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a b s t r a c t

Airport systems organized spatially as hub-and-spoke systems where traditional airlines (Full-Service
Network Carriers – FSNCs) dominate have been impacted by the continuing expansion of Low-Cost Car-
riers (LCCs) in mainly point-to-point connection systems. Using a methodology based on linear transfer
function models, the objective of this paper is to reflect on the future of hubs and on whether their role as
large geographical air transport nodes is in doubt. Although Spanish hubs have continued to strengthen
their position of dominance, the consequences of this enforced coexistence has manifested itself in a sub-
stitution effect, with LCCs replacing FSNCs at the hubs for international, primarily intra-European, flights.
The market for national flights, however, has not experienced any significant changes as this new devel-
opment of LCCs in this market is fundamentally based on new demand from both new passengers and the
greater travel frequency of current passengers. There is also room for complementarity between the two
models, as national connections with LCC hubs feed long-distance destinations exploited solely by the
FSNCs.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

We currently see the coexistence of alternative spatial models
affecting different geographical areas in the aviation industry. On
the one hand, there are conventional airlines or Full-Service Net-
work Carriers (FSNCs), whose model is mainly based on the hub-
and-spoke (HS) network system and, on the other, the Low-Cost
Carrier (LCC) model, generally based on the point-to-point (PP)
system.

The hub-and-spoke structure first appeared in the US after
domestic liberalization in 1978 (Dennis, 1994; Reynolds-Feighan,
2001). The goal of a hub-and-spoke system is to concentrate traffic
at a hub (and on the spokes), increase connectivity and, conse-
quently, to also increase the number of markets that can be served
without exponential expansion of the networks. This air transpor-
tation management model is especially recommended for markets
where the spatial distribution of demand is irregular for different
towns and cities and which constitutes, therefore, a small market
with a greater need for exploiting economies of density (Alderighi
et al., 2005). It is also recommended that the hub airport is in a
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central geographical location with regard to the market it is to
serve, that it has good airport facilities and well-coordinated
schedules to minimize the time spent on the ground (Dennis,
1994).

In other respects, the hub-and-spoke model offers major, well-
known advantages both with regard to demand and the provision
of air-transportation services. With regard to demand, the advanta-
ges of the hub-and-spoke strategy for the passenger are, mainly,
much higher frequencies than would be the case of a purely
point-to-point network (Dennis, 1994) and the maximized number
of city pairs provided for in the network, offering the passenger a
wide range of destinations (Malighetti et al., 2008). As far as ser-
vices are concerned, airlines adapt to this system by consolidating
their traffic at these hubs in order to achieve the highest possible
load factor and to coordinate and centralize their aircraft, crew
and maintenance schedules with the resulting reduction in costs
that this involves (Button, 2002; Fujii et al., 1992). The airlines that
control the hubs have greater market power in a hub-and-spoke
system (Fujii et al., 1992) with this verging on a monopoly (Nero,
1999). This dominant position usually translates into high fares
for consumers (Goetz and Vowles, 2009) whilst also creating barri-
ers to market entry, blocking entry to new competitors (Graham,
2009) either through the scale of the operation (Dennis, 1994;
Zhang, 1996) or control of the scarce airport facilities (Dennis,
1994; Nero, 1999; Zhang, 1996).

However, the hub-and-spoke configuration also has its disad-
vantages. These affect the passenger, primarily, who is compelled
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2 See Fageda et al. (2011) and Suau-Sanchez and Burghouwt (2011) on Iberia’s
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to make an extra stop at the hub airport (Rietveld and Brons, 2001),
thus having to bear greater costs in terms of time (Elhedhli and Hu,
2005). Customers also have to put up with a greater likelihood of
their baggage being lost (Fujii et al., 1992) and an apparent new
risk compared to the point-to-point system, the possibility that
they will miss their connections (Alderighi et al., 2005). The hub-
and-spoke system also tends to concentrate increasing amounts
of flow at hubs which results in major congestion problems and de-
lays (Elhedhli and Hu, 2005; Flores-Fillol, 2010). The system using
hubs also results in increases in airlines’ operational costs (Alde-
righi et al., 2005; Franke, 2004) as, apart from the fore-mentioned
congestion, massive peaks in the hub also generate large-scale fluc-
tuations in the use of ground handling facilities/workers, thus
reducing both airside and landside productivity (Franke, 2004). An-
other additional disadvantage is the possibility of lower yields for
the FSNCs structured in a hub-and-spoke system if we consider
that the entry of low-cost competitors offering direct flights can
compel them to lower their fares to attract passengers on indirect
routes (see Windle and Dresner, 1999 on whether FSNCs lower
their fares at their hubs because of competition from LCCs). In gen-
eral terms, the FSNCs are being faced with overall rapidly declining
yield levels due to the presence of LCCs on the same routes (Franke,
2004).

The deregulation of the airline industry and the arrival since the
middle of the 1990s of the low-cost phenomenon with its point-to-
point system has aroused great debate on the hub-and-spoke mod-
el (Morrell, 2005), whose expensive strategy is becoming outdated
as far as cost reduction is concerned compared to that of the LCCs
(Pels, 2008).

