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ABSTRACT

The article summarises the essence of airport infrastructure and explores the roles of
production airport infrastructure in the world air transport system. It is noted that airport
infrastructure is a complex dynamic subsystem of global production infrastructure of
the world economy and is aimed at providing competitive air transportation services.
It is substantiated that the competitive production infrastructure of international airports
is a key element of the economic development of countries in the world economy.
In particular, reliable airport infrastructure is one of the key factors in increasing the
countries capacity for real economic growth, both in the short and long term. Generalised
and systematic views of scientists have led to the conclusion that today there is no single
universally accepted methodology that would comprehensively explore and evaluate the
competitiveness of the airport's infrasystem, and identify its strengths and weaknesses.
Therefore, this study aims to develop and substantiate the methodology for assessing
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the level of competitiveness of the production infrastructure of international airports in
the global aviation market. The proposed methodological approach makes it possible
to provide a practical assessment of the competitiveness of the airport's infrasystem,
taking into account the wide range of indicators, converted through a fuzzy linguistic
approach. It should be noted that the main purpose of creating and implementing an
evaluation system is to facilitate the successful implementation of the competitiveness
management functions of the production infrastructure of international airports in the
global aviation market. The developed model may be used by international aviation
organisations and governments in the process of strategic planning of the air transport
development.

Keywords: airport, infrastructure, production infrastructure, competition, global
competitiveness, transport sector, world market of air transportation

INTRODUCTION

Today, the importance is given to the study of airport infrastructure, its role in
the global air transport system and its importance in the system of ensuring the
global competitiveness. The functioning of the air transport system contributes to
the international economic interaction of the countries, enhancing the processes
of globalisation in the economic as well as in the social and political sphere all
over the world. Due to a combination of rapid technological changes, industry
consolidation, the emergence of new airline business models, the willingness of
consumers to pay for safe and cost-effective services, the air transport system,
as compared to other infrastructure sectors, creates opportunities for countries to
integrate into global markets and for economic growth.

However, in the face of asymmetry in global economic development, the
governments are forced to solve the problems of limiting airport infrastructure.
There is a need for a comprehensive assessment, taking into account the situation
and unique conditions that shape the determinants of the competitiveness of the
production infrastructure of international airports (PIIA). This will give the ability
to identify competitive advantages or disadvantages, to work out the ways to
eliminate them and, in result, to strengthen the ability of airport infrastructure to
contribute to the social and economic growth of countries.

The classic subdivisions of other interesting infrastructure airports and their
technical schools have been thoroughly researched (Ashford & Wright, 1992;
Neufville et al., 2013). In these scientific works, the production infrastructure of
the airport is mainly considered as the material base that provides the production
processes of a particular airport. The airport’s physical infrastructure includes

174



Airport infrastructure competitiveness evaluation

aerodromes and runways, terminals, support facilities and equipment, and ground
access infrastructure.

Lozhachevska and Palamarchuk (2009) investigated the role of transport terminals,
namely airports in transport infrastructure. Scientists say that the airport is a
complex dynamic system, the formation of elements of different nature, which
have certain functions and properties that are missing from every other element.
At the same time, the infrastructure elements of the airport that provide production
activities are aerodrome, airport, and external airport complexes.

Kulyk (2010) and Avtomonov (2011) clarify the nature and classification of the
infrastructure that supports the airport’s production processes. They separate the
airport infrastructure of aviation and non-aviation profiles, that is, that provides
aviation and non-aviation activities of the airport respectively.

Sokolova (2017) in exploring the logistics concepts of airport development
argues that airport infrastructure is a set of technical and technological structures,
buildings, and ancillary equipment that creates all the necessary conditions for air
transportation, as well as providing ground services to aviation clients.

Kharchenko (2015), and Ghryghorak and Savchenko (2017) indicate that an
important condition for enhancing the competitiveness of the aviation industry is
the availability of up-to-date infrastructure at the country’s airports, which will be
able to synchronise and coordinate the processes of transport and logistics services
of appropriate quality at the optimum cost over the full supply chain. Scientists
emphasise that airport infrastructure is a complex subsystem of a particular airport
and, at the same time, an integral part of the transport and distribution process at
the regional, national, and international levels.

