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Resumo

Os aeroportos constituem uma parte essencial do sistema de transporte aéreo, disponibilizando
infraestruturas que permitem a transferéncia de passageiros e carga entre a superficie terrestre
e veiculos aéreos, o armazenamento e a manutencdo de aeronaves e a acomodacao de outros
fornecedores de servicos essenciais ao mesmo. Os aeroportos tém ainda um elevado valor es-
tratégico para as regides em que estao instalados, uma vez que criam riqueza, oportunidades
de emprego, promovem o turismo regional e incentivam o desenvolvimento econémico. Desde o
inicio da aviacao civil, o trafego aéreo tem crescido de forma exponencial sem ter sido acompan-
hado por um investimento correspondente nas infraestruturas aeroportuarias, atingindo recen-
temente um ponto em que os aeroportos comecam a enfrentar problemas de congestionamento
devido a falta de capacidade. Devido a estes fatores, ha uma pressao crescente sobre os ge-
stores aeroportuarios, companhias aéreas e entidades que regulam o espaco aéreo para uma
gestao mais eficiente do sistema do setor. A analise do desempenho aeroportuario, bem como
a previsao dos fatores de que este depende, assumem-se entao como tarefas essenciais.

Este estudo aborda o desempenho aeroportuario tentando prever o mesmo através da projecao
do crescimento de passageiros e movimentos de aeronaves. Para tal, o desempenho é aferido
através da metodologia MACBETH (Measuring Attractiveness by a Categalized Based Evaluation
Technique) na qual se baseia o modelo PESA-AGB (Performance Efficiency Support Analysis - Air-
port Global Benchmarking) adotado neste estudo. O método utilizado na previsdo consiste numa
técnica de alisamento exponencial, que permitiu a construcao de trés cenarios de crescimento
e que pode ser facilmente aplicado pelos gestores aeroportuarios.

Os resultados apresentam os valores previstos de passageiros e movimentos de aeronaves num
aeroporto ficticio - representativo de um dos principais aeroportos em Portugal, bem como as
pontuacdes de desempenho. E também mostrado que o peso do indicador de desempenho aero-

portuario considerado o mais importante pelos especialistas, acaba por ter um menor impacto no
computo geral quando se considera em simultaneo a influéncia direta sobre outros indicadores.

Palavras-chave

Desempenho Aeroportuario; Previsdo; MCDA; MACBETH; Alisamento Exponencial
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Resumo alargado

Introducao

Esta seccao serve o propdsito de resumir, em lingua portuguesa, o contelido da presente dis-
sertacao. Inicialmente é feito o enquadramento da dissertacdo e sdo identificados o objeto e
objetivos do estudo. O resumo prossegue com apresentacao dos principais resultados e con-
clusdes retiradas e termina com a enumeracao dos aspetos sugeridos para objeto de trabalhos
futuros.

Enquadramento

Um aeroporto mais do que uma infraestrutura que serve uma gama de necessidades crescentes
relacionadas com o transporte aéreo, € um sistema que incorpora um conjunto heterogéneo de
componentes interligados e que, além disso, tem uma forte interacdo com o meio em que esta
inserido.

Um dos principais problemas enfrentados pelos aeroportos atualmente é o volume crescente
de trafego aéreo. De facto, este tem crescido de forma praticamente exponencial e tem-se
mostrado resiliente a fatores externos negativos mais acentuados, como ataques terroristas,
conflitos e crises financeiras. Este crescimento do trafego aéreo nao tem sido acompanhado
por um investimento correspondente ao nivel das infraestruturas de transporte aéreo levando
a que os principais aeroportos mundiais enfrentem atualmente periodos de forte congestion-
amento que colocam em risco a operacionalidade e a seguranca da infraestrutura. Devido a
estes fatores, ha uma pressao crescente sobre os gestores aeroportuarios, companhias aéreas e
entidades que regulam o espaco aéreo para uma gestao mais eficiente do sistema de transporte
aereo.

Para melhorar o desempenho aeroportuario, é necessario analisar e modelar as dinamicas de
um aeroporto no sentido de facilitar o entendimento, definicao, quantificacao e simulacao das
mesmas.

E esperado pela generalidade da ind(stria da aviacéo civil, que o crescimento do trafego aéreo
se mantenha no futuro. Tendo em conta que o transporte aéreo assume uma influéncia cada
vez maior sobre os cenarios econémicos, € importante assegurar que as necessidades futuras
deste setor sdo asseguradas. Como tal, o desenvolvimento de previsoes sobre trafego aéreo e
atividades de gestao do transporte aéreo assume um papel critico nos processos de planeamento
das varias organizacées envolvidas com esta indUstria.

Objeto e Objetivos

0 objeto de estudo desta dissertacdo é o desempenho aeroportuario, sendo o principal obje-
tivo a modelacao e previsao do mesmo. Para tal, foram tracados dois objetivos secundarios.
Primeiro, é necessario definir desempenho aeroportuario através da identificacao dos aspetos
avaliados e dos indicadores através dos quais este deve ser medido. E necessario conhecer e
distinguir os diferentes conceitos associados ao desempenho aeroportuario (eficiéncia, desem-
penho comercial, etc.) bem como os conjuntos de indicadores ou inputs e outputs de modelos
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que sao utilizados neste tipo de estudos.

Em segundo lugar, é necessario identificar a metodologia que melhor se adequa ao problema,
a natureza dos dados e aos recursos disponiveis. Este principio é valido tanto para a analise de
desempenho como para a construcao da previsao.

Pretende-se que este estudo se aplique a um aeroporto Portugués, geralmente adotado como
referéncia.

Casos de Estudo

Este estudo adota o modelo PESA-AGB para quantificar o desempenho aeroportuario e recorre
a uma base de dados parcialmente constituido por dados relativos a diferentes areas de de-
sempenho publicados em relatorios pUblicos referentes a 3 aeroportos portugueses do grupo
VINCI/ANA S.A.: Lisboa, Porto e Faro. Este trabalho de investigacao utiliza apenas os dados ref-
erentes ao aeroporto de Lisboa. Tendo em conta que os dados em falta foram inferidos a partir
de aeroportos mundiais semelhantes em dimensao (passageiros e movimentos) e categoria, as
simulacdes apresentadas nesta dissertacdo aplicam-se a um aeroporto ficticio representativo do
aeroporto de Lisboa.

Trés casos de estudo sdo apresentados, correspondendo a analise da evolucdo do desempenho
aeroportuario em funcao do crescimento de:

» passageiros (Caso |);
» movimentos de aeronaves (Caso Il);
« passageiros e movimentos de aeronaves em simultaneo (Caso ).

Para os dois primeiros casos sao consideradas 3 hipoteses a fim de aferir quais as condicoes mais
adequadas para avaliar o impacto do crescimento de cada um dos indicadores no desempenho
do aeroporto:

« hipotese 1 - previsao por projecao de tendéncia para o indicador considerado aplicando a
condicao “ceteris paribus” para todos os outros indicadores;

« hipotese 2 - previsao por projecao de tendéncia para o indicador em estudo, considerando,
adicionalmente, o possivel impacto diretamente observavel do seu crescimento sobre out-
ros indicadores;

« hipotese 3 - previsao aplicando a técnica de alisamento exponencial assumindo as condicdes
de uma das hipoteses anteriores que sejam consideradas as mais adequadas.

Principais conclusoes

A revisao bibliografica conduzida para a analise de desempenho aeroportuario mostra que as
técnicas de Stochastic Frontier Analysis (SFA) e Data Envelopment Analysis (DEA) sdao as mais
populares. No entanto, para modelar o desempenho aeroportuario apenas o SFA é aplicavel
juntando-se as técnicas baseadas no método dos minimos quadrados. O DEA por si s6 nao fornece
uma medida de desempenho. Uma forma encontrada na literatura para contornar esta questao

X



Airport Performance Analysis and Forecasting

consiste em atribuir um peso a cada medida de desempenho através de modelos hibridos como
DEA/Analytic Hierarchy Process (AHP).

Relativamente as técnicas de previsdao, os métodos mais populares consistem em técnicas de
séries temporais e métodos econométricos. A selecao da ferramenta de previsao mais ade-
quada depende, no entanto, de uma série de fatores identificados nesta dissertacao.

Os resultados obtidos da primeira hipotese para o Caso | e para o Caso Il confirmam o maior
impacto do nimero de passageiros no desempenho aeroportuario medido, através da pontu-
acado obtida do modelo PESA-AGB, resultante do maior peso atribuido pelos especialistas a este
indicador. No entanto, quando se considera o impacto direto que a alteracdo do nimero de
passageiros e movimentos de aeronaves podem ter sobre outros indicadores, o segundo acaba
por ter maior impacto no desempenho aeroportuario uma vez que a soma do seu peso com 0s
pesos dos indicadores afetados acaba por ser maior do que no caso dos passageiros, mostrando
que as suposicoes estabelecidas na segunda hipotese tém uma influéncia consideravel na analise
desempenhada.

Na terceira hipdtese, é introduzida a técnica Exponential Triple Smoothing (ETS) que permite a
construcao de trés cenarios de crescimento (expectavel, otimista e pessimista) para cada indi-
cador, com base nos limites de confianca. O cenario expectavel mostra, para ambos os casos,
um crescimento continuo ainda que abaixo da taxa média registada entre 2003 e 2013. O cenario
otimista mostra, no caso dos passageiros, um nimero ligeiramente acima da capacidade max-
ima projetada para 2013. Apesar de tais projecdes nao serem totalmente precisas, os nUmeros
previstos mostram que o aeroporto teria de realizar um esforco adicional para ter a capacidade
de dar resposta a essa procura.

No caso lll, a performance do aeroporto é estimada para o cenario expectavel de passageiros e
movimentos de aeronaves, uma vez que a correlacado entres os dois indicadores é muito elevada.
As pontuacdes mostram que o aumento do trafego aéreo (passageiros e movimentos) nao leva,
por si s, a um aumento significativo do desempenho quando comparado com as flutuacdes da
pontuacao registadas entre 2003 e 2013. Significa isto que, se os gestores aeroportuarios pre-
tendem obter aumentos significativos de desempenho global, mais do que lidar com o aumento
do trafego aéreo sem piorar o desempenho relativo as diferentes areas, este Gltimo teria que
ser melhorado.

Perspetivas de trabalhos futuros
A diversidade de técnicas de analise e previsdo de desempenho e eficiéncia deixam ainda

margem para explorar outras metodologias, permitindo o aumento da eficiéncia das mesmas.

Também o conjunto de indicadores de desempenho e respetivas variaveis explicativas poderao
ser alvo de estudos mais aprofundados que contribuam para um melhor entendimento da anato-
mia do desempenho aeroportuario, isto é, refinando a sua especificidade e eventual aplicabili-
dade para aquele fim.

Assim sendo, iniciativas futuras de trabalho nesta area deverao contemplar os seguintes pontos:

« analise do impacto de outros indicadores no desempenho aeroportuario e estudo de corre-
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lacGes adicionais entre todos eles para se obter uma perspetiva mais alargada e consistente
das dinamicas desse desempenho;

analises econométricas que identifiquem as vaiaveis explicativas que tém uma relacao
causal com os diferentes indicadores;

aplicacao de metodologias de previsao diferentes que possam fornecer previsoes mais ex-
atas;

considerar processos de consulta de especialistas e atribuicao de pesos aos indicadores
mais direcionados para o modelo em causa, que permitam uma distribuicao mais consis-
tente dos pesos aos indicadores das diferentes areas;

incorporar metodologias quantitativas ou outras alteracées no modelo PESA-AGB que per-
mitam aumentar a objetividade da avaliacao da performance e tornar o modelo mais pre-
ciso em analises comparativas entre diferentes aeroportos.
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Abstract

Airports are an essential part of air transport system, providing infrastructures to enable the
transfer of passengers and freight between the land surface and air vehicles, to store and main-
tain aircraft and to accommodate other service providers needful to air transportation. More-
over, airports have strategic importance to the regions they serve as they bring wealth, em-
ployment opportunities, promote regional tourism and encourage economic development. Over
the years, air traffic has grown exponentially without a corresponding investment in airport
infrastructures and is now reaching a stage where airports may face congestion due to lack of
capacity. Due to these facts, there is a growing pressure to manage the air transport system
more efficiently. Therefore, it is of utmost importance to analyse airport performance and pre-
dict the development of the factors that may affect it.

This study addresses airport performance by predicting it through the passengers and aircraft
movements forecasts. For this purpose, airport performance is measured through Measuring At-
tractiveness by a Categorical Based Evaluation Technique (MACBETH) methodology by adopting
Performance Efficiency Support Analysis - Airport Global Benchmarking (PESA-AGB) model. The
forecasting method consists of an exponential smoothing technique that could be easily used by
airport managers and that allow creating three different scenarios of development.

Results show the forecasted number of passengers and aircraft movements at a fictitious air-
port representative of a major Portuguese airport as well as its consequent performance score.
Moreover, it is shown that the weight, empirically assigned by experts, that each indicator has
on airport performance may invert when considering the direct impact on other indicators.

Keywords

Airport Performance; Forecasting; MCDA; MACBETH; Exponential Smoothing
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Chapter 1

Introduction

1.1 Motivation

Most common problems faced by the air traffic control system are primarily related to the
volume of air traffic demand placed on the system and those related to the weather. Focusing
on air traffic demand, it has been recorded a high growth rate and it has proven to be resilient
to external factors (see Figure fi.1)).

World annual traffic (trillion RPK*) Asian WTC Attack Financial

0il Crisis 0il Crisis Gulf Crisis Crisis SARS Crisis

! g
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-
4 o
v
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*RPK = Revenue Passenger Kilometres

Figure 1.1: World annual traffic growth over last crisis. Source: [f1]].

Several world major airports are already facing periodic congestion, which may cause oper-
ational constraints to the airport. For example, Lisbon airport is often reported to be facing
congestion problems at the same time of year [2] [3] which affects not only the airport itself but
also some stakeholders like airlines [4], [5]. Despite several reports of the intentions to expand
the airport, the air traffic growth has been faced essentially, through operational adjustments
to improve airport performance and efficiency.

Several factors dictate the amount of traffic that can land at an airport in a given amount of
time. Due to the increasing demand for air transportation, which is expected to continue in the
following years (see Figure [1.2), in conjunction with different kind of constraints on providing
capacity, there has been increasing political pressure for improvements in airport performance
through better and sustainable management of existing resources.
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Figure 1.2: Long term air traffic demand forecast. Source: [f]].

This study intends to contribute to the assessment of the most suitable tools and criteria to
analyse and forecast airport performance and, consequently, provide managers and/or decision-
making units (DMUs) with useful tools and knowledge to improve airport performance as a means
to respond to air traffic growth.

1.2 Object and Objectives

The object of this study is airport performance and the model to measure and predict it. There-
fore, this work has two main objectives: model and forecast airport global performance.

Other specific objectives are inherent to the framework of this study. Firstly, it is necessary to
define “airport performance”. The objective is to identify the criteria/indicators from which
we can quantify or qualify this performance; this may be achieved through a literature review
where attention is paid to the object of previous studies on airports and to the indicators (or
inputs and outputs) selected.

To analyse airport performance is then necessary to identify the methodology that best suits
the problem and data nature. The problem refers to what the object is in specific (commercial
performance, productivity, etc.) and to the main objective, which in this study is to describe
airport performance through a cost function or a scoring system.

The same happens for forecasting, which has seen several techniques being applied. The se-
lection of the most suitable forecast depends on several features that must be identified. This
study is intended to be applied to a Portuguese benchmark airport.

2
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1.3 Dissertation Structure

The subjects and sequence of the main chapters of this dissertation can be summarised as fol-
lows:

Chapter 1 contains an introduction where it is described the theme of this work, the study’s
object and objectives are identified, and the dissertation structure is detailed.

In Chapter 2, airport is regarded as a complex system composed of several interconnected
subsystems and that also must deal with demanding stakeholders and external factors; thus
a literature review on airport performance and efficiency analysis is presented depicting the
characteristics of some methodologies to do so. The choice of study objects and indicators or
inputs and outputs made by previous studies on this subject is referred too.

Chapter 3 presents the state-of-the-art of air traffic and airport performance forecasting. It
is identified the aspects that must be considered before starting the process of forecasting and
the different techniques developed so far.

Chapter 4 presents first an explanation of the MCDA model adopted to measure airport per-
formance. The chapter continues by identifying the case studies. For each case study, it is
presented the scores obtained for each of the hypotheses that are formulated as well as the
related analysis. The results are compared to assess the impacts of different indicators and
assumptions on airport performance score.

Lastly, Chapter 5 concludes by pointing out the major findings of this work and presenting the
dissertation summary. Also, some aspects that may be the object of future work are identified.
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Chapter 2

Airport Performance Analysis

2.1 Introduction

To analyse airport performance, firstly, one needs to understand the dynamics of such an or-
ganisation. Airports embody a range of services, must deal with several stakeholders and have
a significant impact on the regional economies. Also, it is necessary to identify the several
methodologies available to carry out this kind of analysis.

In this chapter, an airport is seen as a complex organisation encompassing the previous aspects.
In addition to the analysis of the economic impact of an airport in a region, it is identified the
several factors on which the economic self-sufficiency of an airport depends. This chapter also
offers an overview of the several performance analysis methodologies available as well as an
extensive literature review.