The point-to-point strategy has the disadvantage that it is diffi-
cult to connect to other destinations. Although there are differ-
ences from one airline to another, generally-speaking the LCCs do
not allow the purchase of a through ticket with stop-overs (see
Graham, 2009). This fact is made worse by some LCCs not accept-
ing responsibility for passengers’ missing connections, even if the
onward journey is with the same carrier (O’Connell and Williams,
2005). According to Castillo-Manzano and Marchena-Gómez
(2010) this leads to passengers preferring FSNCs over LCCs if they
have to transfer to another flight, as the possible eventualities (loss
of baggage, delays, etc.) are better catered for by network carriers.
Nonetheless, for Malighetti et al. (2008), even if LCCs do not guar-
antee connectivity, the fact that their flights are more highly-con-
centrated at some airports due to logistic and economic
motivations and their better punctuality over traditional airlines
can provide room for indirect connectivity.1

In contrast to these disadvantages, the point-to-point system
also offers a number of advantages for passengers, airlines and
spoke airports. The passenger is benefited by the possibility of tak-
ing direct flights (Alderighi et al., 2005) and thus reducing waiting
times at airports, as point-to-point systems avoid the delays
caused by connecting passengers and, normally, by the recording
of loyalty program points, which all makes for faster check in (Bar-
rett, 2004a, 2004b). With respect to airlines, the LCC-preferred
point-to-point system provides them with a strategic advantage
over the FSNCs (Gillen and Lall, 2004). According to Franke, 2004,
lean processes and the absence of hubs are the weapons with
which LCCs are combating the FSNCs and they make a clear contri-
bution to the cost gap that exists between the two types of airline.
Finally, with respect to spoke or peripheral airports, although some
authors consider that the hub-and-spoke system benefits them
(Dennis, 1994), the point-to-point strategy seems to have greater
support in the areas around these airports as they experience
1 To the contrary, for Reynolds-Feighan (2001) the key nodes where the LCCs
concentrate their traffic act more as points of entry or exit rather than transfer points.
greater numbers of tourist visits. As Fujii et al. (1992) state, the
tourist industry usually supports local government improvements
to airport infrastructure to accommodate direct flights (see also
Castillo-Manzano et al., 2011 on spoke airport tourist industry sup-
port for LCCs securing public subsidies).

The airlines have identified with one or other type of network
configuration, with their advantages and disadvantages. According
to Dobruszkes (2006) this has resulted in competition between the
two types of networks in Western Europe: HS/FSNCs/main airports
vs. PP/LCCs/secondary airports. If we focus on Spain, Spanish air-
ports have traditionally been organized in a hub-and-spoke sys-
tem, with traffic concentrated at a main hub, Madrid-Barajas
(with 26% of total passenger traffic in 2010), followed by a second-
ary hub, Barcelona (with 15%). The Spanish FSNC is Iberia, which
commanded 15% of total passenger traffic at Spanish airports in
2010.2 When LCCs started to serve in Spain, it was at secondary
and regional airports, although quite a few, such as Easyjet, Vueling
and Ryanair, have already made the move to the hubs at Madrid and
Barcelona given the low airport fees charged by these airports com-
pared to other European airports of a similar size. The LCCs have
been located at the older terminals at these airports, apart from
exceptions, such as Air Berlin and Vueling.

The competition between the two airline models (FSNC vs. LCC)
based on their two network configuration strategies (HS vs. PP) has
been the focus of great interest in the academic literature. A num-
ber of studies have analyzed this tour de force between network
configurations (Alderighi et al., 2005; Brueckner and Spiller,
1991; Flores-Fillol, 2009; Pels, 2008) from a theoretical point-of-
view. However, from a more empirical standpoint, although there
are some studies that compare the two network configurations
by measuring the concentration and distribution of LCC and FSNC
traffic (Reynolds-Feighan, 2001), there is a lack of studies that
quantify the competition by measuring the volume of traffic lost
or gained by each category of airlines through their respective net-
work strategies. Our paper therefore aims to model this competi-
tion in the Spanish airport system by means of multivariate
unobserved component models set up in a state space framework.
We will therefore focus on the effects that the arrival of the LCCs
has had on the country’s two main hubs, Madrid-Barajas and Bar-
celona, which in 2010 were 4th and 9th among the Top 15 busiest
EU-273 airports. To do this we shall address the following three is-
sues relating to the Spanish airport system:

1. What impact have LCC point-to-point flights at spoke airports
had on FSNC hub traffic? As the two types of airline often com-
pete on the same routes (Alderighi et al., 2005), as Morrell
(2005) states, a priori the LCCs’ point-to-point flights should
have some kind of negative impact on FSNC hub traffic as they
do not entail stop-overs at hubs. These impacts will be studied
individually for each type of traffic (national, international-EU
and international non-EU). Also a priori a greater impact should
be expected on national flights and on intra-European flights,
especially.

2. Unlike the major airlines, which seem to be retrenched onto
their main hub airports (see Dennis, 2007), the LCCs make the
jump to also operate out of the large hubs. So, what impact
has the growing presence of LCCs at hubs had on their traffic
structure?
strategy at both hubs, concentrating in Madrid and promoting its LCC affiliate in
Barcelona.