Today, the international scientific community is increasingly accentuating the fact
that, under the influence of internationalisation processes, airport infrastructure
is not just international, but global. It is a complex dynamic subsystem of the
global production infrastructure of the world economy and aims at providing
competitive air transportation services. Thus, Betancor and Rendeiro (1999),
Button (1996), Winston and Rus (2008), and Poltoratska (2010) investigated the
features of the functioning and development of air transport infrastructure in the
conditions of free trade and liberalisation of international air transport markets.
They argue that in today’s context, the infrastructure of individual airports
cannot be considered separately, but is a composite of the transport system,
complex air transportation network, goes beyond national borders and serves as
a regulatory reform for governments in both developed and developing countries.
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A number of scientific papers (Neufville et al., 2013; Addie, 2014) also state
that airport infrastructure is part of several airport systems at the same time,
and it is not possible to separate airport systems into autonomous subsystems.
Airport systems are intertwined, but in practice they are not clearly defined from
the point of view of the aviation and air transport networks.

The production infrastructure of international airports influences the place
that airports occupy in the global air transport market and is a necessary (but
insufficient) precondition for competitiveness of the airport sector, economic
region, and national economy as a whole. This assumption is supported by a
number of thorough scientific studies. For example, Schamp (2002) analysed
the processes of deregulation, commercialisation, and privatisation in the EU
airport sector. He concluded that the indivisibility of the physical infrastructure
of airports, with increased use of airports, would result in significant economies
of scale. Scientist views the expansion of the physical infrastructure of
international airports as a driver of economic growth.

A number of scientific papers (Kasarda, 1995; Crockatt, 2000; Addie, 2014;
Wiedemann, 2014; Diez-Pisonero, 2019) investigate the relationship between
airport infrastructure and their surrounding regional spaces. Scientists have
proposed the concept of aeroregionalism, the essence of which is that the
imperatives of globalisation and neoliberalisation enhance the regionalisation of
aerodrome space, and the development of large-scale airport infrastructure affects
the competitiveness of the surrounding regional space.

Graham and Marvin (2001), Graham (2003), Keast et al. (2008), Macario et al.
(2011), Wang et al. (2013), Dérr et al. (2019), and Gadgin Matha et al. (2020)
also noted the interdependence between the development of the country’s airport
infrastructure network and social and economic well-being. The conceptual
approach proposed by scientists is, that airport infrastructure is regarded as an
economic generator, integrating local and international markets, connecting
regions globally.

Itani et al. (2014), Cortés-Villafradez and Pefia-Cardenas (2019), and Llanto and
Rodolfo (2020) argue that the competitive infrastructure of international airports
is one of the major determinants of the competitiveness of the air transport system
at the national level and affects the overall competitiveness of the country in the
global environment.

Thus, an adequate level of infrastructure is a key element in the economic
development of countries in the world economy, in particular the reliable airport
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infrastructure is one of the main factors for enhancing countries’ capacity for real
economic growth in both the short and long term.

Therefore, this study is extremely important and relevant today, as it offers
a comprehensive methodology for assessing the level of competitiveness of
airport infrastructure, which allows to identify strengths and weaknesses, justify
priorities and conditions for the formation of a competitive airport’s infrasystem,
identify trends and structural dominants of the global air transport market.

LITERATURE REVIEW

PIIA’s role in ensuring the global competitiveness and its systemic nature
(airport infrastructure — production infrastructure of the country’s airport
system — production infrastructure of the airport system of a region/group of
countries — global PIIA) has been comprehensively substantiated (Sydorenko,
2014; Lozhachevska et al., 2018; Lozhachevska & Sydorenko, 2019). Given
the levels of PIIA formation, its macro- and meso-level competitiveness can be
determined by considering the global competitiveness plane. This can be done
in the context of the most popular indicators of country competitiveness — World
Competitiveness Ranking (IMD, 2017), Global Competitiveness Index (WEF,
2020).

