important subject of study the last two decades to
estimate total CO, NOy and HC output®,

Aircraft tyres are designed to endure a large amount of friction to both accelerate the aircraft
during take-off and to decelerate it during landing. This intense wear of the tyres, particu-
larly during landing, results in particulate emissions that can be either coarse or in the form
of PM, and closely related to the weight of the aircraft. The same can be said for brake wear,
also relevant during landing®®. Fuelling and fuel handling may also cause VOC and HC emis-

sions, which due to the large amount of operations can be significant in global airport data.
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While very rare, fuel dumping (requiring the emptying of fuel tanks to reduce risk of ignition
during emergency landing) can also lead to the release of large quantities of unburnt fuel
into the air, with associated VOC and HC emissions; aircraft in these situations are expected
to dump fuel at altitudes and over locations where no risk is posed to the population, where

these components would evaporate before reaching the surface®,

Aircraft and airfield maintenance (cleaning, repairs, painting, de-icing), fire practice, waste
disposal, power plant electricity production and heating, as well as construction, are also
sources of CO,, NOy, VOC, PM, and other emissions of diverse nature such as dust and smoke.
Under most metrics however, these sources do not contribute in great measure to local air
quality and greenhouse emissions to the extent of aircraft operations, road traffic or GSE

activity®.
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Image 9: On-airport emissions for NOx and PMs, based on emission inventories for London Gatwick (2010)
and London Heathrow (2013) [Source: (65)]

Negative effects

The effects of emissions that find their source in the aviation industry are not distinct from
those of other sources. As seen, in the case of aviation the form and volume of those emis-
sions is very distinct, however, from those of the car industry and plant generation, and are
bound to very different regulation (for instance, maximum sulphur content for automotive
diesel and gasolineis set at below 10 ppm, whereas the limit for aviation fuel remains at 3000
ppm and linked to a lump “smoke factor”“®), As discussed, the impact translates directly into
the environment through two major effects: greenhouse effect and the consequential global

warming, and the decrease in air quality mainly in the vicinity of airports. The former is well-

NEGATIVE EXTERNALITIES OF AIRPORTS: QUANTITATIVE DESCRIPTION AND ANALYSIS PAGE 28 OF 112



studied and comprises a large variety of indirect and induced effects, the quantification of
which is complex and outside of the scope of this study, as the characteristics of global
warming have a much larger scale encompassing a multitude of stakeholders non-related to
aviation and would require in-depth separate analysis. Climate change impacts of CO, and

contrails account for 39% of air quality damages per unit aviation fuel burn(®,

Air quality is affected by the concentration of pollutants particularly in the vicinity of the air-
port area and on a regional level, leading to a deleterious impact on the health of people,
animals, and vegetal life. Other less-studied effects contemplate eutrophication (an exces-
sive mineral deposit in water which generates vegetal overgrowth) and building deteriora-
tion and the permanence of odours®. Aircraft emissions have been estimated to cause
16,000 premature deaths a year from impaired air quality, with its impact being 1.7 to 4.4
times higher than the climate impact per unit of fuel burn®® ¢, The most important contrib-
utors to human health are NOyx/NO,, PM, and ozone at the ground level®®. The legal frame-
work for air quality stems from the EU Air Quality Framework Directive of 1996, with subse-

quent legislation addressing the threats identified in it.

Particulate matter is the pollutant that inflicts the worst burden on human health when in-
haled. PM;, (particles with a diameter of 10 um or less) can penetrate deep inside the lungs,
and PM, s particles (particles with a diameter of 2.5 um or less) can be even more damaging
due to their ability to trespass from lung tissue into the bloodstream, leading to both acute
and chronic effects such as cardiovascular and respiratory diseases (including lung cancer).
Other ultrafine particles (PM; and PM, ;) may act as inflammation and act as carriers for toxic
substances that damage the genetic information in cells®® %), The association between PMy,
and PM, s concentration and increased mortality or morbidity has been quantitatively estab-
lished, with no threshold under which the effects do not follow correlation. Besides cardio-
vascular and lung disease, growing ambient PM concentration has been linked to an in-
crease in lower respiratory symptoms and reduced lung function in children, and chronic
obstructive pulmonary disease and reduced lung function in adults™. Long-term effects on
health become apparent at annual means of 10 ug/m?* (PM,;) and 20 pg/m? (PM,,), whereas
short-term effects are noteworthy at daily means of 25 pg/m? (PM,;s) and 50 pg/m?* (PMyy);
these are the guidelines indicated by WHO, noting that health effects can be expected at an-
nual mean concentrations ranging 11-15 ug/m?* (PM,;s). In Europe, short-term mortality ef-
fects have been shown to increase at a pace of 0.46% per 10 pug/m? of PM,, daily mean con-
centration™, Worldwide, in a 20 km range from the airport, PM2.5 is reported to cause 5000
premature deaths per annum, 38% of which occur in European airports®”. A different model

within the same confidence interval estimates 3600 premature mortalities each year, 3210
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of which due to cases of cardiopulmonary disease and 390 due to increases in cases of lung

cancer'™,

Nitric oxides (NOyx) and nitrogen dioxide (NO,) in particular have a direct impact on human
health, animals and plants, as well as generating other particles such as PM,s and, in the
presence of ultraviolet light, low-level ozone. Both short-term and long-term effects are rel-
evant. Short-term concentrations are toxic above an hour mean of 200 ug/m?and have been
shown to cause significant inflammation of the airways, with high concentrations resulting
in severe pulmonary damage in healthy humans, while exposure of persons with pre-existing
chronic respiratory conditions such as asthma may lead to sudden respiratory responses.
Long-term exposure to NO,, defined by WHO at 40 pg/m? yearly mean, has been associated
with increased respiratory symptoms, which are more commonly observed in conditions of
indoor exposure(™, Similar concentrations have been reported to affect animals. NO, is gen-
erally employed as a marker for NOx presence, although attributing the individual impact of
NOyx exposure is a difficult task experimentally due to its weakening effects magnifying the
impact of other, but correlated pollutants!™. In the case of vegetation, NOy are absorbed in
amanner akin to CO, through epidermal cells, where they dissolve to form nitrite and nitrate,
and then incorporated into organic compounds after being further reduced into ammonia;
however, high concentrations of NOx cause necrosis of vegetable tissue, particularly in the
long-term, and if high enough may stifle growth™. An annual mean of 30 ug/m?® is recom-
mended by WHO. Other biological consequences upon the ecosystem are unbalances in bi-
omass, eutrophication and in the most severe case, acidification. Lastly, material damage
caused by NOy, while not yet quantified and isolated from other pollutants, is linked to the

stimulus of microbial activity on surfaces.

Ozone may be present in lower atmospheric levels rather in the upper atmosphere due to a
photochemical reaction with NOx and VOC emissions, its concentration consequently in-
creasing in sunny days®. As a powerful oxidant, ozone is very reactive with cellular compo-
nents and biological materials, causing particular damage to the respiratory tract: inflam-
mation, morphological, biochemical, and functional changes, and decreases in host defence
functions are known effects on humans and animals. Aside from reducing lung function and
causing lung diseases, ozone is responsible for triggering asthma episodes. At an 8-hour
mean of 160 pg/m3 lung inflammation has been detected in those exercising outdoors,
whereas for concentrations in excess of 240 pug/m? for a same time period significant health
effects are considered likely, with an increase in attributable deaths of 5-9% relative to ex-
posures at background levels (set at 70 pg/m?). WHO sets the recommended value at 100
ug/m® 8-hour mean®. Exposure of vegetable life to ozone causes leaf injury, growth and

yield reductions, and altered sensitivity to biotic and abiotic stresses that is relatively well-
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researched in Europe. Damage to materials is notable in those of organic nature (such as
rubber or textiles), but indirect and synergistic effects upon inorganic materials are also im-
portant when in association with other pollutants such as SO, and NOx™. Premature deaths
associated with ozone generation from aviation have been identified as amounting to ap-

proximately 2100 per year worldwide®?.

Colourless and manifested through a sharp door, sulphur dioxide inhaled in high enough
concentrations is an irritant that can affect the respiratory system and lung functions, and
irritate the eyes and induce asthma attacks. Inflammation of the respiratory tract causes
coughing, mucus secretion, and aggravation of asthma and chronic bronchitis as well as in-
creasing the likelihood of other respiratory tract infections. Hospital admissions for cardiac
disease, as well as mortality rises, have been associated with peaks in SO2 levels®. Organic
responses to SO2 are quite rapid (within minutes), with short-term effects manifesting at
concentrations above the 10-minute mean of 500 pg/m? recommended by WHO. Long-term
exposures (over 24 hours) are still under debate due to the co-dependence with PM concen-
trations, and an impact on mortality has been observed at daily concentrations ranging f 5-
40 pug/m? (similar to the prudent long-term boundary set by WHO at 20 pug/m?)™, On vegeta-
tion, degradation of chlorophyll, reduced photosynthesis, raised respiration rates, and
changes in protein metabolism appear due to leaves taking up the sulphur from the environ-
ment. The annual mean value suggested by WHO for crops is 30 ug/m?* and 20 pg/m? for for-
ests. SO2 also plays the most important role among pollutants in material corrosion, both
by directly depositing as sulphates on the surface and through increased acidity when dis-

solving in rain droplets®®,

Other pollutants such as CO and VOC are known to have a negative impact on health and are
acknowledged by European Air Quality legislation, though the contributions of aviation for
their concentration are not well researched. Carbon monoxide reacts with haemoglobin and
reduces the oxygen-carrying capacity of the blood and impairs the release of oxygen to ex-
travascular tissues, resulting in toxic effects that become evident in organs and tissues with
high oxygen consumption such as the brain, the heart, the exercising skeletal muscle, and
the developing foetus. WHO standards set the maximum recommendable concentration at
10 mg/m?® for an 8-hour period™. As for VOC, 1,3-butadiene, acrolein, and benzene seem to
be of biggest concern due to their carcinogenic potential and linkage with developmental
abnormalities, although only benzene is present in European Air Quality directives™. This
compound has been extensively researched, and its chronic exposure linked to bone mar-
row depression, gene mutation, and leukaemia. Out of 1000 workers subject to an exposure
of 3.2 mg/m? over 40 years, roughly one case of cancer could be attributed to benzene. No

safe level of exposure is recommended by WHO due to its carcinogenic effects™,
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As seen, emissions are different from noise in the sense that exposure is not as easily de-
tected by those who suffer it, particularly not in lower concentrations that are still proven to
be harmfulin the short- and notably the long-term. This, as will be seen further into this the-
sis, results in particularities in the way the externality is quantified. Policies for the correction
of emissions externality must account for the sources seen and for the concentrations that

lead to negative health effects in order to be effective.
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V. Externality quantification

The following chapter is organised first as an introductory overview of the economic concept
of externality as a continuation from the first chapter, and then focuses on how methodology
adapts to the disparities present in the quantification of emissions and noise. As will be seen,
there is an important dichotomy in their valuation, which gives rise to diverging methods

that will also be explored independently (hedonic pricing and contingent valuation).

The motivation for the quantification of externality, done in monetary terms, arises from the
same economic reasoning as the concept itself. In first place, seeking a monetary measure
for the benefit or cost that is not directly contained in the price value of a service or product
is a good way to reflect the strength of feeling for the environmental impact. In second place,
environmental quality can be guaranteed through monetary measures sufficiently large to
compensate this cost, describing costs and benefits through terms expressed in currency
that are commonly understood by both regulators and the public. Furthermore, monetiza-
tion permits comparison with other monetary benefits when determining fund allocation.
Whether funds are being used for house insulation, reduce PM emissions, or some other ex-
penditure, preserving and improving the environment always carries monetary cost and re-
source dedication, requiring a cost-benefit analysis (CBA) to understand to which extent it is

socially worthwhile to carry out such measures(™.

CBA consistsin the idea that weighing the advantages and disadvantages of an action is pos-
sible and supports decision-making, doing so by employing money as a comparing tool™.
Total economic values must also account for context: attributes such as irreversibility (the
possibility that the asset might be eliminated with no chance of regeneration), uncertainty
(potential costs in the future might be a consequence of the asset being eliminated), and
uniqueness (for instance, in the case of endangered species). This combination of attributes
is very important in the case of the impact of the aviation industry, given that it takes, as
seen, a considerable toll on human health and the ecosystem; decision-making may then
act cautiously and opt for limiting development for the sake of preservation, such as in the
case of opening a new runway or applying noise curfews™, Formally, the basic rule for the
decision on a development project considers the cost of the project, its benefits, and the

Total Economic Value (TEV) lost by executing the development:
TEv=BD—CD—Bp

Where By refers to the benefits of development, Cp to the costs of development, and B, to the

benefits of preserving the environment by not developing the area. TEV, the Total Economic
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Value, will advise to not go ahead with the development if negative, and to do so if positive.
Bp and Cp might be relatively simple to measure, as they depend on inputs traded in a mar-
ket, with observable prices, but such is not the case for B,, the total value of the asset left as
a natural environment. TEV, which is in conclusion a measure of By, is not so simply meas-

ured as it has no associated commodity that may be traded in the market™,

For the purpose of the economic measurement of environmental costs, two approaches ex-
ist in the market, classified in literature as direct and indirect. The former aims to measure
the money value of environmental gains (better levels of air quality, a higher quality of life in
airport vicinity, etc.) through the monitoring of a surrogate market or by employing experi-
mental techniques, depending on whether the approach relies on revealed or stated prefer-
ence. In both cases, the methods attempt to recreate a market in which the environmental
cost or benefit of the economic activity is represented. Revealed preference looks for an ex-
isting market in which goods or factors of production are bought and sold, observing the
environmental benefits or costs as attributes of those goods or factors; under this perspec-
tive, air quality or noise annoyance are attributes of purchasing house properties. A stated
preference approach, on the other hand, simulates a market through the expression of hy-
pothetical valuation by respondents if real improvements were to be made, making these
hypothetical valuations as real as possible to gather realistic data™ ®), The most salient
methods for direct valuation seen in airport-level studies are hedonic pricing and contingent

valuation, and will be described further below.

Indirect procedures do not aim to measure revealed preferences for the environmental good
in question, but rather calculate a dose-response relationship between the cause of environ-
mental cost and the effects of such a cost, and only then measuring the preference for that
effect. This dose-response method is particularly common in the case of emissions, where
pollution can be linked to a detriment on health, material deterioration, or effects on eco-
systems and vegetation. Nevertheless, the indirect approach does not establish willingness
to pay (WTP) for the environmental benefit or the willingness to accept (WTA) compensation
for the environmental damage suffered, but instead estimates the relationship between the
dose and the non-monetary effect, and ultimately apply WTP measures taken from direct
approaches!™8)_Since WTP is determinant to establish internalization measures (that is, the
correction of the externality cost in monetary terms) in either case, and dose-response ap-
proaches are characteristically much more specialized in the effect they seek to measure
(whether epidemiological, ecological, or pertaining to any other technical studies), it strays
from the focus of this document. Indirect methods of valuation will be studied only in de-
scriptive detail when concerning corrective measures, and specifically in the case of emis-

sions.
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Image 10: Conceptual map summarising methodology dichotomy for externality quantification studies

Emission quantification

To measure the diversity of effects generated by poor air quality and greenhouse emissions
on human health and the environment, both scientific and economic information is neces-
sary. Correlations must be established between the nature of the relationship between con-
centrations of each pollutant and the associated health and environmental impact, the pop-
ulation exposed to the emissions has to be determined, and the value placed by the public
on each of those impacts must be outlined. As mentioned, the strongest evidence points to-
wards a clear relationship with an increase in mortality and morbidity, particularly shown
through hospital admissions, though there is more recent evidence measuring long-term ex-
posure to pollutants such as PM and ozone. Important parameters are differences in aircraft
operations, engine types, emission rates and airport congestion, as well as a distinction first
between ground level pollution and cruise-level impact, and second between landing-take-
off emissions (which affect local air quality) and cruise stage (characterized for their green-

house effects) for an individual flight.
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The dose-response technique is the most comprehensive method to value the cost resulting
from aircraft engine exhaust pollutants, consisting in linking adverse consequences to air
emission levels. Estimating the environmental costs of damage to human health, vegetation,
buildings and climate change and global warming in monetary terms depends on the cost of
the effects for each dose of a given pollutant; there is a high degree of uncertainty towards
evaluating the damage, however, due to the wide range of monetary impacts, and so the
unitary values are averaged from a range. Those pollutants with a larger unit social costs are
PM, SO,, NOx and HC, though CO,, while having a lesser unit social cost, is emitted in much
larger amounts. Particularly for the case of emissions with a greenhouse effect (CO,, NOy,
and H,0), the impact is measured in terms of radiative forcing (RF), which intends to capture
the change in average net radiation in upper tropospheric levels resulting from a change in
greenhouse gas concentration. This metric, measured in watts per square meter (W/m”2),
has been evaluated constantly since preliminary studies in 1999, and is followed closely by
EU policymakers in Environmental Reports®*®2, For global warming purposes, temperature
response is calculated after determining RF, which is done explicitly for CO, following the
relationship between carbon-cycle models and fuel data, and either directly or indirectly for
other gases, scaled for fuel data and climate chemistry models. The total RF effects of avia-
tion were last evaluated in 2005 at 78 mW/m”2 including aviation-induced cloudiness, a
4.9% of the total RF increase for that year. 40% of this overall aviation RF is attributed to CO,,
the rest being generated by remaining greenhouse effect emissions (44, 83-85)
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Image 11: RF values from aviation emissions and their impact on climate change [Source: (85)]
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As explained, epidemiological studies are essential the magnitude of the health impact of air
quality and establish correlation. The current state of the art indicates that pollutants such
as PM, ozone, and NOx have the higher clearly demonstrated impact on human health, while
others such as VOC still require further study for the concentrations generated by aviation.
The mortality, morbidity, and reduced quality of life are parameters that can lead to mone-
tization, though with a large degree of uncertainty in many cases. Specifically for aircraft as
an emission source, once cost per unit of pollutant has been defined, the total social costs

can be calculated through a bottom-up approach, with the following inputs®© 8V:

= Time for different flight modes (in minutes), which are outlined by ICAO in Annex 16
Volume Il as take-off (0.7 min), climb-out (2.2 min), approach (4.0 min), idle (26 min),

and cruise (depending on flight distance and aircraft speed).
=  Fuel flow (kilograms of fuel per second) also in accordance with ICAO standards.