3 The list can be consulted at Eurostat (http://www.epp.eurostat.ec.europa.eu/
statistics_explained/index.php/Passenger_transport_statistics) and is constructed
from total per-year passengers carried (embarked and disembarked).



264 J.I. Castillo-Manzano et al. / Journal of Tran
3. With respect to long-haul and intercontinental flights, for
which hubs and the FSNCs appear to be much more crucial
(Alderighi et al., 2005; Francis et al., 2007), can LCCs’ national
flights at hubs be products that complement FSNCs’ interna-
tional flights or, on the contrary, are they damaging as they
compete with the FSNCs’ national flights that serve as a basis
for their own international flights?

In short, by answering these and other questions with regard to
Spain, we seek to reflect on the future of hubs and on whether their
role as major geographical air transport nodes in a market marked
by the ongoing expansion of LCCs is in doubt.

From a methodological point of view, the paper takes advantage
of methods general enough to be applicable to other case studies.
The type of model is the linear transfer functions model with ARI-
MA noise (see Castillo-Manzano et al., 2012, for a full explanation
of this kind of methodology in air transport management). An AR-
IMA component of this type in the formulation accounts for all the
missing variables that may be important, but are not available for
the analysis, either because they are not available to us, or because
there is no private or public record of them. Compared to alterna-
tive approaches, our approach presents at least three major fea-
tures. Firstly, it is a dynamic analysis that exploits the time series
structure of the series involved. Secondly, we take an agnostic ap-
proach insofar as we only select the variables that in principle may
affect the dependent variable, but the dynamic identification is
based on objective statistical criteria. Finally, to avoid spurious or
confusing effects that might blur the impact of the LCC, we can
easily control for variables that might have influenced Spanish
airline traffic in the time period analyzed, such as the level of
economic activity, moveable feast days like Easter, the number of
trading days per month, the effect of the 11th September 2001
(9/11) terrorist attack, etc. (see a comprehensive list in the next
section).

The article is organized as follows. Section 2 lays out the data
and presents the methodological approach. Section 3 presents
the empirical results. Section 4 contains the discussion whilst Sec-
tion 5 presents the conclusions of the study.

2. Data and methods

The data used to measure the effects of LCCs on the Spanish
hubs can be divided into three groups:

(A) The endogenous variables will be represented by monthly
air traffic by the FSNCs at the hub airports (Madrid and
Barcelona together). Considering the traffic of both hubs
jointly is justified in order to avoid the results being
distorted by flights from spoke airports being constantly
re-routed from Madrid to Barcelona, or vice versa, especially
as a result of the entry of LCCs into the market. We shall
therefore study the role of the hubs in the Spanish airport
system as a whole.

The analysis hinges on three models, depending on the geo-
graphical destinations of flights, namely national territory, the
European Union, and outside the European Union.

(B) The exogenous variables, separated into two groups, are as
follows:

(B.1) Dummy exogenous variables: a wide range of variables are
included in models to estimate a number of intervention
variables and outlier effects seen in the data. The most
important, with their definitions, are:
(B.1.1) EASTER: Air traffic around this vacation period is especially
intense in Spain. Indeed, it is considered to be high season
for tourists, amongst other reasons due to the numerous
celebrations of the passion of Christ. Accordingly, the
moveable feast of Easter variable is defined by assigning
different weights to the days in question depending on
the expected traffic density at Spanish airports (these
weights have to add up to one). Maximum weights are
assigned to Wednesday, Thursday, Easter Sunday and Mon-
day. Weights of zero are assigned to the rest of days.

(B.1.2) BUSINESS: Monthly time series that are totals of daily
activities can be influenced by each calendar month’s
weekday and weekend composition. This variable is intro-
duced to take into account the differences between
months regarding the proportion of weekdays with
respect to weekends. It is constructed as the number of
business or trading days with respect to weekend days
and holidays in each individual month, i.e. the number of
business or trading days minus the number of Saturdays
and Sundays multiplied by 5/2. Extra holidays in each
month are subtracted from the business days.

(B.1.3) 9/11: The negative effect on air traffic that resulted from
the 9/11 terrorist attacks which, as found in earlier studies
(Inglada and Rey, 2004), also had a significant effect on the
Spanish airport system. The model is consistently a first
order transfer function working on an impulse dummy
variable (see details below).

(B.1.4) There are other well known public works that may affect
the airline traffic at the hub airports, namely the construc-
tion of new air terminals like Terminal T4 at Madrid-Bara-
jas airport inaugurated in February 2006 (LST4) or T1
officially opened at Barcelona airport on 15 June 2009
(LST1) and the High Speed Train (HST) connecting Madrid
and Barcelona, that commenced operation on 20 February
2008. The dummy variables in these cases are defined as
zeros before the suitable dates and ones afterwards.

(B.1.5) Another effect that was taken into account was the erup-
tion of the Eyjafjallajökull volcano in Iceland in April,
2010, which led to the total closure of air space in most
of northern Europe and its partial closure in more periph-
eral countries, such as Spain and Italy, mainly affecting
their connections with the rest of Europe.

