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Airports’ public infrastructure and
sources of inefficiency

Ane Elixabete Ripoll-Zarraga
Department of Business, Universitat Aut�onoma de Barcelona,

Cerdanyola del Vall�es, Spain

Abstract

Purpose –TheSpanishairport systemcontains several regional airportswithinanamenitydistanceandalternative
travel modes. Profitable airports cross-subsidise small airports, which are not required for regional development or
connectivity. Airports are government-owned and centralised-managed by Spanish Airports and Air Navigation
(AENA, for its Spanish acronym). This study aims to analyse the probability of an under-used public infrastructure
and the AENA’s managerial ability as per the financial sustainability of the network in the long term.
Design/methodology/approach – The national regulatory framework determines the airports’
environment. Six airports revealed unobserved heterogeneity, avoiding model misspecification. The
framework is defined through proxies of the singularities of the Spanish framework: public investments
and geographical specifications. The stochastic frontier analysis model follows two time-varying
specifications, accounting for airports’ environmental factors, to ensure the robustness of the results to
differ from the inefficiency caused by AENA and external factors.
Findings – Airports’ infrastructure capacity and traffic are not correlated; regional airports become a financial
burden for the system unless they specialise or differentiate. Proxies defining the airports’ context are relevant.
Because airports do not compete for airlines and passengers, there are toomany regional airportswith little traffic,
resulting in disused public infrastructure that falls far short of improving connectivity and regional development.
Originality/value – This study contributes to paying attention to the characteristics of the regulatory
framework, such as management strongly centralised in AENA, airport charges decided by the owner, lack of
competition and lack of an independent regulatory entity. Another original contribution considers reliable
capital measures (airports’ infrastructure).

Keywords Stochastic frontier analysis (SFA), Environmental variables, Fixed effects, Catchment areas,

AENA, Airports

Paper type Research paper

1. Introduction
Government-owned airports are perceived as utilities which provide public services.
Globalisation requires a rapid response market according to national and global needs and
relies on a flexible decision-making process to make commercial decisions. The European
Commission Flightpath established for 2050 (European Commission, 2011) requires connecting
within 4 h door-to-door, as air connectivity contributes to economic development. Airports are
essential players to the extent that the government becomes a facilitator (driver).

The Spanish airports are government-owned andmanaged through a public operator named
[AENA] (https://www.aena.es). AENA’s board of directors comprises politicians who may not
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have the industrial experience, skills and competencies necessary for efficiency (Ripoll-Zarraga
and Huderek-Glapska, 2021). In addition, the board generally is renewed every four years with
political elections; therefore, regulatory policies are also changed. Consequently, airport
operators do not have flexibility, which is crucial to adapt to the changing global demand.
Within this context, AENA controls thewhole networkwith centralisedmanagement regarding
pricing, investment and other decisions, including accounting policies. For example, prices are
more related to the amount of traffic than the service’s quality (Council ofMinisters, 2011), which
leads to questioning whether centralised management is better than a decentralised one
(regional or municipal) in terms of efficiency. In addition, individual financial statements are not
accessible or published, requested by industry stakeholders (Cambra de Comerç de Barcelona,
2010). In 2018, the national accounting and financial audit body Instituto de Contabilidad y
Auditor�ıa de Cuentas [ICAC] (https://www.icac.gob.es/en) fined 10.49 million euros in
PriceWaterhouseCoopers (PwC). PwC breached its independence recurrently when auditing
AENA’s financial statements (BOE-A-2018-3940, resolution 13th of February 2018, published
20th of March 2018). The fine represented 5.25% of the audit fees collected. Citizens were not
informed, and politicians did not question or request other audits from previous years. To date,
there are no other data except from 2009 to 2014.

The European Court of Auditors (2014) determined an excess of wasted infrastructure in the
past decade andagrowingpublic deficit inEurope. For example,white elephants such asCiudad
Real Airport (which opened in 2008 forecast 2.5 million passengers and closed in 2012 after
reaching 100,000 passengers in 2011) or fake high-speed aid requirements (European
Commission, 2016). Except for airports located in the islands (Balearic and Canary Islands),
which are public service obligation (PSO) routes and regional airports within an amenity
distance of hubs and large airports, required to avoid congestion, the Spanish network contains
too many regional airports under-used. Yet, the Spanish government is keen on keeping all
airports operating. However, according to AENA, in 2013, out of 43, only 13 (large) airports were
profitable, including four general aviation airports (Madrid Cuatro Vientos, Sabadell, Son Bonet
and Madrid Torrejon) (GAs) and two heliports (Algeciras and Ceuta). The overall system is
profitable (i.e. per the consolidated financial statements) per large airports cross-subsidising non-
profitable airports. Cross-subsidisation is often used in transport, for example, to help regional
development enhance economic prosperity. However, airport operators do not decide on
commercial policies, reducing the attractiveness for airlines to operate in Spain (Comisi�on
Nacional de losMercados y la Competencia –National Commission ofMarkets and Competition
– CNMC, for its Spanish acronym, 2014). Thus, cross-subsidisation cannot be a permanent
solution for regional and secondary airports’ sustainability. Airports are public investments.
Unless operating efficiently, their fixed costs (overheads) are not absorbed. Inefficient public
investments or mistaken public investment and managerial decisions – per not searching for
reliable sources of inefficiency – increase the public deficit and taxpayers’ contribution (i.e.
98.10% of gross government debt in 2017) (European Council, 2019).