= Emissionindex (grams of pollutant per kilogram of fuel) for different flight modes and
each pollutant. HC, CO and NOx are included in ICAO engine emissions databank, but

for SO,, PM and CO, data from scientific research is necessary.

= Unit social costs (monetary unit, such as euro, per kilogram of pollutant), as per cur-
rent scientific data [See Annex 4 for estimated social costs per pollutant as of 2005 -
Source: (81)].

An illustrative example provided by Pearce and Pearce in 2000 in their widely cited study

posits the following situation®®:

Aircraft type: BOEING 737-400

Fuel flow: 825 kg (LTO) + 2787 kg (assuming short-haul flight of 500 nm)

Pollutant and stage Emissions index (g/kg)  Quantity of emission (kg) . shadow price Total social cost
(estimated, GBP/kg) (GBP, one-way)

Non-methane HC (LTO) 063 052 112 0.58
NOX (LTO) 10,70 883 0,96 846

NOX (cruise) 10,30 28,71 1.50 43,06

S02 (LTO and cruise) 1,00 3,61 593 2142
COZ (LTO and cruise) 3139,00 3089,39 0,03 89,59
TOTAL 163.11

*factor of 3.67 for the molecular weight of carbon

Image 12: Explicit calculations for the procedure followed by Pearce and Pearce to estimate the environ-
mental tax to be charged to a Boeing 737-400 in a short-haul flight of 500 nm [Source: elaboration from
data found at (86)]
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The calculations have been reproduced by assuming the accuracy of the data given by
Pearce and Pearce. For the purposes of this example, the authors considered a Boeing 737-
400 flying a short-haul route (500 nautical miles) with a given estimated consumption for
LTO cycle (which comprises take-off, climb-out, approach, and landing, as well as taxi) and
cruise. For the studied pollutants, the categorization discriminates between those for those
two phases of the flight, as emission rates depend not only on the proportion of thrust ap-
plied but also on engine revolutions (for instance, the largest part of CO emissions occur
when engines idle during taxi). Emission indexes are strictly monitored by ICAO, as their out-
put must comply with emission regulations in order to endorse engine certification. The
quantities result from the product of those indexes and fuel consumption, while shadow
prices arise from the dose-result valuation derived from the state of research at the time.
The product of these amounts totals 163 GBP in the year of the study (2000), which when
adjusted for inflation would equal to 276 GBP today (or 308 EUR)®". This would be the air

pollution tax applied for a one-way, short-haul flight for this aircraft.

A similar study could be conducted for any engine currently operating and found in the last
update of the ICAO Aircraft Engine Emission Database. For example, the latest B737 model,
the B737 MAX 9, sports LEAP-1B engines, which is reported in the 2019 release as consuming
an average of 378 kg of fuel per LTO Cycle. From this fuel combustion, 7.534 kg of NOy are
emitted®), According to a later dose-result study, NOx have an average impact of 10.1
EUR/kg in 2005, or 14.3 EUR/kg today when adjusted to inflation®Y., Therefore, the air pollu-
tion tax associated with the cost of the NOx generated by a B737 MAX 9 executing a single
LTO cycle would be estimated as 107.7 EUR. Estimating the quantity of emission for cruise
conditions is more complicated, but good simulation methods exist to correlate emissions

of a given pollutant with thrust rates(66).
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Image 13: Breakdown of climate and air quality social costs for LTO and cruise phases [Source: (66)]
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Noise quantification

Noise social costs, unlike those derived from emissions, follow a top-down approach: aggre-
gate noise social cost is first measured, and then allocated to individual flights depending
onthe realimpact generated, obtaining a marginal noise index. The calculation for the noise
index is based on the average of the ICAO-certified noise levels (EPNL, in EPNdB) for take-off,
side-line, and approach, depending on aircraft and engine combinations. An annual noise
index can be aggregated for the composition of aircraft movements per aircraft type and
engine combinations, giving rise to the noise social cost per aircraft movement®., The cor-
responding environmental tax for noise nuisance is also explained by Pearce and Pearce in

the 2000 article through an example similar to that of emission calculations®®,

Acoustic energy in joules for arrival and departure (E, and Ep) can be determined by knowing
the ICAO certification EPNL for a given aircraft engine combination (Naand Np):

Na—-10
Ep=10 10
Np
ED = 1010

For the B737-400 used as an example, EPDL for arrival is 100.2 dB and for departure 89.1dB
(average of take-off and side-line noise as provided by ICAO), which results in 1.047 GJ and
0.813 GJ respectively. The authors take London-Heathrow’s data for daily events (depar-
tures or arrivals) of B737-400in 1997, amounting to 157.9 operations per day on average, and

factor in the noise levels generated by departures and arrivals®®:

Edaily = Naaity (Ea + Ep) = 157.9 (1.047 + 0.813) = 293 G]

A summation involving all aircraft types (N = 583.5 events) then yields 2824.6 GJ for an aver-
age day of 1997 in London-Heathrow. Average daily sound exposure level (SEL) can then be

calculated through the following formula®®:

2824.6 x 10°

53 ) = 96.85 dB (EPDL)

E
SEL, = 10log (N) = 1010g<
It is possible to find the marginal noise nuisance caused by the reduction in an event of a
B737-400 by deriving the Leq noise level over the number of events. Conversion from average
SEL to Leq (for a period of study of 16 hours, or 57600 seconds) is done through the following

formula®®:

Leq = SEL, + 101log(N) + 101og(T) = SEL, + 10log(N) — 47.6

NEGATIVE EXTERNALITIES OF AIRPORTS: QUANTITATIVE DESCRIPTION AND ANALYSIS PAGE 39 OF 112



The quantity of noise produced by an event or arrival and departure of a B737-400 on an

average day at Heathrow is then found®®®:

OLeq _ O(SEL, + 10log(N) + 10log(T)) 9SEL, 10
ON N ~ 9N ' NInl10

= 96.84916 — 96.85371 + 0.00745

E—Epp73s + ED,B734—> + 10

SELy = 101°g( N—1 NIn10

— 0.0029 dB (EPNL) = 0.0021 dBA

It must be noted that this marginal quantity depends on the existing level of noise, as the

result of the derivative will be lower at a noisier airport (higher activity or N).

The externality attributed to one event requires the estimation of daily price depreciation of
an associated good; as will be seen below, applying the hedonic pricing method for the hous-
ing market offers a good approximation on the marginal willingness to pay for aircraft noise
reduction. In the example, this is set as 15 801 GBP (1997), which for the B737-400 would
result in the following environmental tax®):
OLeq
taXevent = N - WTP = 0.0021-15801 = 34 GBP (1997)

This reflects a cost of 34 in 1997 GBP per noise event caused by a B737-400, or 69 EUR to-
day®,

Much has been done in order to correctly determine exposure to noise in the vicinity of Eu-
ropean airports, and as seen, many health studies are not only conducted in laboratories,
but also by requesting the participation of the community. The process of measuring noise
impact through objective (placement of microphones) and subjective (surveying and col-
lecting complaints) gauges is intimately combined with the process of simulating and pre-
dicting environmental noise, which has also seen considerable development in the last dec-
ades. Early models and software were based on measured data, but current methods are
based on more analytical models; these approaches still suffer from certain inaccuracies in
prediction, with new methods constantly being explored. The accuracy of noise simulation
is inversely proportional to the complexity of the model, however: individual component
analysis, aircraft noise analysis, study of noise events, noise footprints, and finally noise con-
tours are increasingly more complicated and range from models based on physics to those

based on empirical observation and finally on experimental database™. While the former
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are more centred on aircraft design and certification and flight path design, the latter are the
focus of most research for noise zoning policies, land-use decisions, and Environmental Im-
pact Assessments. Calculations imply both atmospheric conditions (relevant in aircraft flight
path and noise propagation) and aircraft specific data and airport operational information,

resulting in the confection of noise contour diagrams®?,

Noise contour diagrams offer a visual reference of how noise levels vary between locations
around the airport region. Besides acoustical parameters, the contours also take into ac-
count the number of individuals exposed to a certain noise level, calculated by counting the
number of residences between two noise contours and multiplying that by the average num-
ber of inhabitants per residence. Generally, this data is grouped in intervals of 5 dBA. The

steps followed by this method are:

a) Measurement of noise levels produced by individual aircraft movements at observa-
tion points around the airport.

b) Combination of individual noise levels at each of those points, according to the for-
mulation of the chosen noise value.

¢) Interpolation and plotting of contours of selected values.

The contours are drawn through the repetition of these calculations at several points around

the airport, which are then interpolated across points to form lines (noise contours)®“?,

Nevertheless, the reduction of noise at the source is only a measure to counteract the nega-
tive effects of noise, or in other words, by reducing the amount of people exposed to it, and
the degree at which they are exposed. Calculating actual noise exposure and investigating
its linkage with perceived noise exposure are key to the aim of this thesis; the cost estimation
of aircraft noise must be necessarily done by correlation with noise exposure, or at least,
noise effect on perceived quality of life. As already mentioned, hedonic pricing and contin-
gent valuation are the two most popular methods of evaluation in related literature, follow-
ing a direct approach [See Annex 5 for a methodology comparison of aircraft emission social

cost versus aircraft noise social cost considering their respective inputs - Source: (81)].

Hedonic pricing

The equilibrium price of a house is the present discounted value of the stream of services
(rents) provided by the house. These rents reflect the collection of characteristics that make

up the house: rooms, location and access, proximity to commercial amenities and other ser-
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vices, and also the environmental quality of the neighbourhood in which the property is lo-
cated. The difference in price that arises from comparing a noisy house and one that is less
noisy, all other factors remaining equal, is the present value of the rental being paid for the
difference in noise levels. Thus, it is possible to, in first place, identify how much of this dif-
ference is due to particular environmental differences between properties; in second term,
toinfer the willingness to pay or WTP of the public for quieter conditions, and what the social

value of this improvement is. This method is known as hedonic pricing or HP for short(™,

Naturally, in practice houses are not identical to one another, and the effect of noise on
house prices must be isolated from other factors. The aim of HP is therefore to summarise
this impact of aircraft noise it in what is called Noise Sensitivity Depreciation Index or NSDI.
This indicator provides a measure of the percentage change in house price associated with
a unit change in noise quantity in terms of dBA Leq. For this purpose, a procedure consisting
in a multiple regression technique accounts for all implicated factors with adjusted param-
eters for their importance, considered over a sample of data taken from similar residential
properties over a period of years (time series), a large number of diverse properties at a time
snapshot (cross section), or through a methodology comprehending both approaches
(pooled data). Given the complexity of controlling the influence of time over the independ-

ent variables involved, generally the second method is the most common in literature®t ),

The hedonic price function, or Py, constitutes the dependent variable that must be deter-
mined through the HP method. However, two caveats exist for an accurate valuation: first,
time is a relevant variable as Py, is a reflection of the stream of expected rental values, so
welfare changes in the future have an influence on it; second, the temporary projection of
the characteristics of the house is also relevant, so it reflects not only current conditions but
also an expected future improvement or worsening of, particularly, environmental condi-
tions. As for the source for the data utilized, it is systematically collected information on sales
prices and relevant characteristics as gathered by listing services and tax assessing agen-

cies®),

Ph depends on explanatory variables that must be included in the analysis to understand
their effects. These variables can be structural or property variables (such as size, number of
rooms, age...), neighbourhood or accessibility variables (transportation, crime rates, com-
mercial amenities...) or importantly environmental variables (noise levels, air quality, and
others). All relevant variables should be included lest the model be inaccurate, and they
should carefully be taken as either scalars (e.g. noise contour) or understood as time-de-
pendent variables. Additionally, there is a likelihood of collinearity among variables leading

to imprecision in the associated coefficients™ 8,
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A certain amount of relevant variables (expressed as a vector Q;) should then be able to ex-
plain the rental price of a given residential location (R;) through the use of a linear function

R(Q). Ris related to Py in the following manner®):
R=(r+t)B,

Where tax indicates the property tax rate applied and r stands for the discount rate for a
stream in perpetuity. Another related concept is the calculation of the welfare changes as-
sociated with the price: for a market equilibrium, the sum of the WTP of each affected indi-
vidual results in the marginal value of the change (or welfare gain or loss) in an amenity, in

this case an environmental amenity:

N N
oB,

oS3
=1 = %

Where w stands for welfare, g;is the variable pertaining to each amenity, and N is the number

of individuals affected. Welfare change can be used in a cost-benefit analysis to asseverate
whether an improvement is desirable by balancing its marginal cost with the expected wel-

fare gain®®,

Hedonic price follows, ideally, a model based on linear multiple regression that obeys to the
amenity variables mentioned before; this is the first expression that follows, applied for each

house jin a period of time t and with a k amount of variables (gy)®:

K
Pije=ao+ Z Brdi,t T &
k=1

Error & for a house j depends on the time period (¢;); ao designates the linear adjustment
coefficient. However, meta-analysis of noise valuation studies, such as the one done by Nel-
son in 2004, fitting sales prices to a function of noise level (as environmental amenity) and
all of the house and neighbourhood characteristics, commonly reach the second expression,

a semi-log equation aggregated for all studied houses®:

I
In(P,) = ¢y + Z i In(Z;) + ¢, In(n) + g,

i=1

Inthis case, ¢y, ¢;, and ¢, are the different coefficients; Z;are the non-environmental variables,
and n is noise level. This function, describing how changes in noise translate into changes in
house prices, is in turn converted into a Noise Depreciation Index (NDI), the percent drop in

price that results from each 1 dBA increase in noise®":
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As seen, the price function needs to be derived to attain welfare (or aggregate individual
WTP), as on its own it only expresses the equilibrium points between buyers and sellers for
each quantity of noise. The demand curve that gives rise to the welfare estimate requires a

time series, cross-section, or pooled

imolicit Marginal WTP / data approach. Other assumptions
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Characteristic z, tinuous and derivable. On the other

S hand, a segmentation in the housing
Image 14: The implicit price curve dependant on character-

istics zi aggregates all marginal WTP curves for all the dif-
ferent households studied [Source: (92)] functions for each consumer seg-

ment(89, 91,92)

market would require additional price

The HP model is a very useful method through which gauge market impact of the externality
cost, but it is hindered by some limitations to correctly estimate welfare effects. First, there
is not an infinite range of characteristics for buyers to choose from, as the housing market in
a region is finite both in number and in individual housing characteristics, weakening the
relation established between individual WTP and the marginal cost of a housing attribute.
Second, as the model is based on the consequences of the individuals' choices of residence,
WTP for improvements in environmental amenities in other points of the urban area are ne-
glected. Third, it cannot capture behavioural responses such as the known subtle, long-term
health effects generated by noise or air quality, of which the dwellers are unaware, and con-
sequently it is not reflected in the estimated WTP. Finally, there is no yardstick against which
to measure the reliability of HP studies, as they are inherently non-market valuation meth-
ods that can only be compared in terms of consistency of the results in similar contexts, with
other estimation techniques (such as contingent valuation), and with empirical experience

with the related markets(™.
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Contingent valuation

As seen, HP is very effective in its systematic development, but there are many circum-
stances under which value measures cannot be calculated exclusively from market transac-
tions, as is the case when individuals place value in an environmental amenity that they do
not directly use and thus not reflected in the related market commodity. While the approach
of revealing preference, as done through HP, is the most common one, the second major set
of direct noise valuation methods consists in stated preference studies. These methods find
their source of data in the responses of individuals about hypothetical situations ("Would
you pay X EUR for Y?", "What is the most you would be willing to pay for Y?", "Which of the
following alternatives do you prefer...?"), and values are inferred from their stated re-
sponses. The most common of these methods, contingent valuation (CV from now onward)
involves questions that yield monetary values for a specified commodity or environmental
change, as survey responses should be contingent upon a presented hypothetical sce-

nario(™® ),

CV aims to obtain a valuation that is close to that of the actual market of the environmental
commodity if it existed. A hypothetical market is formed by questioner, questionnaire, and
respondent, who should be as close as possible to a real market. The respondent should,
additionally, be as familiar as possible with the good to be improved (such as peace and
quiet in absence of noise) and with the hypothetical means of payment (such as a local tax).
The format that the survey takes can vary significantly depending on the audience and the

sort of information that is wanted, but most surveys follow a similar structure(®°4:

1. Introductory section identifying the general topic and context of the decision the re-

spondent is going to make.

2. Section asking questions concerning prior knowledge about the good and attitudes

towards it.

3. Presentation of the CV setting: what the project is designed to accomplish, how it
would be implemented, how it would be paid for (payment vehicle), and what would
happen under the current status quo if the project were not implemented. This may

be accompanied by materials such as charts, photographs, or others.

4. Questions regarding the respondent's WTP to obtain the good’s improvement, or

WTA (willingness to accept) to give up on this improvement.

5. Debriefing questions asking why the respondent asked the way they did.
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6. Section destined to collect a set of the respondent's characteristics, including atti-
tude (whether the respondent considers himself an environmentalist), demographic

data (age, household income, marital status...), and debriefing questions.