(B.2) Economiccycle:Theliteraturearguesthateconomicactivityis
closely linked to air traffic, as a result of which it is generally
includedasanindicatorwhenmodelingairtraffic(Ingladaand
Rey,2004;FernandesandRodrigues-Pacheco,2010).Thisvari-
able addresses the impact of the Spanish economiccycle on air
traffic, including the economic downtown which began in
2008 and continues to affect the country’s economy (see
Dobruszkes and Van Hamme, 2011 on the impact of the eco-
nomiccrisisonindustryandairtraffic).

(C) The Low-Cost Carrier effect (LCC): this measures the impact
that the introduction of LCCs at non-hub airports has had on
FSNC traffic at hub airports. In the first model this variable
is defined as LCC traffic registered at non-hub airports with
a national destination other than the hubs. The definition
for the second model is non-hub LCC traffic with a European
Union destination. Finally, in the third model the definition
is identical, albeit with a destination outside the European
Union.

sport Geography 24 (2012) 262–270
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Fig. 2. Millions FSNC air passengers (month) at Madrid and Barcelona airports
flying to different destinations.
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(D) The LCC within HUB effect on NATIONAL destinations (LCC-
HUB-NAT): this measures how the LCCs at the HUBS with
national destinations may affect the FSNC traffic at said
hubs. This variable is present in all three models. While in
the first it should be expected a priori that it signals a sub-
stitution effect, i.e., that it affects the FSNC national flights
negatively, in the others it could have positive complemen-
tary effects. Depending on the model, it could feed Spanish
hub FSNC flights to international destinations, both inside
and outside the EU.

(E) The LCC within HUB effect on EUROPEAN UNION destina-
tions (LCC-HUB-EU): this measures how the LCCs at the
HUBS with European Union destinations may affect the
FSNC traffic at said hubs. Obviously in this case the only
model that makes sense is the one with the endogenous var-
iable of FSNC traffic at the hub with the same destination.

(F) The LCC within HUB effect on NON-EUROPEAN UNION des-
tinations (LCC-HUB-NON EU): this is the same as the pre-
ceding effect except that we focus on destinations outside
the European Union.

All the data are collected on a monthly basis from January 2000
to December 2010, with 132 observations to be precise. This is a
sufficiently broad sample for a wide number of explanatory vari-
ables to be introduced and for robust estimations of their coeffi-
cients to be offered. Since the LCC phenomenon in Spain appears
and consolidates during this decade, no additional time span is
considered.

Moreover, all the data used to construct the above variables are
public and primary data, and this obviously facilitates the repro-
ducibility of our empirical results. To be specific, the data on pas-
senger air traffic at Spanish airports for both LCCs and FSNCs
have been taken directly from the website of the Spanish Public
Authority for Airports and Aerial Navigation (source http://
www.aena-aeropuertos.es/csee/Satellite?Language=EN_GB&page-
name=estadisticas). The economic activity variable, meanwhile, is
represented using a Spanish Ministry of the Economy and Treasury
synthetic economic activity index (source: http://servicios-
web.meh.es/apps/dgpe/default.aspx).

Fig. 1 shows how the weight of all Madrid-Barajas and Barce-
lona hub traffic evolved compared to the whole of the Spanish air-
port system. Fig. 2, meanwhile, shows the time evolution of the
endogenous variables in paragraph A, above, namely FSNC passen-
gers at the hub airports in Spain with three distinct destinations
(national, EU and non-EU). Both graphs show that while the weight
of the hubs has remained stable during the series of years under
study, the FSNC traffic has experienced a drastic correction in abso-
Fig. 1. Percentage of total monthly traffic in the Spanish airport system represented
by Madrid and Barcelona airports.
lute terms from 2008 onwards (especially for national destina-
tions). This drop could be due, a priori, to multiple effects such as
the Madrid-Barcelona High Speed Train (HST) service coming into
operation in 2008, the change in the economic cycle or the appear-
ance of the low-cost carriers (see Fig. 3). For this reason, the objec-
tive of our model is the individualization and quantification of the
factors that have influenced FSNC traffic evolution at Spanish hubs
during the 2000–2010 period.

In other respects, given the nature of the databases used, it is
impossible to quantify exactly how many routes on which LCCs
and FSNCs compete have been taken into account. However, there
is absolutely no doubt that we are talking of an extremely large
number of routes where there is, or has been (until one company
or another withdrew), strong direct or indirect competition (with
one further leg: for example, if the LCC flies SANTANDER–ROME
while the FSNC flies SANTANDER–MADRID–ROME) between the
two categories of airline. Proof of this is that Ryanair alone (accord-
ing to its website in January, 2012) flies some 475 routes in Spain,
of which about 60 are national (although many do not operate dur-
ing low-season).

The time series models employed in the analysis are in the class
of discrete time linear transfer function models (Box et al., 1994).
The general formulation may be expressed as follows:

yi;t ¼
Ph

j¼1
Fi;jðBÞui;j;t þ NiðBÞei;t ð1Þ

where yi;t are the air passenger total data defined in paragraph A,
above; ui;j;t are the inputs defined in paragraphs B, above, on which
the output data depend; ei;t is zero mean and constant variance
Gaussian white noise; Fi;jðBÞ, ðj ¼ 1; . . . ;hÞ are ratios of polynomials
in the backshift operator (i.e. Bkyt ¼ yt�k) that may have leading
zero coefficients when a pure time delay is necessary; NiðBÞ is
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Fig. 3. Millions of LLC air passengers (month) at hub airports and other Spanish
airports.
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Table 1
The ‘‘low-cost’’ city/airport share during the last year of the sample, 2010, for each of the geographical areas considered, namely national territory, the European Union, and
outside the European Union.