Previous research in Spanish airports on efficiency relates to sources of inefficiency per
the number of passengers (Martin et al., 2009) and cargo (Coto-Mill�an et al., 2016; Ripoll-
Zarraga and Lozano, 2019). Few studies address other factors explaining efficiency, for
example, outsourcing activities (Tovar and Martin-Cejas, 2009), low-cost carrier (LCC) (Coto-
Mill�an et al., 2014) and airports’ physical infrastructure (Lozano and Guti�errez, 2009; Ripoll-
Zarraga and Mar-Molinero, 2020). However, in the case of Spain, these are governmental
decisions which may not relate to the regional needs in terms of air demand or connectivity
and account for certain endogeneity. Overall, studies do not account for airports’ environment
and its specific characteristics influencing the number of passenger, cargo and aircraft
movements. Indeed, references to the airports’ context refer to the strict geographical location
(for example, Martin and Roman, 2001, 2006; Tovar andMartin-Cejas, 2010). However, it does
not explain the influence on traffic robustly. The lack of individual public data and AENA’s
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strong centralised management not enhancing competition, along with a board of politicians
rather than professionals, ends with a high number of regional airports without traffic,
questioning the requirement of public investment for connectivity purposes, as per having
alternative travel modes (high-speed train and motorways) and per increasing public deficit.
Indeed, Ripoll-Zarraga (2018) and Ripoll-Zarraga and Mar-Molinero (2020) used Data
Envelopment Analysis (DEA) and demonstrated that the AENA depreciation-published data
does not correspond to the use of capacity in developing traffic. Consequently, the previous
findings may be biased, i.e. unreliable for benchmarking purposes and managerial and
policymakers recommendations.

The peculiarities of the Spanish airports’ environment, where for example, the airport’s
owner is the operator seems not to attract airlines to satisfy the current and future global
demand. The situation requires a critical assessment of the Spanish airports’ performance
and reliable sources of efficiency. An efficiency benchmarked analysis is performed with
stochastic frontier analysis (SFA) accounting for the airport environment determined by the
Spanish government’s investing decisions and geographical specifications. The SFA allows
the inclusion of external non-managerial factors, no-controlled by the management and firm-
fixed effects (Greene, 2003), to capture potential airports’ features. Section 2 reviews the
literature on air transport efficiency. Section 3 presents the model specification and data. The
results are shown in Section 4, while a discussion and the conclusions are carried out in
Sections 5 and 6, respectively.

2. Literature review
The evaluation of the efficiency of aviation service providers has extensive literature on
airlines and airports, which compares, for example, private and public companies. However,
these studies do not provide strong evidence that privatisation improves efficiency (Gallegos-
Monteagudo, 1992). Privatisation is often encouraged to obtain financing resources when
governments cannot provide further capital infrastructure (International Air Transport
Association [IATA], 2018). Likewise, companies’ performance studies have increased in
relevance in the past 10 years (Salcedo, 2021). For a comprehensive view of airports’
performance, see, for example, Bezerra and Gomes (2016). Airports efficiency studies
generally use distance functional approaches to evaluate the relative technical efficiency of
each decision-making unit. Within non-parametric methods, DEA, per a functional
specification, is not required. Hence, it has become a popular technique (for a review of
studies, see Emrouznejad and Yang, 2018). However, stochastic disturbance factors are not
enclosed, i.e. efficiency estimates can be biased. Airports are multi-input output
organisations. Therefore, efficiency analysis is adequate using stochastic frontier
functions for estimation (Coelli and Perelman, 1999; Kumbhakar and Lovell, 2000), which
are parametric methods. Efficiency analysis assumes that the inputs and outputs are
decisional variables controlled by airports’ management, but these may not be. Indeed, the
SFA allows the inclusion of variables as external factors (not controlled). These are
understood as external factors, usually as a proxy of airports’ environment that affects
airports’ efficiencies. However, the management is unlikely to change, at least in the short-
term such as terminals and runways (Pels et al., 2003; Oum et al., 2008). However, DEA does
not search for sources of inefficiency, which is more commonly used in aviation, starting with
Gillen and Lall (1997), compared to SFA. SFA models progress from homogenous
assumptions (Pels et al., 2003; Kumbhakar et al., 2013) to unobserved heterogeneity
(Barros, 2008b; Barros et al., 2017) per airports behaving differently (i.e. residuals individual
behaviour) and neglecting heterogeneity leads to inconsistent parameter estimates (Chesher,
1984). Within SFA, reasons to explain inefficiency often refer to ownership and governance
forms (see Table 1).
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Author/s Methodology Inputs Outputs Exogenous variables

Pels et al.
(2001)

SFA-Production
function
35 European airports
1995–1997

Number baggage
claim units, parking
positions at the
terminal, remote
positions

Passengers,
aircraft
movements

None

Pels et al.
(2003)

DEA and SFA-
Production function
34 European airports
1995–1997

Airport size, number
of aircraft parking
places (at the
terminal and
remote), and
runways (semi-fixed
input)

Passengers,
aircraft
movements

Slot coordinated,
time restrictions,
airlines’ load factor,
time

Barros
(2008a)

SFA-Cost function 37
Portuguese Airports
1990–2000

Labour costs
(unitary), operating
costs, earnings in
relation to
infrastructure book
value (unitary)
Trend

Aeronautical
revenues
(aircrafts),
aeronautical
revenues
(passengers), non-
aeronautical
revenues

None

Barros
(2008b)

SFA-Cost function
27 UK Airports 2000–
2005

Labour costs
(unitary), operating
costs, depreciation
costs (unitary),
investment in
relation to long-term
debt (unitary)

Passengers,
aircraft
movements

None

Oum et al.
(2008)