2.2 Airport - A Complex Organization

Airports are intermodal hubs and natural interfaces between ground and air transport. However,
more than an interchange of transport modes, an airport is a system that serves a broad and com-
plex range of needs related to the movements of people and cargo worldwide [6] and embodies
several interconnected heterogeneous components. It must be efficient, secure, pleasant to its
users, have a capacity greater than demand, have a profitable commercial exploitation, etc.

Airports accommodate manoeuvre area, passenger’s terminals, cargo terminals, control tower,
meteorological service, flight information centre, communication services, commercial area,
etc.

A system is considered to be complex when it is composed of a group of interrelated com-
ponents and subsystems, for which the degree and nature of the relationships between them is
imperfectly known, with varying directionality, magnitude and timescales of interactions [7].

Running a complex organisation such as an airport involves dealing with divergent interests
between different stakeholders; this means that stakeholders may seek to influence or even
become involved in route development decisions at an airport so that airport managers may
prioritise and clarify organisational goals. For example, airlines require airports to capacity at
low costs, efficient services, flexibility to deal with different kind of companies, elevated levels
of safety and security, etc. Hossain and Alam [8, pp. 1] consider an air transportation system as
“probably one of the most complex man-made systems that operates on the edge of chaos and
exhibits emergent behaviour whereby small changes in one part of the system can cause major
changes in another or in the system as a whole”.
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Planning and management at an airport are not easy tasks. Authorities invest large sums in
equipment for a specific purpose to respond to a demand on which airports only have an indi-
rect control. An airport manager is required to have a clear perception of costs and revenues
structure to obtain profits or at least minimize losses depending on the ownership form.

Airports are often viewed as spheres of influence for regional development [9],[10] as they
can enhance the growth potential of a region. It is accepted that transports infrastructures are
potentially influential on the economic performance of the region by expanding the use of ex-
isting resources (labour, capital, etc.), attracting additional resources, and making economies
more productive [11]]. However, as it stressed by European Investment Bank, infrastructures of
this kind contribute only indirectly to this aim, acting as a catalyst in promoting development
[12].

The economic self-sufficiency of any airport depends on many factors, like its size and loca-
tion, current infrastructure conditions, maintenance costs, investment in future development
and efficiency of capital goods utilisation [[13]. The importance of the location of an airport to
attract passenger services and air freight services is supported by the studies of Dennis [14] and
Zhang [[15], respectively. Halpern and Graham [{16] found that market growth has a significant
positive effect on route development performance while airport constraints have a significant
negative effect. Using Data Envelopment Analysis to determine the relative quality of several
airports, Adler and Berechman [[17] found that aspects regarding delay times, runway capacity,
airport charges, etc. were important for passenger airlines location. Gardiner et al. [[18] iden-
tified and evaluated the factors that influence cargo airlines’ choice of airport and concluded
that the ability of an airport to operate at night and the quest to minimise costs were the most
important factors. Regarding efficiency, Oum et al.[19] concluded that airports owned and/or
controlled by majority private firms, autonomous public corporations or independent authori-
ties are more efficient than those owned and/or controlled by government branch (city/state),
multiple level governments, or ports authorities.

Doganis and Graham [20] surveyed the use of performance measures in Europe and found that
most airports relied on purely financial measures of performance. The range of circumstances
regarding aviation activities, commercial activities, site constraints, governance and ownership
structure, etc., in which airports operate results in a mismatch between different airports to
define most relevant performance indicators. ACI [21] defined a useful set of performance
measures across some categories. The forty-two individual measures are referred to as Key
Performance Indicators (KPIs). These indicators are divided into six categories called Key Per-
formance Areas (KPAs) (see Figure R.1)) which can be described as follows:

» Core - core measures used to characterise and categorise airports, such as the number of
passengers and operations;

» Safety and Security - safety indicators used to track airfield and other portions of the
airport safety issues related to the operations while security indicators are used to monitor
security violations, criminal acts and responsiveness;

« Service Quality - service quality indicators focus both on how passengers perceive the level
of service provided by the airport;
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» Productivity/Cost Effectiveness - these indicators measure the resources used to produce
a certain volume of activity;

 Financial/Commercial - these indicators are used to track the airport’s financial perfor-
mance, including airport charges, airport financial strength and sustainability, and the
performance of individual commercial functions;

» Environmental - used to monitor an airport’s progress in minimising the environmental
impacts of its operations.

The metrics of the KPI’s can be observed in Annex [A. 1.

Safety and Security

Service Quality

«Passengers «Runway Accidents «Practical Hourly
«Origation and «Runway Incursions Capacity
Destination Passengers «Bird Strikes «Gate Departure Delay
«Aircraft movements «Public Injuries « Taxi Departure Delay
«Freight and Mail «Occupational « Customer Satisfaction
Loaded/Unloaded Injuries*100 «Baggage Delivery Time
= Destinations Nonstop «Lost Work Time from «Security Clearing Time
Employee Accidents «Border Control
and Injuries Clearing Time

Productivity/Cost

Effectiveness

Financial/
Commercial

«Check-in to Gate Time

«Passengers Per «Aeronautical Revenue «Carbon Footprint
Employee per Passenger «Waste Recycling

« Aircraft Movements «Aeronautical Revenue «Waste Reduction
per Employee per Movement Percentage

«Aircraft Movements «Non-Aeronautical -Renewable Energy
per Gate «Operating Revenue as Purchased by the

- Total Cost per Percent of Total Airport (Percent)
Passenger Operating Revenue «Utilities/Energy Usage

« Total Cost per +«Non-Aeronautical per Square Meter of
Movement Operating Revenue per Terminal

«Total Cost per WLU Passenger +«Water Consumption

«Operating Cost per «Debt Service as per Passenger
Passenger Percenta ge of

-Operating Cost per Operating Revenue

Movement «Long-Term Debt per

-Operating Cost per Passenger

WLU

«Debt to EBITDA Ratio
«EBITDA per Passenger

Figure 2.1: Performance Indicators in Six Key Performance Areas. Adapted from [21].

Also, ICAO [22, 23] recommends that States (i.e., national governments) ensure that airports
have performance management systems prepared, and that those systems include one or more
performance indicators but only in four specified KPAs (Safety, Quality of service, Productivity
and Cost-effectiveness).

2.3 Performance and Efficiency Analysis

In 2010, European airports handled around 800 million passengers and air traffic is expected to
almost double by 2030.Currently, major European airports are congested at some time of the
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day; this represents a major problem for the airports since efficiency and safety problems may
derive from operating near to the capacity limit. Besides, “congestion and the lack of slot avail-
ability at international hubs were found to drive carriers and integrators to secondary airports”
[8, pp. 394].

In 2016, over 140 countries added 5% or more capacity than in 2015 while 80% added more
than 10% [{1]. However, to overcome this problem, more than simply adding capacity, world’s
airports are also seeking to improve its efficiency.

First, it necessary to analyse and model the dynamics within an airport with the aim of making
it easier to understand, define, quantify and simulate.

This kind of activity is widely used in many industries and was introduced to the airport sector
in the mid-1990’s, being the number of studies in this field still relatively modest [24].

The emergent interest from airport managers and governments in measure airport performance
has the assessment or monitoring of the following features as main goals [25]:

Financial and operational efficiency;

Alternative investment strategies;

Airport safety;
» Environmental impact.

Performance has many dimensions, and its definition is not clear in the literature as well as its
components’ distinction. Lai et al. stated that “the research on airport performance can be
classified into two main types: the efficiency evaluation approach and the productivity evalua-
tion approach”; they consider that “efficiency does take the maximum potential output which
can be produced with the available inputs, into account, while productivity considers actual
outputs” [26, pp. 2]. It was also verified that the two terms have been used interchangeably
and considered equivalent. Hooper and Hensher [27] distinguished efficiency and effectiveness
defining the first as the way the physical inputs are used to produce the physical services, be-
ing concerned with supply-side relationships; while the other one relates service levels to a
large extent under their control, given passenger levels and/or landings, and is concerned with
demand-side relationships. This study addresses the global performance of the airport encom-
passing the several areas of airport operations.

As stated before, airports are complex and dynamic organisations which can have different
priorities and ownership forms resulting in a diversity of methods used in its performance and
efficiency analysis. Although previous studies [6], [28] on airport performance frequently clas-
sify these methods into two groups (parametric methods and non-parametric methods) there is
a greater diversity of tools used (see Figure 2.2).

The literature review conducted for this study only addresses the multidimensional tools which
can be divided into average approaches, frontier approaches and Multi-Criteria Decision Analysis
(MCDA) (see Table R.1)).

8
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Frontier approaches have been widely used in the literature. A review of the same shows that
DEA is the most used non-parametric approach while Stochastic Frontier Analysis (SFA) is the
most studied parametric method.

Productivity and
Efficiency Analysis

1
[ 1

One-dimentional Multi-Dimensional

1
T — = pa—
Multi-Criteria

Avernge frontist Decision Analysis
‘ Approaches Approaches (MCDA)
!7 I
[ 1
Non-Parametric Parametric Non-Parametric
‘ (Index Numbers) (Deterministic) Femneuic (Deterministic)
I [ P
partial Total Factor Ordinary Least Stochastic Data Envelopment
Piaeen Productifvity Squares Frontier Analysis Agent-Based Analysis = MACBETH
‘ (TFP) (OLS) (SFA) (DEA)

M ELECTRE

t—  PROMETHEE

— TODIM

Figure 2.2: Quantitative Methodologies to Assess Productivity and Efficiency. Adapted from [29].

Data Envelopment Analysis (DEA) has been appointed as the most popular method in airport
benchmarking [30]. It consists of a linear programming-based method (non-parametric) to con-
struct an efficiency frontier based on the sample. If the organisation is on the frontier it is
efficient and if it is inside the frontier then it is inefficient. DEA handles multiple outputs eas-
ily, but it can be influenced by noise assuming away measurement error and impermissibility
as factors affecting the outcome. It is fair to say that DEA provides a measure of inefficiency
rather than an explanation of it. Barros and Dieke [31] and Barros [32] used DEA to analyse the
financial and operational performance of 31 Italian airports and to estimate Argentina’s airports’
relative technical efficiency, respectively. Barros and Sampaio [33] used DEA to determine the
technical and allocative efficiency (a comparative measure of how well an airport adopts prices
that suit its marginal productivity) of Portuguese airports.

Stochastic Frontier Analysis (SFA) is one of the main parametric approach used by researchers
to evaluate efficiency or, more specifically, technical efficiency. This method can deal with
random shocks and measurement errors. Environmental variables are also easier to deal with.
Although the parametric approaches take these errors into account, its methods still face chal-
lenges on separating random error from efficiency. Also, most papers focusing on the parametric
frontier approach estimated a production frontier function, while ignoring multi-output nature
of airports [6]. For example, Diana [34] used stochastic frontier models to assess technical effi-
ciency at 3 New York airports, and Barros [35] estimated the technical efficiency of UK airports
using a random stochastic frontier model.
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Airport productivity is frequently analysed using Total Factor Productivity (TFP). This method
“requires an aggregation of all outputs into a weighted output index and all inputs into a
weighted input index using pre-defined weights” [26, pp.4]. Cahill et al. [36] used TFP and
labour productivity indicators, as well as basic financial indicators to analyse Dublin Airport
Authority’s economic performance. TFP has also been combined with other methodologies to
evaluate airports’ productivity. Tovar and Martin-Cejas [6] used a stochastic distance function
to measure Spanish airports’ productivity changes and calculated the evolution and decompo-
sition of the Total Factor Productivity (TFP) for those airports, while Fung et al. [28] used the
non-parametric method of DEA to compute the relative efficiency of airports in China in each
year of the study period, and Malmquist productivity change indices were used to estimate vari-
ations in the overall productivity of each airport over time.

Regression analysis has been used to analyse commercial performance. Appold and Kasarda
[37] used simple regressions to impact of passenger demography on the volume and nature of
airport retail sales to later evaluate appropriate capital investments for terminal retail expan-
sions. Fasone et al. [38] address the business performance of German airports using regression
and partial least squares (PLS) allowing to use simultaneously variables that were dropped by
past contributors because of collinearity.

Also, Multi-Criteria Decision Analysis (MCDA) has been applied in air transportation field. MCDA
evaluates multiple conflicting criteria in decision-making and “consider evaluation criteria de-
rived from a literature review or expert opinions, which might be subjective due to the vagueness
of human judgements and preferences” [39, pp. 3]. Also, different weighting may be obtained
by querying different experts. Analytic Hierarchy Process (AHP) is amongst the most popular
techniques in this kind of analysis. AHP does not provide a measure of performance of a unit.
Instead, it is used to assess the relative importance of the factors or criteria. For example, Yoo
and Choi [40] utilised an AHP analysis on surveyed data about the relative importance of the
factors and elements concerned with the improvement of passenger screening. Because of that,
AHP is frequently combined with other techniques to analyse airport performance. Chao and
Yu [41] developed a quantitative evaluation model for analysing air cargo competitiveness of
airports by combining Delphi method and AHP. Others methods include MACBETH presented by
Bana e Costa and Vansnick [42]. Baltazar et al. [43] used and compared the results of MACBETH
and DEA in the efficiency analysis of 3 Iberian airports and found MACBETH to be more accurate
than DEA and easily applicable in managerial practice involving stakeholders.

Further approaches have been used to analyse the performance of airports. Xiao et al. [44]
modelled airport capacity investment using real options. Agent-based was also indicated as a
promising tool to model and analyse a complex and sociotechnical system like an airport since
it represents the interaction among system components [45]. However, Agent-based have been
mostly used to model traffic system [46], [47].
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Table 2.1: Summary of airport performance studies. Source: own elaboration.

Paper Method Object Units Inputs Outputs
Hooper and . :
Hensher TFP Productivity gi,:\u(::tr:han éab;::’rcal stock, Deflated revenue
(1997) [27] P
No.
of planes,
Barros and Technical No. of employees, no. of passengers,
. and 12 Portuguese general cargo,
Sampaio DEA allocative airports mail cargo
(2004) [33] efficiency capital sales to planes,
sales
to passengers
Food and
beverage sales,
Appold and Simple Commercial 75 American non-food salgs,
Kasarda regression erformance  airports No. of passengers total domestic
(2006) [37] g P P sales, total sales
(including
duty-free)
No. of planes,
Barros and 31 Italian Labour costs, nz;];f;rizsrer;gers,
Dieke DEA Performance capital invested, sener: £0,
airports . handling receipts,
(2007) [31] operational costs .
aeronautical sales,
commercial sales
Operating costs sales to planes,
Barros Technical 13 Portuguese p s L sales to passengers,
DEA .. . price of capital, .
(2008a) [48] efficiency airports . non-aeronautical
price of labour
fees
No. of labour,
Barros DEA Technical 32 Argentina ZO.ro(:s r:rr;\;/ays, :g' ;): p::z:rs]’ ors
(2008b) [B2] efficiency airports P o - TP 8ers,
passenger terminal  cargo
area
Operational cost, Price of capital
Barros SFA Technical 27 UK airports price of workers, investment,
(2008c) [35] efficiency P price of no. of passengers,
capital-premises aircraft movs.
Fung et al. DEA and Productivit 25 Chinese R;:sv;?\yelf:i?r;inal :i(;.cr(::’tp:;?: =
(2008) [28]  TFP Y. airports passeng ’

area

tonnes of cargo
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Paper Method Object Units Inputs Outputs
Airport operations,
taxi-out delays,
block delays,
. airborne delays, System airport
Diana (2010) [34] SFA Z?E:?e]:\i; zi?;g:tzork taxi-in delays, efficiency rates
arrival delays, (SAER)
departure delays,
arrival and
departure rates
Aircraft movs.,
Tovar and. SFA and Tec.hpical 26 Spanish Lgbor, ayerage size of
Martin-Cejas TEP efficiency and airports airport area, aircraft, share of
(2010) [4] productivity no. of gates non-aeronautical
revenue
No. of airlines
operating at
airports, no. of
flights, no. of
Delphi/AHP source and
Chao and Yu and simple  Cargo 10 Asian- destination cities, Competitiveness
(2013) [41] additive competitiveness  Pacific airports  airport charges, subtotal
weight airport opening
hours, cargo
clearance times,
cargo volumes,
cargo growth, GDP
Passenger
terminal area,
cargo terminal
area, aircraft
Baltazer MACBETH b ceviy o, of faways, 0. o passengers
et al. (2014) [43] (MCDA) ) J ) ’
no. of boarding tonnes of cargo
gates, no. of
check-in desks,
no. of baggage
claim belts
Coto-Millan Technical 35 Spanish Labgur .COSt’ N.O' of passengers,
DEA . . . capital invested, aircraft movs.,
et al. (2014) [49] efficiency airports
other expenses tonnes of cargo
No. of employees,
no. of gates, no- of Aircraft movs.,
. 25 European runways, terminal
Lai et al AHP and Productivity and Asian- area, length of no. of passengers,
(2015) [50] DEA ’ amount of freight

Pacific airports

runway,
operational
expenditure

and mail
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Paper Method Object Units Inputs Outputs
Access, check-in,
emigration,
Da Rocha De Borda  Operational 12 Brazilian security inspection,

et al. (2016) [61] and AHP performance airports immigration,
customs, access
airport facilities

Runway length,

Fragoudaki 38 Greek apron size No. of passengers,
and Giokas DEA Performance Airborts [a)ssen er’terminal aircraft movs.,
(2016) [30] P zrea g tonnes of cargo

Nos. of passengers,

%’s of passengers,

aircraft movs.,

no. of operatin .
. P s Non-aviation

airlines, surface of

. . revenues per
Ridge . commercial
. Commercial 15 German passenger,
regression

activities, surface non-aviation
and PLS of non-aviation
revenues per

activities, no. of

. square meter
retail shops, no. of
restaurants and
food/beverage
shops

Fasone

et al. (2016) [38] performance airports

Dublin Airport  Non-capital inputs
TFP Performance  Authority (labour costs,
(DAA) cost of other inputs)

Cahill et al.
(2017) [36]

No. of passenger,

Performance score

deflated revenues

2.4 Conclusion

Airports not only serve a range of increasing needs related to transportation, but also encompass
several services in a single infrastructure. Moreover, an airport accommodates several stake-
holders with divergent interests that put pressure on its management units.