Note: The traffic at the airports is measured in number of passengers.
a Sum of traffic at the 18 Spanish airports with fewer than 300,000 passengers in 2010.
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an additional ratio of polynomials or ARIMA model, that takes into
account the possibility that the noise is correlated. This latter term
is necessary to ensure the consistency and efficiency of the param-
eters in model (1), see e.g. Box et al. (1994). It turns out that all
transfer functions are not ratios of polynomials, but just numera-
tors, with the exception of the 9/11 effect, for which the denomi-
nator is a first order polynomial. In particular, such a model is
shown in Eq. (2), and the implication is that the effect of the 9/
11 variable vanishes over time, the closer the parameter c1 to 1
the longer the transient period. On the limit, if c1 ¼ 1 the effect
is permanent.

Effect 9=11 ¼ 1
ð1� c1BÞu9=11;t ð2Þ
The general representation of the noise model NiðBÞei;t in (1) is
identified empirically within the family of ARIMA models, and
turned out to be an airline model in all cases, as shown in:

NiðBÞei;t ¼
ð1þ a1BÞð1þ a12B12Þ
ð1� BÞð1� B12Þ

ei;t ð3Þ

Here ð1� BÞ and ð1� B12Þ are differencing operators necessary to
reduce the time series to mean stationarity; and a1 and a12 are un-
known parameters. The transfer function and noise model orders
and delays are identified by minimizing the Schwarz Information
Criterion on a wide range of models, and subsequently estimated
by Exact Maximum Likelihood with the aid of the ECOTOOL Matlab
toolbox (Pedregal et al., 2012).



Table 2
Estimation results for univariate models with intervention variables.

1st MODEL 2nd MODEL 3rd MODEL
FSNC traffic at hubs with
national destinations

FSNC traffic at hubs with
EU destinations

FSNC traffic at hubs with
non-EU destinations

EASTER 0.0643��� 0.0789���

BUSINESS 0.0016�� �0.0032���

9/11 �0.1009��� �0.1619���

c1 in Eq. (2) �0.7225��� �0.6386���

Economic cycle 1.5562�� 1.8119���

LST4 (February 2006 step)
LST1 (July 2009 step) 0.0681��

HST (March 2008 step) �0.1013���

Eyjafjallajökull (felt April 2010) �0.1633���

LCC �0.0764��� (3)
LCC-HUB-NAT 0.0387��� (0) 0.0485�� (1)
LCC-HUB-EU �0.0893��� (1)
LCC-HUB-NON-EU �0.0068��� (2)

�0.0081��� (3)

a1 in Eq. (3) �0.2225�� �0.5443��� 0.2279���

a12 in Eq. (3) �0.6712��� �0.7212��� �0.7886���

r2 1.243 � 10�3 0.781 � 10�3 1.669 � 10�3

SBC �6.326 �6.478 �6.031
Q(12) 18.44 12.56 10.58
Q(24) 29.597 22.71 26.40
KSL 0.06 (0.34) 0.05 (0.52) 0.06 (0.39)

Note: One, two, or three asterisks indicate coefficient significance at the 10%, 5%, and 1% levels, respectively. r2 stands for the innovations variance; Q(12) are the Ljung-Box Q
statistics for 12; KSL is a Kolmogorov–Smirnov–Lilliefors gaussianity test (P-values in brackets).
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3. Results

Table 2 shows the models that were estimated sequentially in
two steps, with all the non-dummy variables transformed by tak-
ing natural logarithms. Initially, all the variables were included at
the same time in all the models, but in a second step some had
to be left out in order for only the significant coefficients to show
up and the size of the effects that we wanted to measure4 to be
estimated appropriately.

It is well-known that the use of natural logarithms for the non-
dummy variables actually provides an interesting and powerful
normalization in two ways. Firstly, it has the beneficial effect of
stabilizing the variance of the time series. Secondly, it allows the
coefficients in Table 2 to be interpreted as elasticities in the eco-
nomic sense, i.e. the percentage change of a dependent variable
when one independent changes by 1%. On the other hand, the coef-
ficients affecting the dummy variables imply, however, changes of
the dependent by ½expðcoefficientÞ � 1� � 100%.