PIIA’s competitiveness can also be seen as a major element of airports’
competitiveness. And today, there is a great deal of scientific research that monitors
the rating positions of airports and, of course, examines their infrastructure as
a basic element of operational support. Park (2002, 2003) presents an analysis
of the competitive status of major airports in Asia. He researched the airport
infrastructure of the region, and based on a scorecard (geographical characteristics
of airports, airport accessibility, environmental effects, business and operational
conditions of airlines, etc.), tested the author’s methodology.

Grancay (2009) proposed a concept of airport competitiveness index, which
consists of four components: index of airport infrastructure, index of market
potential, index of airport charges, and index of recent traffic results. Another
important consideration is safety. However, the considered methodology does
not take into account the financial performance of airports. Although high
financial performance is vital for strategic investors in airport infrastructure.

The Moody’s Global Scale airport rating methodology (Kramer et al., 2010)
allows to determine the level of production airport infrastructure development
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to justify its financing decision, but does not take into account aviation safety,
flight safety, and environmental and sustainable development indicators.

Andreev (2012) proposes through the prism of airports infrastructure and
quality of their services to analyse the airports competitiveness in general. The
author also points out that airports are a key element of the air transport system.
They are part of the transport infrastructure and a strategic element in the
competitiveness of the region and the country as a whole.

The methodology for measuring the level of service at the airports — Airport
Service Quality, developed by Airport Council International (Nguyen, 2013) —
allow to rate the competitiveness of PIIA through the prism of providing an
integrated air transportation service. However, this technique also makes it
impossible to determine the competitiveness of PIIA taking into account the
impact on different levels of the economic system.

In the research of Feltscher et al. (2017), Zurich Airport is compared with seven
European competitors. Proposed methodology is based on the five main factors:
spatial factors, demand factors, managerial factors, facility factors, and service
factors; and each of these factors consists of so-called sub-factors. To assess
the infrastructure of the airport is also partially allowed by studies of Reynaert
et al. (2019) who explain the features of the future interaction of airlines and
airports. The researchers proposed a practical way to identify airports based on a
system of screening tests, and in particular includes an analysis of the availability
of spare capacity and consistency of airport pricing behaviour with effective
competition.

Mouraetal. (2020) used the multivariate data analysis through a multiple regression
to explore airport competitiveness from aircraft and passenger movement.
Their study seeks to identify variables associated with the competitiveness of
airports, based on their infrastructures, operations, and locations. The analysis
includes variables such as the total area of the airport site, number of aircraft
parking positions, number of airlines, quantity of aircraft movement landings and
takeoffs, etc.

The three-level structure of airport competitiveness factors developed by Ren
(2020) partially solves the issue of studying the competitiveness of airport
production infrastructure. The author summarised the most important of them
in five dimensions, including airport capacity, network quality, service quality,
operation and management, and the environment.
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Therefore, it should be noted that for now there is no unified recognised
methodology that would allow to comprehensively investigate and evaluate
the competitiveness of the production infrastructure of international airports, to
distinguish its strengths and weaknesses.

METHODOLOGY

As mathematical basis for assessing the level of competitiveness of PIIA, the
fuzzy set theory is applied, the basis of which was developed by Zadeh (1975),
Mamdani and Assilian (1975), and Kaufmann (1977). Fuzzy set theory makes it
possible to use inaccurate and subjective expertise in the subject area in decision-
making without formalising them in the form of traditional mathematical models,
to model and optimise real processes taking into account uncertainty. The main
elements used here are not numbers, but verbal (linguistic) variables concept
such as big, small, good, simple, complex, hot, etc., which are fuzzy and vague.
Fuzzy set theory is designed to deal with this kind of objects. The concept of
fuzziness refers to classes in which there are various gradations of the degree
of belonging, intermediate between the complete belonging and non-belonging
of objects to this class. That is, fuzzy sets make it possible to apply a linguistic
description of complex processes, to establish fuzzy connections between
concepts, to predict the behaviour of the system, to form many alternative actions,
to make a formal description of fuzzy decision-making rules.

Fuzzy set theory approach allows for a more complete and representative
presentation of the results of the study and is conditioned by a number of
reasons: the impossibility of collecting comprehensive data (trade secrets, limited
information resources); plural, incomplete data is processed; the unpredictability
of situational changes in external factors affecting the activities of international
airports and the processes of shaping their infrastructure, as each operates in its
own unique environment (Park, 2002, 2003; Leschinsky et al., 2014).

