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Abstract. In the next few years, Brazil will host international events
such as the 2014 FIFA World Cup and the 2016 Olympics Games. Given
the worldwide appeal of these events, local authorities in Brazil expect
the country will have around 1.6 million visitors arriving at its airports
(1 million for the Olympics and 600 thousand for the World Cup). Therefore, these events will put to test the robustness of the Brazilian airline
transportation system. As of today, Brazil concentrates most of its ﬂights
in and out a single hub city: São Paulo Airport in Guarulhos (GRU). Is
this concentration a problem? Aiming to analyze the hub choices of this
network we collected data from the ﬁve biggest companies that operate in
Brazil with domestic and international ﬂights; together these companies
are responsible for more than 94% of the total ﬂight traﬃc in Brazil. In
this paper analyzed the impact of moving today’s main hub, Guarulhos
Airport in São Paulo (GRU), to other airports around the country—the
idea is to understand what is the best conﬁguration for single-hub model
in Brazil. We also investigated the robustness of the network having a
single hub by analyzing the impact of the removal of this hub from the
network. We believe this work may help us understand how the airport
infrastructure in Brazil has to be developed in the near future.

1

Introduction

Air transportation has become vital to tourism and business because, despite
its inconveniences, it is still the best and most secure means of travelling long
distances. Moreover, air transportation has become cheaper over the years while
the security has increased [1]. Unlike some other means of transportation, air
transportation is quite organized and it involves many speciﬁc institutions, like
airline companies, regulatory agencies, and airports that behave accordingly to
the market conditions [2]. The analysis of ﬂight routes is important to understand the social, economic, and political causes that led to the formation of the
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network. The analysis may also allow for better planning of current and future
airline routes helping airlines to be better positioned in the market [3].
Until 1999, the Empresa Brasileira de Infraestrutura Aeroportuária (Infraero),
a Brazilian Governmental Corporation responsible for operating the main Brazilian commercial airports, was managed by people with military backgrounds from
the Brazilian Air Force. In 1999 the Brazilian government named a manager
from the Brazilian National Economic and Social Development Bank (BNDES)
as president of Infraero [4]. The manager had large experience in privatization
in many sectors of the economy. His nomination represented a paradigm shift in
the way the corporation was managed and an indication of the intent to privatize
public airports [5]. The new administration was structured to prepare Infraero
to attract private interest through securing greater eﬃciency and thus a higher
market value.
The breakdown of barriers for new airlines to enter into the market and deregulation of the Brazilian aviation industry started in the 90s, leading to an increase
of competitiveness. This new market behavior induced the companies to have a
business orientation rather than a purely operational one [6]. Hence the actual
ﬂight network might not have optimal topology if we consider ﬂights features
like the minimum ﬂight time.
If one looks at the airline network in Brazil we can easily notice that it is
not organized around hubs as in other large countries such as the United States
and China(see Figure 1 for the location of the hubs in the USA and Brazil).
This is quite unique given the continental size of the country. In Brazil, most
international routes ﬂy to and from to São Paulo Airport (GRU); a single hub
system. In this paper we evaluate this one-hub model by moving the hub to other
parts of the country and as well as the impact the network after the removal
of hubs from the system—one should expect that the more distributed is the
system the less susceptible it is to failures.

2

Related Work

There have been many works published analyzing ﬂights routes; Burghouwt
et al. [7] show the evolution of ﬂight routes in Europe and North America. In
contrast to the ﬂight network in the USA, the European network is characterized
by a trend for spatial decentralization. A more general picture of the airports
network is given by Guimera et al. [8] who models the world-wide airport network
and claims that the network is small-world (as expected) and the most connected
cities are not the central ones, this happens due to the multi-community structure
of the network [9].
In the work of Costa et al. [4], they try to analyze the Brazilian network using an US Federal Aviation Administration measure, which was not well suited
because the Brazilian network is quite diﬀerent from the American one. The
Brazilian airport network was also analyzed by Pinheiro and Mello [10] to rank
Brazilian airports using optimization methods which take into consideration passengers’ movement, the amount of cargo and the number of airplanes. Many
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Fig. 1. Major airport hubs in the USA (left). Note how well distributed the hubs are
around the country. On the other hand we have Brazil (right), a country that shows a
concentration of large airports in the south of Brazil. This “centralization” may lead
to longer travel times for people who want to travel to the north or northeast of the
country.