In Table 2, the endogenous variables are shown in each of the
three columns. The exogenous input variables are listed in rows,
and include three blocks: (i) dummy variables dealing with move-
able feasts, the 9/11 effect, the economic cycle effect and large-
scale public works related to new terminals and the high speed
train link between Madrid and Barcelona; (ii) the four variables re-
lated to the effects of the LCCs, see paragraphs C, D, E and F in the
list of definitions (the numbers in parenthesis are the delays appli-
cable to the variables); (iii) parameters of the ARIMA model that
seek to capture the effects of additional variables not directly in-
cluded in the specification. A final block includes additional diag-
nostic tests of residuals in order to check model appropriateness.
The Ljung-Box tests for 12 and 24 lags are low enough to be sure
of the lack of autocorrelation and the Kolmogorov–Smirnov–Lillief-
ors tests show that the residuals are Gaussian by a wide margin,
since P-values are always greater than 34%. In essence, such diag-
4 The full table is available from the authors upon request.
nostic tests show that the significance of coefficients corresponds
to the levels implied by one, two and three asterisks in Table 2.
4. Discussion

The data in the previous section mean that three types of LCC
effects on the hubs can be talked of. To be precise, two substitution
effects between LCC and NC passenger traffic – one internal, within
the hub, and a second, external with regard to the regional or sec-
ondary airports – and a complementary effect between the two
types of airline.

All these effects are concentrated in international flights or, in
other words, the LCC effect on the evolution of NC national passen-
ger traffic at the hubs is to date zero (as can be seen in Table 2,
where the LCC and LCC-HUB-NAT coefficients of the first model
are not significant). This is surprising given the spectacular growth
of the LCCs’ inter-city point-to-point connections in Spain that do
not need to pass through the hubs. The main explanation for this
apparent contradiction is most likely due to the fact that the LCCs
have grown in this market niche – national flights – by expanding
the market. In other words, there is no effect on the hubs as, for
the most part, we are speaking of new flights with new passengers
who may have changed from other modes of transportation, such as
the train or even the automobile or coach, and not from other com-
panies, or who would simply have not traveled without said LCC na-
tional connections. It could also be explained in part through the
ever more widely- accepted hypothesis that the LCCs have upped
the travel frequency of current passengers defended by Castillo-
Manzano and Marchena-Gómez (2010) and Mocica Brilha (2008).

This finding is shared by Campisi et al. (2010), who conclude that,
despite their success, there is no evidence to show that the LCCs se-
verely cannibalize the market of the full service carriers as princi-
pally on shorter routes – such as the national destinations in our
case – a large part of the passengers is newly generated traffic. Pan-
tazis and Liefner (2006) also arrive at the conclusion that LCCs gen-
erate their own new demand, although more surveys on passengers



5 See http://www.airberlin.com/site/company/profile/index.php?cat = oneworld&
LANG = eng.
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to confirm this statement would be desirable. With this reservation,
it can therefore be said that the large number of national connec-
tions that the LCCs have established with Madrid and Barcelona
has not affected the evolution of FSNC traffic at these airports.

Other explanations might justify the absence of an LCC effect on
the national market. Firstly, as we are working with air traffic vol-
umes, this means that the Madrid–Barcelona route is extremely
important in the case of the 1st MODEL-but only in this case. As
the FSNCs continue to play a dominating role on said route, it
might have been to undervalue the LCCs’ overall effect on the na-
tional market. Nevertheless, it should not be forgotten that one
LCC also operates on that route, Vueling to be precise.

In other respects, Spain’s development in recent years of the
largest high-speed train network in all Europe and second-biggest
in the world after China could also have affected the results of the
1st MODEL, although a significant part of this effect could have
been picked up by the HST variable.

With regard to the effects detected, if we focus on the presence
of LCCs at non-hub airports, a small external substitution effect can
be observed for international flights within the EU (LCC parameter
in the second model in Table 2). This means that as the number of
LCC point-to-point flights out of Spanish regional or secondary air-
ports has grown, the number of FSNC flights from hubs to the same
destinations has fallen. A gradual substitution process of flights via
the hub being replaced by direct LCC flights from secondary air-
ports in the intra-European flights category is being produced
(for Malighetti et al., 2008, flights within Europe are becoming
more and more an LCC concern). Nevertheless, given the low coef-
ficient value it can be concluded that the evolution of the FSNCs in
this traffic is not in significant danger in the medium term. To sum-
marize, it can once more be seen how the expansion of the LCCs at
secondary airports has been due more to the opening up of new
markets with the attraction of new customers, than to capturing
customers from competitors.

Meanwhile, the lack of significance of the LCC variable in the
third model might be due to its reflecting the fact that today the
hubs and the FSNCs still play a dominant role with no competition
in flights outside the EU, which includes mainly long-haul and
intercontinental flights (Alderighi et al., 2005; Francis et al.,
2007; Franke, 2004).

However, this separation between the intra-European and
intercontinental markets might be starting to break down, as the
LCCs and the European secondary airports are beginning to make
a move towards intercontinental and long-haul flights (see Francis
et al., 2006, 2007; Maertens, 2010). For Dobruszkes (2009) and Bel
and Fageda (2010), however, the low-cost model and the advanta-
ges that LCCs obtain on short-haul flights do not seem easily trans-
ferable to long-haul flights. Specifically, most long-haul and
intercontinental air transport markets require longer range planes,
more leg room and on-board food and drink, which would mean a
different fleet for the LCCs. Also, many of the secondary airports
where LCCs set up do not comply with the requirements for this
market as they do not have long runways, for example, or adequate
passport and customs controls or seat allocations. This is why no
changes are foreseen in this respect, despite the greater demand
for point-to-point intercontinental flights due to economic growth
and globalization (Bel and Fageda, 2010).