SFA-Cost function
(Bayesian)
109 worldwide airports
2001–2004

Number of
employees,
operating costs,
terminal area (fixed
input), number of
runways (fixed
input)

Passengers,
aircraft
movements, non-
aeronautical
revenues

Ownership forms

Marques
and Barros
(2010)

SFA-Cost function 32
European airports
2001–2004

Labour costs
(unitary), operating
costs, terminal area
(semi-fixed input)
Managerial ability
(fixed effect)

Passengers,
aircraft
movements

Ownership forms,
hub, rate of return,
regulation incentive

Scotti et al.
(2012)

SFA-Production
function
38 Italian airports
2005–2008

Terminal area,
number of check-in
desks, baggage
claims, and not
handling employees,
runway capacity,
aircraft parking
positions

Aircraft
movements, work
load units (WLU)

Ownership forms,
competition x% of
available seats

Barros et al.
(2017)

SFA-Cost function
30 Nigerian airports
2003–2014

Operating costs,
unitary labour cost,
unitary depreciation
cost, trend
Managerial ability
(fixed effect)

Passengers,
aircraft
movements

Regulation
Hub

(continued )

Table 1.
Airports efficiency

SFA studies
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Efficiency studies in Spain show that higher efficiencies correspond to more traffic
(i.e. passengers). Again, only some studies seek sources of individual inefficiency beyond
traffic. In Spain, this is essential as per airports operators’ inability to decide inputs and outputs,
prices, etc., since the Spanish government manages all government-owned airports (through
AENA). Restrictions to operate freely and laws affect and determine the traffic since the
inability to adjust production factors in the short term (e.g. Yu, 2010). The centralised
management affects the flexibility of airports to operate, impairing themarket attractiveness to
airlines, thus, passengers. Recent studies confirm cargo specialisation improves overall system
efficiency (Ripoll-Zarraga and Lozano, 2019). Ripoll-Zarraga and Raya (2020) analysed the
Spanish airports differing between touristic versus non-touristic cities assuming that national
and international visitors travel by air mode, which is unlikely for national tourists. Previous
Spanish studies have yet to assess the data. Except for Ripoll-Zarraga (2018), Spanish airports’
studies have not accounted for reliable depreciation proxies. These are extracted fromAENA’s
financial statements without questioning or critically assessing the reliability of the data, for
example, amortisation of non-current assets (Martin and Roman, 2001, 2006) and book value
(for example, Murillo-Melchor, 1999; Coto-Mill�an et al., 2014, 2016). AENA has not published
individual airports’ financial statements from 2014, and notes are not disclosed regarding
accounting policies such as methods of depreciation used (coefficients) or the number of
employees. The use of the published data should be understoodwithin the national framework,
potentially implying the need for data harmonisation. The main concern is to find adequate
measures of capital, hence the infrastructure. Rent expenses (Parker, 1999) are not an ideal
proxy when infrastructure is not financed through leasing. Following Ripoll-Zarraga (2018),
AENA depreciation data are disregarded. Instead, air transport depreciation standard
coefficients are applied (International Accounting Standards [IAS] (https://www.iasplus.com/
en/standards/ias) and International Financial Reporting Standards [IFRS] (https://www.ifrs.
org/issued-standards/list-of-standards/).

Author/s Methodology Inputs Outputs Exogenous variables

Chen and
Lai (2019)

Dynamic SFA-
Production function
20 European and
Asian-Pacific airports
2001–2013

Operating costs,
terminal area,
runway length

Revenues None
Airports are
classified according
to ownership forms
(public and private)

Ripoll-
Zarraga
and Raya
(2020)

SFA-Production
function and
Regression
48 Spanish airports
2009–2013

Labour costs,
operating costs,
depreciation of
airside assets and
landside assets
Airports special
features (fixed
effects)

Passengers,
aircraft
movements, cargo,
and commercial
revenues

Number of hotels
and campsites,
tourists expenditure,
length of stay,
arrivals, tourism
employees, price
index

Ripoll-
Zarraga
and
Huderek-
Glapska
(2021)

SFA-Production
function
12 Polish airports
2009–2017

Labour costs,
operating costs,
Depreciation assets,
non-operating costs,
land value, equity
shares

Passengers,
aircraft
movements, cargo
and commercial
revenues

Ownership forms,
number of runways,
terminal area,
catchment area,
railway
Airports’ managerial
ability:
qualifications,
experience (CEO)

Source(s): Own elaborationTable 1.
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The literature on air transport efficiency shows the lack of accounting for a specific
framework. It looks like this is the first time to use contextual, geographical specifications and
airport features, beyond the strict airports’ location, specifically within the Spanish
framework.

3. Method
3.1 Model
Following Battese and Coelli (1992, 1995), a time-varying model is applied within the context
of SFA. The model (1995) allows the inclusion of environmental variables understood as not
controlled by the management, at least in the short term. The advantage of SFA compared to
DEA is that efficiency can change over time and allows alternative distribution assumptions
of the inefficiency term. Additionally, by transforming the production distance function into a
translog functional form, the model can be estimated as a regression model with a one- and
two-degree level of iteration between the variables enclosed in the production function
(controlled by the management).