The network of influences of an airport is very complex, and it is not yet perfectly known, and
its sustainability and success end up in depending in part on factors on which airport managers
only have an indirect control. Added to this is the variety of ownership forms of the airports.

These complexities result in uncertainty in the definition most relevant performance indicators.
International regulatory entities have set up a framework of performance measures, addressing
that issue.

Due to air traffic’s exponential growth and the threat of congestion, it has been verified an
increasing growth in airport performance and efficiency analysis in which several methods have
been applied. From these, DEA and SFA are the most popular. However, alternative methods
have shown promising results.
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Chapter 3

Forecasting

3.1 Introduction

The rapid growth experienced by air transport industry over the most recent decades is expected
to remain in the following years without a corresponding increase of investment in airport in-
frastructures, resulting in a growing pressure to manage air transport system more efficiently
[62]. Additionally, civil aviation is closely associated with the economic development of regions,
and because of its increasing role in economic scenarios, it is necessary to ensure that future
air transport needs are adequately assessed [53].

Keeping in mind the above considerations, reliable forecasts of civil aviation and airport man-
agement activities play a critical role in the planning processes of the several organisations
working in this industry. Forecasting is the process of making predictions of the future based on
past and present data. It helps to make decisions regarding the development of infrastructures
and evaluating air transport demand resulting in an improvement of services to passengers and
reduced organisation’s risks. In civil aviation field, forecasts are used to [53]:

« Assist in the planning of airspace and airport infrastructure;
« Assist airlines in the long-term planning of equipment and route structures;
« Assist aircraft manufacturers in planning future specifications

So, after we analyse airport performance and efficiency considering past data relative to its
indicators, we must then be able to predict its development in the following years. To do it,
forecasters use any one of a range of forecasting techniques, of varying mathematical complex-
ity and ,each of which, presenting different advantages and disadvantages.

Following, forecasting methodologies are presented as well as other aspects to be considered
when predicting the future.

3.2 Methodologies

Over past decades, several applications of forecasting field to various sectors of civil aviation
planning were developed resulting nowadays in a choice of ways to perform forecasts, ranging
from purely intuitive approaches to structured and complex quantitative methods, like time-
series techniques or econometric modelling, for representing air travel market.

ICAO refers that the first consideration about a forecast is its time horizon, which can be short-
term (1 year), medium-term (1 to 5 years) or long-term (more than 5 years), depending on the
intended use.
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Short-term forecasts involve some form of scheduling. Tactical or operational decisions stems
from short-term traffic forecasts. For example, to determine best months to do repairs and
maintenance in an airport it is necessary to predict its air passengers demand. Since it can be
stated that this demand tends to follow a cyclical pattern, a short-term forecast may be enough
since it is just necessary to determine peaks in each year.

Medium-term forecasts are prepared for planning, scheduling, budgeting and resource require-
ment purposes, and trend factor join cyclical components as a key feature.

Lastly, long-term forecasts are used mostly in strategic planning to determine the level and
direction of capital expenditures with the trend element dominating in these situations. Deci-
sions on aircraft procurement, the opening-up of new routes and markets, the training of new
flight crews and other similar decisions are all results from longer-term forecasts.

Forecasting methods can be divided into three broad categories: quantitative, qualitative and
decision analysis (see Figure B.1)).

Exponential smoothing

Trend projection
— Time-series analysis - MGG aveiaes
Decomposition
—_—

Mehiods Box-Jenkins

Adaptive filtering

Quantitative —»
Spectral analysis

Multiple regressions
[ Regression analysis ———————»

Econometric analysis

— Causal methods—s»| Simultaneous equations models
L Spatial equilibrium
Delphi technique

Qualitative ——|

'— Technological forecasting

— Market research and industry surveys

Decision — Probabilistic analysis

analysis . ¥
— Bayesian analysis

— System dynamics

Figure 3.1: Alternative forecasting techniques. Adapted from [b3].

Most common quantitative methods include time series techniques and econometric modelling.

Time-series approaches include trend projection and decomposition methods, which are the
most used techniques for forecasting the traffic demand [54]. However, these methods are not
able to identify causes of market growth neither can explain the impact of economic develop-
ment or future regulations. Specifically, using trend projections the forecaster assumes that
factors that determined the historical development and steady-state conditions will continue
to be verified in the future. Due to air transportation industry’s complex nature, records of
trend extrapolation forecasts have not been impressive [54]. Decomposition methods, by its
turn, depict the various components of the problem, being particularly relevant when strong
seasonality or cyclical patterns are verified in the historical data. These methods cannot also
identify economic factors among others, making it more suitable for short-term forecasts.
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Econometric analysis stands for multiple regression analysis with a price-income structure. Us-
ing econometric analysis, analysts try to estimate the change in demand from year to year,
which makes it more suitable for medium-term and long-term forecasts. It is a useful tool if we
want to understand better the way an economic system works and for testing and evaluating
alternative policies. However, it requires consistent historical data and good knowledge of the
causative factors underlying traffic growth. Ahmadzade [55] identifies five steps involved in an
econometric forecast:

« Selection of the relevant causal factors (independent variables);
e Collection of data;

« Specification of the type of functional relationship that exists between the dependent and
the independent variables;

« Statistical estimating and testing of the proposed relationship between the dependent
and independent variables. Statistical estimating and testing of the proposed relationship
between the dependent and independent variables;

» Forecasting of the future development of variables from which the traffic forecast is sub-
sequently derived.

Other quantitative methods include simultaneous equations models and spatial equilibrium.The
first one addresses the issue of supply-demand interactions. An advantage of a simultaneous
equations model is that it provides the values of several explanatory variables from within the
model itself. However, estimation of the parameters of the equations involves more complex
issues than those encountered in a single equation model [b3]. Spatial equilibrium models es-
tablish a relationship for the movement of traffic between any two traffic centres or regions
which is, in a simplistic analysis, proportional to a characteristic related to the size and/or de-
velopment of one or both regions and inversely proportional to the distance between regions.

Quantitative methods require historical data that represents some underlying pattern. When
such data are short or not available, qualitative methods are used. Also, these methods are par-
ticularly useful if one wants to assess how alternative developments would affect the forecast.
However, qualitative methods are based on the judgment of experts being largely intuitive. The
state of the art of these methods is not so consistent as in quantitative analysis as shown below.

Most widely used qualitative method is Delphi technique. Delphi is a method for attaining
consensus among experts. Initial estimates are obtained from each expert. These estimates are
arranged in a composite that shows each participant how his forecast compares to the group and
a new forecast based on this information may be submitted [56]. After one or more rounds a
consensus forecast may be obtained. Other qualitative methods include technological forecast-
ing or specialists’ evaluation. Also, executive judgements are widely used, usually to modify
and adapt more mathematical forecasts. Such judgement is based on the insight and assessment
of a person, who may have the expertise of the route or market in question.

Lastly, Decision Analysis can be considered a combination of both quantitative and qualitative
methods. Expert’s judgement is combined with statistical or mathematical techniques to make
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a forecast. It is particularly useful in the assessment of uncertainty and risk analysis. Decision
Analysis is used by major corporations to make multimillion-dollar capital investments but it has
seen a limited application in airport performance academic research.

To sum up, different methods have been used depending on the forecasting time horizon and
data availability among other features. Table shows how some of these methods meet these
criteria.

Table 3.1: Performances of airport demand forecasting methods. (H: high, M: medium, L: low). Adapted
from [b7].

Specialists’ Delphi Market Scenario Time-trend Econo-  Gravity
evaluation method surveys writing projections metrics methods

Time- H H H H H H H
year

range 2.3

of the M H M H H-M H H
years

forecast

ability L M M M M-L H H
years
10 L L L M L M M
years

Required H M H M M-L H H

expertise

Required time L H L M L H H

Data

availability M M M M H-M H H

and accuracy

Cost M H M L L H H

Forecasting researchers have been mainly focused on air traffic growth instead of airport per-
formance. Three main methods have been used: decomposition, econometric methods and
industry surveys (see Table B.2).

Econometric analysis has been by far the most popular technique on air passenger demand fore-
casting. For example, Abed et al. [b4] and Priyadarshana and Fernando [65] used econometric
methods to predict airport passenger demand. Econometrics models’ accuracy was examined
by Song et al. [61] by using six econometric models and two univariate time series models for
benchmark comparison purposes to predict Denmark tourism demand. They obtained more ac-
curate short-term forecast from a TVP model while the static model generated more accurate
forecasts for medium-term forecasts. Maximum-likelihood approach and ARIMA models gener-
ated the least accurate forecasts.
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Table 3.2: Summary of forecasting studies on airports. Source: own elaboration.

Paper

Methodology

Time horizon

Object

Liu (1988) [58]

Profillidis (2000) [59]

Grubb and Mason
(2001) [60]

Abed et al. (2001) [54]

Song et al. (2003) [61]

Abdelghany and Guzhva
(2010) [62]

Linz (2015) [63]
Tsui et al. (2014) [64]

Priyadarshana and
Fernando (2015) [65]

Lordan et al. (2016) [52]

Delphi

Trend projection and
Econometric analysis

Holt-Winters
(Decomposition method)

Econometric analysis

Econometric and
Time-series models

Decomposition methods

Delphi

Decomposition methods

Econometric analysis

Trend projection

Long-term

Long-term

Long-term

Medium-term

Short-term and
Medium-term

Short-term

Long-term

Medium-term

Medium-term

Short-term

Tourism demand

Airport passengers

Airport passengers

Airport passengers

Tourism demand

Airport passengers

Aviation scenarios

Airport passengers

Airport passengers

Taxi times

Dantas,et al. (2017) [6€]] Bagging and Holt-Winters  Short-term Airport passengers

Profillidis [b9] used a conventional regression method (trend projection) to forecast future de-
mand of the airport of Rhodes by extrapolating past passenger growth trends using a polynomial
trend as well as an econometric model and a fuzzy regression method for comparison. Lordan et
al. [b2] used log-linear regression analysis to estimate taxi times which proved to have a strong
predictive validity.

Decomposition methods have also seen several applications in air passengers demand forecasts.
Abdelghany and Guzhva [62] used an autoregressive moving average model (ARMA) for fore-
casting short-term airport demand and emphasise that “while the model is more appropriate
for short-term prediction (0-2 years), its use can be extended for longer-term forecasting (2-5
years)” [62, pp.86] Tsui et al. [64] employed the Box-Jenkins Seasonal ARIMA (SARIMA) model
and the ARIMAX model to forecast airport passenger traffic for Hong Kong and projecting its fu-
ture growth trend to 2015. Another particularly popular decomposition method is Holt-Winters
method which consists of an exponential smoothing technique that depicts three components:
level, trend and seasonal. Grubb and Mason [60] introduced a modification to the Holt-Winters
method that greatly improves forecasting performance for long lead-times, by damping the fu-
ture trend towards the historical average trend. Dantas et al. [66], by their turn, introduced
a combination of the Bootstrap aggregating (Bagging) method with the exponential smoothing
Holt-Winters method to the air industry to predict future demand for air transportation.

Delphi method has been used for many years, and it has been mainly applied in long-term
forecasts. Liu [b8] used this technique to forecast tourism to Hawaii, particularly Oahu, by the
year 2000, questioning local experts and travel agents. More recently, Linz [63] attempted to
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anticipate probable and wildcard scenarios on the future of aviation in 2025 using a Delphi panel
of aviation experts.

3.3 Conclusion

Forecasts play a fundamental role in the planning activities, not only in airports but several
organisations working in the aviation industry.

Several forecasting methods have emerged over the past years. These can be classified into
quantitative, qualitative and decision analysis.

The most accurate forecasting technique may differ from study to study depending on several
criteria, such as the intended time horizon, data nature and availability, forecaster expertise,
etc.

The literature review presented in this chapter shows that econometric analysis and decompo-
sition methods are among the most popular. The first one becomes notorious when longer-term
forecasts are needed or when the forecaster intends to infer a cause-and-effect relationship.
The second one has been mainly used in short-term and medium term-forecasts and when time
series present cyclical or seasonal patterns. Also, trend-projections have been used for shorter-
term forecasts. Among qualitative methods, Delphi is the most popular, and it has been mostly
employed in long-term forecasts.
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Chapter 4
Case Study

4.1 Introduction

This chapter depicts the attempts to predict and model the impact that changes that may occur
in core indicators have on airport performance.

In this study, airport performance is measured through the score obtained from PESA-AGB model
[67] (see Figure |.1)) built to assess airports performance and efficiency through a self and peer
benchmark for three main international airports managed by the same group - Airport 1, Airport
2 and Airport 3 being, respectively representative of Humberto Delgado Airport, Francisco Sa
Carneiro Airport and Faro Airport operated by the airport group VINCI/ANA S.A.

PESA - GB Model
Structuring
Survey e Evaluation HLMHI'I\LEEL‘E H Cutputs
' |
hlesling — |
i

Figure 4.1: PESA-GB model building tasks. Source: [67].

This model is based on MACBETH methodology. Its decision tree, from which performance de-
scriptors stem, was built upon the KPAs and KPIs mentioned above and it uses expert’s judgement
to obtain an ordinal value scale. The descriptors and the ordinal value scales are used to derive
the value functions and weight ponderations which, by their turn, are used to get the score. An
overview of the PESA-AGB model is shown in Annexe [A.2.

This model is fed by a database gathering data for the three airports for all KPIs of each KPA re-
trieved from airports annual public sustainability reports for the years 2003 to 2013 [68, 69, 70]
i, 1t contains partial data collected from the public reports for the mentioned airports. Missing
data were inferred from world airports similar in category and scale (passengers and move-
ments). Database can be consulted in Annexe A.3.

Three case studies were developed consisting of the analysis of passengers’ growth, aircraft

"The reports were not published every single years. Data referring to missing years were determined
by Statistical inference.
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movements’ growth and simultaneous passenger and aircraft movements’ growth on the airport
score as described in Figure B.2. The choice of these indicators is explained by their weight in
the Core area (see Figure §.3).

Core Indicator | PESA-AGB NI
Forecast Model P
e Passengers s “Ceteris paribus” . P— i
» Aircraft Movements conditior?fr’nrn SCatrpore=fPAX or HIOVF
2013

Figure 4.2: Case studies process. Source: own elaboration.

Nonstop
Destinations;
14,29% Passengers;
25,71%
Freight and
Mail Loaded

/ Unloaded;
17,14%

SR Aircraft
(0] ti

nglazg = Movements;
Destination 22,86%
Passengers;

20,00%

Figure 4.3: Core Key Performance Indicators’ weights. Adapted from [67].
These case studies intended to answer the following questions:

“What is the impact of passengers/movements growth in airport score keeping the ce-
teris paribus? Is there a direct, quantifiable relationship?”

Firstly, medium-term forecasts (3 years) were performed on the considered indicators for the
Airport 1. All the other indicators were held constant, assuming what in economics is named
ceteris paribus condition. A ceteris paribus assumption is often key to scientific inquiry, as
scientists seek to screen out factors that perturb a relation of interest [2]. This new scenario is
inserted on PESA-AGB to observe the changes in the KPA’s score and airport score. The relation-
ship between the number of passengers or aircraft movements and the airport score is analysed
to figure out if it can be quantified through a cost function as follows:

Yy =bo+ by Xx+...+e (41)
where:
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y is the dependent variable (airport score in the case of this study);

e bis a constant;

X is the independent variable (passengers or aircraft movements);
« e is the error;

e tis the year;

4.2 Case | - Passengers

4.2.1 Hypothesis 1

For passengers’ growth impact analysis, it was first considered to vary the numerical values
only for the passengers’ indicator, keeping all other indicators unchanged, and observe the
corresponding changes in the airport score as shown in Figure §.4.

other

PAX indicators

2003
2004
2005
2006
2007

2008 | Database || Database
2009

2010
2011
2012
2013
2014
Forecast — 5 Airport score

2015
Figure 4.4: Process used to conduct Hypothesis I. Source: own elaboration.

2016

The forecast process adopted in this hypothesis consists merely in the projection of the number
of passengers for the following three years maintaining the same average growth rate verified
during the historical data time span. The values obtained are presented in Figure §.5.