In other respects, with specific regard to the Spanish case,
where there is a large LCC presence at the hubs, two main effects
on established FSNC traffic at the hubs can be observed. Firstly, an
internal substitution effect between the LCCs and the FSNCs for
non-national destinations (measured by the LCC-HUB-EU and
LCC-HUB-NON-EU coefficient in Table 2). This effect is statistically
significant at one percent in models two and three. Therefore, if
we focus on the second model, it once more becomes evident that
the LCCs provide tough competition for the FSNCs on intra-
European flights, when they operate out of both spoke airports
and hubs.

In other respects, it can also be observed that there is a negative
effect for the FSNCs for flights with non-EU destinations. The lesser
significance of this coefficient would be due to the LCCs’ market
share of these flights in Spain being marginal, with their presence
being limited to non-EU European destinations and North African
Mediterranean destinations or, in other words, short-haul flights.

Secondly, there is a positive effect, not described by the previ-
ous literature that picks up the complementarity between LCCs
and FSNCs at hubs for the two categories of international flights
(LCC-HUB-NAT parameter in the second and third models in Ta-
ble 2). It can be observed that the LCC traffic between the hubs
and the other national airports boosts FSNC international traffic
with Europe and, to a lesser extent, with the rest of the world.
Obviously this complementarity reinforces the role of the hubs in
airport systems even more. This positive effect is greater in abso-
lute terms and in significance in the case of international flights
outside the EU, where, as has already been commented, the LCCs’
market share is marginal, leaving the majority of long-haul and
intercontinental flights in the hands of the FSNCs.

To summarize, our findings would seem to show that LCC na-
tional flights could have been acting as feeders for the FSNCs’
transcontinental flights, establishing de facto areas of informal col-
laboration between the two types of airline. However, this collab-
oration between the LCCs and the FSNCs can also be formal. Such is
the case of the agreement between Vueling and Iberia for feeding
long-haul Iberia flights in Madrid, and especially, in Barcelona. In
this respect, the fact that Air Berlin has recently joined the one-
world global airline alliance should also be highlighted. The infor-
mation on the company’s own website5 states that this means that
the airline is already offering codeshare flights with FSNCs such as
American Airlines, British and Iberia, in this last case, improving
the connection options to and from Madrid.

Curiously, this connection between LCC and FSNC flights at the
Madrid and Barcelona hubs cannot be gathered by official statis-
tics, unlike transfers between flights by the same airline or be-
tween airlines in the same alliance. In short, the official statistics
would be underestimating hubs’ main function of connecting dif-
ferent flights.

Be that as it may, the debate about LCC–FSNC complementarity
at hubs is still running as some authors consider that the introduc-
tion of LCCs at hubs would prejudice connecting flights, as the
short-haul flights that sustain them might not be cost-effective
for the FSNCs. For Fageda et al. (2011), one of Iberia’s objectives
when it created Clickair (which is currently merged with Vueling)
was to create an obstacle to the entry of other FSNCs at Barcelona
as the profitability of the spokes could be affected by a big LCC like
Clickair (the short-haul flights meant to feed long-haul flights).
Within this same idea, Pels (2008) underscored that the hub-
and-spoke structure can represent a disadvantage for FSNCs com-
pared to LCCs, as when a route linking a hub with a spoke airport
closes due to competition from the LCCs, passengers, and thus
profits, are lost in all other markets using this link. With specific re-
spect to Spain, according to Iberia, 70% of passengers who purchase
tickets for long-haul flights also buy tickets for connecting flights
within Spain.

To be specific, and by way of example, from August 2005 to Au-
gust 2010, the LCC-HUB-NAT variable was responsible for an al-
most 22% increase in flights to EU destinations and a little over
33% in international flights outside the EU. During the same time
period, the substitution effects were 21.2% for flights to EU destina-

http://www.airberlin.com/site/company/profile/index.php?cat=oneworld&amp;LANG=eng
http://www.airberlin.com/site/company/profile/index.php?cat=oneworld&amp;LANG=eng
http://www.airberlin.com/site/company/profile/index.php?cat=oneworld&amp;LANG=eng
http://www.airberlin.com/site/company/profile/index.php?cat=oneworld&amp;LANG=eng
http://www.airberlin.com/site/company/profile/index.php?cat=oneworld&amp;LANG=eng
http://www.airberlin.com/site/company/profile/index.php?cat=oneworld&amp;LANG=eng
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tions (obtained by adding together the effects of the LCC and LCC-
HUB-EU variables) and a little over 6% for international flights out-
side the EU. As a result, an almost zero overall effect of LCCs on
FSNC flights could be spoken of for flights to EU destinations at
the hubs for said period and an overall positive effect for interna-
tional flights outside the EU.

Apart from these effects seen on traffic at hubs due to LCC
operations at hubs or at spoke airports, there are also two other
factors that have influenced said traffic. Firstly, the coming into
operation of the Madrid-Barcelona HST, which has had negative
effects on national traffic. This finding should come as no surprise
as the Barcelona-Madrid air link is one of the densest in the world,
especially for business passengers (Fageda et al., 2011) and this,
along with congestion problems, a priori meant it was ripe for an
HST (González-Savignat, 2004). According to our model, the HST
effect has led to a 9.63% reduction in flights. This result is slightly
less than that found by Román et al. (2007), for whom the poten-
tial reduction in the air transport market share caused by the
introduction of the Madrid–Barcelona HST was between 10.7%
and 12.4%.