The choice of mathematical apparatus of the fuzzy set theory for estimation of
the level of PIIA competitiveness is conditioned by the nature and specificity
of the subject area, lack of ready software and directly applied classical models
(Sydorenko, 2015).

A comprehensive situational approach to assessing the competitiveness of
PIIA is appropriate in the following stages as shown in Figure 1.
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Figure 1. Stages of assessing the competitiveness of the production infrastructure of
international airports

At Stage I, it is necessary to single out key indicators that determine the
competitiveness of PIIA (Figure 2). Each indicator is an integrated entity and can
be characterised by a set of parameters that will describe the properties of the
infrastructure elements of international airports.
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Decomposition
competitiveness
indicators

Safety of aviation

Level of aviation safety, flight safety; ensuring environmental

services and le—| protection; .er.lsuring sustainable development of airports
environmental through their infrastructure
consequences (I;)
Share of the world air transportation market; volumes of
sent/received passengers/cargoes, take-offs and landings
The impact of PIIA of aircraft; the number and structure of flights served;
on socioeconomic .« economic strength and diversity of the service area;
growth of countries positioning of airports; contribution to GDP; employment
(L) (direct / indirect)
Branching of the route network, frequency of flights;
The quality of service timeliness of sending the aircraft; diversification and price
for participants in || of services provided at airports; general satisfaction of
the aviation market passengers with comfort at airports; timeliness of delivery
provided by PIIA (I5) and storage conditions of goods, etc.
Number of airlines, handling, catering, refueling
Ease of entering the [+ companies, cargo operators present at airports; the amount
air market and access of airport fees
to PIIA (1) . . . -
Geographical characteristics of airports; characteristics of
the aerodrome, passenger and cargo terminals (capacity,
loading intensity, degree of modernisation, etc.); operational
Potential restrictions for airport expansion, availability of development
opportunities of | p}ans; characte.ristics of tre}nsport infrastruct'ure around
airports (Is) airports; the radius of the region related to the airport under
investigation, the population and number of companies in
this region
. . Adaptability of new technologies and innovative products;
Innovative activity <+ conducting own research, the degree of innovation; degree

of airports (Is)

of application of ITT

Financial, commercial
and organisational
activities of airports

)

lt—]

Liquidity; profitability; income from aviation/non-
aviation activities; costs; volume and structure of capital;
the size and diversification of sources of investment
in the development of airport infrastructure; credit
rating of airports; degree of involvement in integration
processes, etc.

Figure 2. The structure of the multilevel system of indicators of competitiveness of the
production infrastructure of international airports
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Given the complexity and versatility of indicators that characterise the state of the
production infrastructure of international airports, it is necessary to assign each
of them a degree of importance (Stage II). The method of analysis of hierarchies
by Thomas L. Saaty (Saaty & Vargas, 2001; Saaty, 2008) was used to visualise
the modelling process, according to which the importance of key indicators was
determined by their pairwise comparison. The matrix of pairwise comparisons is
diagonal and inversely symmetric. Given the vector of priorities, the results of the
calculations are given in Table. 1.

Table 1
The importance of key indicators of the competitiveness of the production infrastructure
of international airports

PIIA competitiveness indicators i Importance (w;)
Safety of aviation services and environmental consequences 1 0.350006
The impact of the production infrastructure of international 2 0.287122
airports on the social and economic growth of countries

Quality of service for aviation market participants provided by 3 0.172083
the production infrastructure of international airports

Ease of entering the air market and access to airport infrastructure 4 0.092869
Potential opportunities of airports 5 0.050762
Innovative activity of airports 6 0.029403
Financial, commercial, and organisational activities of airports 7 0.017754

Informative indicators of reliability of determining the importance of key
indicators of competitiveness of the production infrastructure of international
airports were checked on the basis of the values of the indices of coherence and
relative coherence. The value of relative consistency is 7.32% (not more than 10%),
which indicates the consistency of the matrix.