The behaviour of the curve changes slightly from 2013 once it was applied the constant in-
crease corresponding to the average growth observed in the previous years. The number of
passengers obtained from the trend projection was assumed as achievable since the capacity
of Lisbon airport projected for 2013 was about 18 million passengers [2]. The Value Function
of the PESA-AGB model allows comparing the scores obtained from the projected number of
passengers with the scores recorded for the observed time span (see Figure @).
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Figure 4.5: Projection of the number of passengers in Airport 1 for the years 2014-2016. Source: own

elaboration.
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Figure 4.6: Value function for Passengers KPI of the Airport 1 Core KPA. Source: own elaboration.

Originally, Value Function consists in the characterisation of the criteria values in a set of 3
linear equations, working like thermometers. For this analysis, a fourth set was created to
keep the previous score scale and to identify better the years in which the best score registered
was exceeded. The scores obtained for the forecasting period overtook the previous best result
recorded in 2016 as expected, since the growth rate for the years 2003-2013 is positive (see }.1)).

The increase of Passengers KPI’s score led the corresponding KPA’s score to annual increases

of 2,86%, 2,79% and 2,71% in the 3 years forecasted, resulting in an increase of 5,42% from 2013
to 2016 (see Table {.2).
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Table 4.1: Historical and predicted no. of passengers and KPA’S score (hypothesis ). Source: own
elaboration.

Year Value Score
2003 9.636.400 0,00
2004 10.705.000 16,73
2005 11.234.700 25,02
2006 12.314.314 41,92
2007 13.239.756 56,40
2008 13.603.620 62,10
2009 13.261.203 56,74
2010 14.066.534 69,35
2011 14.788.480 80,65
2012  15.301.176 88,67
2013  16.024.950 100,00
2014 16.663.805 110,00
2015 17.302.660 120,00
2016 17.941.515 130,00

Table 4.2: Core KPIs’ scores and KPA’s score. Source: own elaboration.

Origin and Freight and

Aircraft e s Mail Destinations  KPA

Year Passengers Destination
Movements Loaded/ - Nonstop Score

Passengers

Unloaded

2003 0,00 0,00 0,00 31,29 0,00 5,36
2004 16,73 28,65 15,49 55,88 9,02 24,82
2005 25,02 34,26 23,24 56,04 20,30 31,42
2006 41,92 58,94 40,38 52,92 31,58 45,91
2007 56,40 72,68 55,10 24,15 45,11 52,72
2008 62,10 81,26 61,94 64,51 42,86 64,11
2009 56,74 58,71 57,47 30,32 49,62 51,79
2010 69,34 75,74 69,78 100,00 66,17 75,70
2011 80,65 79,73 81,00 23,25 86,47 71,50
2012 88,67 83,90 89,01 0,00 100,00 74,07
2013 100,00 100,00 100,00 39,36 83,08 87,19
2014 110,00 100,00 100,00 39,36 83,08 89,76
2015 120,00 100,00 100,00 39,36 83,08 92,33
2016 130,00 100,00 100,00 39,36 83,08 94,90
Weights 25,71% 22,86% 20,00% 17,14% 14,29% 100%

The increases observed for airports performance score are mild with annual increases of 0,83%
for the first forecasted year and 0,82% for each of the other two years (see Table §#.3). The
percentage increase between 2013 and 2016 was 1,63% which is lower than, for example, the
percentage increase recorded between 2012 and 2013.

As could be expected, the airport score variation according to the number of passengers is
described by a linear function as shown in Figure B.7. The function equation was obtained
through a trend line whose R squared is 1, which means that describes the totality of the origi-
nal function.
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Table 4.3: KPAs’ scores and Airport 1 performance score. Source: own elaboration.

Safety Productivity/ Service Financial/ Envirom Airport
Year and Core Cost . .
Security effectiveness Quality Commercial mental Score
2003 69,37 5,36 25,59 24,64 68,27 5,81 34,95
2004 44,14 24,82 28,71 25,83 49,34 12,15 31,92
2005 58,67 31,42 29,38 31,09 53,32 38,56 41,08
2006 75,22 45,91 44,41 37,23 45,58 40,03 50,05
2007 87,06 52,72 82,13 50,50 46,43 40,65 62,56
2008 81,75 64,11 85,97 44,32 40,15 37,92 62,12
2009 58,15 51,79 68,92 41,72 52,19 53,95 54,96
2010 50,99 75,70 70,67 59,34 42,98 45,50 58,55
2011 72,51 71,50 72,60 62,66 55,71 57,48 66,60
2012 56,95 74,07 40,90 58,06 42,36 69,55 57,11
2013 73,47 87,19 36,61 65,64 15,81 70,29 59,88
2014 73,47 89,76 36,61 65,64 15,81 70,29 60,38
2015 73,47 92,33 36,61 65,64 15,81 70,29 60,89
2016 73,47 94,90 36,61 65,64 15,81 70,29 61,39
Weights  21,95%  19,51% 17,07% 14,63% 14,63% 12,20% 100%
61,6
2016
61,4
61,2
y = 8E-07x + 47,296
v 61 2015
o
ﬁ 60,8
E_ 60,6
< 60,4
60,2
60 201
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Figure 4.7: Airport Score as a function of the number of passengers (Hypothesis ). Source: own
elaboration.

4.2.2 Hypothesis 2

Identifying which indicators could be affected directly or indirectly by the passengers’ growth
may be an arduous task, and it may require a deeper econometric analysis to establish the re-
lationships between different KPIs from different KPAs. However, it is possible to observe that
some indicators are directly influenced by passengers’ indicator being easy to determine the in-
crease of the correspondent value without interfering with ceteris paribus condition. Observing
the indicators’ metrics, we can see, for example, that the value of passengers per employee
rate is given by dividing the number of passengers by the number of employees of the airport.
Metrics of some other indicators include the number of passengers in the denominator. Those
indicators were kept unchanged since the increase of the number of passengers would result
in its decrease. Such assumption would imply a drop of the airport performance. Considering
this, for this second hypothesis it was decided to work only on the Passengers Per Employee KPI
in addition to Passengers indicator (see figure 4.8). For this, it was determined the number of
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employees in 2013. This figure was kept constant to calculate this ratio for the following years,
and only the number of passengers varied according to the forecast. Since in 2013 the number
of passengers recorded was below the capacity projected for the Airport 1, this assumption can

be considered feasible.

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

2014
2015
2016

The forecasting process was the same as in the first hypothesis (see subsection 4.2.1)).

PAX

dependent All other

PAX ep: indicators
indicators

Database | | Database | | Database

Figure 4.8: Process used to conduct Hypothesis Il. Source: own elaboration.

-

Airport
score

Con-

sequently, the number of passengers and the scores of the correspondent KPI are the same

presented in Table f.1.

The number of employees in 2013 was obtained dividing the number of passengers reported
that year by the passengers per employee ratio related to the same year. The number of em-
ployees at Airport 1 in 2013 was 674. Passengers per employee ratio values calculated for the
years of 2014-2016, as well as correspondent scores, are listed in Table }.4.

Table 4.4: Historical and predicted no. of passengers per employee and KPA’s scores for the hypothesis II.
Source: own elaboration.

Year Value Score
2003 14.757 0,00
2004 16.394 18,15
2005 17.205 27,14
2006 18.858 45,47
2007 20.275 61,19
2008 20.832 67,36
2009 19.473 52,29
2010 20.870 67,78
2011 22.543 86,33
2012  22.702 88,09
2013 23.776 100,00
2014 24.724 110,51
2015 25.672 121,02
2016 26.619 131,53
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The value function of this KPI is shown in Figure §.9.

2016 — 131,53
120 #— 2015
2014 —%
100 20130 oo
2012
g 080 2010
5 o0 66,67
g 060 2007
2009 —2
040 2006
2005 33,33
020 ]2004
000 2003 /0,00
0 5000 10000 15000 20000 25000 30000
Option Values

Figure 4.9: Value function for Passengers Per Employee KPI of the Airport 1 Core KPA. Source: own
elaboration.

As in the case of the number of passengers, Passenger Per Employee KPI overtake its previous
best score during the forecasting period with the years 2014, 2015 and 2016 being distributed
in the fourth set line (marked in green).

The scores obtained for Core KPA were, as expected, the same as in Hypothesis | since only the
Passengers indicator varied and the forecasting method was the same. However, Productivity/Cost-
Effectiveness KPA registered changes in its score with the variation of no. of passengers/employee
ratio values as shown in Table §.5. The KPA score registered percentage increases of 2,46%, 2,40%
and 2,35%. Comparatively, this score in 2016 is 4,69% greater than in 2013.

These increases have expectably a greater impact on airport score than in the previous hy-
pothesis. In Table 4.6, we can observe the airport score increases in the three forecasted years:
1,09%, 1,08% and 1,07%. Airport score registered a percentage growth of 2,13% since 2013,
looking at the forecasting period as a whole.
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Table 4.5: Productivity/Cost Effectiveness KPIs’ scores and KPA’s score. Source: own elaboration

Total Cost Total Cost Operating Aircraft Operating Operating Passengers Aircraft
Total Cost KPA
Year per per Cost per  Movements Cost per Cost per Per Movements
Passenger Movement Movement per Gate per WLU WLU Passenger Employee per Employee Score
2003 0,00 39,81 30,16 84,21 10,34 37,93 21,57 0,00 0,00 25,59
2004 27,43 60,34 7,25 100,00 0,00 3,63 0,69 18,14 33,11 28,71
2005 41,30 63,04 0,38 78,85 5,36 0,00 0,00 27,14 39,59 29,38
2006 61,64 87,84 0,00 90,82 25,59 6,37 5,50 45,47 68,11 44,41
2007 84,49 100,00 98,79 97,49 33,70 76,56 94,42 61,19 83,99 82,12
2008 83,98 96,55 97,26 36,58 100,00 100,00 94,12 67,36 93,91 85,97
2009 70,62 64,51 100,00 29,19 57,34 90,19 100,00 52,29 49,27 68,92
2010 87,43 79,40 88,97 0,00 55,15 83,61 94,45 67,78 72,84 70,67
2011 100,00 77,81 75,40 0,97 52,65 78,08 90,68 86,33 89,96 72,60
2012 57,09 0,00 28,25 1,98 18,80 52,91 63,47 88,09 81,98 40,90
2013 61,51 5,13 3,36 5,88 12,23 27,47 41,96 100,00 100,00 36,61
2014 61,51 5,13 3,36 5,88 12,26 27,47 41,96 110,51 100,00 37,54
2015 61,51 5,13 3,36 5,88 12,23 27,47 41,96 121,02 100,00 34,48
2016 61,51 5,13 3,36 5,88 12,23 27,47 41,96 131,53 100,00 39,38
Weights 14,29 % 13,19% 12,09% 10,99% 10,99% 10.99% 9,89% 8,79% 8.79% 100%
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Table 4.6: KPAs’ scores and Airport 1 performance score (hypothesis 2). Source: own elaboration.

Safety Productivity/ Service Financial/ Envirom Airport
Year and Core Cost . .

Security effectiveness Quality Commercial mental Score
2003 69,37 5,36 25,59 24,64 68,27 5,81 34,95
2004 44,14 24,82 28,71 25,83 49,34 12,15 31,92
2005 58,67 31,42 29,38 31,09 53,32 38,56 41,08
2006 75,22 45,91 44,41 37,23 45,58 40,03 50,05
2007 87,06 52,72 82,13 50,50 46,43 40,65 62,56
2008 81,75 64,11 85,97 44,32 40,15 37,92 62,12
2009 58,15 51,79 68,92 41,72 52,19 53,95 54,96
2010 50,99 75,70 70,67 59,34 42,98 45,50 58,55
2011 72,51 71,50 72,60 62,66 55,71 57,48 66,60
2012 56,95 74,07 40,90 58,06 42,36 69,55 57,11
2013 73,47 87,19 36,61 65,64 15,81 70,29 59,88
2014 73,47 89,76 37,54 65,64 15,81 70,29 60,38
2015 73,47 92,33 38,46 65,64 15,81 70,29 60,89
2016 73,47 94,90 36,61 65,64 15,81 70,29 61,39

Weights  21,95%  19,51% 17,07% 14,63% 14,63% 12,20% 100%

The growth of the airport score as a function of the number of passengers is shown in Figure §.10.
Although it is being considered the impact of passengers’ growth on other KPIs, the relationship
with Airport Score remains linear. The greater impact of passengers’ growth under the conditions
assumed in this hypothesis is confirmed by the slope of the line which is higher than the one
obtained in the first hypothesis (see subsection 4.2.1)).
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Figure 4.10: Airport Score as a function of the number of passengers (Hypothesis Il). Source: own
elaboration.

4.2.3 Hypothesis 3

The previous two hypotheses meant to be simply experimental, helping to define how pas-
sengers’ growth could be analysed. In Hypothesis Ill, passengers’ growth impact is assessed
as in Hypothesis II, but introducing a different forecasting method which consists in calculat-
ing or predicting a future value based on existing (historical) values by using Exponential Triple
Smoothing (ETS) algorithm. This methodology was put into effect by using Microsoft Excel 2016.

This method is one of the decomposition methods mentioned in the quantitative methods review
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presented in section B.2. It “is used to predict future sales, inventory requirements, or consum-
ing trends” [71]] and requires the timeline to be organised with a constant step as is the case
of this study. By using Exponential Smoothing, “recent observations are given relatively more
weight in forecasting than the older observations” [72]. Exponential Triple Smoothing is helpful
when trend and seasonality may be observed in data. Its name is due so, to the application of
exponential smoothing to seasonal in addition to level and trend. The resulting set of equations
is also called “Holt-Winters” method and are given by [72]:

Sy = ozlyt +(1—a)(Se —14bi—1), Overall Smoothing (4.2)
t—L

by =v(St — St —1)+ (1 —v)bs—1, Trend Smoothing (4.3)

Iy = 5%(1 —B) i1, Seasonal Smoothing (4.4)
t

where:

v is the observation;

S is the smoothed observation;

e bis the trend factor;

| is the seasonal index;

L corresponds to the periods;
« tis an index denoting the time period;

» a,B and y are constants that must be estimated in such a way that the MSE of the error is
minimized.

The forecast is then given by:

Foym = (St +mb)i_pym (4.5)

The forecasting parameters that had to be defined are shown in Annexe [A.4, in which the infer-
face presented by the software is illustrated.

The confidence level was set to 95%. Besides this value being commonly used [73], this choice is
also owing to the sample size. Larger samples result in smaller errors which means more closely
clustered sampling distributions; this indicates that our intervals will be narrower and more
precise. Since the data of each KPI only contain 10 entries, the present sample is not large,
meaning that a high confidence level must be set. The forecast and the confidence interval
bounds allow to create three possible scenarios as shown in Figure B.11. The analysis of how
passengers’ growth affects airport score is done for the three scenarios that are referred above
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to perceive the impact of opting for a more optimistic forecast instead of a more pessimistic
one. They are: expected, worst-case and best-case, which corresponds to the forecast, lower

confidence bound and upper confidence bound, respectively.

Statistic details of the forecast are presented in Annexe [A.5.
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Figure 4.11: Passengers ETS forecast for Airport 1. Source: own elaboration.

The three growth scenarios show no rupture with the recorded tendency since the number of
passengers is growing. Once the number of passengers predicted in the three cases is always
greater than the previous record, none of the scenarios represents a threat to the airport sus-
tainability (see Table §.7). However, it can be observed in the best-case scenario that the
number of passengers processed by Airport 1 is above the maximum capacity projected in 2013.
Although this issue can be overcome by increasing the efficiency of certain sectors of the air-
port, it should be stressed out that an airport operating close to its limit can cause operational
constraints as discussed in section P.3.

Table 4.7: Values predicted by passengers’ ETS forecast for Airport 1. Source: own elaboration.

Year H1s;::;cal Expected scenario Worst-case scenario Best-case scenario
2003  9.673.919
2004 10.538.583
2005 11.450.979
2006 12.348.332
2007 13.045.980
2008 13.454.735
2009 13.673.849
2010 13.959.558
2011 14.569.229
2012 15.481.089
2013 15.989.553

2014 16.578.481 16.067.830 17.089.133
2015 17.167.198 16.350.953 17.983.444
2016 17.755.915 16.637.947 18.873.883

Respective Passengers KPI’s scores for the three growing scenarios are aggregated in Table 4.8§.
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Table 4.8: Passengers KPI’s scores for three growth scenarios (hypothesis 3). Source: own elaboration.

Year H1Ssct(<))rr;csal Expected scenario Worst-case scenario  Best-case scenario
2003 0,00
2004 16,73
2005 25,02
2006 41,92
2007 56,40
2008 62,10
2009 56,74
2010 69,35
2011 80,65
2012 88,67
2013 100,00
2014 108,66 100,67 116,66
2015 117,88 105,10 130,66
2016 127,09 109,60 144,59

By starting with the expected scenario the score grows every year as in the previous hypotheses.
However, the scores achieved in each of the three years are slightly lower; this means that this
forecasting method is predicting increases below the annual average recorded between 2003
and 2013. Passengers’ growth in the best-case scenario is equally almost constant but sharper
than in the expected scenario. Lastly, the worst-case scenario presents the smoother growth,
with Airport 1 not reaching the mark of 17 million passengers in a year.