Point 4 is the key element of CV studies, as from it welfare metrics (WTP and WTA) can be
derived. The procedure is initiated by the questioner’s suggesting the first bid (or starting
point price), which the respondent may accept or deny to be willing to pay; in an iterative
sequence (bidding game), the price is increased to find at what point the respondent would
cease to be willing to pay it. The last accepted bid then becomes the maximum willingness
to pay (MWTP). In reverse, the process leads to the WTA value, where bids are systematically

lowered until the respondent's minimum WTA is reached ™,

This is known as the open-ended format, among which the bidding game option used to be
popular in older literature, but that shifted in favour when starting point bias was revealed
as significant in the results. Variations such as offering no starting point bid (asking the re-
spondent to precise what would be a reasonable amount, which adds a different type of
challenges) or to show a visual range of values among which the respondent can choose a
value, or add their own if such a value is not stated. Regardless of which option is chosen,
the open-ended format provides a WTP value (or individual welfare number) for each survey
respondent in a straightforward manner. The bid responses can be then regressed on in-
come (M), other socioeconomic characteristics (S;), or variation in the size or composition of

environmental changes (AQ)) if so contemplated by the scenario design®:
B; = B(AQi, M;, )

The more prevalent format however is the dichotomous choice format, also known as single-
shot binary discrete choice question. Consists in asking the respondent whether he would
pay a certain amount of monetary units for the good (or environmental change); this is nor-
mally worded as whether the respondent would vote in favour or against a proposed plan if
the X EUR value increase cost his household Y EUR in terms of taxes or higher products. In
this format, there is only the choice between "yes" or "no" ("vote for" or "vote against") as if
simulating a referendum, though the Y amounts proposed, which constitute the bid value,
are varied among respondents. The dichotomous choice format mimics the behaviour of a
regular market, where the purchase of the good might be declined or executed depending
on its price; the subset of those respondents answering "no" would set their WTP beneath
the bid value, whereas those answering "yes" would be above the bid value. Thus it is possi-
ble to test the hypothesis that the proportion of respondents who answered "yes" decreases
with an increase in the price of the environmental good, which may then be analysed as a

discrete choice model to obtain estimates of bid functions®* 3,
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Under this dichotomy, the individual will respond yes if the associated WTP for an environ-
mental quality g* accounting for the subtraction of a cost T on hisincome Mif it is higher than
the WTP of an environmental quality g° without this cost. The opposite is true if the respond-
ent answers negatively, as seen in the second formula. Formulas also consider individual
characteristics (vector S) along with income (vector M), but market prices (P) are assumed

to be constant®:
WTP(ql, M-T,S) > WTP(qO, M,S)
WTP(ql, M-T,S) < WTP(qO, M,S)

Three advantages distinguish dichotomous choice from open-ended formats: the familiarity
of the social context (the take-it-or-leave-it approach to the question), the simplicity of the
decision problem by only offering two alternatives (which increases responsiveness among
individuals), and incentivizes the honesty of the responders in those cases where they be-
lieve answering truthfully will amount to consequential policy changes. It also solves the
problem present in open-ended questionnaires of some respondents "protesting" the sce-
nario provided by giving responses equal to zero, very difficult to classify as outliers. Never-
theless, binary choice format also comes at the cost of revealing relatively little information
about each survey respondent, requiring much larger samples to characterize central
tendencies and determine statistical distribution for the WTP function accurately. Many of
these hurdles are overcome by adding a follow-up question after the first dichotomy choice

question that may be either dichotomy choice-based or open-ended®* %,

Regarding the payment question, presented as well in point 4, it is meant for respondents to
answer about their WTP for a proposed plan (or WTA to accept degradation in environmental
quality). The responding must understand in depth what the payment vehicle entails, that
is, the method through which payments would be incurred by people to fund the provision
of the good or the policy that seeks to improve environmental quality. For example, improv-
ing air quality might mean a charge to private vehicles accessing the airport; it is up to the
respondent to determine how willing he would be to incur in the payment of that fee to se-
cure emissions reductions, and at what price he sets the acceptable amount. Similarly, in-
crease in income taxes or surcharges may be inquired about to finance government pro-
grammes that would deliver other improvements in environmental quality, or the maximum
increase in the cost of contracting services (such as air fares) offered by firms that may be

required to install pollution equipment control®3.
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The survey methods are variable. In-person interviews generally achieve the highest-quality
WTP data but are also very expensive, whereas telephone surveys, while retaining data qual-
ity and lowering the price, do not offer the possibility to describe scenarios at length or in-
volve visual aids. Mail surveys are even less expensive, but completion of the survey indicates
likely correlation with the interest (and therefore WTP of the respondent) for the commodity
being valued, and limit the ability of the questioner to propose questions based on previous

responses®,

As seen, HP depends on competitive markets in equilibrium, with prices or rents that are not
controlled, buyers fully informed of noise levels, and the absence of transaction costs. How
informed buyers are on noise level before their purchase of a house is a complicating factor
as without that awareness, HP could underestimate the value people place on quiet condi-
tions. There are also many additional factors that are taken into consideration by the buyer
in their choice of housing, which are very difficult to control as the market is never infinite in
its size or amount of variations. The impact of the assumed form of the price function might
also be an issue. This reliance on actual markets is also the strongest advantage of HP and
revealed preference methods in general, as they avoid unrealistic behaviour. Stated prefer-
ence methods avoid the imperfections of markets but also naturally feature susceptibility to
strategic behaviour, which influences response from individuals surveyed. For instance, re-
spondents might opine that someone else should bear the cost of an improvement, or might

exaggerate their bids to increase policy attention®?,

Lastly, both methods find common problems in the necessity of individuals being fully in-
formed about noise level and its effects. As seen, some of those effects are not well known,
leading to bias in the results from over- or under-estimation of their impact. Similarly, what
is measured is only a personal value of noise. Economic losses from a delay in a project aim-
ing to increase airport capacity cannot be measured in the same fashion, and are difficult to
determine due to the already stated multi-dimensional benefits of aviation (direct, indirect,
induced and catalytic). Another important factor is the lack of focus on other properties of
land other than homes, which might yield to values with an importance on par with or

greater than that of the cost induced upon the housing market (such as vacant land)®?,

As a conclusion, it is possible to state the reasons why indirect methods are more common
for air quality externality quantification, whereas direct methods such as stated preference
and revealed preference are applied generally for noise externality. In the first case, the ef-
fects of emissions are subtle and manifest in the long-term, or through morbidity and mor-
tality effects that are not particularly visible without an epidemiological study that might

link the exposure in a certain region to metrics such as hospital admittance for respiratory
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diseases or lung cancer. This practice is found not just in the case of airport externalities, but
also on literature concerning emissions from road vehicles and particularly climate change
studies aiming to find monetary values to the damage caused. In the case of noise, however,
the annoyance manifests itself in a more conspicuous manner that other more insidious im-
pacts on health; therefore, direct methods are a good way to gauge what is the cost inflicted
on the population by a certain noise threshold, the choice of which might be supported by
epidemiological or other health studies. Both contingent valuation and hedonic pricing rely
on the awareness of the public of the disturbance caused by the externality, and are there-
fore much more suitable for quantification and its corresponding regulatory solution in the

case of airports.
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VI. Correcting externalities

The following chapter describes in a summarized manner the most widely applied measures
for the correction of the externality cost associated to noise and emissions. Two separate
sections have been made to separate those measures addressing noise from those oriented
towards emission reduction, and within each of them, a classification has been established
in terms of the area upon which they are enforced. Under this classification, different
measures are explored, furthering their understanding to aid in the understanding of their

goals, means, and expected results.

The correction of externalities, also referred to under the term of internalization when mon-
etary, is commonly enforced by the airport manager with the collaboration of national insti-
tutions such as the regulatory authority and governmental bodies. In the case of the Euro-
pean Union, correction measures may be designed and executed liberally in pursuing com-
mon environmental objectives, as is the case of European Union Aviation Safety Agency
(EASA) or the European Commission. EASA is also responsible for formulating recommenda-
tions on European environmental strategy, and to coordinating efforts and information
across European stakeholders. In the supra-national level, ICAO has acknowledged the need
for international consensus on the approach towards externality, as reflected by the Bal-
anced Approach on aircraft noise management and accepting the Committee on Aviation
Environmental Protection (CAEP)’s standards to improve local air quality around airports.
Likewise, involvement of airlines and other private interests is not uncommon, chiefly due
to their role as producers of the activity that gives rise to externality; negotiation and agree-
ment on environmental charges is key to compliance and guaranteeing sustainable growth.
Finally, the community, while not involved directly in the decisions involving which
measures to apply and how to apply them, is the final receiver of those decisions, and may
voice its discontent if the perception is that not enough is done about the negative impact

of airports, applying pressure on public institutionst" 4,

The classification of these environmental measures could be done in several different ways.
First, it is possible to discriminate between those measures of preventive nature (trying to
ameliorate the downstream effects of the externality before they are produced, such as in-
sulation projects for noise or restrictions on road traffic for emissions), those that are reac-
tive (once the externality is produced, it may be better to curtail or mitigate its effects and
resolve possible damage, as is the case with compensations for the community, fines for
transgressors of environmental regulation, and noise or emissions budgets) and corrective

(aiming to limit the long-term trends of the impact, such as the elaboration of programmes
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regarding taxes, policies, procedures, monitoring, or authorizations). While this classifica-
tion is useful in explaining the point of view of those introducing the measures, it does not
explain the mechanism through which the measures seek to correct the externality cost on
society. Following a similar approach to that of ICAO in its Airport Air Quality Manual, the
corrective measures have been classified in accordance to the mechanism that characterizes
them: whether this may be regulatory, as in the case of aircraft engine standards; technical,
asininfrastructure design; operational, such as take-off and arrival scheduling; or economic,
as is commonly seen in environmental taxes. This classification should allow then to under-
stand also the motivation of those designing them and enforcing them, as their character

(whether preventive, reactive, or corrective) may vary within each category®.

Correction of noise externality

Noise is the most noticeable externality of air transport, as has been established in previous
chapters, particularly through the perception of aircraft noise annoyance by the surrounding
community. Both the regular activity of airports and infrastructure expansion when capacity
must be increased lead to negative effects of diverse magnitude. The general international
approach to the correction of this externality is ICAO's Balanced Approach to Aircraft Noise
Management, adopted in the 33rd Session of the ICAO Assembly in 2011. This approach
roughly outlines how to proceed in addressing the noise generated by air operations on an
airport-level basis, identifying the problem and all possible noise-related measures through
objective and measurable criteria in order to achieve maximum environmental benefit. This
approachis further reinforced by EU Regulation 598/2014, which adheres to ICAO's rules and

procedures in conjunction with the EU Environmental Noise Directive cited before! 99,
The Balanced Approach consists in four main steps“:

1. Reduction of noise at source. This is done through research studies, modelling, tech-
nology programmes and standard setting.

2. Land-use planning and management policies. This process entails not just the plan-
ning of infrastructure, but also mitigation procedures (insulation, building codes) and
financial aspects (tax incentives and charges).

3. Noise abatement operational procedures. While regarding safety, operational proce-
dures can greatly reduce and redistribute the effects of noise around the airport and

its vicinity.
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4. Operating restrictions on aircraft. Any restrictions that limit access or reduce the op-
erational capacity of an airport, such as noise quotas, as a last option after consider-

ing all the above.

It is to be noted that this approach follows a similar classification to the one given in this
thesis, although with the key difference of imposing a priority in the order in which measures
must be applied. While points 1 and 2 are characteristically technical and economic, points

3 and 4 take largely an operational and regulatory character.

Also, as part of Regulation 598/2014 it is im-
portant to note the acknowledgement that the

Balanced Approach is not a one-sided flow of

policy, but rather a method to strengthen co-

Balanced
Approach

operation between all stakeholders. Technical
cooperation is required between airport oper-
ators, aircraft operators, ground handlers and
air navigation service providers; it is critical as
well to involve local resident representatives
and relevant local authorities, whom are to be
:\/r:;anieg;nieiila:cfrefei/js(jprObE;Ch|CtAOo Agl:crjgtﬂNz:Z consulted and must receive all due technical
adopted by the EU in 2014, Measures should be ap- information. This stakeholder collaboration
plied in numerical order [Source: (44)] process receives the term of Collaborative En-

vironmental Management or CEM®7),

The 2019 EU Aviation Environmental Report states that 84% of European airports employed
land-use planning processes and the definition of noise zones, a 65% implemented sound
insulation schemes for local communities, and that 90% implemented noise abatement op-
erational procedures. Notably, while the last of the four steps should only be used excep-
tionally, 79% of the airports consulted indicated that employed operating restrictions: on
noisier aircraft (78%), night flight restrictions (75%), runway restrictions (48%), noise budg-

ets (18%), and movement caps (18%)“¥.

Regulatory measures

Regulatory measures are those that establish mechanisms through legal or normative pro-
cesses, which include laws, rules, bans, standards, quotas, limitations and the establish-
ment of institutions or platforms to monitor and enforce such mechanisms. Since in many

cases the mechanisms may be of different nature, such as in the case of night restrictions,
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their implementation may be considered technical, operational, or economic instead. This
choice has been made considering that the airport manager, as well as public authorities,
are ultimately those responsible for setting correction mechanisms of any nature, even if

those are executed by third parties (such as the community itself or airlines).

The first measure of strict regulatory character is the establishment of noise budgets or quo-
tas. A given number of decibels Lgen, Lnignt, OF both, may not be exceeded for a time period
(generally a year) in certain enforcement points located around the airport surface. Noise
load on these points may either be calculated through mathematical means from noise met-
rics gathered by equipment located elsewhere, or obtained directly by equipment located
on the points themselves. This procedure is therefore quite restrictive on day and night op-
erations, as using one runway due to wind conditions may impose a heavier load on it, then
obligating to a larger usage of other runways in the future for that time period. Other
measures may accompany these noise budgets, which in case of interdiction would aim to
correct the causes that led to an excess in the noise load. Measures of this kind are present

in airports such as Amsterdam Schiphol and London Heathrow®® %9,

Another highly effective but costly measure is a cap on the number of operations over a time
period or on a specific time frame. Under this sort of restriction, only a given amount of air
operations (i.e. landings and take-offs) would be allowed to proceed over a number of years,
a year, or for all nights of a year. This imposes a limit on airfield capacity, and demands the
application of other measures such as redistribution of capacity on other airfields (intra-
modal) or a policy oriented to favouring other means of transportation like railway or road-
way (intermodal). It also complicates negotiations with stakeholders on capacity elements
such as slot assignment. Aircraft movement caps are applied in Amsterdam Schiphol (as a

yearly cap effective over a number of years) and London Heathrow (night time) ©& %,

Slot allocation can also be used to restrict how many operations are carried out during the
night-time, a less aggressive measure that results in potentially heavier congestion during
the day hours. The effect is a spreading out of operations throughout the night, reducing
noise load. In regulated airports, any aircraft without a slot assigned would be denied take-
off or landing. For example, in the case of Paris Charles de Gaulle, a maximum of 22 500 slots
is granted yearly for the period 00:00-02:59 for departure slots, and 00:30-05:29 for arrival
slots, with all unused slots being retired from that figure the next year. London Heathrow

follows a similar policy®.
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Lastly, other forms of regulatory enforcement exist to control noise at the source, such as
aircraft engine standards set by ICAO. As the authority responsible for aircraft certification,
ICAO pursues the goal of progressively increasing the stringency of its noise standards over
time in further updates to Annex 16, with manufacturers progressively pushing the state of

the art towards quieter engines. In

terms of downstream noise manage- 33001
o . . . . 320.0 4 -
ment, public institutions play an im- §
310.0 4 £
portant role enabling community - Chapter2 @ i
. . . hapt o
communication of noise annoyance 2 9004 =
o
. . . w
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. 270.0 4
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260.0 4
cases, communication must be bidi- %00 Chapter 2 - CAN 1973
2 Chapter 3 - CAN 1977
. . . Chapter 4 - CAEP/S - 2001
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queries, but also providing transpar- 2 100 000 10000
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ency on which measures are being

carried out to correct the externality;
Image 16 Change in EPNL levels allowed for aircraft engine

additionally, bodies to support citi- o _
certification as devised by subsequent chapters of Annex 16

zens as part of other measures, such  oiume | of ICAO. For a same MTOW classification, noise per-
as noise insulation, are part of this formance has become quieter [Source: (100)]

regulatory effort®®® 100,

Operational

Any measures that alter how normal airport operations are carried out can be considered
operational. Measures of this nature seek to strike a balance between how speedily, eco-
nomically, or conveniently operations can be realized and their environmental impact on
society, while ensuring that safety standards are observed. Under this classification, opera-
tional measures are those that take place starting on approach, landing, taxi, ramp opera-
tions, take-off and departure ascent, even if they very commonly find their origin in regula-
tory mechanisms such as standard operating procedures or airport restrictions. While found
in conjunction with them, operational measures are more tactical in their application and
less restrictive than regulatory measures, although they may be conceived as part of strate-

gic environmental plans.

Typical measures of this type are those that sets limitations on operational procedures, ei-
ther within the airport facilities or on arrival and departure, and often depending on the time
frame. For sensitive time frames, particularly night-time but not excluding day-time opera-

tion, limitations on the use of APU that may imply fines in the case of unjustified use are
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common, such as in the presence of alternative power supply units. Such a measure requires
the technical support of adequate GPU availability in terminal stands, as well as the ease of
mobilisation of equipment by ground handlers when required in remote aprons. A similar
limitation may apply for reverse thrust on night-time landings; reverse thrust is a usual pro-
cedure to aid braking, but its noise impact is also very high, and should not be used unless
justified by safety concerns. This measure can be found in many European airports, such as
Frankfurt, Amsterdam Schiphol or London Heathrow. The number of engines available for
start-up during taxi might also be limited for the same reason, particularly if taxi is very long
and for night-time operation, leading to the prohibition of taxiing in some cases (such as in
London Heathrow). Engine tests, training flights, and other irregular operations may also be
prohibited during night-time®® %),

Noisier aircraft, determined by their compliance with ICAO Annex 16 standards under a
threshold, may also be banned from carrying out night-time operations, in addition to regu-
lar penalties that may apply based on the noise produced. This can be found in a variety of
airports in Europe in agreement with what is indicated by the Balanced Approach frame-
work, as an attempt to displace these aircraft from the airspace of congested airports and

disincentivise airlines from using them in favour of quieter, newer options®.