The translog form of the stochastic distance function lnDitðX ;Y Þassumingmoutputs and
k inputs and choosing arbitrary the ϗ− th input for normalisation purposes follows:

ln

�
1
=Xϗit

�
¼ β0 þ

Xk
j¼1

βjln
�
x*jit

�
þ 1

2

Xk
j¼1

Xk
j0

βjj0 ln
�
x*jit

�
ln
�
x*j0 it

�
þ
Xm
l¼1

αl lnðylitÞ þ 1

2

Xm
l¼1

3
Xm
l0¼1

αll0 lnðylitÞlnðyl0 itÞ þ
Xk
j¼1

Xm
l¼1

βjαl ln
�
x*jit

�
ln

 
ylit

1
Aþ ðvit � uitÞ

(1)

where the asterisk indicates the respective input normalised

x*jit ¼ xjit=xϗit
(2)

The input normalisation is necessary to impose the homogeneity constraints,

Xk
j¼1

βj ¼ 1;
Xk
j¼1

βjj0 ¼ 0 for all j0;
Xk
j¼1

βjαl ¼ 0 for all l (3)

These are equality constraints regarding unknown parameters, and they are invariant. The
second-order parameters satisfy:

βjj0 ¼ βj0j and αll 0 ¼ αl0 l for all j; j
0; l; l 0 (4)

The error contains a random error ðvitÞ with non-negative truncated normal distribution
with zero mean and constant variance vi∼Nþð0; σ2vÞ:The inefficiency term ðuit) has a non-
zero mean and constant variance ui∼Nþðμ; σ2

uÞ. The variance parameters reflect what
extent the variables used in the trans log explain the dependent variable and the overall
inefficiency. The sigma squared σ2 ¼ σ2

u þ σ2v (5) is used to analyse the normal distribution
of the random variables ðvitÞ independent of the inefficiency ðuitÞ and identically
distributed vit ∼Nð0; σ2vÞ. The noise variance ðσ2vÞ represents the variability of the error.
The model explanatory power due to technical inefficiencies is measured through the
lambda λ ¼ σu

σv
(6).
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Several models were tested for panel data context, time-varying and invariant
inefficiencies, and different distributions of the inefficiency term (Battese and Coelli, 1988,
1992, 1995; Kumbhakar, 1990), including testing runways as semifixed input (Pels et al., 2003;
Yu, 2010), which implies a different specification (Formulti-output frontier models, see Zhang
and Garvey (2008)). The low variability of the data implied convergence issues for some SFA
models. After validating the model, two distributions for the time-varying inefficiency term
are considered: Battese and Coelli (1992) assume that the inefficiency is caused overall by
managerial decisions. Battese and Coelli (1995) enclose environmental variables ðzitÞ, where
uit ¼

Pp
o¼1

zoitδl þ ωit (7), understood as the airports’ economic environment differing between

inefficiency caused by managerial decisions (production function) compared to the
inefficiency caused by external factors and affecting the overall inefficiency. Including
the environmental variables ðzitÞwithin the translog function, avoids bias usually following
the second stages (Wang and Schmidt, 2001). Following Greene (2003), fixed effects account
for singularities not initially observed in the external factors imposing heterogeneity across
the sample but are not necessarily present in all airports, i.e. these are time-invariant
characteristics of the variable.

The model also allowed the detection of airports with singularities in traffic, regulation
and operational activity. After removing them from the initial sample, no significant
differences were reported. The final data refers to 48 airports, i.e. excluding Son Bonet for
missing information from 2009 to 2013 (239 observations): Algeciras was under construction
in 2009, and functional conditions from July 2010 to 2014 were disregarded per changes in
accounting policies, which may bias the data previously published. Unfortunately, there are
no further data published. For insights regarding SFA and DEA, specifically the Spanish
airports, see Ripoll-Zarraga (2018), who widely discusses the lack of transparency of AENA.
For example, there are few notes to the annual reports, but without information regarding the
number, type of employees or other relevant indicators.

The sample contains 14 airports with more than 3.5 million passengers per year that are
also profitable, i.e. according to AENA’s reported EBITDA (earnings before interest tax
depreciation and amortisation).

3.2 Variables
According to the data available, extracted from AENA’s annual reports – except for the
depreciation of assets – and literature review, three inputs and four outputs are modelled.
On the input side are labour costs, other operating costs anddepreciation of airside and landside
assets (Ashford et al., 1996). The labour costs are the salaries accrued, social security and other
employees’ costs. The operating expenses are the rest of incurred costs (i.e. excluding
depreciation and staff) required for aeronautical and commercial activities, which may bear
interest, is unknown. Airside assets account for aeronautical terminals, aprons, runways,
airfields (taxi and access to runways), control towers and beacon systems. The landside assets
are cargo and passenger terminals, emergency and parking buildings, work and maintenance
buildings, and recycling systems. Finally, the outputs are the annual number of passengers, air
traffic movements (ATM), tonnes of cargo and commercial revenues per year.

Table 2 shows the statistics, including AENA’s depreciation, for informative purposes.
The currency data are deflated by the Spanish gross domestic product (base 2010). The
respective geometric mean standardises the variables. Zero values were substituted by
unitary values to avoid removing observations from the sample.

