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Abstract

The Brazilian airport network underwent significant changes from 2000 onwards. There were
changes in the structure of ownership, management, and operation, highlighting the process of air-
port concessions. The network has a flexible structure and is subject to interference from external
factors. The importance and centrality of airports varied in the 2000-2020 period. The study applies
the reliability indicator, analysing the impacts of the Covid-19 pandemic. The indicator is based on
the centrality of airports and allows them to be classified in relation to operational continuity (criti-
cal, worrying, and suitable contexts). The results confirm the indicator as a tool that allows a pre-
liminary analysis of airport networks in the regular domestic segment.
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Resumo

A rede aeroportuéria brasileira passou por alterac@es significativas a partir de 2000. Houve mu-
dancas na estrutura de propriedade, gestdo e operacdo, destacando-se o0 processo de concessdes ae-
roportuérias. A rede possui uma estrutura flexivel e sujeita a interferéncia de fatores externos. A
importancia e centralidade dos aeroportos sofreram variagdes no periodo 2000-2020. O estudo aplica
o indicador de confiabilidade, analisando os impactos da pandemia Covid-19. O indicador tem como
base a centralidade dos aeroportos e permite classificar os mesmos em relagdo a continuidade ope-
racional (contextos critico, preocupante e adequado). Os resultados confirmam o indicador como
ferramenta que permite uma andlise preliminar de redes aeroportuarias, no segmento domeéstico re-
gular.

Palavras-chaves: Aeroportos, Centralidade, Confiabilidade da Rede, Transporte Aéreo

Codigo JEL: H540, R420

1. INTRODUCTION

The period 2000-2020 can be considered as a time of significant changes in air transport in Brazil.
In this regard, the creation of the National Civil Aviation Agency (Agéncia Nacional de Aviacao
Civil — ANAC) in 2005, which marked the liberalization of the market, stands out. There was also
a strong expansion in demand, reflecting the growth and diversification of the Brazilian economy in
the period 2000-2015. Regarding the airport network, it is worth highlighting the beginning of a set
of investments related to the expansion of capacity, which was mainly aimed at meeting the needs
related to two major international sporting events: the FIFA World Cup, in 2014, and the Olympic
Games in 2016. There were also changes in the structure of ownership, management, and operation
of the airport infrastructure, highlighting in this regard the concession process. Twenty-two airports
were granted in the period 2011-2019.

The centrality measures are network theory metrics and indicate how much an airport (node) is
connected to other airports (nodes), which are the most central, measuring the quality of airport
connections, that is, how significant they are, regardless of the number of passengers that were trans-
ported. The airports that have the greatest influence on the network are those that have the highest
centrality. Airports with lower centrality have less influence, and as observed over the period 2000-
2020 and observed by Brito, Baltazar and Silva (2021), they can interrupt the operation of regular
flights (failures). It is important to measure and monitor the centrality of airports, as well as the
factors that influence them.

According to Grubesic et al. (2008), failures can cause unscheduled loss of service resources
within a network, resulting in costly repairs and service interruptions, especially for infrastructure.
According to the authors, connectivity issues are fundamental for any network, since its purpose is
to establish and maintain connectivity between the set of elements to facilitate the movement of
valuable goods and services through a system.

The study aims to analyse the centrality of Brazilian airports in the regular domestic segment and
apply the operational continuity indicator developed by Brito, Baltazar and Silva (2021), extending
the study period from 2000-2018 to 2000-2020, comparing the results found and observing the ef-
fects of the Covid-19 pandemic on the indicator and on the Brazilian network.

2. LITERATURE REVIEW

Air transport has been approached from different perspectives, including regulation and privati-
zation, planning and management of airlines, airports, and air traffic, among others. The number of
authors is expressive, and the approaches presented allowed to broaden knowledge in relation to
operational, geographic, economic, and political aspects. About airport systems, the methodologies
discussed allow analysing the infrastructure from different perspectives: effects of deregulation and
governance, concentration and spatial evolution of traffic, changes in the structure of routes and
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their quantities, among others.