The proposed indicators of competitiveness of PIIA fully disclose its properties,
but have indistinct limits of indicators, which leads to the use of tools for fuzzy
set. The concept of fuzzy set theory allows to formalise linguistic variables, in
particular, «general conditions of production», «importance», and «level of
development», makes it possible to move from a set of expert assessments to a set
of membership functions, combining both quantitative and qualitative indicators.
Therefore at Stage 111, it is necessary to introduce linguistic variables and assign
membership functions to the corresponding linguistic terms.
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We introduce fuzzy linguistic variables: variable X — «importance», which
characterises the importance of the competitiveness indicator of PIIA; and the
variable Y is «level», which indicates the level of the corresponding indicator.
Fuzzy subsets of the variables X'and Y will be R(x) and R(y), respectively, which are
defined as semantic rules for associating values with each variable. The functions
of R(x) to X and R(y) to Y are given in the range of U = [0; 1]. We will build
a fuzzy mathematical model for assessing the competitiveness of the production
infrastructure of international airports.

The fuzzy set of linguistic variable X — «importance» R;(x) is given by a pair
X, trw(®)}, for all x e U,, i = 1, 2, ..., I, I =7, where pg(x) — membership
function x to R(x). The membership function of these terms is calculated on
the basis of a specially selected model:

(@)
'uRi(x) (x) = q ) (1)
e—15(x—;wl~) , x>1-w,.

where w; is the corresponding importance of the competitiveness indicator of
PIIA.

Therefore, in order to set the linguistic terms and membership functions of the
variable X «importancey, it is necessary to raise the corresponding membership
function to the appropriate degree (Figure 3).

1.0 -

09 | —Y
0.8 —W12
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0.6 — Wi
0.5 — W14
0.4 WIS
0.3

02 - —— W16
0.1 w1
X1 ...
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Figure 3. Graphical representation of membership functions of the linguistic variable

X — «importance»
Note: W — the importance of the indicator 7
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The degree index of exponents concentrates the membership function of a fuzzy
set depending on the importance of the competitiveness indicator of PIIA.

The linguistic variable Y — «levely is expressed by the fuzzy set
R(y) = v ug, (0}, forally e U, j=1,2, ..., J,J =5, where pg (y) —
membership function y to R(y). The membership function is set as follows:

0, y<a;
—a
Y J, aj<y§bj,
b;—q
Hrgy D)= < )
I, b<y<c;
di—y
d»—c’ ¢;<y<d,.

'j j

where a, b, ¢, d are the tops of trapezoidal membership functions.

Itis advisable to use the Harrington scale, which provides for 5 levels of assessment
in the general range from 0 to 1, to determine the levels of the key indicators of
PIIA’s competitiveness.

The Harrington scale is a universal quantitative measure of the parameters of the
object under study in various fields. Linguistic and quantitative characteristics of
the variable Y «level» taking into account the Harrington scale, adapted to the
specifics of our study, are given in Table 2.

Table 2
Linguistic and quantitative characteristics of the variable Y «levely
The tops of trapezoidal
Linguistic terms j membership functions
a b c d
High level of competitiveness 0.78 0.88 1 -

0.61 0.69 0.75 0.82
0.37 0.49 0.51 0.63
0.18 0.26 0.32 0.39

- 0 0.13 0.22

The level of competitiveness is above average
Average level of competitiveness
The level of competitiveness is below average

— N W B W

Low level of competitiveness
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Membership functions takes into account the intervals of the Harrington scale
are formalised for all terms of the linguistic variable Y «level». As can be seen
from Figure 4, in the zone of «absolute confidence of compliance with the level of
competitiveness» the values of the membership function are taken as 1, in the zone
of «absolute confidence of non-compliance with the level of competitiveness» are
marked by zero, and the zones of «uncertainty» are marked by inclined edges of
the corresponding trapezoidal functions (Nedosekin, 2003, p. 46).
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0.8
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\ ]

07 \
\

\ /

\/
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0.5
0.4
0.3
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[\ A

(O o

— L1 —_—12 e L3 — 14 — L5

Figure 4. Graphical representation of membership functions of the linguistic

variable Y — «level»
Note: L;—j level of competitiveness

At Stage IV, for each international airport on the basis of indicators of
competitiveness of the airport infrastructure the database on levels of states of key
indicators is formed, so for each airport & the level of a condition of each indicator
of competitiveness of PIIA 7, is defined.