works analyze the eﬃciency of the hubs of Brazilian network; one example is the
work of Pacheco and Fernandes [11] that focus on airport’s ability to generate
ﬁnancial returns. These works only evaluate a small part of the entire network
of ﬂights in Brazil, that is the dataset of ﬂights they use is far from the total
number of ﬂights available in the country.
Similar works have analyzed the ﬂight network in a country scale, like Guida
and Maria [12] who analyze the topological properties of the Italian airport
network. Their ﬁndings corroborate with the idea that an airport network is
small world and also follows a power law degree distribution. Another work
that evaluates an airport network of a country was done by Bagler [13] in the
context of the Indian network. His ﬁndings are quite similar with the last one,
but they also claim that the Indian network is hierarchical and has disassortative
properties (i.e. small airports tend to connect to big ones and vice-versa). The
Chinese airport network is investigated by Zhang et al. [14] with a focus on the
evolution of the traﬃc ﬂow of both passengers and cargos. Correlated with the
annual growth of the country, the traﬃc continues to grow (in an exponential
form) and has evident seasonal ﬂuctuations. A comparative analysis can be found
in [15], which tries to identify the most beneﬁcial airport passengers should chose
in China, Europe and US to improve their travel time.
Even if we ﬁnd an optimal airport that could be a hub, papers in the literature
as the one of Endres [16] show the consequences of overloading an airport. The
work discusses the two worst air-transportation accidents in Brazil (with 354
fatalities) and how their repercussion to Brazilian tourism lasted to the next
years. In that period the Brazilian ﬂight system faced problems like lack of
conﬁdence not only to safety but also to quality (punctuality). What lead us
evaluate the impact of a removal of certain hubs in the Brazilian airline network
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(as if an accident happened) is our belief that a network with a few hubs can be
very risky for the entire air transportation system.

3

Data Collection and Network Analysis

The data used in this paper was manually collected from websites of the airlines companies in the period between September and December 2012. The data
available on the websites speciﬁes if there is a regular route between two given
airports, giving no details about the number of ﬂights in a speciﬁc route or
the number of passagers. We concentrated on the ﬁve largest airline companies
that operate in Brazil (TAM, Gol/Webjet, Azul/Trip, Avianca and Passaredo),
where largest is deﬁned by the the number of passengers per kilometer ﬂown.
Together these ﬁve companies are responsible for more than 94% of the traﬃc of
domestic and international ﬂights. These ﬂights take oﬀ and arrive in a total of
117 airports, out of which 22 are located outside Brazil and hence not used in the
analysis. We have not collected the reminder 6% of ﬂights because the smaller
companies do not give us a way to extract the information from their websites,
and the other international companies such as Delta and Lufthansa, would all
have to be visited for us to collect just a handful of ﬂights to the dataset.
In this work each airport is represented as a node in a network and there is an
edge connecting these two nodes if there is a direct flight between the airports.
We totalled 569 direct ﬂights, out of which 31 are international. The network is
weighted by the number of routes between the airports; e.g. if two airlines ﬂy the
route the weight of the connection is two. The network is also undirected due
to the symmetry of direct ﬂights—if there is a ﬂight between airports A and B
provided by company X then there is also a ﬂight from airport B to A provided
by the same company.
In our ﬁrst analysis we decided to look at the betweenness of the nodes.
Betweenness centrality is a measure of the extent to which a vertex is in the
middle of the shortest path between two nodes [17]. In the case of airports we
would like hubs to be the nodes with the highest betweenness as this may lead to
shorter travel times. Figure 2 shows the betweenness of each node where nodes
are sized based on their betweenness.
In the Figure 2 we can see that the nodes with highest betweenness are Manaus Airport (MAO), Brasilia Airport (BSB), Belo Horizonte Airport (CNF),
Campinas Airport (VCP) and Guarulhos Airport (GRU). The airports MAO,
CNF and VCP have high betweenness because they connect small airports inside
of their own regions, instead of GRU and BSB that connect almost the entire
country. Overall, GRU is not the airport with the highest betweenness although
it is the largest airport in Brazil. One can also see that airports in the northeast
part of the country have small betweenness which should translate in longer
travel time to those locations. An improvement to this situation could be the
creation of a local hub in the northeastern linking all the cities around the area
and the major cities across the country.
We also performed a community detection in the network as proposed by
Blondel et al. [18], which is a heuristic method based on modularity optimization
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Fig. 2. Air transportation network for Brazil. The node size represent the betweenness
of each airport (number of shortest paths going through that node). The colors represent the community analysis of the airports (airports that forms densely connected
groups).