About the use of network theory for the study of air transport, Buonova (2009) states that its
application was made possible due to the availability of data and the easy representation of airport
systems. According to Newman (2010), centrality metrics in network analysis have different con-
cepts of importance, being very useful to identify and classify the most important nodes or edges in
the network.

Among the authors who used the theory of networks applied to air transport, Rocha (2009) in-
vestigated the structure and evolution of the airport network in Brazil from 1995 to 2006 in terms of
routes, connections, passengers, and cargo. The analysis revealed a dynamic structure, with airports
and routes changing in importance. The results indicate that the network shrank in the number of
routes but grew in the number of passengers and cargo volume.

Zhang et al. (2010) studied the Chinese airport network using the theory of complex networks.
According to the authors, the tool is useful, since airports can be represented by nodes and flights
by edges. The results showed that the network topology remained stable during the period 2002-
2009, although there were significant changes regarding the degree of importance, addition and re-
moval of airports and airlines from the network.

Lordan et al. (2014) presented a methodology for identifying critical airports using the centrality
of intermediation. The study aims to help develop contingency plans for an adequate response to the
closure of an airport in the global Air Transport Network (ATN) in the event of an attack. Through
the study, it is possible to identify the airports, whose isolation would cause the greatest losses in
network connectivity.

Wong et al. (2017) analysed the global air transport network using traffic volume and topological
metrics. The authors developed the Airport Centrality Index (ACI). Wong et al. (2019) examined
the narrative that Low-Cost Carriers (LCCs) tend to focus their activities on secondary airports.
airports from the ACI created by Wong et al (2017) The study by Mazzarisi et al (2020) focused on
centrality and causality metrics. The authors measured the importance of a node and the propagation
of disturbances throughout. The authors also proposed generalizations of these metrics, proving that
they are suitable for ATM applications.

About reliability, this theme has been discussed in several studies. Grubesic et al. (2008) re-
viewed and compared some approaches that assessed the importance of infrastructure and the vul-
nerability of networks. The authors highlighted the significant differences between measures of in-
frastructure importance and network performance, as well as the need for a clear understanding of
interdiction risks and critical infrastructure vulnerability assessment.

Burbidge (2016) complemented Eurocontrol's analysis regarding operational and business risks
at an airport. The author considered the potential consequences of climate change, highlighting the
need to develop resilience to these risks.

Yang (2020) applied multiple linear regression to identify factors that contribute to the perception
of the risk of aircraft noise pollution among residents near the international airports of Taoyuan and
Kaohsiung, in Taiwan.

Brito, Baltazar and Silva (2021) presented a methodology to estimate the reliability of the Bra-
zilian airport network, based on the centrality of airports. The results allowed us to classify the net-
work into three groups of airports (suitable, worrisome, and critical contexts), indicating those that
could stop operating regular domestic traffic in Brazil.

The articles reinforce the importance of the research theme and validate the understanding of the
effectiveness of network theory and risk analysis as analysis tools in studies on air transport. The
different approaches allowed to broaden the insights about the different possibilities and forms of
applications to the study of airport networks.

3. METHODOLOGY

The study applies Network Theory and reliability the methodologies, the first being used as basis
for the second. The concept of the network was associated with the group of airports that operate
regular domestic passenger traffic in Brazil. The data were obtained from the ANAC, the sector's
regulatory agency in the Country, and cover the period 2000-2020. The data used were the totals
passengers transported by airport each year. When preparing the data, some inconsistencies were
found (unproductive flights, origin and destination domestic registered as international and
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vice versa, equal origin and destination, unknown origin and destination). These records were ex-
tracted manually during the process of cleaning and analysing the database. The network was clas-
sified as non-directed, due to the use of the total number of passengers in the connections (boarding
and landing). The airports were Identified by the International Civil Aviation Organization (ICAQ)
code.

The Open Graph Viz (Gephi) platform was used. The software was used by Jimenez, Claro, and
Sousa (2012) when studying Portuguese aviation networks (airlines and airports) through visual
analysis, representing them spatially. The Gephi platform allows analysing the relationships between
the components of a network through a set of metrics. It is possible to emphasize aspects such as
network growth and centrality. Centrality was measured by calculating the Eigenvector Centrality
(EC), which indicates the most central airports in the network. The concept of centrality was intro-
duced by Bonacich in 1972 (Equation 1). EC values can range from 0 to 1. The closer to 1 the EC
of an airport, the closer to the central region of the network it will be located. The closer the EC is
to 0, the further the airport is from the central region of the network.