At Stage V, for each international airport and for each indicator of the infrastructure
competitiveness level j taking into account its importance 7 it is necessary to

find a fuzzy relation r;, using in the equation the membership functions of the
corresponding terms of fuzzy linguistic variables X «importance» and Y «level»:

o, (e, y) = min {0 L ()}, g, (0) ) (3)
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At Stage VI, we determine the maximum competitiveness of the production
infrastructure of each international airport s, (Vma), Which is described by the
rule of the composition of the output:

i, (e = max {min {0 {10 0 @)}, g, ()} )

Thus, the truncated membership functions are considered and combined with the
operation «max» — for each international airport, a combined output of a fuzzy
subset is constructed as a point maximum for all fuzzy subsets.

At Stage VII, conversion of a fuzzy set of conclusions to a certain number.
As a criterion indicator of the competitiveness of the production infrastructure
of international airports, it is proposed to use the relative Euclidean distance,
where the shortest distance will be an indicator of the highest level of
competitiveness:

&= \/Z['uR(yideal)(y) _'uRk(ymax)(y)]z (5)

— min
11

where (yideal)( y) is the function of belonging to the ideally highest level of
international competitiveness of the airport’s production infrastructure, s, (ymax>( y)
is the function of belonging to the maximum level of international competitiveness
of the production infrastructure of the studied airport. Thus, the final step of the
proposed methodology is to determine the competitive position of the production
infrastructure of individual airports.

The developed complex and situational model for assessing the level of
competitiveness of PIIA can be applied by international aviation organisations
and governments in the process of strategic development of the production
infrastructure of international airports. Also, international aviation institutions are
offered the creation of a single information space and the maintenance of relevant
statistics with comprehensive data, ongoing analytical activities on each of the
indicators of the competitiveness of airport infrastructure.

186



Airport infrastructure competitiveness evaluation

RESULTS

To test the model, international airports from different regions of the world
economy were selected (Table 3), as well as the leading airport in Ukraine —
Boryspil International Airport.

Table 3
List of international airports selected for testing the integrated situational model of
competitiveness assessment of PIIA

Airport (International Air Transport

No. Association airport code) Airport location

1. Boryspil International Airport (KBP) Boryspil, Ukraine, Europe

2. Cape Town International Airport (CPT) Cape Town, South Africa, Africa

3. Dubai International Airport (DXB) Dubai, UAE, Middle East

4. Hartsfield-Jackson Atlanta International Atlanta, USA, North America

Airport (ATL)
5. Hong Kong International Airport (HKG) Cheklapkok, Hong Kong, Asia-Pacific
Region

6 London Heathrow Airport (LHR) London, Great Britain, Europe

7. Mexico City International Airport (MEX) Mexico City, Mexico, Latin America

8 Paris-Charles de Gaulle Airport (CDG) Paris, France, Europe

9 Singapore Changi Airport (SIN) Changi, Singapore, Asia-Pacific Region
10.  Tokyo Haneda International Airport (HND) Tokyo, Japan, Asia-Pacific Region

The characteristics of key indicators of the competitiveness of airport production
infrastructure are based on data by Centre of Aviation (CAPA, 2018), Airports
Council International (ACI, 2020), Air Transport Action Group (ATAG, 2020),
International Air Transport Association (IATA, 2020), and International Civil
Aviation Organization (ICAO, 2020).

There is no doubt that Asian airports have a highly developed infrastructure and
are centres of trade and business. Hong Kong International Airport is one of the
most striking examples of the dynamic growth of airports in the field of both
sent and received passengers (74.517 million people) and loaded/unloaded cargo
(5120.8 thousand tons). It is the largest cargo hub in the world. The branching
of the route network includes 180 directions, of which 45 are within the Asia-
Pacific Region. The strategy of the airport envisages the development of airport
infrastructure without environmental barriers, aims to be a ‘“green airport.”
A $12.4 billion direct impact in GDP.
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Tokyo Haneda International Airport is the third largest in the Asia-Pacific Region
(87.5 million people). The users of infrastructure services are 40 passenger
and 6 cargo airlines. The branching of the route network has 245 directions.
Innovations are introduced in infrastructure facilities that reduce the time of
passenger service, cargo handling, aircraft maintenance. A $8.3 billion direct
impact in GDP.