Establishing preferential runways for inbound or outbound traffic, or disabling certain run-
ways depending on the period of the day, is a measure commonly found in many European
airports, such as in Zurich, Madrid Barajas, or Amsterdam Schiphol. In the past, exceptions
could be made for home base carriers, such as in the case of Frankfurt and its flag carrier
Lufthansa, allowing them to land slightly past or before the noise curfew. Preferential run-
way lists may be made during the day depending on meteorological conditions to ensure
operational safety, while accounting for forms of noise control such as noise enforcement
points; one or more runways may be allocated for arrivals or departures depending on pa-
rameters such as wind gust, while trying to minimize in second term their noise impact. Ad-
equate balance to set preference can be a challenging task for air traffic service providers,
as demand peaks at certain points during the day and there may be considerable asymmetry
between arrivals and departures. As the number of operations during night-time is inferior,
capacity can be disposed of more liberally, and it is possible to close some runways for the
traffic, such as in the case of Amsterdam Schiphol or Madrid Barajas. In the case of some
airports, such as Frankfurt, night operations are completely forbidden; such a measure can
be hard to negotiate with airlines, particularly those with an elevated number of freight op-

erations, as it stiffens and complicates operational scheduling®® %),

NEGATIVE EXTERNALITIES OF AIRPORTS: QUANTITATIVE DESCRIPTION AND ANALYSIS PAGE 55 OF 112



While the design of noise abatement procedures is highly technical and necessitates ad-
vanced simulation software and hardware tools, its application results in changes in opera-
tional procedures in the airport level. Flight procedures for approach and departure are crit-
ical for economic performance and carefully designed by airlines to optimize fuel burn while
maintaining safety standards. At the same time, approach and climb-out phases directly af-
fect the noise footprint of aircraft, where engine noise becomes less important than airframe
noise due to much larger friction and turbulence. Tuning the level of thrust, glide path, air-
speed, deployment of high lift devices, and gear extension on approach, is a task that in-
volves parameters that may be contradictory and that depends on a correct balance that
does not harm economic feasibility, safety, legal requirements (national regulations and
ICAO operations), and air traffic management capacity. In terms of approach, a step-down
conventional descent contemplates different flight path angles and heights, whereas a Con-
tinuous Descent Approach (CDA) in its different alternatives, proposes a more direct, single-
angle approach to touch-down. Designing noise abatement procedures for departure must
be understood not only in the two dimensions of distance from the airport and altitude, but
also in the geographical flight path which should divert in such a way as to minimize noise
impact on inhabited areas below whilst ensuring viability for the operators. Specific SID and
STAR procedures (instrumental arrivals and departures) can be stipulated for night-time

conditions, and deviation from their

Height

parameters, as well as from the air-

Glide Path .
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Image 17: Different CDA alternatives [Source: (102)]
or Amsterdam Schiphol®® 10%102),

Technical

Measures of technical nature consist in any involving technical means for their execution,
such as design of facilities and infrastructure, air traffic management of airways and taxi-
ways, projects for noise insulation or technology for the monitoring of noise in the airport
area. In the specific case of noise insulation, while done at the request of citizens affected to
the regulatory authorities, and applied mostly for economic reasons, their realisation and

mechanism are technical to reduce the effect of noise as experienced by the community
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As acknowledged by the Balanced Approach, land-use planning and management design is
one of the first steps towards noise reduction, introducing land-use zoning around airports.
As identified by ICAO, states must minimize aircraft noise through preventive measures that
consist firstly in an appropriate choosing of airfield location, away from noise-sensitive ar-
eas, and taking advantage of the terrain to protect the community. Adequate measures of
land-use planning should be considered not only at the initial stage of any new airport, but
also on development projects of an existing airport, such as the opening of a new runway or
a terminal building. Additionally, zones must be defined for different noise levels taking into
account the population dwelling in them (noise contours) and establish criteria to appropri-
ately use land according to forecasts of traffic growth. This is a prevalent problem in many
European airports, where the surrounding urban area exceeded forecasts beyond land plan-
ning for forecasted new infrastructure to meet demand. Other forms of land-use that are to
be considered are the impact taxiing aircraft from and into runways may have into the sur-
roundings, or sufficiently equipping aprons and stands with GPU support to avoid APU

usel1o3),

Another important manner in which noise impact from air traffic may be controlled is flow
management. Dependant on the air traffic service provider, a correct flow management can
lead to an improvement in how noise is perceived geographically as well as in terms of in-
tensity. This measure, alternative to stricter forms of regulatory control such as slot alloca-
tion or noise budget enforcement points, relies heavily on modelling of noise at the source
as well as its dispersion towards the surrounding area. Good synergy can be established be-
tween flow management and some forms of operational corrections such as descent and

approach procedures or preferential runway lists%%,

Insulation plans stem from the necessity of curtail the cost of the externality caused by noise,
under the premise that community perception of noise is much quieter in an insulated build-
ing. Insulation is assumed to be a less expensive alternative to economic compensation for
individual households, as it should not depend on income or, to a certain degree, on the
intensity of the noise perceived. Additionally, funding for projects of this sort may come from
theinstatement of charges on operations, reinforcing the economic motivation of this meas-
ure. Sound insulation plans consist of an identification of all residential units in interest
zones, measuring the degree to which they are insulated to determine how much supple-
mentary insulation is needed, and then drawing up a plan that may viably insulate all of the
residential buildings to meet acoustic quality standards satisfactorily. If noise zoning tech-

niques determine that certain areas are below noise standards for residential development,
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strict isolation requirements can be applied for future projects, or even impose a ban of reg-
ulatory character on initiating new developments. These projects have been carried out

around airports such as Madrid Barajas, Amsterdam Schiphol, or London Gatwick %,

Finally, noise monitoring is key not only to technical measures to correct externality, but to
the strategy chosen by the airport and its execution through measures of different nature.
Monitoring solutions are based not only on empirical measurement (microphones that cap-
ture the acoustic signal and convert it into an electric signal) but also on data extrapolation
from modelling, which may then serve as a baseline to the identification of other possible
measures, or to ascertain their effectiveness and make forecasts. Noise monitoring pro-
grammes may be found both in the private industry and as part of public monitoring systems
dedicated for separate airports or as part of a national network, generally under the super-
vision of independent public institutions in collaboration with airport management. In the
European level, the European Aircraft Noise Measurement System, or EANS, was founded in
2002 as an NGO that today offers free online information about aircraft noise covering 54
airports with 697 noise monitoring stations in 8 European countries, financed through mem-
bership fees and donations. Another important institution based on information sharing and
benchmarking of noise policies is the Airport Regions Conference, with over 30 members

representing nearly 70 million European citizens+*,

Economic

Measures that find their reasoning in regulating or taking advantage of how the market op-
erates are classified here as having an economic character. As seen, while the air traffic mar-
ket is visible and its transactions can be identified clearly, the effect of externality is not rep-
resented plainly; as such, mechanisms such as taxes and charges are applied on the former
to result in an effect on the latter. In this case as well as in the others seen before, measures
are taken by some form of authority or regulating body, though seeking to attain some form
of favourable market balance or direct correction of the externality. These direct forms of
intervention can be characterized as compensation and grants aimed to be received by the
community within noise zones to improve or guarantee their welfare in face of the external-

ity cost imposed by airport activity.

Airport charges are a common form of taxation aimed at maintaining and improving airport
infrastructure. While there are many concepts for these charges, such as for stand parking
or power supply usage, the maximum take-off weight (MTOW) of an aircraft dictates how

much should be charged per landing or take-off, to represent the deterioration imposed on
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infrastructure. In accordance with ICAO’s Policies on Charges for Airports and Air Navigation

Services, noise charges should be applied following these principles®®®:

i) Noise charges should be levied in airports experiencing noise problems to recover no
more than the costs associated to their alleviation or prevention.

i) Noise charges should be associated with the landing fee, possibly by means of sur-
charges or rebates, an be based on certification provisions of Annex 16.

iii) Noise charges should not be discriminatory between users and not be established at

such prohibitively high levels as to prohibit the operation of a certain aircraft type.

While these guidelines are adhered to, there is a large degree of freedom as to what degree
these charges can be enforced. As a conclusion, noise charges are an addition to MTOW-de-
pendant landing charges on the basis of ICAO noise engine certification standards. While
these charges cannot press a certain aircraft type out of operation, they may pursue the goal
of displacing noisier aircrafts more and more from the airspace, or at least to render them

less profitable for airlines to operate and therefore incentivize fleet renewal.

Taxes paid by users equal to the externality cost caused by their production decisions re-
ceive the name of Pigouvian, and intend to make the market take into consideration the full
costs associated with the taxed goods in what is known as internalization®”, In this case,
the externality cost may be too complex for a completely accurate valuation that may yield
to the calculation of an exact tax, but correlation can be made between tax pressure for air-
craft based on their noise certification and how aircraft impact the community based on
their noise certification. Taxes would then be paid by the market to extract the value of ex-
ternality, at least partially, and paid by both users (in the form of ticket surcharge or
transport fees) and airlines (in the form of reduced operating benefits). Under this logic, nois-
ier aircraft would progressively be pushed out of the market due to a higher tax, while qui-
eter aircraft may be exempt or receive a bonus to reward their use by the part of airlines. This
form of 'guided' market self-regulation is economically sound in the sense that can compen-
sate both the damage caused and result in a positive trend for the industry, and as such has
been applied in most EU airports in some form. The trend towards quieter operations is fur-

ther aided by ICAO regulatory standards becoming stricter, as mentioned before®*.
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Image 18: Aircraft that do not comply with noise standards set by Chapter 4 of ICAO Annex 16 Volume | have
become marginal in EU28+EFTA members. The increase in Aircrafts that do not meet Chapter 14 while meet-
ing Chapter & is due to the rising stringency of certification standards [Source: (44)]

Tax revenue acquired from this mechanism may be allocated for compensation of the sur-
rounding community, solely or in aggregation with other budget allotment from governmen-
tal institutions. Compensation is relatively simple to calculate as a product of externality
quantification, since the factors on which households should be compensated may be sur-
mised from quantification studies (such as proximity, income, or degree of insulation). As
proven by studies however, monetary compensation is rarely a better alternative than insu-
lation projects, which have a less expensive implementation cost and manifestly result in
better long-term results as far as noise annoyance is concerned. Additionally, since compen-
sation may be dependent on factors other than utilitarian social principles, a household with
alargerincome would be entitled to a larger compensation due to the larger externality cost
experienced, contrary to what may be politically acceptable. Other mechanisms contem-
plate relocation grants to favour the institution of noise zoning below a certain sound quality
threshold to increase the welfare of households affected, or to facilitate the choice to relo-

cate through other means such as tax breaks®% 89,

Correction of emission externality

Unlike noise, emissions, manifested mainly through the decrease in air quality (though there
are other important effects such as global warming), are not as perceptible as noise and are
harder to valuate as seen before. Both the negative effects of greenhouse effect gases and

those of air quality pollutants may be mitigated through the same measures, as their aim is
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to diminish the emissions at the source as well as to correct and compensate the externality

cost.

ICAO has been developing measures to address emissions from aircraft engines in the vicin-
ity of the airport and from relevant airport sources since the late 1970s, as stipulated in Vol-
ume Il of Annex 16. Standards have become increasingly specific and tailored to the research
on exposure to pollutant concentration, a task undertaken by the technical Committee on
Aviation Environmental Protection (CAEP). The adoption of new policies and standards re-
sponds to their published Standards and Recommended Practices (SARPs) and their regular
revision prior to implementation in Annex 16. One such example is the substitution of the
smoke number present currently for engine certification by non-volatile particulate matter
(nvPM) concentration and mass in CAEP/11, scheduled for next year. Other provisions ad-
dress liquid fuel venting and the main gaseous exhaust emissions from jet engines, namely
HC, NOx and CO®0®),

Similarly, the ICAO Assembly on its 37th session in 2010 agreed to the adoption of a resolu-
tion to aspire to carbon neutral growth from 2020 onwards. ICAO also devises a number of
measures to tackle carbon emissions that comprise aircraft technology improvements, op-
erational improvements, sustainable aviation fuels, and market-based measures under the
name of CORSIA, or Carbon Offsetting and Reduction Scheme for International Aviation. On
the other hand, and as supplementary support to this framework, the European Union has
its own Emissions Trading System, which constitutes the cornerstone of EU policy to combat
climate change of all sources. Measures concerned will be described in further detail below

classified as regulatory, operational, technical or economic(44, 109).

Regulatory

As is the case with noise, competent authorities are increasingly more strict about the appli-
cation of rules and regulations in order to reduce polluting emissions from the aviation in-
dustry, a trend that can be attributed to deeper knowledge about the health effects associ-
ated with emissions and broader public perception about them. At the international level,
ICAO has established a series of environmental parameters and regulations that must be fol-
lowed by all airlines as found in Annex 16 Volume Il. Certification procedure comprises take-
off (at 100% available thrust) for 0.7 minutes, climb (85% available thrust) for 2.2 minutes,
approach (30% available thrust) for 4.0 minutes, and finally taxi (7% available thrust) for 26
minutes, generating testbed data by running the engine at each thrust setting. The results
offer figures for fuel flow, emission index, and the measured smoke number as seen in pre-

vious chapters, which in turn allow for the calculation of emission rate, total gross emissions
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and values of gram per unit of thrust and the maximum smoke number. While the focus has
been set on NOy reduction, with goals of -45% NOx emission reduction for 2016 and a -60%
for 2026, particulate matteris receiving growing attention and is set to replace smoke as part
of certification procedure. As mentioned, ICAO holds regular meetings with other stakehold-
ers such as airlines and manufacturers to regulate emissions for the future, in an attempt to

continue a downward trend towards cleaner engine while retaining operability!®® 19,
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Image 19: CAEP recommendations have become more stringent over time overall, but
particularly regarding NOx emissions [Source: (110)]

Other regulations based both on national policy and individual airport policy contemplate
the setting of standards for ground support equipment, facilities, and private vehicles. While
not as commonly regulated or enforced, GSE standards should contribute to an effort in the
modernisation of the ground fleet of ground handlers and service providers, as well as the
phasing out of outdated, more polluting equipment. On the other hand, air quality standards
for private vehicles are part of broader EU policy and obey to national interests in meeting
European goals, but directly affect the impact of ground emissions in the surrounding area.
In an analogue way to noise restrictions, other bans or limitations may apply on the local
level, such as APU operating restrictions. More importantly, ground side road traffic may be
prohibited from idling in airport accesses as to reduce concentrated emissions in the vicin-
ity®3),
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Operational

In terms of operational measures, many restrictions can be applied by the airport authority
to abate emissions in day to day airport activity. Many of them are similar to those of noise
as they strongly depend on engine performance and seek to limit thrust values or periods of
operation. Good examples of this form of control are limiting engine start-up prior to push-
back based on stand location, to establish single-engine taxiing or a limit on thrust values
during taxi, or to make aircraft towing compulsory even in remote stands where aircraft may
be able to enter gates under own power. Maintenance procedures such as engine washing
can also be mandated to be part of maintenance routines in airports, though there are few

examples of such measures being implemented.

Measures of a combined technical and operational character, such as improved approaches
and air traffic management are among the most common industry trends to reduce fuel
burn, and with it, emissions. Scheduling improvement at the hands of the air traffic service
provider, as well as a better optimization of airline timetables and route networks to im-
prove load factor, are also favourable to improving fuel efficiency in the operational level,
though they are present as goals rather than concrete measures to reduce operational costs.
Other approaches en-route that may be applied by airlines are the limitation of cruise alti-
tude, which would trade an increased flight time and a slight increase in CO, emissions for a

decrease in high-altitude contrail generation® 1%,

Aircraft handling and support services can also contribute to lowering GSE emissions by ad-
hering to operational procedures. Following indicated ramp speeds, performing regular
equipment maintenance, and avoiding the generation of emissions during refuelling are fac-
tors to consider, as well as the responsibility of the airport manager in facilitating access to
stands for generators, pneumatic start-up units, and mobile GPUs. As for plant emissions,
these may occur during normal operation, in which case low emission procedures should be
in place particularly for maintenance; activities such as painting, engine testing, or cleaning
may lead to unnecessary releases of pollutants. During construction, a code of construction
practice to ensure air quality can contemplate limits on wheel washing or damping down,
and the use of covered vehicles for transportation. Finally, many measures can help alleviate
ground road traffic emissions, which are quite commonplace in European airports. In partic-
ular, alternatives to airport check-in (such as online check-in) are helpful in speeding up the
lingering time of cars and other vehicles, and the establishment of preferential lanes for pub-
lic transportation or the enabling of preferential parking for alternative-fuel vehicles may

also aid in day to day congestion®*%),
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Technical

Global technical advances are a key part of technical measures to allow creating a less pol-
luting environment. In the case of aviation, as an industry strongly reliant in the state of the
art of the aerospace industry, numerous technical advances are aiding the trend towards
greener future operation and aiding on correcting the impact of emissions in current opera-
tions. The first technical measures to address emission externality are not dissimilar to those
of noise: land use planning and infrastructure planning is key to controlling the impact of
emissions on the surrounding community. Examples of infrastructure design are the longi-
tude and path of taxiways, which is critical to determine the effects on local air quality of
emissions from aircraft engines idling at low thrust settings, or high-speed runway turnoffs,
a measure to reduce runway occupancy time and reduce taxi-in time (and therefore emis-

sions) by expediting aircraft vacating runways.