[19]. Each color in the Figure 2 represents a community. The north region of
the country forms a community because of the large number of airports that are
inter-connected. The same occurs in the central and south regions of the country.
An interesting phenomenon occurs in the northeast region of the country, which
has the second highest population in the country and the third highest GDP
(Gross Domestic Product). Most of the airports in this region are in the same
community of the hubs of the southeast region, Guarulhos Airport (GRU) and
Rio de Janeiro Airport (GIG). This aspect indicates that the northeast airports
are “dependent” of two aforementioned airports which may lead to delays in the
entire northeast if a problem takes place in GRU or GIG.
In general terms the network has small-world characteristics. It has short
average path length. For a network to be considered small world the average
path length should be  log n, where n is the number of nodes of the network,
and the network also needs to be clustered [20]. In the network of Brazilian
ﬂights the average path length is 2.68 and the average clustering coeﬃcient is
0.64 (very high clustering). This characteristic is not surprising since the network
is designed to provide a minimum number of hops between any two nodes.
The network also presents aspects of a scale-free network. To be a scale-free
network the degree distribution of the nodes in the network must follow a powerlaw distribution with a negative exponent as in p(k) = k −λ . This distribution
represents the fact that very few nodes have high degree and the majority of
nodes have a small degree (a long tail). Figure 3 clearly shows a long tail plus
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Fig. 3. Degree distribution of airports in Brazil. The inset shows the distribution in a
log-log plot.

just a few airport having high connectivity. To be considered a power-law distribution not only the long tail behavior is necessary, but also the exponent of the
distribution should be 2  λ  4 [21]. When we do a ﬁtting in the log-log plot
(inset of Figure 3) we ﬁnd that λ = 3.34. Hence we can say that the data follow
a power-law distribution.

4

Analysis of the Geolocation of Airport Hubs

The deﬁnition the best location to establish an airport hub depends on many
factors including economic issues. However, setting the economic issues aside, it
is possible to investigate for a particular country where the hub should be and
the impact of that hub to the eﬃciency of the network.
First, we measured the average time of a ﬂight that pass through the current
main hub, Guarulhos Airport (GRU), in São Paulo, so we can compare it against
the cases if others airports were the hub. For calculating the average time with
GRU as the main hub, we chose an airport randomly and checked if it has a direct
ﬂight to GRU, if the link exist, we picked a random destination from GRU. One
hundred ﬂights with this conﬁguration were chosen and for each one of them
we estimated the ﬂight time based on the direct distance between the airports.
The average time of ﬂights that have one connection in Guarulhos Airport is
3:15±0:26hs for domestic ﬂights while the average time for international ﬂights
that have one connection in Guarulhos Airport is 20:03±0:39hs.
We estimated average ﬂight time through the other airports in the same way
we done it for GRU (above). The heat map constructed based on the average
ﬂights time can be seen in Figure 4. As we can see in the heat map of domestic
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ﬂights, Figure 4(left), the actual location of Guarulhos Airport (GRU) is not
best average travel time, the best location tends to be where the density of
airports in the country is higher, in the case of Brazil, nearer the center of
the country where the airports of Belo Horizonte Airport (CNF) and Brası́lia
(BSB) are located. Therefore in a single-hub model, and assuming the current
conﬁguration of airports in Brazil, the main hub should be around the two
aforementioned airports.
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Fig. 4. Heat map of average ﬂight time of domestic (left) and international (right)
ﬂights. The closer to red is the color the best is the location as a hub.