Singapore Changi Airport is the largest in Singapore and also one of the major hubs
in Asia. The total number of transported passengers in 2018 was 65.63 million
people, of which 60% are in international traffic. The total amount of transported
cargo is 2195 thousand tons, 391 thousand take-offs and landings of aircraft.
The main goal of the airport is to accelerate the socioeconomic development of
Singapore. A $4.5 billion direct impact in GDP. Asia’s airports owe much of their
success to public aviation policies aimed at striking a balance between public
investment in airport infrastructure development and the admission of private
investors and operators to airport management.

In the mature European market, large airports are characterised by a slight increase
in passenger and freight traffic due to the lack of capacity reserves. Although many
airports have excess capacity to meet growing demand, the capacity of runways
and terminals of some of them has reached its limit. The result is the largest airport
and air navigation fees at London Heathrow Airport and Paris-Charles de Gaulle
Airport.

London Heathrow Airport is one of the largest in the world in terms of the number
of passengers carried (80.126 million people, of which 37% are transfers). The
first airport in London in terms of the amount of cargo transported — 1771.342
thousand tons. The total number of received and sent aircraft is 478 thousand
take-offs and landings. The branching of the route network is 170 destinations,
83 airlines. A $5.6 billion direct impact in GDP. The airport is highly profitable.
The owner and operator of the airport is Heathrow Airport Holdings (formerly —
British airport authority).

Paris-Charles de Gaulle Airport is the busiest airport in continental Europe.
The total number of served passengers in 2018 is 72.23 million people,
transported goods are 2156 thousand tons. The airport infrastructure provided
488 thousand take-offs and landings of aircraft. There are 152 airlines at the
airport, which provide 329 connections. A $12.5 billion direct impact in GDP.
Management and financing of infrastructure projects is provided by the global
corporation Aéroports de Paris.
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Boryspil International Airport is the leading airport in Ukraine. Due to the
modernisation of the infrastructure and successful implementation of the hub
strategy, it annually increases the volume of activity. The airport is located at
the intersection of many air routes (from Europe to Asia, America and back) and
is the only airport in Ukraine capable of accepting all types of aircraft without
restrictions and providing transcontinental flights. Boryspil International Airport
provides 64% of passenger air traffic in Ukraine. Its infrastructure can serve
12.6 million passengers (2018), of which 80% is in international traffic; total
amount of processed cargo is 40.9 thousand tonnes, of which 99% is international;
the annual number of take-offs and landings of aircraft is 96.94 thousand.
The airport infrastructure provides a standard set of aviation and non-aviation
services for participants in the transportation process at a high price. The users of
the airport infrastructure are 45 foreign and 9 Ukrainian passenger airlines, and
8 cargo airlines. These direct activities contributed approximately $120 million
to GDP. The credit rating of the airport is B2.

In the United States, Hartsfield-Jackson Atlanta International Airport provides
the largest total passenger traffic in the world (107.394 million people). It ranks
second in the number of take-offs and landings of aircraft (896 thousand). The
airport operates flights to 214 destinations, including 84 international flights to
54 countries. The airport has 24 passenger and 19 cargo airlines. Over the past
15 years, the airport has been implementing a $10 billion infrastructure expansion
program. A $10.3 billion direct impact in GDP. Airport credit rating is Al.

Mexico City International Airport adheres to high standards of environmental
protection. The total number of passengers served is 47.7 million, the number
of processed cargoes is 581.67 thousand tons, serviced take-offs and landings of
aircraft is 458.59 thousand. The branching of the route network of the airport is
more than 100 destinations in different parts of the world. The airport services are
used by 30 passenger airlines, 17 cargo airlines. The airport is owned by Grupo
Aeroportuario de la Ciudad de México and is operated by Aeropuertos y Servicios
Aucxiliares, a public-private corporation that manages 22 other airports in Mexico.