The eruption of the volcano in Iceland also had a negative effect
on traffic with destinations within the EU as the area affected by
the ash cloud was for the most part centered over northern and
central Europe (see the maximum extent of the volcanic ash cloud
in Miller, 2011). In other respects, the new terminals recently built
at the hubs have had a moderate effect. Specifically, only the termi-
nal at Barcelona has resulted in a slightly positive effect on national
traffic for both airports. This explanation is due to the combined
traffic of the two hubs being used as an endogenous variable. Obvi-
ously the effects of each of the new terminals would be concen-
trated at the airport where they have been implemented.

Finally, further conclusions from our model focus on the above-
mentioned delayed effects. As a general rule, it can be observed
that the effects between the two airline categories, LCCs and FSNCs,
are felt quickly, with a maximum delay of 3 months. Even in one of
the extreme cases of 3 months, specifically with regard to the
internal substitution effects on non-EU international flights, the
first effects can be observed after 2 months (see Table 2). These de-
lays disappear or are reduced to a single month in the case of the
complementarity effects between LCCs and FSNCs.
5. Conclusions

Spain is one of the countries where the LCCs have been most
developed. This development can be synthesized in the fact that
Ryanair has become the second-biggest airline in the country,
moving 26.6 million passengers in 2010, and in the rapid and prof-
itable development of Vueling, the national LCC, which during the
same year transported almost 16 million passengers (see in Table 1
the importance of the LCC phenomenon at each specific airport). In
this context, and starting from the basis that these airlines are
based on a point-to-point flight model mainly operating out of sec-
ondary and regional airports, it was foreseeable to expect that their
extraordinary development should affect the supremacy of the
Spanish hub airports, mainly Madrid-Barajas and Barcelona, within
the traditional hub-and-spoke system into which air transport is
organized.

A simple glance at Fig. 1 enables us to reject this hypothesis. In
fact, despite slight stagnation in the middle of the last decade, the
supremacy of these airports with respect to passenger traffic has
continued to grow both in winter and summer. It only needs to
be pointed out that Madrid and Barcelona airports combined rep-
resented 45.1% of total system passenger traffic in January, 2010,
compared to the 40.8% that they constituted in January, 2000.
However, this article offers a more detailed analysis of the data
using discrete time linear transfer function models. It specifically
offers a methodological proposal which is sufficiently flexible to
be adapted to any other country, as long as sufficiently broad time
series are available, which is relatively easy in air transport.

Thanks to the proposed models it can be observed that the
development of the LCCs is having statistically significant effects
on passenger traffic evolution at the Spanish hubs. To be precise,
despite the fact that we have no empirical evidence to support geo-
graphical supremacy of the hubs having started to decline, we have
nevertheless detected multiple indications of changes in the air-
ports that are destined to become the last bastions of the FSNCs.
This is an especially relevant fact in Spain, where the circum-
stances have been right for LCCs to be able to operate at the hubs.
These conditions are, firstly, an excess of leisure capacity, espe-
cially in the case of Barajas after the opening of the new Terminal,
T4 in 2006, and also at Barcelona with the opening of its new ter-
minal in 2009. And, secondly, airport fees that are not so high as to
be incompatible with the LCC philosophy.

Under these conditions, this paper provides empirical evidence
of three effects for international destinations, both within and out-
side the EU. Firstly, substitution effects at the hub when the desti-
nations of the FSNCs and of the LCCs coincide; secondly,
complementarity effects between the two types of airline at the
hub between long-haul destinations operated solely by the FSNCs
(because this market is not usually open to the LCCs) and the LCCs’
national connections with the hubs, and, thirdly, the logical substi-
tution effects between LCC traffic at regional airports and FSNC
traffic at hubs. Notwithstanding, these effects are not as strong
as might have originally been anticipated. One of the reasons that
might explain this is that a large part of the expansion of the LCCs
is due to the growth of the aviation market that they themselves
have brought about.

Looking to the future, the hypothesis that generally informal
complementary effects would exist between the two types of air-
line at the hub could offer us a different scenario to the current sit-
uation which has been characterized by fierce competition
between the two types of airline. If the current situation continues,
with intercontinental flight market being the sole domain of the
FSNCs, it could be profitable for both airline categories to examine
explicit and formal types of collaboration. A good example of this
trend is Air Berlin’s recently joining the oneworld alliance, as men-
tioned previously, which enables it to operate codeshare flights
with a wide range of FSNCs. Any possible collaborations of this
type would seem today to be quite unworkable with LCCs whose
business models are a priori incompatible with the FSNCs’, such
as Ryanair, for example.

To summarize, the conclusions drawn in this paper show that
competition between the two airline categories and their coexis-
tence with their a priori incompatible point-to-point and hub and
spoke geographical organization systems could lead to new hybrid
geographical models which are not easy to predict. The geograph-
ical model will obviously be even more complex depending on the
extent to which the LCCs manage to operate at the hubs, as they do
in Spain.
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