Resulting values and scores for Passengers per Employee KPI obtained for all three scenarios
are shown in Table 4.9.

Table 4.9: Passengers per Employee KPI’s values and score (hypothesis 3). Source: own elaboration.

Year History Expected scenario Worst-case scenario Best-case scenario
Value Score Value Score Value Score Value Score

2003 14.757 0,00

2004 16.394 18,14

2005 17.205 27,14

2006 18.858 45,47

2007 20.275 61,19

2008 20.832 67,36

2009 19.473 52,29

2010 20.870 67,78

2011 22.543 86,33

2012 22.702 88,09

2013 23.776 100,00

2014 24.597 109,11 23.840 100,71  25.355 117,51

2015 25.471 118,79 24.260 105,36 26.682 132,22

2016 26.344 128,48 24.685 110,08 28.003 146,87

The resulting scores obtained in the expected scenario for Core and Productivity/Cost-effectiveness
KPAs are shown in Tables and |.11), respectively.
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Table 4.10: Core KPIs’ scores and KPA’s score obtained for the expected scenario. Source: own

elaboration.
. Freight and

Aircraft Ong.l n a'nd S\ail Destinations  KPA

Year Passengers Destination
Movements Loaded/ - Nonstop Score

Passengers

Unloaded

2003 0,00 0,00 0,00 31,29 0,00 5,36
2004 16,73 28,65 15,49 55,88 9,02 24,82
2005 25,02 34,26 23,24 56,04 20,30 31,42
2006 41,92 58,94 40,38 52,92 31,58 45,91
2007 56,40 72,68 55,10 24,15 45,11 52,72
2008 62,10 81,26 61,94 64,51 42,86 64,11
2009 56,74 58,71 57,47 30,32 49,62 51,79
2010 69,34 75,74 69,78 100,00 66,17 75,70
2011 80,65 79,73 81,00 23,25 86,47 71,50
2012 88,67 83,90 89,01 0,00 100,00 74,07
2013 100,00 100,00 100,00 39,36 83,08 87,19
2014 108,66 100,00 100,00 39,36 83,08 89,42
2015 117,88 100,00 100,00 39,36 83,08 91,78
2016 127,09 100,00 100,00 39,36 83,08 94,15
Weights 25,71% 22,86% 20,00% 17,14% 14,29% 100%

Core KPA score increases around 2,5% each year due to passengers increase in the expected sce-
nario. At the end of the forecast period, the score is 5% greater than in 2013. Productivity/Cost-
Effectiveness KPA gains were close to Core KPA, with annual percentage increases close to 2,2%
and a global increase of 4,35% of the end of the forecast period.

In this scenario, Airport 1 performance score grows by 1% yearly. The global increase since
2013 is just about 1,97% (see Table 4.12).

Moving on to the best-case scenario, the sharp increases in each indicator have a quite sig-
nificant impact in the respective KPA (see Tables and §.14).

The increase of passengers in Airport 1 causes a percentage growth greater than 3% every year,
being even greater than 4% in 2014. The score was 7,28% higher when comparing 2016 with
the beginning of the forecast period. These significant increases are also verified in Productiv-
ity/Cost Effectiveness KPA, whose scores also increase more than 3% each year.
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Table 4.11: Productivity/Cost-Effectiveness Key Performance Indicators scores and Key Performance Area score for the expected scenario. Source: own elaboration.

Total Cost Total Cost Operating Aircraft Operating Operating Passengers Aircraft
Total Cost KPA
Year per per Cost per  Movements Cost per Cost per Per Movements
Passenger Movement Movement per Gate per WLU WLU Passenger Employee per Employee Score
2003 0,00 39,81 30,16 84,21 10,34 37,93 21,57 0,00 0,00 25,59
2004 27,43 60,34 7,25 100,00 0,00 3,63 0,69 18,14 33,11 28,71
2005 41,30 63,04 0,38 78,85 5,36 0,00 0,00 27,14 39,59 29,38
2006 61,64 87,84 0,00 90,82 25,59 6,37 5,50 45,47 68,11 44,41
2007 84,49 100,00 98,79 97,49 33,70 76,56 94,42 61,19 83,99 82,12
2008 83,98 96,55 97,26 36,58 100,00 100,00 94,12 67,36 93,91 85,97
2009 70,62 64,51 100,00 29,19 57,34 90,19 100,00 52,29 49,27 68,92
2010 87,43 79,40 88,97 0,00 55,15 83,61 94,45 67,78 72,84 70,67
2011 100,00 77,81 75,40 0,97 52,65 78,08 90,68 86,33 89,96 72,60
2012 57,09 0,00 28,25 1,98 18,80 52,91 63,47 88,09 81,98 40,90
2013 61,51 5,13 3,36 5,88 12,23 27,47 41,96 100,00 100,00 36,61
2014 61,51 5,13 3,36 5,88 12,26 27,47 41,96 109,11 100,00 37,41
2015 61,51 5,13 3,36 5,88 12,23 27,47 41,96 118,79 100,00 38,26
2016 61,51 5,13 3,36 5,88 12,23 27,47 41,96 128,48 100,00 39,11
Weights 14,29 % 13,19% 12,09% 10,99% 10,99% 10.99% 9,89% 8,79% 8.79% 100%

Suljsedalo pue sisAjeuy aouew.io}idd Jodity



Airport Performance Analysis and Forecasting

Table 4.12: KPAs’ scores and Airport 1 performance score for the expected scenario. Source: own

elaboration.

safety Productivity/ Service Financial/  Envirom Airport
Year and Core Cost . .

Security effectiveness Quality Commercial mental Score
2003 69,37 5,36 25,59 24,64 68,27 5,81 34,95
2004 44,14 24,82 28,71 25,83 49,34 12,15 31,92
2005 58,67 31,42 29,38 31,09 53,32 38,56 41,08
2006 75,22 45,91 44,41 37,23 45,58 40,03 50,05
2007 87,06 52,72 82,13 50,50 46,43 40,65 62,56
2008 81,75 64,11 85,97 44,32 40,15 37,92 62,12
2009 58,15 51,79 68,92 41,72 52,19 53,95 54,96
2010 50,99 75,70 70,67 59,34 42,98 45,50 58,55
2011 72,51 71,50 72,60 62,66 55,71 57,48 66,60
2012 56,95 74,07 40,90 58,06 42,36 69,55 57,11
2013 73,47 87,19 36,61 65,64 15,81 70,29 59,88
2014 73,47 89,42 37,41 65,64 15,81 70,29 60,45
2015 73,47 91,78 38,26 65,64 15,81 70,29 61,06
2016 73,47 94,15 39,11 65,64 15,81 70,29 61,67

Weights  21,95%  19,51% 17,07% 14,63% 14,63% 12,20% 100%

Table 4.13: Core KPIs’ scores and KPA’s score obtained for the best-case scenario. Source: own

elaboration.
- Freight and

Aircraft Orlg.l n a,n d Iﬁ\ail Destinations  KPA

Year Passengers Destination
Movements Loaded/ - Nonstop score

Passengers

Unloaded

2003 0,00 0,00 0,00 31,29 0,00 5,36
2004 16,73 28,65 15,49 55,88 9,02 24,82
2005 25,02 34,26 23,24 56,04 20,30 31,42
2006 41,92 58,94 40,38 52,92 31,58 45,91
2007 56,40 72,68 55,10 24,15 45,11 52,72
2008 62,10 81,26 61,94 64,51 42,86 64,11
2009 56,74 58,71 57,47 30,32 49,62 51,79
2010 69,34 75,74 69,78 100,00 66,17 75,70
2011 80,65 79,73 81,00 23,25 86,47 71,50
2012 88,67 83,90 89,01 0,00 100,00 74,07
2013 100,00 100,00 100,00 39,36 83,08 87,19
2014 108,66 100,00 100,00 39,36 83,08 89,42
2015 117,88 100,00 100,00 39,36 83,08 91,78
2016 127,99 100,00 100,00 39,36 83,08 94,90
Weights 25,71% 22,86% 20,00% 17,14% 14,29% 100%

Airport 1 performance score increases almost 3% since 2013, yet, that is not enough to break its
previous record set in 2011 (see table 15)
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Table 4.14: Productivity/Cost-Effectiveness KPIs’ scores and KPA’s score for the best-case scenario. Source: own elaboration.

Total Cost Total Cost Operating Aircraft Operating Operating Passengers Aircraft
Total Cost KPA
Year per per Cost per  Movements Cost per Cost per Per Movements
Passenger Movement Movement per Gate per WLU WLU Passenger Employee per Employee Score
2003 0,00 39,81 30,16 84,21 10,34 37,93 21,57 0,00 0,00 25,59
2004 27,43 60,34 7,25 100,00 0,00 3,63 0,69 18,14 33,11 28,71
2005 41,30 63,04 0,38 78,85 5,36 0,00 0,00 27,14 39,59 29,38
2006 61,64 87,84 0,00 90,82 25,59 6,37 5,50 45,47 68,11 44,41
2007 84,49 100,00 98,79 97,49 33,70 76,56 94,42 61,19 83,99 82,12
2008 83,98 96,55 97,26 36,58 100,00 100,00 94,12 67,36 93,91 85,97
2009 70,62 64,51 100,00 29,19 57,34 90,19 100,00 52,29 49,27 68,92
2010 87,43 79,40 88,97 0,00 55,15 83,61 94,45 67,78 72,84 70,67
2011 100,00 77,81 75,40 0,97 52,65 78,08 90,68 86,33 89,96 72,60
2012 57,09 0 28,25 1,98 18,80 52,91 63,47 88,09 81,98 40,90
2013 61,51 5,13 3,36 5,88 12,23 27,47 41,96 100,00 100,00 36,61
2014 61,51 5,13 3,36 5,88 12,26 27,47 41,96 117,51 100 38,15
2015 61,51 5,13 3,36 5,88 12,23 27,47 41,96 132,22 100,00 39,44
2016 61,51 5,13 3,36 5,88 12,23 27,47 41,96 146,87 100,00 40,73
Weights 14,29 % 13,19% 12,09% 10,99% 10,99% 10.99% 9,89% 8,79% 8.79% 100%
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Table 4.15: KPAs’ scores and Airport 1 performance score for the best-case scenario. Source: own

elaboration.

safety Productivity/ Service Financial/  Envirom Airport
Year and Core Cost . .

Security effectiveness Quality Commercial mental Score
2003 69,37 5,36 25,59 24,64 68,27 5,81 34,95
2004 44,14 24,82 28,71 25,83 49,34 12,15 31,92
2005 58,67 31,42 29,38 31,09 53,32 38,56 41,08
2006 75,22 45,91 44,41 37,23 45,58 40,03 50,05
2007 87,06 52,72 82,13 50,50 46,43 40,65 62,56
2008 81,75 64,11 85,97 44,32 40,15 37,92 62,12
2009 58,15 51,79 68,92 41,72 52,19 53,95 54,96
2010 50,99 75,70 70,67 59,34 42,98 45,50 58,55
2011 72,51 71,50 72,60 62,66 55,71 57,48 66,60
2012 56,95 74,07 40,90 58,06 42,36 69,55 57,11
2013 73,47 87,19 36,61 65,64 15,81 70,29 59,88
2014 73,47 91,47 38,15 65,64 15,81 70,29 60,98
2015 73,47 95,07 39,44 65,64 15,81 70,29 61,90
2016 73,47 98,65 40,73 65,64 15,81 70,29 62,82

Weights  21,95%  19,51% 17,07% 14,63% 14,63% 12,20% 100%

The smooth growth of the number of passengers ends up failing to provoke a significant increase
in Core and Productivity/Cost-Effectiveness KPA’s scores (see Tables and @.17).

Table 4.16: Core KPIs’ scores and KPA’s score obtained for the worst-case scenario. Source: own

elaboration.
. . Freight and

Aircraft 0r1g.| n a.n d Mail Destinations Airport

Year Passengers Destination
Movements Loaded/ - Nonstop Score

Passengers

Unloaded

2003 0,00 0,00 0,00 31,29 0,00 5,36
2004 16,73 28,65 15,49 55,88 9,02 24,82
2005 25,02 34,26 23,24 56,04 20,30 31,42
2006 41,92 58,94 40,38 52,92 31,58 45,91
2007 56,40 72,68 55,10 24,15 45,11 52,72
2008 62,10 81,26 61,94 64,51 42,86 64,11
2009 56,74 58,71 57,47 30,32 49,62 51,79
2010 69,34 75,74 69,78 100,00 66,17 75,70
2011 80,65 79,73 81,00 23,25 86,47 71,50
2012 88,67 83,90 89,01 0,00 100,00 74,07
2013 100,00 100,00 100,00 39,36 83,08 87,19
2014 100,67 100,00 100,00 39,36 83,08 87,36
2015 105,10 100,00 100,00 39,36 83,08 88,50
2016 109,60 100,00 100,00 39,36 83,08 89,65
Weights 25,71% 22,86% 20,00% 17,14% 14,29% 100%

Indeed, Core KPA’s score almost stagnates between 2013 and 2014, growing only 0,2%, and grows
around 1,3% in each of the following two years which is minor compared to the fluctuations
observed from 2003 to 2013. Also, Productivity/Cost-Effectiveness KPA’s score presents a similar
behaviour recording an annual growth of 0,17% in the first year of the forecast and 1,12% in each
of the two following years.
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Table 4.17: Productivity/Cost-Effectiveness KPIs’ scores and KPA’s score for the worst-case scenario. Source: own elaboration.

Total Cost Total Cost Operating Aircraft Operating Operating Passengers Aircraft
Total Cost KPA
Year per per Cost per  Movements Cost per Cost per Per Movements
Passenger Movement Movement per Gate per WLU WLU Passenger Employee per Employee Score
2003 0,00 39,81 30,16 84,21 10,34 37,93 21,57 0,00 0,00 25,59
2004 27,43 60,34 7,25 100,00 0,00 3,63 0,69 18,14 33,11 28,71
2005 41,30 63,04 0,38 78,85 5,36 0,00 0,00 27,14 39,59 29,38
2006 61,64 87,84 0,00 90,82 25,59 6,37 5,50 45,47 68,11 44,41
2007 84,49 100,00 98,79 97,49 33,70 76,56 94,42 61,19 83,99 82,12
2008 83,98 96,55 97,26 36,58 100,00 100,00 94,12 67,36 93,91 85,97
2009 70,62 64,51 100,00 29,19 57,34 90,19 100,00 52,29 49,27 68,92
2010 87,43 79,40 88,97 0,00 55,15 83,61 94,45 67,78 72,84 70,67
2011 100,00 77,81 75,40 0,97 52,65 78,08 90,68 86,33 89,96 72,60
2012 57,09 0,00 28,25 1,98 18,80 52,91 63,47 88,09 81,98 40,90
2013 61,51 5,13 3,36 5,88 12,23 27,47 41,96 100,00 100,00 36,61
2014 61,51 5,13 3,36 5,88 12,26 27,47 41,96 100,71 100,00 36,67
2015 61,51 5,13 3,36 5,88 12,23 27,47 41,96 105,36 100,00 37,08
2016 61,51 5,13 3,36 5,88 12,23 27,47 41,96 110,08 100,00 37,50
Weights 14,29 % 13,19% 12,09% 10,99% 10,99% 10.99% 9,89% 8,79% 8.79% 100%
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These minimal growths result in a virtual stagnation of Airport 1 performance as shown in Table

Q
4 d.

Table 4.18: KPAs’ scores and Airport 1 performance score for the worst-case scenario. Source: own

elaboration.

Safety Productivity/ Service Financial/  Envirom Airport
Year and Core Cost . .

Security effectiveness Quality Commercial mental Score
2003 69,37 5,36 25,59 24,64 68,27 5,81 34,95
2004 44,14 24,82 28,71 25,83 49,34 12,15 31,92
2005 58,67 31,42 29,38 31,09 53,32 38,56 41,08
2006 75,22 45,91 44,41 37,23 45,58 40,03 50,05
2007 87,06 52,72 82,13 50,50 46,43 40,65 62,56
2008 81,75 64,11 85,97 44,32 40,15 37,92 62,12
2009 58,15 51,79 68,92 41,72 52,19 53,95 54,96
2010 50,99 75,70 70,67 59,34 42,98 45,50 58,55
2011 72,51 71,50 72,60 62,66 55,71 57,48 66,60
2012 56,95 74,07 40,90 58,06 42,36 69,55 57,11
2013 73,47 87,19 36,61 65,64 15,81 70,29 59,88
2014 73,47 87,36 36,67 65,64 15,81 70,29 59,93
2015 73,47 88,50 37,08 65,64 15,81 70,29 60,22
2016 73,47 89,65 37,50 65,64 15,81 70,29 60,51

Weights  21,95%  19,51% 17,07% 14,63% 14,63% 12,20% 100%

4.3 Case Il - Aircraft Movements

The second case study applies the same procedures of the Case I, but this time the object study
is the number of aircraft movements. Despite Aircraft Movements KPI have been assigned a
lower weight than Passengers KPI, the first one could have a direct impact on more indicators
than the last one. Considering this, Case Il intends to analyse the impact of aircraft movements’
growth and compare it with the impact caused by passengers’ growth to assess the suitability
of the weights allocation on PESA-AGB model and the choice of indicators from the set of KPAs
and KPIs provided by ACI.