Other technical innovations that work jointly with the reduction of noise contemplate mod-
ifications such as appropriately equipping stands with GPU to deter the use of APU. From a
survey conducted in 2018 at 51 European airports, 82% of respondents provide GPU options
to aircraft on-stand and 58% of respondents provided pre-conditioned air to aircraft at the
airport gate. In order to reduce polluting emissions, modifications have been made at many
airports, such as changing the distribution of taxiways as mentioned before. This takes part
in a larger effort to enhance flow management to increase airport capacity as well as to op-
timize the time aircraft spend taxiing or manoeuvring to reduce emissions. Parallel take-off
and landing runways, for instance, facilitate efficient operations and greater control of the
flow of airport movements, and lead as a side-effect to less congestion during demand peaks
and therefore towards less time spent lingering or idling. This form optimization is conven-
ient not just for airport managers to increase capacity and redistribute demand, but also for
aircraft operators to improve the economic cost of operations by diminishing fuel burn. Con-
tinuous descent operations and RNP, which have positive effects on noise annoyance, are
also useful solutions to ameliorate the concentration of emissions locally by avoiding the

overflight of populated areas or optimizing fuel burn during approach®* %),

In the same way, Eurocontrol is the regulatory authority in the EU for the establishment of
programmes and procedures devised to the reduction of polluting emissions. The Single Eu-
ropean Sky ATM Research project, or SESAR, aims to unify criteria at a European level for
more fluid and standardized air traffic, developing different practices with very promising
results. One of them is the AMAN programme (Arrival Management, extended to en-route
airspace) that allows for smoother traffic management by earlier sequencing of arrival traffic
at a point further away from the airport, leading to less fuel burn from reduced vectoring at

lower levels, reduced holding, and maintaining more fuel efficient flight levels for longer.
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Other solutions part of SESAR that contribute to reduce the fuel burn and emissions are the
automated assistance to controller for surface movement planning and routing. This allows
controllers to graphically edit routes and automatically compute estimated taxi times, con-
tributing to more predictable surface operations and therefore decrease the fuel burn and

polluting emissions*!?,

Other notorious technical improvements include the development of cleaner aircraft en-
gines under the pressure to renovate aircraft fleet, as well as the use of alternative fuels with
alower pollutant release ratio. Newer engines become cleaner thanks to techniques such as
novel cycles that increase bypass ratios, incorporation of lean burn technology, and rich
quick quench lean technology, all of which rely on adequate modelling of thermodynamic
and aerodynamic engine behaviour under the use of new materials and designs. On the
other hand, sustainable alternative fuels seek to reduce the carbon footprint of aircraft en-
gines as well as to ameliorate the release of certain pollutants such as NOx without changing
aircraft or infrastructure. Due to severe constraints for aviation fuel (such as a high energy
content and a very low freezing point), ICAO has adjusted policy to contemplate alternative
fuels since 2009 in what is denominated as drop-in jet biofuels, which reduce carbon impact
while being completely interchangeable with conventional fuels retaining technical and
safety characteristics. The EU has the potential to increase its bio-based aviation fuel pro-
duction capacity, but the uptake by airlines remains minimal due to various factors, includ-
ing the cost relative to conventional aviation fuel and low priority in most national bioenergy
policies. Alternative fuels have also been proposed for GSE and many European airports con-
template projects to promote GSE fleet renewal in the hands of private operators within the
airport area, moving towards the adoption of vehicles based on the combustion of natural
gas, compressed natural gas, liquefied natural gas and petroleum gas, or based on electrical
and hybrid drives. The installation of emission reduction devices and fuel fume capturing
systems, such as PM filter traps, may also be mandated by the airport authority. In a survey
conducted by ACI in 2018 on the 51 airports of the EU28+EFTA, 86% of the respondents re-
ported that their vehicle fleet included electric vehicles, 47% have hybrid models and 35%
have vehicles that run on sustainable alternative fuel. In addition, 18% of airports indicated

that they provide incentives for taxis to also use these types of ‘green’ vehicles'1% 13,

There is also considerable effort in the transition towards cleaner plant energy generation,
adopting measures to augment how much of the energy demand is covered by renewable
energy sources on site. Other measures for infrastructure and stationary sources consist in
low emissions energy plants and incinerators (including the installation of filters), energy
conservation measures both in existing buildings and in maintenance and construction pro-

jects, or changes in stack heights and location to reduce geographic impact. From the same
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2018 survey, 61% of survey respondents indicated that renewable energy is produced on
site, of which 87% was declared to be solar, 3% wind, 32% geothermal, 16% biomass, and
16% other miscellaneous sources, covering 20% or more of their energy needs for 11% of
those airports. Finally, enhanced public transit and intermodal connections, as well as road
structure layout, are measures that depend on infrastructure planning, deployment, en-
hancement, and renewal based on technical advancement. While 98% of airports indicated
that public transport was available, a majority of airports also reported that less than 20%
of their employees actually use it to travel to work. In a separate analysis, on average, 36%

of passengers travelled to airports by public transport in 2018, compared to 43% in 20164,

Economic

Economic measures follow a similar pattern to those explained in noise correction, and are
frequently associated to increased operational charges for carriers. Similarly, in regards to
economic measures to decrease the emissions and improve local air quality, ICAO has estab-
lished in its Policies on Charges for Airports and Air Navigation Services a series of principles
for states interested in levying charges to recover the value of the externality cost from the

users that generate it%):

i) Local air quality charges should apply to airports with a defined local air quality
problem, and designed to recover no more than the costs of measures applied to its
mitigation or prevention.

ii)  The cost basis for charges should be transparent, and the share directly attributable
to aircraft should be properly assessed.

iii) Consultations with stakeholders should take place before any such charges are im-
posed on users.

iv) Local air quality charges should be designed to address the local air quality with
cost-effectiveness in mind.

v)  Local air quality charges should aim to resolve the problem at airports in a fair and
equitable manner, should be non-discriminatory between users, and not be estab-
lished at such levels as to be prohibitively high for the operation of certain aircraft.

vi) Special consideration should be given to the need to reduce the potential impact
on the developing world when levying such charges.

vii) Localair quality charges emissions-related charges should be associated with land-
ing charges, possibly by means of surcharges or rebates, or as separate charges but

subject to the proper identification of costs.
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viii) Aircraft emissions charges should be based on data that most accurately reflect the
actual operations of aircraft, following ICAO standardized LTO cycle times-in-mode
as seen in Annex 16 Volume Il.

ix)  Airquality charges on aircraft that are in international operation should be annually
reported to ICAO. The charging authority should maintain records regarding the

fees collected and the use of funds to be made available to all users.

As may be seen, these principles are more specific and contain more clauses than those per-
taining to noise related charges, due to the nature of aircraft emissions not being as tightly
tied to local air quality, but also being relevant during cruise. The ultimate goal of these
charges should be to function as a Pigouvian mechanism to recover the value of externality
and allocate tax revenue to its correction or compensation, as well as to incentivising airlines

towards a phasing out of more pollutant aircraft to relieve tax pressure.

As dictated by Directive 2009/12/EC on Airport Charges, emission charges are often found in
conjunction with noise charges as a form of unified environmental tax, although standalone
presence is not rare. Approximately 60% of the busiest EU28+EFTA airports have imple-
mented environmental charges as of 2019 according to the EU Aviation Environmental Re-
port of that year. In line with ICAO guidance, these charges are focused on local noise and/or
air quality (mainly NOyx) impacts rather than global climate change impacts (CO,), and are
dependent on numerous factors including the aircraft and engine type, the certified noise
and emission levels and time of the day. The overall proportion of environmental charges
relative to total airport charges is increasing, but remains small as of 2016 (approximately
4% for long haul and 1% for short haul flights). As airport charges represent 15-20% of low-
cost carrier costs and 4-8% of network carrier costs, the evaluation report concluded that it
is questionable whether those charging schemes influence the fleet operating at the air-

ports““" 114).
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Image 20: EU28+EFTA airports and whether they apply joint emission and noise charges, either of those
solely, or neither as of 2019 [Source: (44)]

The EU Emissions Trading System is a market-based measure based on a cap and trade sys-
tem aiming to ambitiously reduce emissions over time. The EU ETS seeks to incentivise CO,
mitigation within the sector or, alternatively, to offer trading these emissions by further CO,
reduction in other sectors of the economy that may pose lower abatement costs or options
are more readily available. Starting in 2008, aviation was included as part of EU ETS, and so
greenhouse gas emissions from this sector are to meet Paris Agreement objectives and re-
duction targets of 20% and 40% for 2020 and 2030 respectively. Only flights between airports
located in the European Economic Area are included in the EU ETS at present, up until 2023
when ICAQ's CORSIA may lead to reconsideration and inclusion into a global emissions
roadmap. Eurocontrol, working with the European Commission as well as individual states
and aircraft operations, is responsible for the implementation of the aviation element of EU
ETS, in particular to harmonise data and reduce compliance costs. The initial cap for aviation
in the EU ETS was based on average historic aviation emissions between 2004 and 2006,
while the current cap for aviation activities for the current phase of the ETS (2013-2020) was
set to 95% of these historical aviation emissions. Aircraft operators may use aviation allow-
ances and EU Allowances, which need to be purchased at variable EU ETS carbon prices (var-
ied between 4 and 6 EUR per tonne of CO, during the 2013-2017 period) when exceeding the
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allocated cap, or may purchase international credits contemplated in CORSIA up to a maxi-

mum of 1.5% of their verified emissions**.

CORSIA, the Carbon Offsetting and Reduction Scheme for International Aviation, was
adopted by the General Assembly of ICAO member states in 2016 to offset international avi-
ation’s CO, emissions above 2020 levels through international credits as part of the objec-
tives set by the Paris Agreement. The Implementation Elements are part of the Standards
and Recommended Practices (SARPs) gathered by international experts part of the CORSIA
project, including rules on eligible fuels and emission units to comply with offsetting require-
ments that are to be implemented by participating states through national law. CORSIA is
comprised of three implementation phases: the pilot phase (2021-2023), a first phase (2024-
2026) and a second phase (2027-2035). During the pilot phase and first phase, offsetting re-
quirements will only be applicable to flights between States that have volunteered to par-
ticipate. The approach used by CORSIA is route-based and applies to international flights;
any flight covering a route between two ICAO states must comply with CORSIA offsetting ob-
ligations under the provision that both are participating states. As of 2019, 76 states have
officially notified ICAO that they intend to voluntarily participate in the pilot and first phase
of CORSIA, representing approximately 76% of international aviation activity in terms of Rev-
enue Tonne Kilometres. As part of this scheme, aircraft operators must submit an Emissions
Monitoring Plan to ICAO to monitor, verify and report their fuel use, and their annual emis-
sions offsetting requirements are calculated by the state responsible. Operators must then
meet their offsetting requirements on a 3-year compliance period basis by purchasing and

cancelling CORSIA eligible emissions units, in a process similar to EU ETS#4 119,

The difference, however, is that while EU ETS is a cap-and-trade system limiting the number
of allowances issued (constraining the total amount of emissions per sector) which is revised
downward progressively, CORSIA is an offsetting scheme aiming for a cost-effective com-
pensation across sectors, resulting in carbon neutral growth in aggregate terms through the
purchase of offset credits by aircraft operators. EASAand EUROCONTROL are supporting the
European Commission on the implementation of CORSIA both within Europe and interna-
tionally. Additionally, the Airport Carbon Accreditation programme was launched by the Air-
ports Council International Europe in 2009 as a voluntary industry led initiative seeking to
provide acommon framework for carbon management. 237 airports worldwide work jointly
as part of this programme to encourage and enable best practices in the industry through a
certification rating organised in four levels: mapping, reduction, optimisation, and neutral-
ity. Scope and obligations for carbon emissions management increase from the first level to
the fourth. As of 2018, there were 133 European airports participating in the programme,

corresponding to 1.3 billion passengers (65% of passengers in Europe)®* 116),

NEGATIVE EXTERNALITIES OF AIRPORTS: QUANTITATIVE DESCRIPTION AND ANALYSIS PAGE 69 OF 112



Local authorities may also enforce other measures with the goal of shifting incentives to-
wards the reduction of the carbon footprint or the total mass of pollutants released during
airport operations. Emission-based charges could be applied upon licensing fees for airport
GSE, or for facilities and infrastructure used by third party GSE. A similar surcharge could be
applied on parking pricing, or in the way third parties manage airport parking lots through
public concession. Other measures of economic nature that may be promoted include re-
ducing the number of private cars parking at the airport by applying incentives to those who
take public transportation to reach the airport, and to improve the public transport network
to connect the airport with the surrounding urban centres. The promotion of carpoolingis a
cultural measure of economic nature that could also result in reduced ground road traffic

emissions®.

Measures for the correction of externalities can be concluded to present many similarities
between noise and emissions, although with notable exceptions of regulatory and economic
nature. Policy should, ideally, adhere to the principles and recommended practices indi-
cated by ICAO and responsible EU bodies, though in practice, many differences arise in the
application and justification of these measures, even if pursuing goals in line with the provi-
sions of the supra-national institutions. As will be seen in the case study, the case of eco-
nomic measures, less stringent and easier to negotiate among stakeholders than regulatory
measures, is to be remarked due to the particularities of theirimplementation, which should
respond to a Pigouvian model. Under this framework, it can be concluded that correct exter-
nality valuation is vital, as environmental charges do not otherwise satisfactorily resolve the

social burden of externality.
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VIl. Case study: noise externality in Amsterdam Airport
Schiphol

The case of Amsterdam Airport Schiphol is noteworthy for a variety of reasons. Firstly, the
Netherlands was a forerunner in the implementation of noise reduction policies as early as
1967, in a period when ICAO had begun to shift its attention towards environmental impact
and European airports were not yet concerned with national-level policy. Secondly, the
measures envisioned in the first decade of 2000 are reaching its expiration date, causing con-
siderable turmoil among all relevant stakeholders and particularly the surrounding commu-
nity, under concern that growth may supersede quality of life. The analysis of this case study
will start by laying out the events that led to current policy, and then take a detailed look at
relevant literature that influenced the decisions. As the effect of this decisions is manifested
through the correction of the externality, measures will be examined to then move towards

concluding recommendations on their effectiveness from a technical point of view.

Current situation

Amsterdam Airport Schiphol (referred to by its IATA station code, AMS) is the main interna-
tional airport of the Netherlands and the busiest airport in Europe by total aircraft move-
ments, registering 514 625 take-offs and landings in 20177, The airport is located 9 kilome-
tres southwest of the city of Amsterdam in the municipality of Haarlemmermeer, and it is
composed by a single terminal serviced by six runways of which five are dedicated to general
traffic. Serving as its base, Schiphol is the main hub of the Dutch flag carrier KLM, an im-
portant stakeholder in its operations as the leading airline in the airport. According to 2017
figures, Haarlemmermeer is home to 146 003 inhabitants, of a total of inhabitants for the
region of North Holland of 2 809 4831118,

As is the case with many other international airports in the European continent, Schiphol
quickly outgrew the region that accommodated its initially very limited infrastructure. The
inception of jet engines and gradual increase of activity lead to the first concerns being
voiced by the surrounding community in 1969, acknowledged in the Annual Report pre-
sented by Schiphol Group while debating the inauguration of a fifth runway. In the second
half of this decade the Kosten Committee set out to investigate solutions to noise annoyance

in the Netherlands, orientating noise abatement from solving it to reducing it. The introduc-
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tion of noise contours allowed to fix legally controlled caps: for a given geographically indi-
cated contour, the annual average noise level should not exceed a figure considered ac-
ceptable; the chosen unit would be the Kosten unit (Kosten-eenheid or Ke). Rules such as the
prohibition of new housing development within a 35 Ke contour (which would be later ex-
tended to 20 Ke) or a policy to financially compensate inhabitants through noise insulation
for houses located within 40 Ke were promoted. This latter project, denominated Noise In-
sulation Schiphol started in 1984 and charged upon airlines, leading to the insulation of 3700
house at a cost of 126.8 million EUR. Other important measures pioneered by the Kosten
Committee included the Schiphol Noise Annoyance Committee, and the initiation of opera-
tional measures through the air traffic service to reduce noise annoyance, such as the use of

preferential runways and of specific runways for departures®® 29,

/

Pl
¢

>
/s

»
(

s

/
7
——mIITTY

'enburgbaan (runway 18

Image 21: Layout of Amsterdam Airport Schiphol. The northernmost and most recent runway, the Polder-

baan, is seen along with its other 5 runways [Source: (120)]

In the decade of 1980, the rising importance of the airport for the national economy and its
increased multimodality led it to embrace the role it plays today as an international distri-
bution centre, further aided by deregulation in the European ambit the following decade.