EC()=m@=5Am= 3 a;m0l) (1)

Where pi(i) is the set of neighbours of airport i. A, is the largest eigenvalue. A is the adjacency
matrix a;j. n is the number of airports (nodes) and aj; of the adjacency matrix represents the connec-
tions from airport i to airport j (1 <i<n; 1 <j<n). A given airport will have a high EC if it is
connected to other airports with central positions in the network. After calculating the EC, the air-
ports were distributed into five classes, according to their centrality and importance in the network
(Table 1).

Table 1. Eigenvector Centrality Class

Eigenvector Centrality Class
0.000 F 0.200 Ultra-peripherals
0.200 F 0.400 Peripherals
0.400 F 0.600 Intermediaries
0.600 F 0.800 Central
0.800 F 1.000 Main Hubs

Source: authors' elaboration

The research focuses on the application of EC, as it measures the quality of connections at air-
ports, that is, how significant the connections are, regardless of the number of passengers trans-
ported. A higher EC indicates that the airport is connected to other airports with more relevant po-
sitions in the network, reducing the possibility of no longer operating regular traffic. A low EC
indicates that the airport's connections are of little relevance, increasing the possibility of no longer
operating regular traffic. The interruption of the operation of regular flights mainly affects regions
where access by other means of transport is limited or difficult, either due to distance or regional
characteristics.

Brito, Baltazar and Silva (2021) applied the concepts of reliability based on the study by Fogliatto
and Ribeiro (2009), which in its broadest sense is associated with the successful operation of a prod-
uct or system, with the absence of breaks or failures within a period and under environmental con-
ditions of use of the item. Fogliatto and Ribeiro (2009) state in their study that the risk function h(t),
also known as the failure rate or risk rate, is one of the most used reliability measures and can be
interpreted as the amount of risk associated with a unit (component or system) at time t. Still fol-
lowing the authors, the risk function is very useful in analysing the risk to which a unit is exposed
over time, serving as a basis for comparison between units with different characteristics. In this
study, the estimator for h(t) for large samples will be applied:

~ __ N(©)-N(t+At)
h(®) = N(t)At (2)

Where A(t) is the hazard ratio to be calculated for each class interval and N (t) is the number of
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surviving units at time t. At is the class interval and N(t+At) is the number of failures at time t+At.
N is the sum of failures at time t. The risk function was adapted to the study of the airport network,
about operational continuity, where h(t) is the risk rate of an airport that may stop operating regular
domestic traffic. This is calculated for each EC class interval of the airports that stopped operating
in the network in the period under study, that is, in time t.

In the current study, time t comprises the period 2000-2020. N is the number of airports that
stopped operating regular domestic traffic in time t. N(t) is the number of airports that continued to
operate regular domestic traffic in time t. Atis the EC class interval. N(t+At) is the number of airports
that stopped operating regular domestic traffic at time t+At. The authors observed a deviation in
amplitude between the values of the variables N(t), N(t+At) and N and EC values of the airports
(difference between the maximum and minimum numbers). To get around the situation, the authors
transformed the variables into logarithmic values, when calculating the risk rate ﬁ(t), the values of
the variables N(t), N(t+At) and N were transformed into EC from airports. The same principle was
adopted by Brito, Baltazar and Silva (2021).

According to Brito, Baltazar and Silva (2021), the risk of an airport not operating regular traffic
does not increase over time and the risk function is decreasing. The higher the EC, the lower the risk
of the airport ceasing to operate regular traffic. The authors adapted the Pareto ABC Curve principle
to the operational continuity risk curve of airports (Figure 1). Thus, it was possible to categorize the
airports into three context groups: i) Suitable — EC at time t above 100% of the maximum EC of
airports that stopped operating during the study period; ii) Worrisome — EC at time t above 80% but
below 100%; and iii) Critical — EC at time t below 80%. Percentages can be adjusted according to
each study.