4.3.1 Hypothesis 1

It is not expected that the first Hypothesis in this case study can show quite telling results. In
fact, this first hypothesis just meant to depict the impact of the evolution in the number of
aircraft movements, under the “ceteris paribus” condition, which is expected to be lower than
the impact of the growth in the number of passengers.

The forecasting technique used was the projection of the average growth observed between

2003 and 2013, similarly to what was done when analysing the number of passengers’ growth
(see subsection §.2.1). The forecast is shown in Figure §.12.
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Figure 4.12: Projection of the number of aircraft movements in Airport 1 for the years 2014-2016.
Source: own elaboration.

The line representing the forecast confirms the upward trend of the number of aircraft move-
ments at Airport 1 and contains record values which led Aircraft Movements KPI’s score to over
100 ones as can be seen in Table §.19.

Table 4.19: Historical and predicted nos. of aircraft movements and KPA’s score (hypothesis I). Source:
own elaboration.

Year Value Score
2003 112.500 0,00
2004 122.200 16,73
2005 124.100 25,02
2006 132.456 41,92
2007 137.109 56,40
2008 140.016 62,10
2009 132.380 56,74
2010 138.147 69,35
2011 139.497 80,65
2012 140.909 88,67
2013  146.360 100,00
2014 149.746 110,00
2015 153.132 120,00
2016 156.518 130,00

Resulting Core KPA’s scores are shown in Table §.20.
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Table 4.20: Core KPIs’ scores and KPA’s score obtained in Case Il. Source: own elaboration.

Origin and Freight and

Aircraft s Mail Destinations  KPA

Year Passengers Destination
Movements Loaded/ - Nonstop Score

Passengers

Unloaded

2003 0,00 0,00 0,00 31,29 0,00 5,36
2004 16,73 28,65 15,49 55,88 9,02 24,82
2005 25,02 34,26 23,24 56,04 20,30 31,42
2006 41,92 58,94 40,38 52,92 31,58 45,91
2007 56,40 72,68 55,10 24,15 45,11 52,72
2008 62,10 81,26 61,94 64,51 42,86 64,11
2009 56,74 58,71 57,47 30,32 49,62 51,79
2010 69,34 75,74 69,78 100,00 66,17 75,70
2011 80,65 79,73 81,00 23,25 86,47 71,50
2012 88,67 83,90 89,01 0,00 100,00 74,07
2013 100,00 100,00 100,00 39,36 83,08 87,19
2014 100,00 110,00 100,00 39,36 83,08 89,47
2015 100,00 120,00 100,00 39,36 83,08 91,76
2016 100,00 130,00 100,00 39,36 83,08 94,90
Weights 25,71% 22,86% 20,00% 17,14% 14,29% 100%

It is interesting to observe that using the same method to project future values, the scores
obtained for Aircraft Movements KPI are the same obtained as for Passengers KPI in the previous
case study, that is, 110 in 2014, 120 in 2015 and 130 in 2016. As expected, Core KPA’s scores
obtained are slightly lower than in the passengers forecast being compliant with the weights
assigned by the experts. This observation is also valid to airport score which grows approximately
0,73% a year (Table §.21) while in the case Passengers KPI, airports scores grows approximately
0,82% a year.

Table 4.21: KPAs’ scores and Airport 1 performance score ontained for Case Il. Source: own elaboration.

Safety Productivity/ Service Financial/  Envirom Airport
Year and Core Cost . .

Security effectiveness Quality Commercial mental Score
2003 69,37 5,36 25,59 24,64 68,27 5,81 34,95
2004 44,14 24,82 28,71 25,83 49,34 12,15 31,92
2005 58,67 31,42 29,38 31,09 53,32 38,56 41,08
2006 75,22 45,91 44,41 37,23 45,58 40,03 50,05
2007 87,06 52,72 82,13 50,50 46,43 40,65 62,56
2008 81,75 64,11 85,97 44,32 40,15 37,92 62,12
2009 58,15 51,79 68,92 41,72 52,19 53,95 54,96
2010 50,99 75,70 70,67 59,34 42,98 45,50 58,55
2011 72,51 71,50 72,60 62,66 55,71 57,48 66,60
2012 56,95 74,07 40,90 58,06 42,36 69,55 57,11
2013 73,47 87,19 36,61 65,64 15,81 70,29 59,88
2014 73,47 89,47 36,61 65,64 15,81 70,29 60,33
2015 73,47 91,76 36,61 65,64 15,81 70,29 60,77
2016 73,47 94,04 36,61 65,64 15,81 70,29 61,39

Weights  21,95%  19,51% 17,07% 14,63% 14,63% 12,20% 100%

As in the case of passengers’ growth, airport performance score also varies linearly with the
number of passengers (see Figure 4.13).
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Figure 4.13: Airport Score as a function of aircraft movements (Hypothesis ). Source: own elaboration.

4.3.2 Hypothesis 2

As with the hypothesis presened is subscetion §.2.1, airport performance score does not regis-
ter a significant increase comparing to the variations obtained for the years 2003-2013, when
varying only the number of aircraft movements. In the present hypothesis, it is verified over
which areas does aircraft movements increase have a direct impact. The procedure and criteria
applied are the same presented in subsection §.2.2.

It is easily concluded that changes in the values of aircraft movements per gate and aircraft
movements per employee rates due to aircraft movements can be determined without an econo-
metric analysis, observing the metrics of all other indicators. Considering that there were 50
gates and 674 employees at Airport 1 in 2013, variations of both KPIs with the number of aircraft
movements are easily determined (see Table }.22).

Table 4.22: Historical and predicted nos. of aircraft movements per gate and aircraft movements per
employee and own KPI’s scores at Airport 1 (hypothesis Il). Source: own elaboration.

Aircraft Movements per Gate Aircraft Movements per Employee

Years Values Scores Values Scores

2003 5.114 84,21 172 0,00
2004 5.555 100,00 187 33,11
2005 4.964 78,85 190 39,59
2006 5.298 90,82 203 68,11
2007 5.484 97,49 210 83,99
2008 3.784 36,58 214 93,91
2009 3.578 29,19 194 49,27
2010 2.763 0,00 205 72,84
2011 2.790 0,97 213 89,96
2012 2.818 1,98 209 81,98
2013 2.927 5,88 217 100,00
2014 2.995 8,31 222 111,20
2015 3.063 10,74 227 122,39
2016 3.130 13,16 232 133,59
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Despite the number of aircraft movements increase almost every year, Aircraft Movements per
Gate KPI’s score presents a different evolution; this is due to interventions made at the air-
port in which gates were added causing a decrease in the rate. From 2013, in line with ceteris
paribus assumption, the number of gates was assumed to keep unchanged, which along with
aircraft movements increase results in an increase of the KPI’s score. The same happens for
Aircraft Movements per Employee KPI whose score trends are distinct from Aircraft Movements
KPI’s ones.

The increases predicted for both Aircraft Movements per Gate and Aircraft Movements per Em-
ployee KPIs along with the stagnhation imposed in the remaining KPIs result in the increase of
the productivity of the airport as shown in Table 5. Productivity/Cost-Effectiveness KPA’s score
increases approximately 11% in 2014, 5% in 2015 and 4% in 2016 breaking with the downward
trend observed from 2011 to 2013. These increases boost airport performance score which grew
3,30% until 2016, almost more 1% than in Hypothesis 1, turning over 60, as can also be seen in

Table §.23.

Table 4.23: KPAs’ scores and Airport 1 performance score (hypothesis Il). Source: own elaboration.

Safety Productivity/ Service Financial/ Envirom Airport
Year and Core Cost . .

Security effectiveness Quality Commercial mental Score
2003 69,37 5,36 25,59 24,64 68,27 5,81 34,95
2004 44 14 24,82 28,71 25,83 49,34 12,15 31,92
2005 58,67 31,42 29,38 31,09 53,32 38,56 41,08
2006 75,22 45,91 44,41 37,23 45,58 40,03 50,05
2007 87,06 52,72 82,13 50,50 46,43 40,65 62,56
2008 81,75 64,11 85,97 44,32 40,15 37,92 62,12
2009 58,15 51,79 68,92 41,72 52,19 53,95 54,96
2010 50,99 75,70 70,67 59,34 42,98 45,50 58,55
2011 72,51 71,50 72,60 62,66 55,71 57,48 66,60
2012 56,95 74,07 40,90 58,06 42,36 69,55 57,11
2013 73,47 87,19 36,61 65,64 15,81 70,29 59,88
2014 73,47 89,47 37,54 65,64 15,81 70,29 60,54
2015 73,47 91,76 38,46 65,64 15,81 70,29 61,20
2016 73,47 94,04 39,38 65,64 15,81 70,29 61,39

Weights  21,95%  19,51% 17,07% 14,63% 14,63% 12,20% 100%

The variation of airport score as a function of aircraft movements is depicted in Figure §.14, as
well as the equation that describes it. The higher slope of line confirms the greater impact of
aircraft movements’ growth on airport performance.
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Figure 4.14: Airport Score as a function of aircraft movements (Hypothesis Il). Source: own elaboration.

4.3.3 Hypothesis 3

As it was done in the first case study (see subsection ), ETS algorithm is used to carry out
the forecast with the parameters being set the same way. The forecast, including both upper
and lower confidence bounds, is depicted in Figure {.15. Statistic details of the forecast are

presented in Annexe A.5.
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Figure 4.15: Aircraft movements ETS forecast. Source: own elaboration.

The number of aircraft movements and scores obtained for the period 2013-2016 for expected,

best-case and worst-case scenarios are shown in Table §.24.
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Table 4.24: Predicted values and scores from aircraft movements’ ETS forecast for Airport 1. Source:
own elaboration.

History Expected scenario Worst-case scenario Best-case scenario
Value Score Value Score Value Score Value Score
2003 112.500 0,00
2004 122.200 28,65
2005 124.100 34,26
2006 132.456 58,94
2007 137.109 72,68
2008 140.016 81,26
2009 132.380 58,71
2010 138.147 75,74
2011 139.497 79,73
2012 140.909 83,90
2013 146.360 100,00

Year

2014 148.807 107,23  140.289 82,07 157.324 132,38
2015 151.514 115,22 140.049 81,36 162.978 149,08
2016 154.221 123,22  140.420 82,46 168.022 163,97

By focusing on the expected scenario it is observed an almost constant increase. Comparing
with the trend projection carried out in the second hypothesis (see subsection §.3.2), there are
expected fewer aircraft movements. Still, the performance of this indicator is quite good since
the record is surpassed every year. In the best-case scenario, aircraft movements increase is
very sharp in 2014 reaching a record higher than the best mark predicted for the expected sce-
nario. Despite this increase being soften in 2015 and 2016, the slope of its curve is one of the
higher predicted. Lastly, the worst-case scenario is the only one breaking with the upward trend
verified until 2013, presenting a stagnation after a downturn in 2014. However, the numbers
observed in the worst-case scenario should not threaten airport sustainability.

Aircraft Movements per Gate rate values and KPI’s scores are presented in Table }.25.

Table 4.25: Aircraft Movements per Gate KPI’s values and scores (hypothesis 3). Source: own elaboration.

History Expected scenario Worst-case scenario Best-case scenario
Value Score Value Score Value Score Value Score
2003 5.114 84,21
2004 5.555 100,00
2005 4.964 78,85
2006 5.298 90,82
2007 5.484 97,49
2008 3.784 36,58
2009 3.578 29,29
2010 2.763 0,00
2011 2.790 0,97
2012 2.818 1,98
2013 2.927 5,88

Year

2014 2.976 7,64 2.806 1,54  3.146 13,74
2015 3.030 9,58 2.801 1,36 3.260 17,79
2016 3.084 11,52 2.808 1,63  3.360 21,40

Both expected and best-case scenarios follow up the recovery initiated in 2011 with obvious
differences in the growth rate. Worst-case scenario shows a decrease in 2014 followed by a
stagnation between 2014 and 2016.
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The same behaviour is observed for Aircraft Movements per Employee KPI trough the values
and scores presented in Table {.26.

Table 4.26: Aircraft Movements per Employee KPI’s values and scores (hypothesis 3). Source: own
elaboration.

History Expected scenario Worst-case scenario Best-case scenario
Value Score Value Score Value Score Value Score
2003 172 0,00
2004 187 33,11
2005 190 39,59
2006 203 68,11
2007 210 83,99
2008 214 93,91
2009 194 49,27
2010 205 72,84
2011 213 89,96
2012 209 81,98
2013 217 100,00

Year

2014 221 108,09 208 79,93 233 136,25
2015 224 117,04 208 79,13 242 154,95
2016 229 125,99 208 80,36 249 171,40

The impact of these development scenarios on Core and Productivity/Cost-Effectiveness KPAs
can be observed in Table }.27.

Table 4.27: Core and Productivity/Cost-Effectiveness KPAs’ scores and Airport 1 performance score
(hypothesis 3). Source: own elaboration.

Expected scenario Worst-case scenario Best-case scenario
Year Producti- Airport Producti- Airport Producti- Airport
Core . Core . Core R
vity 1 vity 1 vity 1
2003 5,36 25,59 34,95 5,36 25,59 34,95 5,36 25,59 34,95
2004 24,82 28,71 31,92 24,82 28,71 31,92 24,82 28,71 31,92
2005 31,42 29,38 41,08 31,42 29,38 41,08 31,42 29,38 41,08
2006 45,91 44,41 50,05 45,91 44.41 50,05 45,91 44,41 50,05
2007 52,72 82,13 62,56 52,72 82,13 62,56 52,72 82,13 62,56
2008 64,11 85,97 62,12 64,11 85,97 62,12 64,11 85,97 62,12
2009 51,79 68,92 54,96 51,79 68,92 54,96 51,79 68,92 54,96
2010 75,70 70,67 58,55 75,70 70,67 58,55 75,70 70,67 58,55
2011 71,50 72,60 66,60 71,50 72,60 66,60 71,50 72,60 66,60
2012 74,07 40,90 57,11 74,07 40,90 57,11 74,07 40,90 57,11
2013 87,19 36,61 59,88 87,19 36,61 59,88 87,19 36,61 59,88
2014 88,84 37,52 60,36 83,09 34,37 58,70 94,59 40,66 62,02
2015 90,67 38,52 60,89 82,93 34,28 58,65 98,41 42,75 63,12
2016 92,49 39,52 61,41 83,18 34,42 58,72 101,81 44,61 64,10

In the expected scenario, it is foreseen a slight improvement in Airport 1 performance. More
significant increases are observed in the best-case scenario where the percentage annual growth
in 2014 is more than 4 times higher than in the expected scenario and around two times higher
in the remaining years concerning the forecast. Worst-case scenario shows a slight decrease at
the beginning of the forecast period followed by stagnation. Although these scores do not pose
a risk to the airport sustainability, it is advisable to take appropriate measures to counter the
downward trend caused by the observed development of the number of aircraft movements at
Airport 1.
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4.4 Case lll - Passengers and Aircraft Movements

In the last case study, forecasts passengers and aircraft movements, obtained in subsection
applying ETS method, are used to estimate Airport 1 scores resulting from both indicators’
growth. . It is also maintained the assumption that those growths directly influence some indi-
cators.

Since, both Passengers and Aircraft Movements KPIs are now being considered alongside, Core
and Productivity/Cost-Effectiveness KPA’s reach now stronger variations and, consequently, it
will be verified greater airport performance score fluctuations as shown in Table §.28.

Table 4.28: Core and Productivity/Cost-Effectiveness KPAs’ scores and Airport 1 performance score
obtained in Case lll). Source: own elaboration.

Productivity/

Year  Core Cost-Effectiveness Airport 1
2003 5,36 25,59 34,95
2004 24,82 28,71 31,92
2005 31,42 29,38 41,08
2006 45,91 4441 50,05
2007 52,72 82,13 62,56
2008 64,11 85,97 62,12
2009 51,79 68,92 54,96
2010 75,70 70,67 58,55
2011 71,50 72,60 66,60
2012 74,07 40,90 57,11
2013 87,19 36,61 59,88
2014 91,07 38,32 60,93
2015 95,26 40,17 62,06
2016 99,46 42,02 63,20

Significant Core KPA’s score increases are observed. In fact, only with passengers and aircraft
movements’ expected growths, KPA score obtains annual percentage increases around 4,5%
which is between the annual percentage increases verified in 2011 and 2012. Even though,it
is too far from the average annual percentage increase verified from 2003 to 2013 of 56,44%.
It is important however to note that this average is inflated by the percentage growth of 363%
checked in 2004. Similar percentage growth is witnessed by Productivity/Cost-effectiveness
KPA.

It is observed that if Airport 1 manages to maintain its performance in the different areas,
the air traffic growth will naturally increase its global performance score. Airport performance
score is expected to increase 5,54% within three years. However, annual increases are not so
significant considering past fluctuations as they are supposed to vary between 1,75% and 1,86%
while the average percentage fluctuation verified between 2003 and 2013 is greater than 13%.
This cushioning in the performance scores variation can be better visualised in Figure }4.16.
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Figure 4.16: Airport 1 performance score variation. Source: own elaboration.