Conflicting ambitions between the competitivity of the airport and the surrounding area
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meant that legal reform was needed, with a chapter being dedicated to Schipholin the new
Aviation Act of 1992 (Wet Luchtvaart) that set the new environmental framework. Addition-
ally, a new contour cap was negotiated between stakeholders in the Key Planning Decision
for Schiphol Airport and Surroundings of 1995, allowing for the construction of a new runway
but devising that a maximum of 15 100 houses should be located within the 35 Ke contour,
though with later amendments'®, The opening of the fifth runway, the so called Polder-
baan, in 2003 propagated noise impact into areas that had not experienced it before in a
magnitude unforeseen by environmental planning. The Polderbaan demanded taxiing times
of 10 to 15 minutes, increasing noise levels considerably in the execution of this procedure,
and strayed from the forecasts on the noise enforcement points established in the surround-
ing area. This matter signified an important introspection into the balance between airport
capacity and externality impact: denying the possibility of simultaneous take-offs due to the
environmental regulations prohibiting diverting departures, and requiring a new Environ-
mental Impact Assessment. The years between 2004 and 2006 saw a large number of studies
of very diverse nature being published to address the complexity of the noise question, after

public effort was coordinated in response to public outcry*2%122),

Much of the scientific and technical research on Schiphol Airport’s environmental impact
comes from this first decade of 2000 as to support institutional decisions on how to control
and monitor it, particularly noise. This allowed for a reformulation of the airport’s environ-
mental policy in practical terms, seeking to involve the community to much higher levels
than ever before, but was also aimed at polishing technical details that made the former
system complicated to explain to stakeholders, such as the usage of Kosten units instead of
the EU standardized Lqen and calculating noise contours instead of measuring them. Revised
or new operational procedures, namely Continuous Descent Approach (CDA) and Noise Pref-
erential Routes (NPR) were also implemented; the former establishes a "gliding" descent in-
stead of a step-down descent to reduce engine usage, and the latter defines flight paths (cor-

ridors) for departures and arrivals by setting preferential runways.

Most notably, it involved the community in the elaboration of a package of measures to bal-
ance Schiphol's growth in harmony with its surroundings in what is known as the Alders Ta-
ble, a series of consultation rounds taking place from 2006 to 2008. The process included
representatives from the Dutch government, Schiphol Group, Air Traffic Control, the airline
KLM, the province of North Holland and affected municipalities, and representatives of the
Schiphol Area via consultative platforms. The measures that emerged from the Alders Agree-

ment were?3:;

= A maximum capacity of 480 000 air transport movements in 2010, and 510 000 air

transport movements until 2020
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= Higher selectivity regarding hub operations
= Development of regional airports to relocate non-hub operations

= Suppression of the enforcement point system and the Ke to replace it with a meas-

urement system understandable for politicians and laymen
= Implementation of nuisance-reducing measures such as CDA

» Funding of projects to improve the quality of life in the direct surroundings

As of 2020, policies in place include the Alders Agreement, the Aviation Policy Document of
2009, the Schiphol Action Agenda of 2016, and the commitment with the European Clear

Skies programmet¥,

The operation cap set by the Alders Agreement is the most controversial, as this ceiling was
exceeded in 2018 without a clear replacement and governmental goals shifted towards in-
cremental growth while maintaining noise levels"®. Given the complexity of the issue, this
case study will focus on the research done at its stem during the 2003-2008 period, focusing
on two studies quantifying the impact of noise through the HP method and one using the CV

method, and comparing their findings with the measures implemented.

Research analysis

There is not a large body of work in terms of aircraft noise valuation internationally, and in
the case of the Netherlands for the last two decades, these can be narrowed down to three
important publications. The first two, more recent, quantify externality through an HP meth-
odology, and they support each other’s findings in terms of content; the last one, following
a CV approach, utilizes older data (pre-Polderbaan) but the conclusions are comparable as

it presents marginal (i.e. per decibel) cost figures.

Schreurs et al. (2011)2)

The first comprehensive study for the valuation of the externality caused by noise in the
Schiphol Airport area after the opening of the Polderbaan was conducted by E. Schreurs, E.
Verheijen, and J. Jabben under the patronage of the National Institute for Public Health and
the Environment, dependent on the Ministry of Health, Welfare and Sport of the Netherlands.
This study set the technical groundwork for the upcoming legislative work that would be

applied later, and their conclusions are of critical interest.
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The focus of the study is to perform a cost-benefit analysis noise and noise measures in the
Netherlands by studying the noise depreciation of real estate and land values through the
hedonic pricing method. As explained, the goal is to assess the decrease of this value due to
increasing noise levels using the Noise Depreciation Index as key parameter. The scope is set
on the national level, but Schiphol is of considerable importance due to its concentrating

role in air traffic operations in the Netherlands.

For the purpose of generating a hedonic pricing model, data from both noise levels and
property prices are required. The study uses noise maps generated from data gathered in
2007 by the Dutch National Aerospace Laboratory determining noise levels in Lgen, resulting
for the case of Schiphol in a region of interest of 55x71 km? Secondly, it employs real estate
appraisal values from 2005 collected from the tax assessment database of Dutch municipal-

ities and averaged for each postal code.
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Image 22: To the left, noise map obtained from data of the National Aerospace Laboratory in 2007. To the
right, real estate appraisal values around Schiphol in 2005, associated to postal code [Source: (126)]

The model used by Schreurs et al. is based on the HP method described earlier in this study,
with the important inclusion of a threshold level L7. The economic loss of real estate is rele-

vant for values exceeding this threshold®?):

loss = NDIZ(Li — LB
i
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Where P; is the price of the dwelling, L; is the noise load at each individual dwelling (in Lgen),
and NDI is the Noise Depreciation Index. The NDI, expressed as a percentage, should give the
rate of depreciation of the market value for each increase in noise levels above the threshold;
for each 1 dB increased, a house would decrease its value in a percentage indicated by the
NDI. As acknowledged by the authors, the NDI suffers from uncertainties in its calculation.
The studies of Nelson (2004), yielding a value of 0.6%, and Schipper (1998), with values rang-
ing 0.9-1.3%, are cited to exemplify this uncertainty; a value of 0.8%, closer to the study by
Dekker and van der Straaten that will be reviewed below, is taken for the purposes of this
study, close to the study's own estimation of 0.77%. As for the threshold value, literature
mentions values in the range of 45-55 dB, though lower values seem to increase uncertainty
and lead to an overestimation of social losses; under this justification, the authors chose a
threshold of 50 dB1%9),

The formula explained above yielded in the study a total loss of 670 million euros for the
Schiphol Airport area, 65% of the total loss evaluated in the study. The study follows with an
estimation for the depreciation of land prices, considering the prohibition on new develop-
ments in the 20 Ke (or 58 Lgen) Noise contour explained previously (denominated LIB-4).
Schreurs et al. use estimates derived by De Regt (2003) to establish possible noise damage
of the prohibition of new dwellings in natural, agricultural, residential (unprepared and pre-
pared) and business plots. A 50% decrease in value for residential land within LIB-4 is as-
sumed, as well as a percentage of 20% to de-
| % ' ~ fine to which extent it is prepared. Deprecia-
f / tion is set at 6.5 EUR/m? and 50 EUR/m? re-

&;4;;;;? .4 | spectively for prepared and unprepared resi-

Zwanenburg dential land. As an example, a residential area

Halfweg

of 10 000 m? would consist of 8 000 m? pre-

pared and 2 000 m? unprepared; therefore,
‘ ¢ thelossforthe prepared surface would be 100
. 7 ; 000 EUR at a price of 50 EUR/m? and for the
/ . 5 1. % unprepared surface 52 000 EUR at a price of
S, 6.5 EUR/m?, for a total loss due to airport

noise of 152 000 EUR in this example. For the

\ LIB4 area, with a surface of 190 km? after sub-

tracting 17 km? corresponding to the airport

itself, 24 km? are dedicated for residential use,

Image 23: LIB4 area delimitation around Schiphol resulting in a total loss of 360 million euros

[Source: (126)] from residential surface2®),
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Dekkers and van deer Straaten (2008)"*"

The second study, published by Dekkers and van der Straaten in 2008, follows a similar HP
approach, stemming from similar literature about this method. The model chosen in this
case responds to a basic regression model to obtain a price function based on explanatory

variables®":
P=a+BS+vyL + G + ¢

Where P is a vector of house prices, S is a matrix containing transaction-related characteris-
tics (transfer tax, year of sale...), L is a matrix of structural characteristics (number of rooms,
quality of maintenance...), and G is a matrix of spatial characteristics (neighbourhood, ac-
cessibility...). a, 8, y and t are regression coefficients and € is a vector of random error terms.

Alog-linear model is used as is common in these studies.

For this study, the threshold value taken is cited as being determined by the Environmental
Assessment Agency of the Netherlands at 45 dB, 5 dB lower than seen at Schreurs et al. to
account for a subjectively larger disturbance; similarly as in the latter study, this is the lower
significant bound for an effect on housing prices, but it also contemplates larger uncertain-
ties. Spatial data, consisting in price, date of sale and structural house characteristics such
as floor area or number of rooms, is provided by the Dutch Association of Real Estate Agents
for the 1999-2003 period. After linking these characteristics to each postal code, neighbour-
hood characteristics are included: population density, number of shopping outlets, and dis-
tance to nearest railway and highway accesses. Aircraft noise data is provided by the Neth-
erlands Institute for Health and the Environment via the National Aerospace Laboratory for
an area of 70x55 km? as seen in Schreurs et al. Other noise sources, railways and main roads,
are also contemplated. Temporal devaluation effects are also considered, as well as other

differences on municipal level [See Annex 6].

The regression analysis is applied over 66 000 house transactions, following a log-linear
model (whereupon the dependent variable equals the natural logarithm of the transaction
price). The results show that house price increased in the 1999-2003 period likely due to in-
terest rate development and demand pressure on the housing market; understandably,
thereis a positive dependency on surface area, number of rooms, maintenance quality, pres-
ence of a garden, and, with the highest influence, the level of urban facilities. The NDI ob-
tained for aircraft noise is the largest among all noise sources, at 0.77, well within the wide
range found in literature (0.10-3.57) 42",
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To analyse the effect of different noise levels on house prices, the authors generate six sep-

) ) arate noise level classes, of
Table 4. Results hedonic pricing model using sound charge classes

Variable Coefficient  (Std. Err.) which fourare Signiﬁca nt for
Neise (aicrat range 40.45 4B 20172+ (00073) the range studied (over the
Note (st g 430 fomas, bowo threshold of 45 dB). s
Nose et rnge 5561 Sk G noted inthe study, the cosf-
Adjusted R? 083 ficients of the regression
Houses with a noise level lower than 35 dB act as a reference value analysis are very sensitive to

** = gionificant at 1%: * = significant at 5%

this threshold, and become

Image 24: The six noise classes generated, along with their correspond- insignificant  (i.e. below

ing regression coefficients. An R? of 0.83 is to be noted [Source: (127)] standard error) at threshold

values above 50 dB.

The study proceeds with the calculation of marginal and total benefits of noise reduction. As
explained, following a linear model allows for the estimation of the impact of a 1 dB increase
or decrease regardless of the current noise level of the house above the threshold (e.g. a
house under a noise level of 50 dB would experience the same increase or decrease in its
price as a different house under a noise level of 60 dB). The theoretical basis for this proce-
dureisinferred from deriving the abbreviated regression function with all the other variables

being constant®?":
In(P)=C+ B
MB = BP

Where P is the average house price from the dataset, C is the aggregate of all constants in
the model, B is the coefficient of the aircraft noise variable, and Mg is the marginal benefit.
Asthe average house in the dataset is priced at 234 883 EUR, areduction of 1 dB in noise level
would result in a marginal benefit of 1 872 EUR for any house above the threshold level. Ad-
justed to interest rate (7% for the 1999-2003 period), this yields a marginal benefit of 102 EUR

per dB per house per year?",

As seen in Schreurs et al., total benefits of noise level reductions follow from the multiplica-
tion of the marginal benefits of an average house by the total tax-value of all the houses in
the dataset exceeding noise levels of 45 dB. A hypothetical reduction in residential areas of
1 dBin 2008 (interest rates disregarded) would result in a total benefit of 574 million euros.
At an interest rate of 7%, this converts to 40 million euros per year assuming the number of
houses remained equal in the area studied. In a parallel fashion, an increase would also set

some houses at a level above 45 dB, therefore being relevant for the cost calculation. Values
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obtained by the authors are modelled to reproduce the social cost/benefit model. The di-
minishing marginal benefits per dB noise reduction are noteworthy, as well as the increasing

marginal costs per dB noise increase.

Marginal benefits/costs  Total benefits/costs
Moize variation (dB)

per annum (M EUR) (M EUR)
-5 12 1732
-4 15 1560
-3 23 1339
-2 EY 1015
-1 40 574
1 45 697
2 57 1505
3 67 2469
4 77 3558
5 a7 4798

Chart 1: Marginal benefit or cost per annum vs. noise increase or decrease

Margimal bensefit/cost

(M EURfyear)
100
L
20
L ]
L ]
&0
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R2=10,9892
a8 Moize
5 -4 3 -2 A 1} 1 2 3 4 5 wariation

(dB)

Image 25: Development of the data found in the study. The linear trend is clear (at R?=0.99) for the unitary
increases of Lgen. Data points in blue represent a cost, but are shown positive for illustrative purposes
[Source: elaborated with data from (127)]
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van Praag and Baarsma (2004)%®

Lastly, the research of van Praag and Baarsma (2004) will be covered. Using a stated prefer-
ence approach consisting in a CV method, denominated by the authors as happiness survey,
the goal is the same as in the HP studies seen above. Based both on market information and
subjective questions, where respondents are asked to rate their quality of life on a 1-10 scale,
variables such as income and exposure to aircraft noise should permit modelling of the WTP

of the individuals towards repairing the effects of the externality.

The methodology consisted in a mail questionnaire consisting in 51 questions not focused
on aircraft noise as to avoid bias in the respondents, but rather on quality of life in more
vague terms (“Health, well-being and living situations in the Netherlands”). As a second ob-
jective, the questionnaire should collect the relative importance of aircraft noise from a list
of nuisance factors. The questionnaire was sent by mail to random households in a 50x50
km? area around Schiphol, and an additional later reminder to increase engagement among

respondents; the response late was of 17%, for

Best conceivable ——[10[_] 2.9%

a net sample of 1 400 respondents. The rele- 9 [] 9.1%
vant items in the questionnaire were the main 8 [ 34.5%
question addressing the well-being of the indi- 7 S 29.9%
6 10.9%

vidual (Cantril ladder-of-life) and question 25, s 0O 46%
which asked the participants to rate the nui- 4 [ 290,
sance perceived from different noise sources. 30 1.0%
As is typical in CV studies, other demographic 20 0.5%
Worst conceivable —#|1 [] 0.4%

parameters such as household incomes, age, Py — T

family composition, education, or type of

dwe[hng were also Collected’ as well as posta[ Image 26: Cantril ladder-of-life. The top of the lad-
der (10) represents the highest achievable level of

happiness for the respondent, whereas the bot-
linkage with postal code-based noise levels as i, (o) represents the worst possible life. The rel-

code. This latter data variable should allow for

formerly seen in HP studies, drawing from the ative frequency of the 1400 respondents is shown
same source (National Aerospace Laboratory ©7 he rieht [source: (128)]
of the Netherlands) [See Annex 7 for Question

25].

The study follows general CV assumptions, defining a welfare function W(y,p,z), where y
stands for income, p for price, and z for the value of the externality. This discussion can be
further simplified as W(y, p(z), z) or W(y, z) considering that price depends on noise as an ex-
ternal factor. The discussion then proceeds to defining the market in the Schiphol area as
either in equilibrium or in dis-equilibrium. The equilibrium situation, as followed by HP

methods, would state that differences in the welfare function would depend exclusively on
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the externality, all other variables being equal (thus W(y,z) = W(y,0)). However, in this case
price differentials do not perfectly compensate for differences in noise exposure, which as
the authors note is applicable to the Schiphol area. The Dutch housing market is strictly reg-
ulated and geared to guaranteeing dwelling opportunities over self-regulating market
mechanism, constrained by planned size and prices, a split between the stocks of the free
sector and social housing (the latter amounting to 70% of the market and being available
only under certain income conditions), price control for rent increases linked to inflation,
and permanent rent contracts. Under these assumptions, the authors theorize that the cor-

rect expression would be*?®):
C, = (P(0) = B,(2)) + Ay

Where C; is the shadow cost of the noise externality z, P»(0)-Px(z) is the price differential as
identified in the HP method (price bearing the cost of externality subtracted to the ideal price
bearing no cost), and 4y is income compensation, or in other terms, the difference needed
to adequately balance out the decrease in welfare due to the price differential. This expres-
sion emerges from the welfare function W(y,z) expressed previously, which finds its basis in

the empirical analysis of the Cantril ladder-of-life question shown before.

The variables selected for the estimation of W are net monthly household income (In(y)),
family size (In(fs), In*(fs)), interaction term of income and family size (In(y)*In(fs)), age of the
respondent (In(age), In*(age)), noise (noise), and an interaction term between noise and a
dummy for noise insulation (/ns*noise). The subjective noise perception variable (noise) is
made to depend on monthly housing expenses, the presence at home, the presence of a bal-
cony, and the presence of a garden, as well as family size and objective noise level in Ke. The

resulting welfare function is as follows®2®:

W = Bo + B1In(y) + B, In(fs) + B3In?(fs) + B, In(y) * In(fs) + Bs In(age) + Beln?(age)
+ B,noise + Bglns = noise

Under the assumptions made before, welfare W can be expressed as depending on a noise
increase and a compensating factor for income y. noise is the perceived noise nuisance (de-
pending on objective noise level in Ku and other intervening variables already mentioned,

abbreviated as x) and n as a vector for other variables:
W(y + Ay, noise(Ke + AKe, x),n) = W(y, noise(Ke, x),n)

Substituting the first expression in the welfare equation results in the following:
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(B1 + B4 In (fs)) * (In(y) + Aln(y)) + (B, + BgIns) * (noise(Ke + AKe))
= (B1 + B4 In(fs)) * In (y) + (B7 + BgIns) = noise(Ke)

= (B; + B4 In(fs)) * Aln(y) = —(B; + Bglns) * aAIn(Ke)

dln(y) B, + Bglns
aIn(Ke) By + By In(fs)

Which is the expression that gives rise to the estimated residual shadow cost. In other words,
this offers an elasticity function between noise levels Ke and income y, so for any increase of
Ke a corresponding increase in income would be necessary to maintain welfare as a con-
stant. A wealthier individual then would be less affected by an income loss of 100 EUR than
a poorer individual, but would also have to be compensated by a larger amount. Substitut-
ing the parameter values given by the study results in two different expressions depending
on the presence or absence of noise insulation?®;

with noise insulation 0 ln(y) 0.3445 0.1126 + 0.0736 0.0189
—— = —0. * = 0.
0 In(Ke) 0.5039 + 0.3061 * 0.6743
no noise insulation 0 ln(y) 03445 0.1126 0.0546
—— = —0. * = 0.
d1n(Ke) 0.5039 + 0.3061 * 0.6743

The compensation being much larger if the house is not insulated. It is worth noting that this
reproduces the log-linear relationship seen in HP methods, due to subjective perception
generally working logarithmically.