Figure 1. lllustration of an airport operating continuity risk curve - regular traffic

Eigenvector Centrality maximum of airports
Q that stopped operating regular traffic during
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Critical \ Worrisome Suitable

. , - . .
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-
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Source: Brito, Baltazar, Silva (2021)

4. RESULTS AND DISCUSSIONS
4.1.  Airport concessions
In relation to changes in the structure of ownership, management and operation of airport infra-

structure, concessions were the most relevant. During the period 2011-2019, twenty-two airports
were granted to the private sector (Table 2).
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Table 2: Airports granted

Year Airports

2011 S&o Gongado do Amarante - Natal (SBSG)

2012 Brasilia (SBBR), Guarulhos (SBGR) e Viracopos (SBKP)

2013 Confins (SBCF) e Galedo (SBGL)

2017 Florianépolis (SBFL), Fortaleza (SBFZ), Porto Alegre (SBPA) e Salvador (SBSV)

2018 Northeast block: Recife (SBRF), Maceié (SBMO), Jodo Pessoa (SBJP), Aracaju (SBAR), Campina Grande (SBKG)
e Juazeiro do Norte (SBJU)

Southeast block: Vitéria (SBVT) e Macaé (SBME)

2019 Midwest Block: Cuiaba (SBCY), Sinop (SWSI), Rondonépolis (SWRD) e Alta Floresta (SBAT)

Source of data: ANAC (2021a) / Elaboration: authors

The process began in 2011, with the concession for the construction and operation of the new
airport in the city of Natal: Sdo Gongalo do Amarante Airport. In 2012 and 2013 the concessions of
the Brasilia, Guarulhos, Viracopos, Galedo and Confins Airports took place. At the time, these con-
centrated 38.4% of the connections and 39.4% of the number of passengers in regular domestic
traffic.

In the period 2011-2014, investments in airport infrastructure generated works at several airports,
especially those located in cities that hosted the 2014 FIFA World Cup games. During this period,
due to the works, the number of connections in the domestic segment decreased, contrasting with
the growth in the number of passengers.

The enthusiasm for implementing the freedom of routes and fares has passed, with more mature
and profitable connections remaining, where airlines have better rates of utilization on flights. Tables
3A, 3B and 3C show the evolution of the number of connections and passengers in the post-conces-
sion period (2013-2020).

Table 3A: Number of air connections and passengers - regular traffic

SBBR, SBCF, SBGL, SBGR,
SBKP 2013 2014 2015 2016 2017 2018 2019 2020
Top five airports awarded
N° connections - domestic 273 265 284 274 258 255 257 249
NP° passengers - domestic 35105555 | 37203522 | 37266388 | 33612243 | 33792848 | 35883010 | 36062881 | 18383720
N° connections - international 115 133 136 125 102 125 126 113
NP° passengers - international 17172487 | 18252627 | 18572524 | 18233606 | 18922412 | 20519963 | 20821829 | 5720697

Source of data: ANAC (2021b) / Elaboration: authors

Table 3B: Number of air connections and passengers - regular traffic
All twemy't""t(;g'rports gran-| 5913 2014 2015 2016 2017 2018 2019 2020
NC connections - domestic 573 548 558 545 517 515 518 505
N passengers - domestic 57260452 | 60051615 | 60132201 | 54501664 | 55264231 | 58730342 | 58715441 | 29442061
NO connections - international 152 174 180 170 154 189 193 166
N passengers - international | 18619923 | 19790940 | 20099195 | 19565700 | 20505878 | 22605470 | 23144294 | 6349782

Note: There were 22 airports granted, but only 15 have international traffic.
Source of data: ANAC (2021b) / Elaboration: authors

Table 3C: Number of air connections and passengers - — regular traffic
Brazil 2013 2014 2015 2016 2017 2018 2019 2020
N° connections - domestic 1420 1247 1310 1239 1148 1207 1241 1158
N° passengers - domestic 89433040 | 94256530 | 94873627 | 86901491 | 88421752 | 93092872 | 93879238 | 44149170
N° connections - international 168 195 200 191 179 222 216 186
NO passengers - international | 19010049 | 20330055 | 20614570 | 19954802 | 20896736 | 23175700 | 23635327 | 6463362