After testing several exogenous variables, including airports’ charges (AENA’s price
policies), the environmental factors capturing features of the airports’ environment follow
capacity utilisation, catchment area, PSO routes and railway access into the airport. Table 3
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reports their descriptive statistics. Capacity utilisation is the ability to use airports’
infrastructure according to air traffic control restrictions: slot coordinated (1), summer
coordinated (2), schedules provided (3) and not coordinated (4), which includes military and
general aviation operations. Airports coordinated (1 and 2) are usually airports with a
constraint capacity, which does not satisfy the current and potential demands (Asociaci�on
Espa~nola para la Coordinaci�on y Facilitaci�on de Franjas Horarias [AECFA], 2014) (www.
slotcoordination.es/es/slot/inicio). Airports not coordinated or with schedules provided are not
capacity constrained. Slot-coordinated airports areAlicante, Barcelona, Bilbao,Madrid,Malaga
and Valencia. In the Canary Islands, Gran Canaria, Fuerteventura, Lanzarote and Tenerife
South and the Balearic Islands, Palma de Mallorca. Airports coordinated during summer are
Ibiza and Menorca. The catchment area is the geographical area from which the location
attracts the population to use an airport, defined as the number of airports within 150 km. For
example, Vitoria’s catchment area contains five airports. PSOs are intra-insular routes in the
Balearic and Canary Islands and Almeria to Sevilla (April 2009), ensuring connectivity. Five
airports have a railway within the airport (Alicante, Barcelona, Madrid, Malaga and Jerez).

4. Results
4.1 Stochastic frontier analysis
The model shows relevant and high explanatory power (lambda >1) and a low level of noise
(σu >σv) (see Table 4). The individual variables have the expected signs: the outputs increase
efficiency (reduce the distance to the frontier) and the inputs decrease efficiency (increase the
distance). Passengers contribute the most to efficiency (�27.65%) and cargo the least (�5.80%).
There are only two cargo-oriented airports (Vitoria and Zaragoza). Commercial revenues are a
relevant source of income. However, these relate to the privatisation process (Humphreys, 1999).
Depreciation is not significant, highlighting the inadequacy of infrastructure for aeronautical
activities (underused) or cargo (þ0.000). Instead, operating costs are relevant (66.94%).
Barcelona, Madrid Barajas, Malaga and Palma de Mallorca show special features increasing
efficiency, and Huesca-Pirineos, which is small, reduces it (þ49.59%). These results are
consistent with the literature, as large airports are the most efficient. However, large airports

Variable Observations Mean Standard dev Minimum Maximum

PAX (k) 245 3,944.68 8,529.97 0 49,900
ATM (k) 245 41.41 71.74 0.24 435.19
Cargo (k tonnes) 245 13,000 52,400 0 394,000
Commercial (mill V) 245 11.71 27.83 0 169.51
Labour (mill V) 245 7.23 10.19 0.11 74.24
Operating (mill V) 245 19.03 49.86 0.24 318.30
Depreciation Airside (mill V) 240 4.16 11.08 0 79.80
Depreciation Landside (mill V) 240 1.09 2.22 0 11.94
Depreciation AENA (mill V) 245 14.40 39.31 0.18 264.45

Source(s): Own elaboration

Variable Observations Mean Standard dev Minimum Maximum

Capacity Utilisation 244 2.9549 1.1803 1 4
Catchment 244 1.2705 1.1796 0 5
PSO 244 0.2664 0.4430 0 1
Railway 244 0.0943 0.2928 0 1

Source(s): Own elaboration

Table 2.
Summary statistics 49
airports (2009–2013)

Table 3.
Summary statistics

environmental
(2009–2013)
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Frontier Coef Std. Error z p > z

LnCommercial �0.097 0.050 �1.930 0.054
LnPAX �0.276 0.034 �8.110 0.000
LnATM �0.068 0.071 �0.960 0.338
LnCargo �0.058 0.011 �5.210 0.000
LnAirsideAssets 0.010 0.007 1.360 0.175
LnLandsideAssets �0.011 0.010 �1.130 0.259
LnOperating 0.669 0.123 5.420 0.000
½LnCommercial2 0.107 0.021 5.180 0.000
½LnPAX2 �0.015 0.013 �1.170 0.244
½LnATM2 0.056 0.061 0.910 0.363
½LnCargo2 0.004 0.003 1.450 0.147
½LnAirsideAssets2 �0.001 0.001 �0.690 0.488
½LnLandsideAssets2 �0.001 0.001 �0.690 0.489
½LnOperating2 �0.103 0.124 �0.820 0.409
½LnCommercialLnPAX �0.190 0.032 �5.900 0.000
½LnCommercialLnATM 0.004 0.055 0.070 0.943
½LnCommercialLnCargo �0.050 0.012 �4.060 0.000
½LnPAXLnATM 0.067 0.026 2.610 0.009
½LnPAXLnCargo 0.024 0.012 2.010 0.045
½LnATMLnCargo �0.011 0.023 �0.470 0.637
LnAirsideAssetsLnOperatingCosts �0.002 0.019 �0.080 0.935
LnLandsideAssetsLnOperatingCosts 0.031 0.014 2.230 0.026
LnAirsideAssetsLnLandsideAssets 0.000 0.001 �0.250 0.800
LnCommercialLnOperating 0.062 0.046 1.340 0.182
LnPAXLnOperating 0.004 0.024 0.160 0.870
LnATMLnOperating 0.003 0.058 0.060 0.953
LnCargoLnOperating �0.011 0.017 �0.650 0.518
LnCommercialLnAirsideAssets 0.002 0.004 0.530 0.595
LnPAXLnAirsideAssets �0.006 0.004 �1.480 0.140
LnATMLnAirsideAssets �0.002 0.006 �0.250 0.802
LnCargoLnAirsideAssets 0.002 0.001 1.610 0.107
LnCommercialLnLandsideAssets �0.010 0.004 �2.480 0.013
LnPAXLnLandsideAssets 0.005 0.003 1.870 0.061
LnATMLandsideAssets 0.006 0.005 1.160 0.246
LnCargoLnLandsideAssets 0.000 0.001 0.020 0.986
Fixed Effect Barcelona �0.678 0.162 �4.200 0.000
Fixed Effect Madrid Barajas �0.929 0.187 �4.970 0.000
Fixed Effect Malaga �0.495 0.086 �5.760 0.000
Fixed Effect Palma de Mallorca �0.321 0.106 �3.040 0.002
Fixed Effect Huesca-Pirineos 0.496 0.105 4.740 0.000
Fixed Effect Vitoria �0.659 0.208 �3.170 0.002
Constant 0.543 0.086 6.310 0.000