In the heat map of international ﬂights, Figure 4 (right), we can observe a
behavior distinct from the heat map of domestic ﬂights. This time one have the
airports in the outer part of the country with worse average ﬂight time than
the central ones. The reason for the center to be the best location relates to
the geographical location of Brazil. For ﬂights in South America the eastern
part of Brazil is in a disadvantage because the other countries in South America
are located to the west and north of Brazil. For ﬂights coming from Europe,
the airports in the West of Brazil are in disadvantage and for ﬂights coming
form North America, the south of brazil are in a disadvantage, the result is that
Brası́lia (BSB) located in the center of the country appears with the best average
time for international ﬂights.
As we mention before, having only one hub may cause many problems, so in
order to measure the impact of unavailability of a particular airport in Brazil,
we calculated the number of direct ﬂights, the number of ﬂights with one stop
and the number of ﬂights with more than one stop in scenarios with the hub and
without it. This approach also allow us to measure the importance of a given
airport in the network.
In the actual scenario, with the hub at Guarulhos Airport (GRU), the number
of possible direct ﬂights is 346, the number of ﬂights with one stop is 2,368 and
the number of ﬂights with more than one stop is 4,072. By removing this node of
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the network we expect that the number of direct ﬂights and the number of ﬂights
with one stop de-crease leading to an increase in the number of ﬂights with more
than one stop. So when we removed the Guarulhos airport of the network the
number of direct ﬂights decreased 17.6%, the number of ﬂights with one stop
decreased 37.5% leading to an increase of 23.3% in the number of ﬂights with
more than one stop.
We also estimated the impact of the removal of other nodes to measure comparatively its importance related to Guarulhos Airport. The removal of Fortaleza
Airport (FOR) caused a decrease of 12.1% of direct ﬂights, a decrease of 35.9%
of ﬂights with one stop and an increase of 22.5% of ﬂights with more than one
stop, which are better numbers than the removal of Guarulhos Airports. Similar
results were found when we removed the Brası́lia Airport (BSB) and Manaus
Airport (MAO), the hubs of the center and north regions respectively. Table 1
presents the number of ﬂights under diﬀerent scenarios.
Table 1. Number of ﬂights per stop in scenarios that assume some airports do not
exist
Airport Removed

# Flights with more than one stop

# Flights with one stop

# Direct ﬂights

(none)
GRU
FOR
BSB
MAO

4,072
5,022
4,990
5,179
5,146

2,368
1,479
1,492
1,326
1,343

346
285
304
281
297

Table 1 demonstrates that the Brası́lia Airport (BSB) may lead to more disruption in the network than any other airports tested. Given that Brası́lia is the
political capital of Brazil, there are many direct ﬂights from and to it. Hence its
removal lead to a smaller number of direct ﬂights and a large increase of ﬂights
with two or more stops.

5

Conclusions and Future Work

In this work we evaluated some aspects of the Brazilian airline network. The
network has small-world characteristics and the degree distribution follows a
power law. We also identiﬁed communities in the network; these communities
strongly correlate to the ﬁve regions in Brazil. However, some regions, such as the
northeast, demonstrated high dependency of the main hubs of the network, not
having a well deﬁned community. We also calculated the betweenness centrality
of each node in order to identify the most important nodes—those who the
biggest number of shortest paths that pass through it. We found out that many
nodes have high betweenness centrality because they are “local” hubs connecting
a larger city to smaller airports in the region. We also found that the Brazil
Brası́lia Airport (BSB) has a high betweenness because it has direct ﬂights to
most other major cities in Brazil.
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In order to evaluate the dependency of the entire air transportation system
of a particular airport we estimated the impact of removing strategic airports
from the network by measuring the decrease in direct ﬂights in the network and
the increase in multiple-hop ﬂights. The results shown that among the airports
evaluated the BSB was the one that has the highest impact on the entire air
transportation traﬃc if it becomes inoperative.
In this work we did not considered the number of daily ﬂights between airports. We plan to collect the data related to the number of ﬂights to perform a
better analysis. Another way to make the evaluation more realistic is to include
data about the amount of passengers who ﬂy in each ﬂight, because ﬂights with
more passengers contribute more to the air traﬃc. However, we are unaware of
a way to get this data; we will work to estimate the number based on something
proportional to the population of the location where the airport is located.
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Regulação do Transporte Aéreo, NECTAR (2006)
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dos Serviços de Utilidade Pública, BNDES, Rio de Janeiro (2000)
6. Correia, T., Soares de Mello, J.: Avaliação da eﬁciência das companhias aéreas
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