Source of data: ANAC (2021b) / Elaboration: authors

Observing Table 3B, in the period 2013-2019, it can be seen a reduction of 55 connections in the
domestic segment (9.6%), contrasting with an increase of 41 connections in the international
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segment (27.0%). Considering the period 2013-2020, there was a reduction of 68 connections in the
domestic segment (11.9%), contrasting with an increase of 14 connections in the international seg-
ment (9.2%). It is noteworthy that the values for the period 2013-2020 reflect the negative impacts
of the Covid-19 pandemic in 2020, which can lead to biased analyses and conclusions. However, in
both periods, data show that airport concessions benefited international connections, to the detriment
of domestic connections.

4.2.  Eigenvector Centrality (EC)

After calculating the EC, the airports were distributed into five groups: ultra-peripheral, periph-
eral, intermediate, central, and main hubs (Table 1). A similar classification was used by Guimera
et al (2005) and Buonova (2009). It can be seen in Figure 2 that the EC of the airports had consid-
erable variability during the study period, indicating that a significant part of the airports was in the
ultra-peripheral and peripheral classes, that is, far from the central area of the network.

Figure 2. Eigenvector Centrality classes - regular domestic - 2000-2020
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Source: authors

Airports located in the peripheral and ultra-peripheral classes are those where connections have
little relevance in the network and, consequently, may no longer operate regular traffic. Variations
in these two classes are the most significant. Figure 3 is the spatial representation of the Brazilian
airport network, making it possible to analyse the years visually and comparatively 2000 and 2020.
The Map of Countries and Geo Layout distributions of the Gephi platform were applied since they
allow to visualize the network according to the geographic position and the Eigenvector Centrality
class. The fundamental issue is not the number of airports that change classification over the years.
The data confirm an inconsistency in the peripheral and ultra-peripheral classes of the network.

There are difficulties in maintaining regular flights in a significant part of the airports that are
located mainly in the ultra-peripheral class. In some, the operation of regular traffic started and was
suspended more than once in the period 2000-2020. It was observed that, of the airports located in
the ultra-peripheral class, those that maintained regular operation throughout the period were those
that have connections with airports located in the central and/or intermediate classes of the network.

121



Revista Portuguesa de Estudos Regionais, n® 64 2023, 115 - 127

Figure 3: Eigenvector Centrality class of airports — 2000 e 2020
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4.3. Operational context

In their study, Grubesic et al. (2008) state that obstructions are important to assess the robustness
of a network and that reaching the widest possible "image" of the damage that can occur allows for
an understanding of the consequences of failures. The authors mention that when evaluating the
vulnerability of a network, the aim is to answer two points related to importance: how robust is the
network in relation to failures in nodes and/or arcs and what are the essential nodes and/or arcs of
the network. In their study, Brito, Baltazar and Silva (2021) reversed the meaning of the node's
importance in the network, focusing on airports with less centrality and relating failures to the con-
tinued operation of regular flights at these airports. The authors identified 226 failures in the period

2000-2018. In the current study period (2000-2020), 256 failures were identified. Table 4 presents
the hazard ratio values for each class.
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Table 4. Airport Operational Continuity Risk Rate - Regular Domestic — 2000-2020

Failures in time t (2000- Risk Rate Surviving units at time t Failures in time t+At
Classes 2020) _ _
N h(t N(t) N(t +AD)
0.0000 < EC <0.0890 225 (87,9%) 4.28 256 31
0.0890 <EC <0.1779 25 (9,8%) 0.34 31 231
0.1779 <EC <0.2669 5 (2,0%) 0.12 6 251
0.2669 < EC <0.3558 1 (0,4%) 0.02 1 255
>N 256

Source: Authors / adapted from Brito, Baltazar and Silva (2021)

The Pareto ABC Curve principle was adapted to the operational continuity risk curve of airports
(Figure 4), which are categorized into three groups: i) Suitable — EC at time t above 0.3558; ii)
Worrisome - EC at time t above 0.1779 and below or equal to 0.3558; and iii) Critical — EC at time
t less than or equal to 0.1779. The percentage values of the Pareto Curve (80-20) were adjusted to
better suit the current study.