Inefficiency (Mu)
Capacity Utilisation 0.2518 0.106 2.38 0.017
Catchment Area 0.002 0.043 0.05 0.962
PSOs 0.185 0.121 1.52 0.129
Rail 0.485 0.152 3.19 0.001
Constant �0.954 0.544 �1.75 0.080
U sigma Constant �2.811 0.392 �7.17 0.000
V sigma Constant �4.884 0.405 �12.06 0.000
Sigma_u ðσuÞ 0.245 0.048 5.10 0.000
Sigma_v ðσvÞ 0.087 0.018 4.94 0.000
Lambda 2.818 0.052 53.99 0.000

Source(s): Own elaboration

Table 4.
Translog function
(2009–2013)
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(Barcelona and Madrid) show a higher impact than others with demand peaks (Malaga and
Palma de Mallorca). The cargo-oriented airport (Vitoria) contributes to efficiency at the same
level as the second-largest airport (Barcelona). Regarding the iteration effects, more passengers
increase efficiency by 19% for 1 million euros spent on commercial activities (�19.00%).
This trade-off is the opposite for cargo and aircraft movements, increasing inefficiency (þ2.44%
and þ6.69%). These results confirm that cargo – with the independence of the number of
passengers and aircraft movements – contributes to increasing efficiency (�5.80% and
�6.77%). These results confirm previous findings as cargo becoming essential in aviation
(Ripoll-Zarraga and Lozano, 2019). The iteration depreciation of landside assets-commercial
revenues is low (�0.98%), highlighting the requirement to use passengers’ terminal areas for
commercial exploitation. The results are consistent for the time-varying model (Battese and
Coelli, 1992), with a slight trade-off between ATM (�15.03%) and operating costs (þ44.58%).
The no existence of inefficiency (39%) is rejected to enclose the external factors to avoid bias
(Hattori, 2002) (see Appendix1). Both models report the largest airports reducing inefficiency
the most.

The inverse of the sum of the first-degree coefficients of outputs with the sign changed
allows the estimation of the returns to scale (Coelli and Perelman, 1999). Accordingly, most
Spanish airports operate under increasing returns to scale from 2009 to 2013,
i.e. 1

ð0:097þ0:276þ0:068þ0:058Þ ¼ 2:00. Polish airports operate under constant returns to scale,

i.e. inputs elasticities – output trans log distance function – (Ripoll-Zarraga and Huderek-
Glapska, 2021). Polish airports are government-owned but decentralised managed.
Centralised management seems to affect how airports operate by increasing traffic
through political decisions rather than industry and regional need, and with more impact on
large airports, such as Barcelona and Madrid, versus the small airports with bare traffic,
i.e. passengers – overcapacity.

The environmental variables show significant capacity utilisation and rail. Airports with
less controlled traffic and less restricted to specific slots aremore inefficient (25.18%). Most of
the traffic is concentrated in large airports or with demand peaks, which are coordinated.
The rest of the airports suffer from a relevant lack of traffic, i.e. infrastructure under-used.
Airports with train facilities within the airport increase the overall inefficiency of the network
(48.50%). Indeed, four out of five airports with train facilities are large, reducing regional
airports’ traffic. The PSOs do not affect efficiency. The government ensures that airlines
operate these routes for connectivity purposes with no passengers. The catchment area
is irrelevant, i.e. unable to implement commercial policies, and crowded geographical
locations do not have congested airports (e.g. Vitoria cargo specialised). Small airports are
more technically inefficient on average, confirming previous findings, i.e. accounting for all
inputs and outputs (e.g. Murillo-Melchor, 1999; Salazar de la Cruz, 1999; Martin and Roman,
2001, 2006; Coto-Mill�an et al., 2007, 2014). However, the results show the reasons behind
inefficiency beyond the operational variables. Tapiador et al. (2008) accounted for contextual
variables (geographical location and inter-modality: motorway, road and rail). The relatively
short distances encourage travellers to use alternative modes unless LCCs provide a service.

Table 5 reports the average technical efficiency per airport for time-varying efficiency
without and with environmental variables (Battese and Coelli, 1992, 1995) and fixed effects
(Greene, 2003), which improve the average efficiency per airport. In addition, themodel shows
higher explanatory power per isolating unobserved special features of airports (for example,
Barcelona, Madrid Barajas, Malaga and Palma de Mallorca).