20—30Ke 30—40Ke 40—50Ke

Without insulation 2,24% 1.58% 1.23%

With insulation 0.77% 0.54% 0.43%

Value of noise

. . 1.47% 1,04% 0,80%
insulation

e.g.: Household monthly net income of 1500 EUR

Without insulation

3360 23,70 18,45
(EUR)
With insulation (EUR) 11,55 8,10 6,45
Value of noise

22,05 15,60 12,00

insulation (EUR)

Image 27: Values as shown in the study, reproduced and extrapolated for an
exemplary household with a monthly net income of 1500 EUR. Annotation:
20 Ke equal approximately to 53 dBA Lden, 30 Ke equal approximately to 55
dBA Lgen, and 40 Ke equal approximately to 58 dBA Leen . [Source: elaborated
with data from (128)]
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Chart 2: Expected household compensation vs. noise level increase

Compensation
(EUR/y=ar}

cn

a5 1

0 .
40 1 .

b }
2030 3040 409350 Hoise (ke

Image 28: Chart reflecting the extrapolated data based on the values given
by the study. The log-linear relationship is clear. Increments are of 10 Ke
for each data point [Source: elaborated with data from (128)]

According to Dutch legislation discussed above, the obligation to insulate dwellings applies
for those properties at 45 Ke or more. The total cost of aircraft noise under this perspective
could be understood as the total amount of compensation for the population living in the
area of study, computing the residual cost compensation per household respective to the
income and noise level for each household and aggregating all the resulting values. The fig-
ures obtained demonstrate that for a threshold of 20 Ku (approximately 53 dB Lgen), the com-
pensation required is 100.62 million euros, at an average of 56.63 EUR per household. Over
397 000 commercial flights carrying a total of 36.8 million passengers in Schiphol in 1999,
that gives a figure of 253.45 EUR per flight or 2.73 EUR per passenger, for a noise threshold
of 20 Ku. The authors do not, however, justify the application of this tax, which disregards

aircraft type, or the setting of 20 Ku as a noise threshold.

Table 7: Total yearly amount of compensation (in €)

Ku Number of households Average monthly compensation per Total yearly amount of
concerned’ household concerned compensation

> 20 Ku 148,063 (17.9%) 56.63 100.62 million

> 25 Ku B0ATE( 9.7%) 4146 40.04 million

> 30 Ku 26,734 ( 3.2%) 2990 9.59 million

> 35 Ku T1.851 ( 1.4%) 2090 2.97 million

> 40 Ku 6,030 ( 0.7%) 17.13 1.24 million

1 Of the total population in the Schiphol region.
2 In absolute numbers and (in brackets) as a percentage.

Image 29: average monthly compensation and number of households affected per noise level [Source: (128)]

NEGATIVE EXTERNALITIES OF AIRPORTS: QUANTITATIVE DESCRIPTION AND ANALYSIS PAGE 83 OF 112



Externality correction policies

Despite the diverging conclusions for the studies, Schiphol strengthened its noise policies as
aresult of the Alders Agreement and the environmental legislation that followed. The deci-
sions taken, while radically finding their origin on a technical perspective, were very much
political in nature, and resulted from institutional commitment to community perception of
the annoyance, which is inherently biased as confirmed by the neutral approach found in
the CV method applied by van Praag and Baarsma. The Polderbaan was chiefly responsible
for growing hostility toward Schiphol Airport’s activity, and while the switch towards a more
stringent policy was not unjustified and grounded on very real concerns in quality of life,
there is also the confounding phenomenon of an increasing sensitivity to noise, scepticism

about public control, and requests for further operational measures.

These changes in corrective measures were manifested first of all in more restrictive noise
levels and standardization of the methodology, moving away from the Kosten standard of
the late 60s. A total of 33 calculation points would reveal noise levels around an imaginary

aggregated runway handling all traffic during

' e the year; noise levels, in turn, would be an av-
Schiphol

erage of Lgen and Luign: (as explained, Lyighe adds

18 a penalty of 5 dBA for the 19-23h frame and 10

= oo dBA for the 23-07h frame) and not expressed

/4 in the more complex Ke. Similarly, 35 enforce-

bt ment points for Leen levels and 25 for Luign: lev-

..’ els designated by the government would de-

: ° termine compliance with cumulative yearly

° , . limits, also known as a noise budget. In prin-
:l;f, °de ciple, excess in a single enforcement point

b oo '. would result in government measures, which
e M makes balance in the presence of uncertainty
’ of meteorological conditions very complex.

This task is handled by the Air Traffic Service
Image 30: Enforcement points for Lgen in Schiphol (LVNL) through preferential runway lists de-

[Source: (129)]
pending on the period of the day®®.

In a parallel fashion to airline seasonal planning, noise planning is made for Schiphol airport
for an operational year running from November 1 through October 31, when noise exposure
metrics are reset. This operational plan must clearly demonstrate that the environmental

impact of the planned operations does not exceed the noise budget allocated for the year;
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the remaining capacity once environmental limits are applied is distributed through slot as-
signment to airlines. The efficiency of this method relies on the distribution of traffic over
the available runways in such a way that annual budget is met for every enforcement point,
though discrepancies between planned and actual operations occur and enforcement
points are closely monitored during the operational year. Data is collected automatically by
the Schiphol Noise Monitoring System, or NOMOS®*29,

The multiple runway configuration present in Schiphol was initially conceived due to the
strong wind dominance in the Dutch weather, mostly from Southwest to Northwest, and is
the main reason for the large area affected by noise externality. Since Schiphol serves as a
hub airport, traffic is characterized by arrival and departure waves, resulting in inbound and
outbound peaks that determine runway combinations. This, along with the aforementioned
uncertainties, helps determine which priority lists are used to properly manage noise load.
A study by Meerburg et al. (2007)

Pref. inbound peak outbound peak | largest exp. contrib.

suggested the application of a list | dep. arrival departure | arr. | enforcement points
h icalf K . 1 36L | 06 36R |36L 36C | 06 |18 19 8 9 21
mathematical framework to opti- 9 |36L| 06 36R|36L 00 | 06 [21 20 19 22 9
mize runway combinations simi- 3 i?(?]'_. Ui% i?(?R _"le 6L ZT 22 21 9 ..?{ T
1 36L | 06 36R | 36L 09 06 |21 20 19 22 23

lar to the one currently in place, 5 24 | 18R 18C | 24 18L [18R| 5 4 19 25 :
G 24 |18R 18C | 24 18L | 18R | 5 1 19 31 22
based on an optimization tool in 7 | 24 |18R 18C | 24 18L |18R |21 20 19 22 25
8 24 |18R 18C | 24 18L |18R[21 20 19 5 1

conjunction with a traffic fore-

cast model, though other meth- 1566 31:priority list for runways (departure and arrival) and how
ods have been proposed by au- many enforcement points are expected to be affected by noise

thors like Kuiper et al. (2011)%2 load [Source: (130)]

130)

As for economic regulations, the latest updated information available is the document for
Airport Charges in 2018. The charge applicable in accordance to the noise generated de-
pends on the extent to which each individual aircraft occupies the available capacity within
Schiphol's noise budget for the noise contour area. The airport authority adheres to ICAO
standards for engine certification in terms of noise (in EPNdB), by subtracting the sum of the
three limit values (take-off, side-line, and approach) by the sum of the three certification val-
ues. Four noise categories emerge from this calculated value (AEPNdB). The first of these
categories, MCC3, is banned from operating in Schiphol; a surcharge regulation charge is ap-
plied such a landing occur in case of emergency, dependent on MTOW. Additionally, noise-
dependent surcharge is applied for night take-offs and landings (23-06h): 50% for take-offs
and 27% for landings, with an additional 100% surcharge for MCC3 aircraft, and an additional
50% for category A aircraft*sY,
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Moise category AEPNCE Regulation Examples

Surcharge of 1,637.80 EUR {up to
MCC3 (Marginally compliant) 0to-5 100 t MTOW) / 2,756.70 EUR {from
100 t MTOW)

A300, B727, B762/3, B731/2/4, B741/2/3,
DC-8/9/10...

40% surcharge for landing and take-  A310, A321, B733/5, B744, MD-

A (relatively nois -3to-9
! ¥ noisy) off B1/2/3/T/B...

A319/20, A330, BT36/7/8/9, B752/3,

B {average noise producing) Sto-18 Basic compensation B764, B772/3, CRITO0, ATR42, ATRT2...

. . Basic compensation reduced 20%
C {relatively low-noise) below -18 . A318, A340, B717, B748, BTE8, Embraer...
for landing or take-off

Image 32: Summary for the charges found for 2018, dependent on aircraft noise category [Sources: (131)]

This form of taxation is clearly Pigouvian (i.e. aims to internalize the externality cost by
charging the unitary price of the activity that gives rise to it), and pursues a balance of incen-
tives that invites airlines to modernize their aircraft fleet. This is clearly seen in the positive
charge, or reduction, in landing and take-off charge for category C aircraft, among which
newer versions stand out. Schreurs et al. point out that air fleet renewal represents the most
significant factor for a trend in noise reduction. Considering that the approximate life expec-
tancy off an aircraft is at least 25 years, as older aircraft are phased out progressively the
effect of noise levels will be increasingly notorious, leading to overall much quieter traffic.
The authors note that for Schiphol airport, a reduction in noise emission of 1 dB can be ex-
pected due to renewal of the air fleet by 2020, resulting in up to a 17% increase in surface

available for real estate development®29,

Progress of aircraft noise control

m B747-100

1 B747-200
j L :Ac 1" B
———— Trdent 1\—-——!—5131 ————— DOAD-305 — — == — =
.| B L-1011500  A310
F28 M DC-10-10 5767."l--.__~=7s7sn
o vo-2ol R T —
» ;\--_ A300 8757 - m- B747-400
L, B737-300 .
14— B mo-11 QA0 Increasing
90 e e e e e e e e T e e — — — [l FOMRr 100 -—— ] - —— nee.
BAe 1asll =" . T
1955 1950 1965 1970 1975 1980 1965 1990 1995 2000

Date of enfry into service

Image 33: Scheurs et al. note the downward trend in aircraft noise owed to quieter engines. Extensive re-
search exists on the topic [Source: (129)]
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Regarding operational restrictions, airport authority Schiphol takes particular care to avoid
noise impact particularly in night hours. This approach is both to avoid exceeding enforce-
ment point noise budgets and to diminish community annoyance, due to the particularly
augmented sensitivity to noise events during the night in the presence of overall lower back-
ground noise levels. Thus, while the number of operations is not directly limited, accumu-
lated Lgen and Lyigne Values serve a similar purpose. Operational restrictions during the 11-06h
time frame include exclusivity for slot-regulated operations, which are already limited by
Eurocontrol regulations; APU use is forbidden in the ramp, making GPU compulsory; and re-
verse thrust is forbidden. Aircraft equipped with engines certified with a bypass ratio above
3 for this time frame are forbidden from landing and take-off, and for a bypass ratio equal to
or below 3 the restriction for landing or take-off is extended to the 18-08h time frame. Low
noise landing procedures (CDA) are also obligatory during this time frame, as well as special
instrumental approaches, and the deviation from airways is limited. Aban is also in place for
engine tests and exercise and training flights. The largest operational impact however is due
to night-time runway combinations, closing runways 36C, 09/27, 04/22 and 18L/36R for de-
partures, and 18C, 09/27, 24, 04/22 and 18L/36R for arrivals®®.

On a strategic level, investment in infrastructure and re-allocation of intramodal and inter-
modal traffic are part of government initiative to improve noise conditions in the vicinity of
Schiphol. As to diminish ground noise (long wavelength vibrations transmitted at the
ground level), the Dutch government funded the construction of Buitenschot park, designed
to alleviate the perception of these mechanical waves for the population located in the vi-
cinity of runway 18R-36L. Redistribution measures for airport traffic in Schiphol see the re-
assignment of 70 000 operations of leisure character (mainly low-cost flights) to regional air-
ports such as Rotterdam, under an agreement with the main carrier KLM, airport authority
and the Ministry of Transportation. This should allow Schiphol to increase its capacity from
370 000 to 470 000 operations, adapting to the market of transit flights and increasing Euro-
pean competitivity. Other strategic measures contemplate the replacement of short-range

flights by the alternative of railway transportation®32,

Lastly, institutionally backed outlets have flourished as part of government effort to collect
and address community complaints, founding the Local Community Contact Centre
Schiphol (BAS) and publishing quarterly and yearly complaint reports. Runway usage, com-
plaint records linked to flight path and runway use, as well as complaints linked to postal
code, are compiled and published for both regulators and the community to keep track of
the progress in noise levels and perceived annoyance. Other institutions and tools are the
Schiphol Living Environment Foundation, backed by the government and the province of

North Holland, offering a safety net function for the public and support to compensation
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options under current laws and regulations. Schiphol Noise Predictor, a phone application
designed to predicting aircraft noise around Schiphol is also noteworthy, allowing for feed-
back evaluating its accuracy based on user perception of the forecasted information 3234
[See Annex 8 for LIB4 contour and flight path noise load in Lgen and Annex 9 for LIB4 contour
and flight path noise load in Lyight, as described in the 2019 BAS Yearly Report - Source: (133)].

Commentary and recommendations

Some interesting observations can be made after careful examination of each study and
their methodology. On one hand, while it could be argued that both approaches (revealed
and stated preference, here represented by hedonic pricing and contingent valuation re-
spectively) are compatible, and that the disadvantages are supplemented by the advantages
of the other, it must be questioned to what degree the valuation can be taken as a baseline.
On the other hand, the role quantification plays in internalization is, as seen, very moderate;
the policies outlined contemplate a wide spectrum of applications, and while there is a com-
mon strategy pursuing specific goals, internalization under the terms of quantification is not

fully satisfied through the current policy.

On the first of these two items, the results from each study explain the situation of a snap-
shot (in the range 1999-2008, due to the diverging dates of the studies) that is in every case
extrapolated with the help of the model. Whilst the projections might be roughly accurate,
at least in terms of predicting the overall trend of noise impact, or the shrinking of the con-
tour lines and therefore the total number of people affected, the values obtained do not

seem sufficient to establish specific yearly guidelines.

This problem stem:s, first of all, from the fact that conducting these studies is complex, and
in some cases expensive; it is not surprising that quantification methods of airport external-
ity, while abundant internationally, are carried out only occasionally for individual airports,
and generally with the help of government backing. This latter factor demonstrates an inter-
est from the institutions towards stating the overall cost of the externality, but it is also due
to the leading role of those same institutions in collecting and monitoring demographic and
noise data. The situation in 1999, however, was different than that of 2008: the Polderbaan
had not been built yet, a new generation of quieter engines was only timidly entering the
market, and the population's sensitivity to noise was much lower than it would be later, as

seen in previous chapters.

Secondly, studies disagree as a product of their separation in time, but also due to method-

ological practice. Inherently, CV studies will offer values lower to those of HP studies, though
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the capability of individuals fully asserting the impact of noise can be brought to question,
as seen before, due to the insidious nature of some of the negative health effects associated
with it. HP studies, on the other hand, find more obstacles towards correctly identifying the
cost of noise impact, which might be conflated with other factors, and must assume a mar-
ket in equilibrium that does not correspond with the housing market in Amsterdam. These
broad quantitative discrepancies are plainly seen in the figures of Schreurs et al. and Dekkers
and van der Straaten compared to those of van Praag and Baarsma. The estimated marginal
cost per annum of increasing one decibel is rated by Dekkers and van der Straaten following
an HP method as 48.8 million euros each year, two and a half times the appreciation of van
Praag and Baarsma under a CV approach. While the area of study is different (70x55 km*2
due to the inclusion of the Polderbaan, versus 50x50 km”2), this is a large difference and
makes taking a single value difficult. A similar problem arises when comparing the total so-
cial cost, albeit comparison is complicated by differing time periods and a wider scope in-
cluding the land market. Other notable divergencies that may generate uncertainties in the
results are the selection of an NDI value (although there is apparent consensus on a 0.7-0.8
figure for Schiphol), and particularly a threshold value for noise, which should be strictly re-
vised and linked to noise perception surveys in the vicinity. This last parameter should not
be decided arbitrarily, and research would benefit from thorough justification of its estima-

tion in terms of health effects rather than subjective perception.