When comparing the results of the curves 2000-2018 and 2000-2020, there is a displacement of
the same in the current study, generating a considerable increase in the area of critical and worrying
contexts (Figure 5). In the 2000-2018 curve, the minimum EC was 0.0019 and the maximum 0.2054.
In the 2000-2020 curve, the minimum EC was 0.0008 and the maximum EC 0.3558. The maximum
EC of airports that stopped operating regular domestic traffic went from 0.2054 in the 2000-2018
period to 0.3558 in the 2000-2020 period. The displacement indicates an aggravation of the situation
of the airports, which, in order to be in the proper context, need to have an EC higher than 0.3558.
The displacement of the maximum EC can be explained by two reasons: i) 58 new airports started
operating regular traffic in the period 2018-2020 (all were in the ultra-peripheral region of the net-
work) and of these 58 airports, only 16 continued to operate regular traffic in the first quarter of
2021; and ii) the impact of the Covid-19 pandemic in 2020, which drastically reduced air operations
worldwide. In 2020, 180 airports operate regular domestic traffic in Brazil. Of these 180 airports,
50 stopped carrying out regular operations in the first quarter of 2021 (27.8%).

Figure 4: Airports operational continuity risk curve - 2000-2020
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Figure 5: Airports operational continuity risk curve — 2000-2018 and 2000-2020
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The displacement of the curve does not indicate an inaccuracy in the indicator. It demonstrates
that it is flexible, adapting to different situations and exceptions. Thus, it can be applied to other
domestic and/or regional networks. The possibility of the indicator being adapted in relation to the
study time and the number of network failures is positive. By extending the study period, failures,
and events between 2018-2020, such as the construction and operation of new airports, new airport
concessions and pandemics with different consequences, served as inputs to calibrate the indicator,
making it more robust and embracing. In other words, they served to improve values and, conse-
guently, context classifications. Thus, the 2000-2020 curve shows itself as an improvement of the
2000-2018 curve.

Based on the 2000-2020 curve, airports were categorized according to context: suitable, worri-
some, or critical (Tables 5A and 5B) over the period of the current study.

Table 5A. Number of airports in operation according to the contextin Time T

C.?.?;?:JEIJ” 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
In Operation 168 151 151 131 132 150 143 146 136 136 139
- Suitable 32 33 29 28 30 27 30 29 29 32 32
- Worrisome 46 47 48 45 45 53 40 48 51 43 44
- Critical 90 71 74 58 57 70 73 69 56 61 63

Source: authors / adapted from Brito, Baltazar and Silva (2021)

Table 5B. Number of airports in operation according to the contextin Time T

Cg’:rf:tT'” 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 10255'1’“
InOperation | 143 | 128 | 134 | 120 | 119 | 114 | 112 | 139 | 165 | 180 131

~Suitable 32 33 31 29 28 30 31 28 25 25 24
“Worrisome | 49 49 53 43 45 40 38 39 42 46 38

~Critical 62 26 50 48 26 v 43 72 98 | 109 69

Source: authors / adapted from Brito, Baltazar and Silva (2021)

Observing Tables 5A and 5B, it was possible to observe variations in the number of airports in
each context, with those in the critical context being the most significant. However, what stands out
is not the number of airports that change category over the years. The data show an inconstancy,
that is, there are difficulties in maintaining regular flights in a considerable part of the airports that
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are located, mainly, in the ultra-peripheral area of the network. There are cases where the operation
of regular traffic started and stopped more than once in the period 2000-2020.

Tables 6A and 6B show the number of airports at time t+1, for example, how many airports at
time t were in the suitable context and which time t+1 remained in the same context, or moved to
the contexts of worrisome, critical, or even ceased to operate regular domestic traffic.