4.2 Catchment areas
Table 6 shows the geographical location of catchment areas, size, population, density and the
EBITDA (i.e. according to and published by AENA). The airport efficiencies correspond to
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Airport Size
Battese and
Coelli (1992)

Battese and Coelli
(1992) Fixed Effects

Battese and Coelli
(1995) Fixed Effects

Std.
Deviation

A Coru~na Medium 55.75% 75.69% 88.68% 16.59%
Albacete Small 51.97% 62.99% 69.88% 9.03%
Algeciras Small 87.48% 89.91% 88.06% 1.27%
Alicante Large 58.39% 66.64% 85.96% 14.15%
Almeria Small 45.99% 64.27% 78.34% 16.22%
Asturias Medium 55.63% 75.14% 88.12% 16.35%
Badajoz Small 69.78% 90.46% 90.43% 11.93%
Barcelona Large 48.39% 74.13% 90.49% 21.22%
Bilbao Large 64.97% 76.26% 94.18% 14.73%
Burgos Small 72.40% 90.51% 88.84% 10.01%
Ceuta Small 70.89% 86.25% 85.63% 8.70%
Cordoba Small 49.56% 70.72% 83.20% 17.00%
El Hierro Small 64.99% 81.50% 80.10% 9.16%
Fuerteventura Large 58.66% 70.54% 92.81% 17.34%
Girona Medium 64.31% 82.93% 92.82% 14.48%
Gran Canaria Large 59.42% 62.37% 89.64% 16.66%
Granada-Jaen Small 46.88% 65.04% 77.37% 15.34%
Huesca-Pirineos Small 68.58% 70.38% 82.56% 7.61%
Ibiza Large 60.92% 74.07% 92.76% 16.00%
Jerez Medium 52.77% 66.45% 79.50% 13.36%
La Gomera Small 50.05% 64.38% 70.62% 10.55%
La Palma Medium 49.99% 66.23% 77.05% 13.62%
Lanzarote Large 63.60% 75.93% 92.73% 14.62%
Leon Small 51.81% 67.38% 78.46% 13.39%
Logrono Small 42.70% 58.10% 66.25% 11.96%
Madrid Cuatro
Vientos

Small 53.16% 66.31% 79.86% 13.35%

Madrid Barajas Large 48.06% 73.37% 94.48% 23.24%
Madrid Torrejon Small 53.52% 71.74% 58.22% 9.46%
Malaga Large 48.85% 70.88% 93.60% 22.38%
Melilla Small 44.11% 58.43% 50.70% 7.17%
Menorca Medium 56.28% 72.62% 90.64% 17.19%
Murcia Medium 56.03% 73.39% 89.82% 16.90%
Palma de
Mallorca

Large 52.12% 74.22% 93.57% 20.74%

Pamplona Small 42.67% 58.65% 74.74% 16.04%
Reus Medium 52.74% 69.81% 80.27% 13.90%
Sabadell Small 62.04% 82.25% 84.36% 12.32%
Salamanca Small 49.18% 67.54% 78.47% 14.81%
San Sebastian Small 61.64% 80.93% 90.97% 14.90%
Santander Medium 49.97% 67.62% 87.14% 18.59%
Santiago Medium 50.05% 65.92% 78.42% 14.22%
Sevilla Large 64.85% 77.09% 90.37% 12.77%
Tenerife North Large 60.45% 71.83% 85.67% 12.63%
Tenerife South Large 54.15% 66.45% 90.19% 18.32%
Valencia Large 65.21% 68.06% 93.23% 15.42%
Valladolid Small 53.82% 70.90% 79.16% 12.92%
Vigo Small 50.27% 67.66% 80.66% 15.25%
Vitoria Small 44.86% 71.03% 78.48% 17.65%
Zaragoza Small 72.23% 82.94% 89.32% 8.64%

Average 56.50% 72.04% 83.68% 14.27%
Maximum 87.48% 90.51% 94.84% 23.24%
Minimum 42.67% 58.10% 50.70% 1.27%

Note(s): Airports’ technical efficiency (2009–2013)
Source(s): Own elaboration

Table 5.
SFA models
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Battese and Coelli (1995), i.e. higher likelihood and lower noise. The northern area contains
small, inefficient airports, with more than one in their catchment area. Melilla (50.70%),
Madrid Torrejon (58.22%), Logrono (66.25%) and Albatece (69.88%) are consistently the
most inefficient and no other airports in the catchment area. These airports are small and not
specialised. Instead, C�ordoba (83.20%) became a general aviation airport, and Algeciras
(88.06%) a heliport. In this regard, Ripoll-Zarraga and Mar-Molinero (2020) warn that the
diversification of airport activities improves efficiency, regardless of their proximity to other
airports and the size of each one (Coto-Mill�an et al., 2016). For example, Zaragoza (89.32%) and
Vitoria (78.48%) are cargo-oriented airports, but Vitoria is significantly less efficient and
smaller than Zaragoza [1]. These geographical areas are not congested, and airports become
cost-inefficient (Martin et al., 2011).

Note that in some cases, efficiency looks noncorrelating with profitability. EBITDA is a
proxy of economic profitability that does not reflect the inputs to generate traffic. Following
the accruals and matching conventions to ensure the correlation between expenses and
revenues, hence profitability, depreciation methods must be accurate. The international
regulatory framework (IFRS) requires disclosing the depreciation method. However, AENA
does not. This bias may happen in other countries and is accepted if individual data and
disclosures are published. Closure recommendations are suggested subject to airports not
specialising, and airports managers are not granted decision-making power or managerial
decentralisation in regional authorities (see Appendix 2). Passengers closer to an airport will
use that airport (IATA, 2013). When having more options, i.e. located in overlapping
catchment areas, passengers may switch airport preferences. Potential travellers may
identify two airports as substitutes depending on the different aspects beyond product
differentiation related to airline competition, but others, such as accessibility. It is evidenced
that passengers’ preferences, for example, regarding the purpose of the journey (business,
leisure or visiting relatives), travel distance and flight destination, etc., may also affect
passengers’ choices, but this is beyond the scope of this paper.

5. Discussion
5.1 Theoretical implications
Previous studies using SFA do not consider airports directly influenced by political decisions
like public investments. These are decisions that affect airports in terms of catchment area
and rail infrastructure, public service requirements (PSO) or use of airport capacity.