4.5 Conclusion

In this chapter three case studies were conducted where the global airport performance was
estimated for passengers and aircraft movements forecasted scenarios. For Case 1 and Case |,
three hypotheses were set forward to compare the impact of passengers and aircraft movements
growths.

When comparing the results obtained for the first hypothesis in Case | and Case ll, it is veri-
fied that passengers’ growth generates higher scores than aircraft movements’ growth despite
both indicators obtain same scores, what confirms the higher weight assigned by experts.

The second hypothesis shows different results. Aircraft movements’ growth affects directly
two KPI’s from Productivity/Cost Effectiveness KPA while passengers’ growth affects only one
KPI from the same performance area. The accumulated weight of Aircraft Movements, Aircraft
Movements per Gate and Aircraft Movements per Employee KPIs ends up being greater enough
than the accumulated weight of Passengers and Passengers Per Employee KPIs to obtain higher
performance scores in Case Il rather than in Case I; this means that the assumptions adopted in
this hypothesis have a significant impact on airport performance estimation.

In the third hypothesis, same assumptions were thus established. However, it was used ETS
to develop the forecasts. When applied by using Microsoft Excel, the resulting forecast allows
two growth scenarios to be observed, in addition to the expected one, which corresponds to
the confidence bounds. The expected scenarios obtained for the passenger’s growth and the
aircraft movements’ growth foresee steady annual increases, yet, at a lower average growth
rate than verified between 2003 and 2013. The best-case scenario predicts a passengers’ flow
for 2016 slightly higher than the maximum capacity projected for Lisbon airport. Despite these
projections not always being extremely accurate and the slight surplus number of passengers
can be processed by improving airport efficiency, it is important to remind that an airport op-
erating close to its capacity limit may result in efficiency and safety problems.
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In Case lll, the Airport 1 performance is estimated for the expected scenarios obtained from
the ETS forecast of both passengers and aircraft movements. Scores show that the increase in
air traffic (passengers and aircraft movements) does not in itself lead to very significant perfor-
mance score increases when compared to fluctuations recorded between 2003 and 2013; this
means that if Airport 1 managers intend the airport to improve significantly, more than deal
with the air traffic growth without losing performance in the various KPAs, the output of some
indicators from those areas must be improved.
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Chapter 5

Conclusions

5.1 Dissertation Summary

In the process of structuring this work, it was initially defined the study object as being airport
performance, due to the increasing demand for air transport and the problems that it causes to
the airports, while the main objective was to quantify and predict the development of a specific
airport’s performance.

Specific targets had to be established to achieve the main goal:
» Determine how to define and measure airport performance;

« |ldentify the several tools used so far to analyse and measure airport performance and effi-
ciency, as well as to comprehend which indicators are assumed depending on the aspects
being analysed;

« ldentify suitable forecasting techniques depending on the features and inherent constraints
of this study.

In Chapter 2 it is discussed that an airport is a complex system composed of several intercon-
nected subsystems whose managers must deal with external factors and divergent interests of
stakeholders. A literature review was carried out to achieve the first two targets. It is shown
that most of the studies only address the performance in specific areas such as the commercial
or the operational ones. Moreover, it seems there is no agreement in the choice of performance
indicators. Since this study addresses global performance, the set of KPIs provided by ACI is
adopted. DEA and SFA are by far the most popular techniques in airport performance and ef-
ficiency analysis. However, if one intends to model airport performance, only SFA is helpful in
addition to OLS based techniques, distance functions or hybrid AHP/DEA models. Also, some
MCDA methods have proven to provide accurate results while being applicable in managerial
practice.

Chapter 3 provides the literature review on forecasting. Most popular methods include time
series techniques and econometric modelling. However, it is also verified that the choice of the
most suitable technique may depend on some features such as the time-horizon of the forecast.
After considering the different available methodologies and features related to the analysis and
forecasting of airport performance, in chapter 4 it was carried out three case studies to assess
the impact of passengers and aircraft movements growths on the airport performance, this is
done using a MCDA based model (PESA-AGB). Moreover, three hypotheses are set forward to
compare both cases under different assumptions. “Passengers” KPl have a greater impact if
only its growth is considered. However, when considering the impact on other KPIs directly
dependent on the number of Passenger or aircraft movements, the second showed to cause
greater variations in airport performance score. It was also applied the ETS technique to make
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both passengers and aircraft movements’ forecasts whose predicted values are used to foresee
the airport performance development over these indicators.

This study provides consistent reviews on airport performance and efficiency analysis and air
traffic forecasting. Moreover, the case studies performed in this study contributes to both
subjects first, by making a sensibility analysis on PESA-AGB model that allows drawing some
conclusions about the choice of performance indicators and respective assighed weights, and
second, applying ETS methodology to forecast both passengers and aircraft growths.

5.2 Concluding Remarks

Airports were shown to be complex organisations which may have different goals according to
its ownership form. Moreover, airports are in the centre of a sphere of influences and must
deal with several stakeholders. All this diversity has resulted in a divergence when selecting
methodologies and criteria for airport performance analysis.

In this work, it was adopted a set of performance indicators settled internationally by ACI.
The weights of each indicator were obtained through an online survey send for more than 500
specialists from the six KPA. As discussed in section 2.3, the introduction of human judgement
to this kind of analysis has two effects: by one side, the introduction of flaws inherent to sub-
jective factors; and by another side, it allows to rank several factors by order of importance
and allows to assess how new technological or other developments would affect the forecast.
Moreover, this study evidences another issue. Despite experts assign a greater importance to
the number of passengers rather than to aircraft movements in a direct confrontation between
both indicators, when considering the direct impact of each one on other indicators aircraft
movements end up having greater impact on airport performance score denoting an inconsis-
tency of the set of indicators or the weights’ assignment.

Although this dissertation only presents case studies on Airport 1, further attempts were per-
formed for other benchmarking airports benchmarking. When comparing the evolution of the
performance of each airport, there is an issue that becomes evident. Consider for this explana-
tion Airport A and Airport B. If Airport A has fragile history and achieves a new record in some
indicator or area, own KPI or KPA achieves a score of 100. If in the same year, airport B records a
value above the record in the same KPI or KPA, the score is below 100, getting a lower score than
Airport B even if it represents a better performance based on category, dimension or resources
of each airport; this means that despite PESA-AGB being a useful tool for self-benchmarking, it
may present some flaws for peer-benchmarking.

First attempts of this work consisted of regression analysis. For this, it was tried to obtain
a regression line for each indicator and the corresponding equation, with the intent of getting
a single equation for airport performance score over time. However, many indicators present a
very irregular growth which resulted in trend lines with too much low R squared values for the
literature standards. Thus the representativeness of the obtained equations was too low making
impossible to derive an equation that could describe the evolution of an airport’s performance.
Examples comparing the regressions obtained with a quadratic polynomial and a polynomial of
degree six for two KPIs are displayed in Annex JA.6.
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The scoring system of PESA-AGB model was then adopted to quantify airport performance.
Equations of airport score as a function of the number of passengers or aircraft movements
were obtained for the period corresponding to the ceteris paribus assumption. The same equa-
tions were tried to be achieved for the previous years, but no valid results were obtained; this
is due to the development of other indicators that may have not a significant relationship with
airport passengers or aircraft movements but may be explained by other factors instead that
would require a profound econometric analysis that is out of the scope of this work.

5.3 Prospects for Future Work

Considering the diversity of scenarios in which airports are managed, and airport performance
analysis and forecasting methodologies developed so far, there is still scope for further explo-
ration of these methodologies to improve its effectiveness and contribute to the consistency of
the literature on this subject.

Also, the network of airport performance indicators and its explanatory variables can be the
object of further investigation. This work addresses only air passengers and aircraft move-
ments, but not only other indicators’ impact on airport performance could be assessed as also
the variables behind these two indicators’ growth could be analysed.

Therefore, due to work developed and the acquired knowledge future steps in this subject’s
studies should cross the following investigation items:

» To analyse the impact of further KPI’s on airport score and to study further correlations
between the several KPI’s to obtain a broader and more consistent perspective of the
anatomy of airport performance;

» To develop an econometric analysis to depict the explanatory variables that have a causal
relationship with the several KPI’s to obtain a deeper understanding of the factors that
affect airport performance;

« To consider other forecasting methodologies that may produce more accurate predictions;

» To consider a process of experts’ consultation and/or weights assignment that may lead
to a more consistent weight distribution; and

» To embody a quantitative methodology in PESA-AGB model to increase the objectivity of
the airport performance evaluation and promote changes that allow more accurate peer-
benchmarking.

53



54

Airport Performance Analysis and Forecasting



Airport Performance Analysis and Forecasting

Bibliography

[1] Airbus, Airbus Global Market Forecast 2017-2036 ”"Growing horizons”. Art & Caractere,

2017. f, @, B

[2] Lusa, “Aeroporto da Portela esgotado em 5 anos,” 2012. [Online]. Available: http://www.
dn.pt/economia/interior/aeroporto-da-portela-esgotado-em-5-anos-2562340.html [Ac-
cessed: 22-Aug-2017] fil, 23

[31 V. Marcelino, “Caos no aeroporto. Duas horas de espera para entrar
em Lisboa.” 2017. [Online]. Available: https://www.dn.pt/portugal/interior/
sef-turistas-esperam-duas-horas-em-filas-no-aeroporto-de-lisboa-8621541.html [Ac-

cessed: 22-Aug-2017] fl|

[4] Lusa, “TAP sente-se ’significativamente prejudicada’ com o congestionamento do
aeroporto de Lisboa,” 2008. [Online]. Available: http://www.dnoticias.pt/hemeroteca/
172220-tap-sente-se-significativamente-prejudicada-com-o-congestionamento-do-ae-CM\
DN172220 [Accessed: 22-Aug-2017] [l

[5] Presstur, ““Lisboa continua a dizer-nos: Desculpe, a pista
esta cheia”, queixa-se o CEO da Ryanair,” 2016. [On-
line]. Available: http://www.presstur.com/empresas---negocios/aviacao/

lisboa-continua-a-dizer-nos-desculpe-a-pista-esta-cheia-queixa-se-o0-ceo-da-ryanair/
[Accessed: 22-Aug-2017] fi

[6] B. Tovar and R. R. Martin-Cejas, “Technical efficiency and productivity changes in Span-
ish airports: A parametric distance functions approach,” Transportation Research Part E:
Logistics and Transportation Review, vol. 46, no. 2, pp. 249-260, 2010. F, 8, @, fi0,

[7] J. Sussman, “course materials for ESD.04J Frameworks and Models in Engineering
Systems,” 2007. [Online]. Available: https://ocw.mit.edu [Accessed: 16-Jul-2017] B

[8] M. M. Hossain and S. Alam, “A complex network approach towards modeling and analysis
of the Australian Airport Network,” Journal of Air Transport Management, vol. 60, pp. 1-9,
2017. B

[9] A. Graham, Managing Airports - An International Perspective, 3rd ed.  Butterworth-
Heinemann, 2008. §

[10] York Aviation, “The social and economic impact of airports in Europe,” Geneva, 2004. |§

[11] W. F. Fox and S. Porca, “Investing in Rural Infrastructure,” International Regional Science
Review, vol. 24, no. 1, pp. 103-133, 2001. B

[12] European Investment Bank, “International Financial Institutions in the 21st Cen-
tury,” 1996. [Online]. Available: http://www.eib.org/attachments/efs/eibpapers/
eibpapers{_11998{_1v03{_In02{_len.pdf [Accessed: 26-Jun-2017] B

[13] D. Létavkova, S. Matuskova, and V. Vancura, “Airport effectiveness modeling,” in Control
Conference (ICCC), 2014 15th International Carpathian. |EEE, 2014.

55


http://www.dn.pt/economia/interior/aeroporto-da-portela-esgotado-em-5-anos-2562340.html
http://www.dn.pt/economia/interior/aeroporto-da-portela-esgotado-em-5-anos-2562340.html
https://www.dn.pt/portugal/interior/sef-turistas-esperam-duas-horas-em-filas-no-aeroporto-de-lisboa-8621541.html
https://www.dn.pt/portugal/interior/sef-turistas-esperam-duas-horas-em-filas-no-aeroporto-de-lisboa-8621541.html
http://www.dnoticias.pt/hemeroteca/172220-tap-sente-se-significativamente-prejudicada-com-o-congestionamento-do-ae-CM\DN172220
http://www.dnoticias.pt/hemeroteca/172220-tap-sente-se-significativamente-prejudicada-com-o-congestionamento-do-ae-CM\DN172220
http://www.dnoticias.pt/hemeroteca/172220-tap-sente-se-significativamente-prejudicada-com-o-congestionamento-do-ae-CM\DN172220
http://www.presstur.com/empresas---negocios/aviacao/lisboa-continua-a-dizer-nos-desculpe-a-pista-esta-cheia-queixa-se-o-ceo-da-ryanair/
http://www.presstur.com/empresas---negocios/aviacao/lisboa-continua-a-dizer-nos-desculpe-a-pista-esta-cheia-queixa-se-o-ceo-da-ryanair/
https://ocw.mit.edu
http://www.eib.org/attachments/efs/eibpapers/eibpapers{_}1998{_}v03{_}n02{_}en.pdf
http://www.eib.org/attachments/efs/eibpapers/eibpapers{_}1998{_}v03{_}n02{_}en.pdf

Airport Performance Analysis and Forecasting

[14] N. Dennis, “Airline hub operations in Europe,” Journal of Transport Geography, vol. 2,
no. 4, pp. 219-233, 1994. §

[15] A. Zhang, “Analysis of an international air-cargo hub: The case of Hong Kong,” Journal of
Air Transport Management, vol. 9, no. 2, pp. 123-138, 2003.

[16] N. Halpern and A. Graham, “Factors affecting airport route development activity and per-
formance,” Journal of Air Transport Management, vol. 56, Part B, pp. 69-78, 2016.

[17] N. Adler and J. Berechman, “Measuring airport quality from the airlines’ viewpoint: An
application of data envelopment analysis,” Transport Policy, vol. 8, no. 3, pp. 171-181,
2001. B

[18] J. Gardiner, S. Ison, and I. Humphreys, “Factors influencing cargo airlines’ choice of airport:
Aninternational survey,” Journal of Air Transport Management, vol. 11, pp. 393-399, 2005.

B 8

[19] T. H. Oum, J. Yan, and C. Yu, “Ownership forms matter for airport efficiency: A stochastic
frontier investigation of worldwide airports,” Journal of Urban Economics, vol. 64, no. 2,
pp. 422-435, 2008. {

[20] R. Doganis, A. Graham, and Polytechnic of Central London. Transport Studies Group, “Air-
port management : the role of performance indicators,” London, p. 243, 1987. f

[21] ACI, Guide to Airport Performance Measures. Oliver Wyman, Inc., 2012, no. February. f,

i

[22] International Civil Aviation Organization, ICAQ’s Policies on Charges for Airports and Air
Navigation Services, 9th ed., Montréal, 2012.

[23] International Civil Aviation Organization, Airport Economics Manual, 3rd ed., 2013. [

[24] P. L. Lai, A. Potter, and M. Beynon, “The Development of Benchmarking Techniques in
Airport Performance Evaluation Research,” Transportation Journal, vol. 51, no. 3, pp. 305-
337, 2012. B

[25] R. Doganis, The Airport Business. Routledge, 1992. B

[26] P. L. Lai, A. Potter, and M. Beynon, “The Development of Benchmarking Techniques in
Airport Performance Evaluation Research,” in 14th Air Transport Research Society Confer-
ence, Porto, 2010. 8, fid

[27] P. Hooper and D. Hensher, “Measuring total factor productivity of airports— an index number
approach,” Transportation Research Part E: Logistics and Transportation Review, vol. 33,
no. 4, pp. 249-259, 1997. 8,

[28] M. K. Y. Fung, K. K. H. Wan, Y. V. Hui, and J. S. Law, “Productivity changes in Chinese
airports 1995-2004,” Transportation Research Part E: Logistics and Transportation Review,
vol. 44, no. 3, pp. 521-542, 2008. g, fi0,

[29] C. von Hirschhausen and A. Cullmann, “Questions to Airport Benchmarkers - Some Theoret-
ical and Practical Aspects Learned from Benchmarking Other Sectors,” in German Aviation
Research Society Workshop. Vienna (Austria): German Aviation Research Society, 2005. [§

56



Airport Performance Analysis and Forecasting

[30] A. Fragoudakiand D. Giokas, “Airport performance in a tourism receiving country: Evidence
from Greece,” Journal of Air Transport Management, vol. 52, pp. 80-89, 2016. B, [i3

[31] C. Pestana Barros and P. U. C. Dieke, “Performance evaluation of Italian airports: A data
envelopment analysis,” Journal of Air Transport Management, vol. 13, no. 4, pp. 184-191,

2007. [,

[32] C. P. Barros, “Airports in Argentina: Technical efficiency in the context of an economic
crisis,” Journal of Air Transport Management, vol. 14, no. 6, pp. 315-319, 2008. E,

[33] C. P. Barros and A. Sampaio, “Technical and Allocative Efficiency in Airports,” International
Journal of Transport Economics, vol. 31, no. 3, pp. 1-30, 2004. f,

[34] T. Diana, “Can we explain airport performance? A case study of selected New York airports
using a stochastic frontier model,” Journal of Air Transport Management, vol. 16, no. 6,
pp. 310-314, 2010. [, fi2

[35] C. P. Barros, “Technical efficiency of UK airports,” Journal of Air Transport Management,
vol. 14, no. 4, pp. 175-178, 2008. E,

[36] C. Cahill, D. Palcic, and E. Reeves, “Commercialisation and airport performance: The case
of Ireland’s DAA,” Journal of Air Transport Management, vol. 59, pp. 155-163, 2017. [id,

f3

[37] S. J. Appold and J. D. Kasarda, “The appropriate scale of US airport retail activities,”
Journal of Air Transport Management, vol. 12, no. 6, pp. 277-287, 2006. [id,

[38] V. Fasone, L. Kofler, and R. Scuderi, “Business performance of airports: Non-aviation rev-
enues and their determinants,” Journal of Air Transport Management, vol. 53, pp. 35-45,

2016. fid,

[39] P. J. Gudiel Pineda, J. J. Liou, C. C. Hsu, and Y. C. Chuang, “An integrated MCDM model for
improving airline operational and financial performance,” Journal of Air Transport Man-
agement, 2017 (Accepted for publication). fi0

[40] K. E. Yoo and Y. C. Choi, “Analytic hierarchy process approach for identifying relative
importance of factors to improve passenger security checks at airports,” Journal of Air
Transport Management, vol. 12, no. 3, pp. 135-142, 2006.