Table 6A. Context of Airportsin Time T +1

Context in Context irlTime T+
Time T 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
In operation 168 151 151 131 132 150 143 146 136 136
- Suitable 32 33 29 28 30 27 30 29 29 32
- Suitable 29 27 27 28 25 25 27 27 29 32
- Worrisome 3 6 2 5 2 3 2
- Critical
- Inoporative
- Worrisome 46 47 48 45 45 53 40 48 51 43
- Suitable 3 2 1 2 2 5 2 2 3
- Worrisome 37 35 32 34 37 34 34 39 38 33
- Critical 5 6 10 7 4 11 3 3 9 9
- Inoporative 1 4 5 2 2 3 1 4 1 1
- Critical 90 71 74 58 57 70 73 69 56 61
- Suitable
- Worrisome 5 4 7 9 9 1 11 8 5 9
- Critical 61 54 43 37 39 58 42 52 43 48
- Inoporative 24 13 24 12 9 11 20 9 8 4

Source: authors / adapted from Brito, Baltazar and Silva (2021)

Table 6B. Context of Airportsin Time T + 1

Context in Contextin Time T+ 1
Time T 2011 2012 2013 2014 2015 2016 2017 | 2018 | 2019 | 2020 2?*2)1
In ggira' 139 143 | 128 | 134 | 120 | 119 | 114 | 112 | 139 | 165 | 180
- Suitable 32 32 33 31 29 28 30 31 28 25 25
- Suitable 32 32 30 27 27 25 28 28 23 24 22
- Worrisome 3 3 2 3 2 3 5 1 3
- Critical
- Inoporative 1
- Worri- 44 49 49 53 43 45 40 38 | 39 | 42 | 46
some
- Suitable 1 1 2 1 5 3 2 1 2
- Worrisome 39 44 42 36 37 35 33 33 31 38 35
- Critical 4 3 5 13 5 4 3 5 6 3 9
- Inoporative 1 1 1 2 1 1
- Critical 63 62 46 50 48 46 44 43 72 98 109
- Suitable
- Worrisome 8 4 7 4 5 2 2 2 5 7
- Critical 47 42 36 31 33 35 39 41 56 75 59
- Inoporative 8 16 3 15 10 9 3 11 16 50

(*) 1st Quarter 2021
Source: authors / adapted from Brito, Baltazar and Silva (2021)

To complement the analysis of the data presented in Tables 5 and 6 (parts A and B), Figure 6
shows the spatial representation of the Brazilian airport network. The Gephi Map of Countries and
Geo Layout distributions were applied to allow a visual and comparative analysis between 2000 and
2020, based on the context and geographic position of the airports.

Although airports are evenly distributed across the Brazilian territory, the construction of part of
the airport network did not consider the need to integrate areas inaccessible by other modes of
transport or demand studies. The location and construction were influenced by political and histori-
cal factors. As consequence, there is inconstancy in the operation of regular domestic flights and the
variations in the category of airports, as observed in this study.
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Figure 6. Context of airports — 2000 and 2020
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5. CONCLUSIONS

A 20-year cycle allows for very comprehensive analyses. In the Brazilian case, the period 2000-
2020 was the period of the greatest transformation of air transport, encompassing regulatory aspects,
demand, airport infrastructure and air navigation, among others. During this period 2000-2020,
events that can also be considered atypical occurred, such as the beginning of the operation of regular
flights in 50 new airports in the domestic segment in just two years (2018-2020) and two pandemics
with totally different negative impacts (H1IN1 in 2009 and Covid-19 in 2020).

The events between 2018-2020 have led to a considerable shift in the curve. However, this shift
does not indicate an inaccuracy in the indicator. It demonstrates that it is flexible, adapting to differ-
ent situations and exceptions. Thus, it can be applied to other domestic and/or regional networks.
The fact that the indicator can be adapted in relation to the time and number of network failures is
positive. By extending the study period, failures, and events between 2018-2020 served as inputs to
calibrate the indicator, making it more robust and comprehensive. In other words, they served to
improve values and, consequently, context classifications. Thus, the 2000-2020 curve shows itself
as an improvement of the 2000-2018 curve. The results confirm the indicator as a tool that allows a
preliminary analysis of airport networks in the regular domestic segment.
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It is noteworthy that the current study does not belittle or invalidate the results found by Brito,
Baltazar and Silva (2021). This study supports the methodology as a preliminary analysis tool of
domestic and/or regional passenger airport networks.
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