Cape Town International Airport is the second busiest airport in South Africa, the
third busiest in Africa. The total capacity of the terminals is 14.5 million passes for
a year. The airport has 27 airlines serving more than 100 destinations. A number
of environmental measures are being implemented, in particular the re-profiling
of the runway in order to reduce the impact on the environment. It directly
contributes $449.8 million in GDP. The airport is managed by a state-owned
company that manages the system of African airports within the entire airport
network — Airports Company South Africa SOC Ltd. Airport credit rating is A2.
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The airports of the Middle East are marked by dynamic rates of activity.
Dubai International Airport is one of the most attractive places for business
and leisure in the region, as it has become a base of connection for long-haul
international flights from East and West, North and South. The airport is the
world’s largest transit hub for freight. The total number of passengers is 89.15
million people per year, transported cargo of 2641.38 thousand tons, 408
thousand take-offs and landings of aircraft. A $4.5 billion direct impact in GDP.
The airport infrastructure provides a high level of safety and compliance with
environmental standards.

In the next step, we used the method of expert assessments using the
adapted Harrington scale to analyse key indicators of airport infrastructure
competitiveness. Next, we calculated the functions of belonging to the maximum
competitiveness of the production infrastructure for each of the analysed
airports.

After the final mathematical calculations in Table 4, the resulting values of
competitive positions of the production infrastructure of the studied airports are
presented.

Table 4

Competitive positions of the production infrastructure of international airports
Name of the airport (code by IATA) & Rating position
Hong Kong International Airport (HKG) 0.0131 1
Hartsfield-Jackson Atlanta International Airport (ATL) 0.0616 2
Singapore Changi Airport (SIN) 0.0829 3
Paris-Charles de Gaulle Airport (CDG) 0.3501 4
Tokyo Haneda International Airport (HND) 0.3561 5
Dubai International Airport (DXB) 0.3563 6
London Heathrow Airport (LHR) 0.3744 7
Mexico City International Airport (MEX) 0.3914 8
Cape Town International Airport (CPT) 0.4627 9
Boryspil International Airport (KBP) 0.5502 10

Because according to the method of calculating the relative Euclidean distance,
the shorter distance indicates higher competitiveness, so the first place
corresponds to the lowest value of the indicator &, Hong Kong International
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Airport (0.0131), Hartsfield-Jackson Atlanta International Airport (0.0616),
and Singapore Changi Airport (0.0829) have the highest rating positions, which
is ensured by a high level of almost all competitiveness indicators of PIIA.

The average position of European airports is due to the high demand for
infrastructure services and the inability to meet them in full, which is the reason
for frequent delays of aircraft flights. The situation is complicated by the problem
of expanding the territory of airports for the construction of new infrastructure
facilities.

In turn, the Boryspil International Airport ranks last in the ranking (0.5502),
which indicates the low competitiveness of its production infrastructure
compared to the analysed airports, despite the fact that it is the leading airport in
Ukraine.

CONCLUSION

The importance of the study is that the proposed methodological approach
makes it possible to provide a practical assessment of the competitiveness of the
production infrastructure of international airports, taking into account a wide
range of assessment indicators, convertible due to a fuzzy linguistic approach.
It should be noted that the main purpose of creating and implementing an
assessment system is to promote the successful implementation of the functions
of managing the competitiveness of the production infrastructure of international
airports in the global air transport market.

However, our study has several limitations. First, there are data limitations.
The creation of a single information space by international aviation institutions
will contribute to a detailed analysis and a deeper understanding of the impact
of each indicator on the airport infrastructure competitiveness. Second, the study
does not fully take into account the impact of global aviation alliances on the
formation of airport infrastructure. Today, there are examples of successful
financing and infrastructure development by such strategic airport alliances as
the Galaxi International Cargo Alliance, the Pantares Alliance between Fraport
and Schiphol Group, Schiphol Group and Aéroports de Paris airports, and more.
Airport alliances provide rapid exchange of know-how and operational
infrastructure management, affecting its competitiveness. This sets the direction
for further research.
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Therefore, future research will focus on the study of mechanisms for implementing
the functions of managing the competitiveness of the production infrastructure
of international airports in the global air transport market, including the adding
airports to strategic aviation alliances and taking into account the regional context.
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