[41] C.-C. Chao and P.-C. Yu, “Quantitative evaluation model of air cargo competitiveness and
comparative analysis of major Asia-Pacific airports,” Transport Policy, vol. 30, pp. 318-326,

2013. i,

[42] C. A. Bana e Costa and J. C. Vansnick, “MACBETH - An interactive path towards the con-
struction of cardinal value functions,” International Transactions in Operational Research,
vol. 1, no. 4, pp. 489-500, oct 1994. [Id

[43] M. E. Baltazar, J. Jardim, P. Alves, and J. Silva, “Air Transport Performance and Efficiency:
MCDA vs. DEA Approaches,” Procedia - Social and Behavioral Sciences, vol. 111, pp. 790-
799, 2014. 0,

[44] Y.-b. Xiao, X. Fu, T. H. Oum, and J. Yan, “Modeling airport capacity choice with real op-
tions,” Transportation Research Part B: Methodological, vol. 100, pp. 93-114, 2017. fid

57



[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

58

Airport Performance Analysis and Forecasting

S. Bouarfa, H. Blom, and C. Ricky, “Airport Performance Modeling using an agentbased
Approach,” in Third International Air Transport and Operations Symposium. Delft: 10S
Press, 2012, pp. 427-472. fid

G. Gurtner, L. Valori, and F. Lillo, “Competitive allocation of resources on a network: an
agent-based model of air companies competing for the best routes,” Journal of Statistical
Mechanics: Theory and Experiment, vol. 2015, no. 5, p. P05028, nov 2015. [i{

G. Gurtner, C. Bongiorno, M. Ducci, and S. Micciche, “An Empirically grounded Agent Based
simulator for the Air Traffic Management in the SESAR scenario,” Journal of Air Transport
Management, vol. 59, pp. 26-43, 2017. [id

C. P. Barros, “Technical change and productivity growth in airports: A case study,” Trans-
portation Research Part A: Policy and Practice, vol. 42, no. 5, pp. 818-832, 2008.

P. Coto-Millan, P. Casares-Hontafén, V. Inglada, M. Agiieros, M. A. Pesquera, and A. Badiola,
“Small is beautiful? The impact of economic crisis, low cost carriers, and size on efficiency
in Spanish airports (2009-2011),” Journal of Air Transport Management, vol. 40, pp. 34-41,
2014. [12

P. Lai, A. Potter, M. Beynon, and A. Beresford, “Evaluating the efficiency performance of
airports using an integrated AHP/DEA-AR technique,” Transport Policy, vol. 42, pp. 75-85,
2015. 12

P. M. da Rocha, A. P. de Barros, G. B. da Silva, and H. G. Costa, “Analysis of the operational
performance of brazilian airport terminals: A multicriteria approach with De Borda-AHP
integration,” Journal of Air Transport Management, vol. 51, pp. 19-26, 2016. [13

0. Lordan, J. M. Sallan, and M. Valenzuela-Arroyo, “Forecasting of taxi times: The case
of Barcelona-El Prat airport,” Journal of Air Transport Management, vol. 56, Part B, pp.
118-122, 2016. fi5, 19

International Civil Aviation Organization, Manual on Air Traffic Forecasting, 3rd ed., 2006.

5, ftd, 7

S. Y. Abed, A. O. Ba-Fail, and S. M. Jasimuddin, “An econometric analysis of international
air travel demand in Saudi Arabia,” Journal of Air Transport Management, vol. 7, no. 3,

pp. 143-148, 2001. fi4, [1§, 19

F. Ahmadzade, “Model for Forecasting Passenger of Airport,” in Proceedings of the 2010
International Conference on Industrial Engineering and Operations Management, Dhaka,
2010. [i7

U.S Congress Office of Technology Assessment, Airport System Development. Washington,
D. C.: DIANE Publishing, 1984. [i7

R. Doganis, Flying Off Course: The Economics of International Airlines, 3rd ed. London:
Routledge, 2002. [18

J. C. Liu, “Hawaii tourism to the year 2000. A Delphi forecast,” Tourism Management,
vol. 9, no. 4, pp. 279-290, 1988. [19

V. A. Profillidis, “Econometric and fuzzy models for the forecast of demand in the airport
of Rhodes,” Journal of Air Transport Management, vol. 6, no. 2, pp. 95-100, 2000. {9



Airport Performance Analysis and Forecasting

[60] H. Grubb and A. Mason, “Long lead-time forecasting of UK air passengers by Holt-Winters
methods with damped trend,” International Journal of Forecasting, vol. 17, no. 1, pp.
71-82, 2001. [19

[61] H. Song, S. F. Witt, and T. C. Jensen, “Tourism forecasting: Accuracy of alternative econo-
metric models,” pp. 123-141, 2003. {18, {9

[62] A. Abdelghany and V. S. Guzhva, “A Time-Series Modeling Approach for Airport Short-Term
Demand Forecasting,” Journal of Airport Management, vol. 5, no. 1, pp. 72-87, 2010.

[63] M. Linz, “Scenarios for the aviation industry: A Delphi-based analysis for 2025,” Journal of
Air Transport Management, vol. 22, pp. 28-35, 2012. [i9

[64] W. H. K. Tsui, H. Ozer Balli, A. Gilbey, and H. Gow, “Forecasting of Hong Kong airport’s
passenger throughput,” Tourism Management, vol. 42, pp. 62-76, 2014. [i9

[65] M. Priyadarshana and A. Shamini Fernando, “Modeling Air Passenger Demand in Ban-
daranaike International Airport, Sri Lanka,” Journal of Business & Economic Policy, vol. 2,
no. 4, pp. 146-151, 2015. {i§, fi9

[66] T. M. Dantas, F. L. Cyrino Oliveira, and H. M. Varela Repolho, “Air transportation demand
forecast through Bagging Holt Winters methods,” Journal of Air Transport Management,
vol. 59, pp. 116-123, 2017. [i9

[67] M. E. Baltazar, T. Rosa, and J. Silva, “Global Decision Support for Airport Performance and
Efficiency Assesment,” Journal of Air Transport Management, 2017 (Accepted for publica-

tion).
[68] ANA - Aeroportos de Portugal, “Relatorio de Gestao e Contas,” Tech. Rep., 2003-2013.
[69] ANA - Aeroportos de Portugal, “Relatorio de Sustentabilidade,” Tech. Rep., 2006-2013.

[70] ANA - Aeroportos de Portugal, “Relatorio Anual de Trafego do Aeroporto de Lisboa,” Tech.
Rep., 2007-2013.

[71] Microsoft, “FORECAST.ETS function - Office Support.”
[Online]. Available: https://support.office.com/en-us/article/
FORECAST-ETS-function-15389b8b-677e-4fbd-bd95-21d464333f41  [Accessed: 20-

Jun-2017]

[72] “NIST/SEMATECH e-handbook of statistical methods,” 2014. [Online]. Available: http:
/ /www.itl.nist.gov/div898/handbook/pmc/section4/pmc43.htm [Accessed 18-Jul-2017]

[73] J. Zar, Biostatistical analysis. Prentice-Hall/Pearson, 2010.

59


https://support.office.com/en-us/article/FORECAST-ETS-function-15389b8b-677e-4fbd-bd95-21d464333f41
https://support.office.com/en-us/article/FORECAST-ETS-function-15389b8b-677e-4fbd-bd95-21d464333f41
http://www.itl.nist.gov/div898/handbook/pmc/section4/pmc43.htm
http://www.itl.nist.gov/div898/handbook/pmc/section4/pmc43.htm

60

Airport Performance Analysis and Forecasting



Airport Performance Analysis and Forecasting

Appendix A

Annexes

A.1 KPI metrics

KPA KPI Metric
Passengers n°® PAX
Origination and Destination n° PAX O&D

Core Passengers
Aircraft Movements n® MOVs
Freight and Mail Loaded .
/Unloaded Metric TONs
Destinations—Nonstop n° AIRP non-stop
Runway Accidents Accidents / 1000MOVs
Runway Incursions Incursions / 1000MOVs

Safety and Bird Strikes BS / 1000MOVs
Security Public Injuries PInj / 1000MOVs

Service Quality

Productivity/
Cost Effectiveness

Financial/
Commercial

Occupational Injuries

Lost Work Time from Employee

Accidents and Injuries

Practical Hourly Capacity
Gate Departure Delay
Taxi Departure Delay

Customer Satisfaction

Baggage Delivery Time
Security Clearing Time
Border Control Clearing Time
Check-in to Gate Time

Passengers Per Employee
Aircraft Movements per
Employee

Aircraft Movements per Gate
Total Cost per Passenger
Total Cost per Movement
Total Cost per WLU
Operating Cost per Passenger
Operating Cost per Movement
Operating

Cost per WLU

Aeronautical Revenue per
Passenger
Aeronautical Revenue per
Movement

Ocplnj / 1000HoursWorked
LWT / 1000HoursWorked

MaxMOVs/hour

YAGTj / n° Flights

YATT] / n° Flights

A-100-90 % B-90-70 %

C-70-50 % D-50-30 % E- 30-0 %
IABDT] / n° Flights

2ASCTj / n° PAX

2ABCCTj / n° PAX

¥ (ATj x PAXj) / In°® PAX

n° PAX / n° EMP

n° MOVs / n° EMP

n® MOVs / n° GATE
EUROS / n° PAX
EUROS / n° MOVs
EUROS / WLU
EUROSop / n° Pax
EUROSop / n° MOVs

EUROSop / WLU

REV Euros / n° PAX

REV Euros / n°® MOVs
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KPA KPI Metric
Non-Aeronautical Operating NonAeroOp Euros /
Revenue as Percentage of Total
. TotalOp Euros (%)

Operating Revenue
Non-Aeronautical Operating NonAeroOp Euros / n® PAX
Revenue per Passenger
Debt Service as Percentage of
Operating Debt Euros / OP Euros (%)
Revenue
Long-Term Debt per Passenger LT Debt Euros / n° PAX
Debt to EBITDA Ratio Debt Euros / EBITDA
EBITDA per Passenger EBITDA Euros / n° PAX
Carbon Footprint (TONS/PAX) GHG / n° PAX
Waste Recycling Waste recycling (%)

. Waste Reduction Percentage Waste reduction (%)

Environmental

Renewable Energy Purchased by
the Airport (%)

Utilities/Energy

Usage per Square Meter of Terminal
Water Consumption per Passenger

REP (%)

KWh / m2
H20 (lts) / n° PAX
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A.2 PESA-AGB Model Flowchart

STRUCTURING
/ /
Decision / Airport
Tree £ Data /
1.1 12/
By: ACI By: Airports
Performance
Descriptor
1L
- -
EVALUATION
SURVEY
N
Criteria
» Value Function
Matrix MEETING
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Key / /
Performance Airports /
Areas Status Quo
Status Quo 5 3.1
! By: Experts
i - | (CEO's, etc)
ey Key Performance Key Performance
Pel!dgrmance i epany Airports n |
o Judgement Matrix Judgement Matrix Judgement Matrix [
Status Quo 2.3/ 42| 4.3 4.4 |
By: Experts l l |
h 4
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Indicators Areas Airports
| Weights Ponderation | | Weights Ponderation Weights Ponderation
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h 4
A Value Scores
5.1
Key Performance
Areas Score
5.2
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A.3 Database
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A.4 ETS Forecast Software Parameters

Create Forecast Worksheet [}
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Use historical data to create a visual forecast worksheet |ml l I
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A.5 ETS Forecast Statistics

Passengers ETS forecast statistics. Source: own elaboration.

Statistics Value
Alpha 1,00
Beta 0,25
Gamma 0,00
MASE 0,33
SMAPE 0,01

MAE 223080,41
RMSE 252245,76

Aircraft movements ETS forecast statistics. Source: own elaboration.

Statistics Value

Alpha 0,90
Beta 0,00
Gamma 0,00
MASE 0,31
SMAPE 0,01
MAE 1800,02

RMSE 252245,76
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A.6 Regression Analysis Attempts

Passengers

18000000
16000000
14000000
12000000
10000000
8000000
6000000
4000000
2000000

n° PAX

y = -20857,57x2 + 836787,91x + 9045641,82
R? = 0,97

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Years

Passengers’ trendline and forecast obtained with a quadratic polynomial. Source: own elaboration.

Practical Hourly Capacity

8 8 8
8 8 8

(7%}
o
8

y = 0,100233x? - 0,857343x + 41,260606
R% =0,301285

MAXMOVs /hour
B8
s

—
o
8

o
8

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Years

Practical hourly capacity trendline and forecast obtained with a quadratic polynomial. Source: own

elaboration.
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Passengers
20000000
15000000
10000000

5000000

n° PAX

1 2 3 4 5 6 7 8 9 10 11 12 13 .14
-5000000

110000000 | Y = -172,79x® + 5439,99x5 - 62488,02x* + 321295,12x3 -
779293,86x2 + 1733046,27x + 8456092,61
-15000000 R2 = 0,99

-20000000
Years

Passengers’ trendline and forecast obtained with a polynomial of degree six. Source: own elaboration.

Practical Hourly Capacity

50,00
40,00
30,00
20,00

10,00

0,00
-10,00
220,00 Y= 0,0001x% - 0,0096x5 + 0,2174x* - 2,0533x3 + 8,6642x2 -

14,855 + 47,436
-30,00 R? = 0,5646

-40,00

1 2 3 4 5 6 7 8 9 10 11 12 13 14

MAXMOVs/hour

Years

Practical hourly capacity trendline and forecast obtained with a polynomial of degree six. Source: own
elaboration.
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ABSTRACT

Airports are an essential part of air transport system, providing infrastructures to enable the
transfer of passengers and freight between the land surface and air vehicles, to store and
maintain aircraft and to accommodate other service providers needful to air transportation.
Moreover, airports have strategic importance to the regions they serve as they bring wealth,

employment opportunities, promote regional tourism and encourage economic development.

This paper addresses performance and efficiency of three Portuguese airports with the model

development that describes and forecasts it.

An Ordinary Least Squares (OLS) based model has been developed to assess and compare three
Portuguese benchmark airports’ performances. Key Performance Areas (KPAs) and Key
Performance Indicators (KPIs), from which airport performance is defined, are identified based
on literature. Lastly, a forecasting is performed based on the model obtained. Forecasts
effectiveness is assessed, and necessary adjustments are made. This adjustment may help

airport managers to develop management strategies and to project its results.

Keywords: airport performance, forecasting, modelling
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Abstract

Airports are an essential part of air transport system, providing infrastructures to enable the
transfer of passengers and freight between the land surface and air vehicles, to store and
maintain aircraft and to accommodate other service providers needful to air transportation.
Moreover, airports have strategic importance to the regions they serve as they bring wealth,
employment opportunities, promote regional tourism and encourage economic development.
Air traffic has been growing at a high rate and airports are currently facing congestion in its
infrastructures, threatening its operability. Due to capacity constraints, airport performance
has been the subject of an increasing volume of empirical research in recent years.

This paper addresses the impact of passengers and aircraft movements on the airport
performance through a sensibility analysis of the estimated global performance of a fictitious
airport, representative of a Portuguese hub airport, through a multi criteria decision analysis
(MCDA) model. It also intended to carry out forecasts of passengers and aircraft movements
using a decomposition method for the same airport and predict its global performance.

The conducted forecast, along with the literature review, may contribute to assess its adequacy
to a certain intended use and to depict the diversity of forecasting tools. Furthermore, it may
help to assess the appropriateness of performance indicators choice and the weights
assignment.

Keywords: Airport Performance, Forecasting, MCDA, Exponential Smoothing
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