5ch , B Verheijen, E,; Dekkers, J.,
Authar ENTELrS ErnelEn ehkers, ) van Praag, B.; Baarsma, B.
Jabben, J. van der Straaten, W,
Year 2011 2008 2004
Method Hedanic pricing Hedaonic pricing Contingent valuation
MNoise threshold 50 dB 45dB 20 Ku (53 dB)

Estimated marginal
cost (EURfyear, [Mot estimated] 48.8 M EUR per annum 18.5 M EUR per annum
increase of 1 dB)

Total social cost 670 for real estate and 360

Not estimated 100.62 1999
(M EUR) for land (2008-2010) [Not estimated] per annum (1559)

Image 34: Summary of the literature analysis conducted
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Theinfluence of these studies on government policy is debatable. The publications analysed
all respond to the necessity of measuring aircraft noise before, during, and after new legis-
lation, centrally the Alders Agreements, was approved and executed. They all count either
on direct government backup or are referenced by the others for their importance setting
benchmarks in the monetary valuation of noise externality. Additionally, there is no doubt
to the adhesion of government policy to the conclusions of the studies: the trends identified,
the measurement of the positive impact of insulation (and the degree to which it is worth-
while financially), and the quantification of compensation and benefit or loss to the variation
in overall noise levels attest to the alignment of government policy and the extrapolation of
the results. To illustrate how pursuing noise insulation projects, subjective noise perception
monitoring, and active reduction of noise levels in the vicinity to reduce social cost has re-
flected in effective improvements, the Schiphol Action Programme of 2015 offers an inter-

esting outlook™®39:

A reduction in the number of seriously affected residents, from approximately 170,000 in 2000
to nearly 120,000 in 2015 (a decrease of some 30%) and a reduction in the number of serious
sleep disruptions among residents from more than 25,000 in 2000 to 17,000 in 2015 (a de-

crease of some 32%).

It must be noted that the concerned period fits well the literature examination conducted
above. The correct identification of problems and establishing adequate goals to solve them
seems, as seen in the review of corrective measures, very effective. However, to which de-
gree monetary valuation determines this policy beyond guidance, and how deeply it influ-

ences monetary aspects, is debatable.

One of the debilities of the studies is that no recommended environmental tax is offered,
although the correlation between aircraft engine efficiency and noise levels is noted as an
effect of fleet renewal. Landing and take-off taxes, as seen, depend both on time frame
(whether the operation is comprised within the 23-06h) and engine categorisation, so their
purpose as a tool for the control of environmental externality is evident. A Pigouvian tax of
this kind, dependent on the activity of the market (symbolised, in this case, by the MTOW of
the aircraft upon which it is applied, and the noise category to which the aircraft type be-
longs) is directed at externality correction, and its adjustment is a complex matter. As seen
in cost-benefit analysis, the only possible way to address a balance between the benefit and
the cost of a public good is to account for the environmental cost inflicted on society; and as
concluded, the only way to determine environmental cost is through externality quantifica-

tion, whatever the method may be. In this case, there is no direct link between the estimated
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costs and the taxes applied, or if there is, it has not been inferred from externality quantifi-
cation, but from empirical gauging. Evidence of this fact can be seen in the 20% discount on
landing and take-off charges upon Boeing B787 aircraft, which for the year reviewed (2018)
had not yet produced large experimental data to extrapolate a precise value through exter-
nality quantification. Finally, while the EU 2019 Aviation Environmental Report acknowl-
edges the effectiveness of Amsterdam in responsive environmental policy, centrally on the
areas of noise monitoring, mediation with stakeholders, building restrictions, passive pro-
tection, flight procedures, noise caps, and noise charges, it also pronounces the following

consideration®¥:

Noise and emissions charges are used extensively, but the low level of charges (less than 1%

of airline operating costs) is unlikely to affect the fleet operating at airports.

Finally, the model presented by the Alders Table, reliant on yearly aircraft movements,
seems to be wavering under the pressure of capacity updating. While strategically govern-
mental effort is committed to find the means to divert much of the demand through alterna-
tive airports or modes of transportation, the key role of Schiphol as a passenger and logistic
hub is only strengthened over time, and the demand curve may only stay positive. This is
chiefly a good argument in the defence of aircraft noise quantification: an aggregate of air-
craft operations obscures the impact of noise upon the people in its vicinity, more so when
the limit is the product of a 15-year forecast as is the case with the Alders Agreements. A
single noise event in 2005 did not produce, on average, the same disturbance it does today,
nor is the public identically sensitive to this potential disturbance. Therefore, a revision of
the model, rather than an update on the yearly aircraft movement cap, is needed, possibly
shifting towards a monetary model where activity in Schiphol is more heavily taxed and de-
pendent on the perception of noise and the social cost caused. This new model, when com-
bined with the already existing enforcement points and yearly revised noise budgets, could
both guarantee peace and quiet for the surrounding population while allowing for capacity
to grow naturally under adequate tax pressure, punishing the real contributors towards

noise disturbance.

Naturally, other challenges would emerge from following a closer monetary approach to the
situation in Schiphol. Compensating more those households with larger income rather than
those with a smaller income (due to the direct relationship between income and welfare), or
enforcing more ambitious insulation programmes (which, while conclusively more efficient
than direct monetary compensation, imply higher government intrusiveness), are difficult

decisions that can only be navigated politically and within the cultural framework presentin
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Schiphol. Inviting the community to partake and be heard in the debate has proven im-
portant and vital to a sustainable, if ridden with dispute, growth model for the last two dec-
ades. Schiphol, as acknowledged in EU Aviation Environmental Report, is an exemplary
model for the application of Collaborative Environmental Management in the design of noise
correcting measures, greatly successful at involving all relevant stakeholders, and it must

rely on this as a strength towards building new policy.

In summary, the recommendations that result from the examination of the case study are

the following:

= through a Balanced Approach procedure, to reinforce management policies (eco-
nomic measures) at the expense of the more stringent operating restrictions (regula-
tory measures);

= phasing out the 500 000 aircraft movement limit for Schiphol, already exceeded in
2018, and transitioning towards a monetary-based tax model under no yearly opera-
tions cap;

» to determine such taxes through the real and not extrapolated impact of aircraft and
other sources upon society, as measured by quantitative methods;

= quantitative methods should receive further support and be methodically executed
and applied;

= to consider the positive effect of fleet renewal and the negative effect of subjective
noise annoyance through those methods;

= toinclude and listen to the community, which is the ultimate target of internalization.
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VIII. Conclusions

The structure of this thesis has been proven to be correct in analysing the magnitude and
complexity of externality costs as well as their appraisal and correction. As seen in the initial
chapter, an equilibrium between the ample benefits that aviation concedes and the costs
imposed by environmental externality can be hard to strike, as it relies first upon correct
identification and association of the related negative effects, and secondly on their valuation
through monetary quantification methods. Exploring noise and air quality, by far the most
widely well-researched externalities associated with airport activity, permitted to observe
the first differences in how they affect society: whilst most of the negative effects of noise
may be gauged through the annoyance caused on the surrounding community, air quality
does not result in the same manner in a conscious perturbance of the quality of life of indi-
viduals. Therefore, as made evident in the next chapter, the valuation of the externality cost
of air quality must rely on the correct association of morbidity and mortality effects and pol-
lutant exposure through dose-response indirect methods; the externality cost of noise, on
the other hand, may be approached through direct valuation methods, such as stated pref-
erence and revealed preference. Stated preference methods are based on the inference of
the externality cost through the effect of prices on a related market, of which hedonic pricing
stands out as the most prevalent method in literature. As for revealed preference, methods
seek to simulate a market where the cost of externality on welfare can be quantified, and in
this case contingent valuation was examined. Figures presented in some of the relevant lit-
erature were explored and explained to better the understanding of both methods. A subse-
qguent chapter on the correction of externality for both noise and air quality summarised the
diverse measures that regulators and stakeholders may adopt to diminish the negative im-
pacts of aviation, classifying them depending on their mechanism of application as regula-

tory, technical, operational, or economic.

One of the important conclusions to be drawn from the correction of externalities is that in
the European Union, the chosen framework for this thesis, environmental taxes are still no-
tably low and do no significantly affect operation by air carriers, despite their markedly
Pigouvian character. The case study, centred in the noise externality of Amsterdam Airport
Schiphol, allowed an in-depth compilation of the historical approach towards environmen-
tal measures and the outstanding concern of the institutions to correct the negative impact
of noise in the surrounding community. A review of the research produced in the last two
decades focused on two hedonic pricing studies (Schreurs et al. in 2011, Dekkers and van
deer Straaten in 2008) and a contingent valuation study (van Praag and Baarsma in 2004) in

their effort to quantify noise externality in the region around the airport; calculations were
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reproduced, and some of the findings discussed. After consulting externality correction
measures as applied by Schiphol and the Dutch government, in collaboration with stake-
holders, the presence of a 500 000 yearly airport movements cap for 2020 was noted, a
unique approach that while initially appeasing the community, seems to be failing at present
after limitations were exceeded in 2018. Similarly, noise charges on aircraft operation, while
present, do not seem to be based on the aforementioned studies, or bear any relation with

the estimated costs supported by each household despite their strong Pigouvian character.

Further reflection onto this case study led to the following concluding statements: first, it
revealed that as indicated by the 2019 EU Aviation Environmental Report, the Balanced Ap-
proach is not strictly adhered to, and that regulatory measures, such as the movement cap,
prevail in Schiphol over economic measures; second, that environmental taxes in Schiphol
are not determined by noise externality, but rather by aircraft characteristics, and that this
is likely due to the inaccuracy and discrepancy of externality valuation studies; third, a lack
of frequent studies with larger public backing impedes more accurate monetary quantifica-
tion, and thus the determination of larger, cost-dependant noise taxes; and fourth and last,
that fleet renewal and community involvement are key positive trends for a successful inter-
nalisation approach for the future, phasing out the old operation cap model. Under the ICAO-
EU Balanced Approach, the economic measures should lead to better self-regulation of the
aviation market in Schiphol and avoid jeopardising the balance between the quality of life

of resident and the economic benefits generated by the airport.

It is worth mentioning as well that further research is required in identifying and resolving
the negative costs of aviation. Knowledge gaps still exist in the study of ultrafine particulate
matter in health, with ICAO implementing related metrics only in 2020, and epidemiological
studies should allow for a more profound understanding of the health effects of long-term
noise and emissions exposure. Additionally, the industry is experiencing an evident onward
trend towards cleaner, quieter operations that guarantee economic viability for carriers and
consumers. In a world that is increasingly more knowledgeable about the environment and
its effects in quality of life, the public is shifting towards options that envisage their concerns
and offer greener alternatives, which in turn is compelling the market to shift in this direc-

tion.

Finally, the author would like to highlight that the complexity in researching and aptly com-
posing this thesis exceeded expectations. The very nature of the topics discussed is multi-
disciplinary, ranging from the fields of physics and chemistry to those of health sciences,
economics, and advanced knowledge about airport operations. Nevertheless, the result is
satisfactory, and the initial goal of expanding and compiling current literature has been ful-
filled.
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X. Annexes and supplementary media

Annex 1: WHO Community Noise Guidelines.

DWELLINGS
Day-time

= Indoors the dwelling during the day/evening - 35 dB Leq (16 hour)

= Qutdoor living areas - 55 dB Leq (16 hour) to protect the majority of people from being ‘seriously
annoyed’ during the day-time

= Qutdoor living areas - 50 dB Leq (16 hour) to protect the majority of people from being ‘moder-

ately annoyed’ during the day-time
Night-time

= OQutside fagades of the living spaces should not exceed 45 dB Leq (8 hour) and 60 dB Lmax to pro-
tect from sleep disturbance
= Inside bedrooms - 30 dB Leq (8 hour) and 45 dB Lmax for single sound events to protect from sleep

disturbance.

SCHOOLS & PRE-SCHOOL

= School playgrounds outdoors should not exceed 55 dB Leq during play to protect from annoy-
ance.

= School classrooms should not exceed 35 dB Leq during class to protect from speech intelligibil-
ity and, disturbance of information extraction.

= Thereverberation timein the classroom should be about 0.6 s.

= Pre-school bedrooms - 30 dB during sleeping time & 45 dB Lmay for single sound events to pro-

tect from sleep disturbance.
HOSPITALS

Day-time

= Hospital ward rooms indoor values during the day-time/evening - 30 dB Leq (16 hour) to protect
from sleep disturbance and interference with rest and recovery

Night-time

» Hospital ward rooms indoor values at night - 30 dB Leq (8 hour), together with 40 dB Lmax to

protect from sleep disturbance and interference with rest and recovery
PARKLAND AND CONSERVATION AREAS

= Existing large quiet outdoor areas should be preserved and the signal-to-noise ratio kept low.
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Annex 2: WHO DALY loss for highly annoyed people due to air traffic
noise in the EU.

Table 6.3. DALYs for highly annoyed people due to air traffic noise in the

EU
Exposure  Percentage Percentage Number DALYs lost in the urban
category of of people of cases population®
Lden population highly per
(dB(A)) exposed®  annoyed®  million®
DW= DW = DW=
0.01 0.02 0.12
<55 96 3.16 30 327 33 360 66 719 400315
55-59 3 13.66 4 098 11 679 23 358 140 147
6064 1 21.76 2176 6 201 12 401 74 408
B65-69 0 31.54 0 0 0 0
70-74 0 42.93 0 0 0 0
>75 0 42.93" 0 0 0 0
Total 100 36 601 51239 102 478 614 869

* The source of exposure data is the Noise Observation and Information Service for Europe (NOISE) as of

June 2010.

& The percentage and number of cases were calculated using the mid-level value of each exposure category.

For the category of < 55 dB(A), the mid-level value was conservatively set to 48 dB(A).

¢DALYs were calculated for the 285 million persons living in agglomerations with > 50 000 inhabitants.

4 As the exposure—response function does not apply to the range over 75 dB(A), the percentage of people
highly annoyed in this exposure category was assumed to be the same as in the 70-74 dB(A) category.
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Annex 3: Health effects from nocturnal noise exposure as described by
WHO.

Table 4.1. Ranges for the relationship between nocturnal noise exposure and
health effects in the population

Light,outside Health effects observed in the population

< 30 dB(A) Although individual sensitivities and circumstances differ, it appears
that up to this level no substantial biological effects are observed.

30 — 40 dB(A) A number of effects are observed to increase: body movements,
awakenings, self-reported sleep disturbance and arousals. The
intensity of the effect depends on the nature of the source and the
number of events. Vulnerable groups (for example, children and
chronically ill and elderly people) are more susceptible. However,
even in the worst cases, the effects seem modest.

40 - 55 dB(A) Adverse health effects are observed among the exposed population.
Many people have to adapt their lives to cope with the noise at night.
Vulnerable groups are more severely affected.

> 55 dB(A) The situation is considered increasingly dangerous for public health.
Adverse health effects occur frequently, and a sizable proportion of
the population is highly annoyed and sleep-disturbed. There is
evidence that the risk of cardiovascular disease increases.

Source: Night noise guidelines for Europe (38).
Note. The guidelines assume an average attenuation of 21 dB(A) between inside and outside noise levels.
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Annex 4: Social costs of each exhaust pollutant as of 2005

Pollutant Average (2005 euros/kg)a Rural Urban
HC 45 2.8-52 2890
co 0.1 0.02-0.20

NO, 10.1 42-13.3 7.2-253
PM 167.8 18.2-202.0 85.5-2005.0
SO, 6.8 3.2-88 3.5-52.0
Co, 0.03b 0.01-0.04

Notes: a The figures are inflated to 2005 values by applying the euro area inflation rates.
b The figure of 0.038, used in the calculation, has been rounded to two decimal places

Source: Pearce and Pearce (2000), Dings et al (2003), Lu and Morrell (2006)
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Annex 5: Comparison of methodologies between aircraft emissions val-
uation and aircraft noise valuation (following HP method)

Exhaustemissions ¢ \-=,
- Exhaust pollutants T
« Types of environmental damages: ;I»
health, vegetation, materials el

aquatic ecosystem, climate

Pollutant -related unit social costs - Engine emission
» Concentration level | social cost
+ Dose -response relationship " per aircraft movement

* Influential level: local/national/global -

Aircraft operations [
« Types of engines and emission rates P
» Average LTO cycles and cruise time = !

Noise Depreciation Index (NDI) _ i N
+ Noise unit - Y
+ Background noise level

Affected residences |
» Noise contour . " Total annual social cost
+ Residential density '

Average housing price _
+ Average discount rate — |
+ Average house lifetime S 4

Aircraft movements ‘ [
+ Aircraft/engine combinations
* Certificated noise level

.| Noise social cost
‘ —— | peraircraft movement
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Annex 6: Lgen per neighbourhood in 2003.

Lden (dB, 2003) per CBS neighbourhood
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Annex 7: Question 25 regarding noise annoyance

Table 2: .25. Would you please indicate the frequency at which the following sound sources cause

noise nuisance at the place where you live ?

Sound sources Never Sometimes Regularly | Often Always No answer
1. Cars, buses, mopeds,

trucks 21.2% 40.3% 13.5% 6.4% T.1% 11.6%
2. Electrnic trams/subway 69.4% 6.1% 1.9% 1.0% 21% 19.5%
3. Trains 65.9% 9.1% 2.1% 1.5% 1.8% 19.6%
4. Aurplanes 11.4% 32.9% 18.6% 13.8% 13.2% 5.1%
5. Industry/business 67.1% 9.0% 2.0% 1.2% 0.4% 20.4%
6. Hotels, restaurants, pubs | 67.5% 10.6% 1.7% 0.6% 0.5% 19.1%

and other places of

entertainment
7. Noise nuisance from

neighbors 38.9% 32.1% T1% 3.8% 1.8% 16.4%
8. Children/youngsters 43.1% 29.8% 53% 2.6% 0.9% 18.4%
9_ Other sources, viz._ . 39.4% 3.2% 2. % 1.8% 0.9% 52.0%

*

N =1,400 for respondents in the Schiphol area.
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Annex 8: contour for 48 dBA Lsen and flight path noise in 2019.
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Annex 9: contour for 40 dBA Lagne and flight path noise in 2019.
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