5.2 Policy and managerial implications
AENA’s Board of Directors comprises politicians who may not have the necessary
professional skills and industry experience to invest with money paid by taxpayers.
Likewise, regional airports show excessive investment spending, considering their traffic
is meagre. Most airports do not use infrastructure for aeronautical purposes highlighting the
public utility nature of the Spanish airports: social welfare (connectivity purposes, public
employment) overrides industry needs. The Spanish government seems committed to
keeping all the airports open, not granting individual management even if they are lost-
makers (Ripoll-Zarraga and Mar-Molinero, 2020) and increasing public deficit. Managerial
decisions must address regions’ needs and airports’ available resources, but at the same time,
airports should have enough independence to compete for airlines and passengers. The
(long-term) network sustainability requires competition between large airports, i.e. to
increase traffic; to attract airlines. The excessive number of airports within amenity distances
promotes specific airports as the origin (or destination) to the detriment of others. Smaller
airports becomemore efficient with specialisation (Ripoll-Zarraga et al., 2023). Diversification
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will help small airports operate with large airports in the same catchment area. Airports
require specialising rather than becoming efficient overall, i.e. maximising passengers,
movements or cargo levels to increase efficiency. Small airports can be used as secondary
airports to support large airports to avoid congestion and unnecessary further investments in
increasing capacity. There is a discrepancy between AENA’s profitability and technical
inefficiencies. AENA’s published data seem not to be the true and fair view of the Spanish
airports’ performance (Financial Reporting Council, 2014). The Spanish airport charges do
not have an apparent relationship with the quality of the service provided (CNMC, 2014).
Airport managers should decide the rates and quality of services, preventing secondary
airports from burdening the system in the long run, for example, by reducing cross-subsidies.
Unless traffic increases, regional airports are an idle resource and increase the public deficit.

The European Commission establishes a common framework to regulate essential features
of charges paid by airlines to airports considering that the market for passengers and cargo
services is competitive. Airports require aligning competitive prices with the service provided.
Thequality of airport operations and services is perceived as a relevant attractor for airlines in a
similar range as slot availability (Bilotkach and Bush, 2020). The infrastructure is invested.
Hence minimising costs is difficult to meet. The Spanish airports require implementing
strategies to reduce fixed costs and financing costs fromborrowings to finance the investments.
Competition drives prices down. Thus, airlines will pass the increment of charges (or
decrement) to passengers or freight customers (European Commission, 2019) [2]. Public
investment may enhance long-term economic growth (e.g. education, healthcare and
technology) and the well-being of citizens – specifically – in developing regions (Ayvar-
Campos et al., 2019). However, in the end, adequate public management of public resources is
required to avoid transferring the politicians’ inefficiency in decision-making to cost taxpayers.

5.3 Limitations and future research agenda
The most important limitation is the lack of data. The only published data are from 2009 to
2014. There are no notes to the annual report individually per airport. There is evidence of the
lack of consistency and adequacy of depreciation methods and aeronautical activities. With
this regard, AENA’s depreciation was disregarded. Future research will consist of comparing
Spanish airports with Norway. Both countries have an airport system managed by a public
operator. However, Norway has a decentralised management, and most regional airports are
required for connectivity due to extreme winter conditions. To question if the data regarding
investments made and profitability indicators, such as revenues, are a true and fair view of
the Spanish airports or amended to protect political interests. The inclusion of fixed effects
reveals unobserved heterogeneity within the data. Airports’ structural characteristics,
including their geographical environment, must be assessed. Endogeneity issues are inherent
in SFA with distance functions (Amsler et al., 2016). Cost functions should be used to
overcome this issue. However, it will require price information and output prices are
externally decided by AENA rather than airports’ operators, which could restrict the
benchmarked analysis and bias the results. Finally, updated data are required.

6. Conclusions
In this study, an SFA is used to estimate the technical efficiency of the Spanish airports and
sources of inefficiency accounting for exogenous factors and fixed effects. Passengers and
aircraft movements are equally relevant to reduce airports’ inefficiency and commercial
revenues only with the presence of passengers. Cargo has a low impact on efficiency except
for airports that are logistic centres such as Zaragoza. Infrastructure invested in remote areas
is not always costly and technically inefficient. Governments invest for connectivity purposes
and regional development. However, in Spain, too many airports in the same regional
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areas are underused, and demand is low per exogenously affected by the price or quality
incentives to travel by air. These areas have good inter-modal connectivity by railway and
roads. Indeed, the depreciation of airside and landside assets was not significant. The results
show small airports – if specialised – contribute to the financial aspect of the system to the
extent that other airports specialise in alternative activities within the same catchment area.
However, the Spanish Government treats airports as public utilities for social welfare
purposes (public employment). Politician interests are prioritised rather than the factual
industry needs (Ripoll-Zarraga and Huderek-Glapska, 2021).

The Spanish network is costly to run (World Finance, 2016). The Spanish airports have
engaged in commercial activities with their aeronautical mission. Despite being government-
owned, AENA does not receive public subsidies. AENA was privatised partially in February
2015 (49%). Nevertheless, there is a need for the Spanish airport system’s financial
sustainability. According to IAS, based on the matching convention, the expected usage of
infrastructure materialised as a loss of value across the years (i.e. depreciation) must be aligned
with the earnings from aeronautical revenues. Most of the Spanish airports are currently
suffering from over-capacity. Spanish aviation must become a competitive domestic market,
with individual management granted the power to negotiate with airlines and invest in
commercial policies to differentiate between them. AENA’s price system does not enhance
product differentiation, i.e. according to the service provided by the airports, which must
change accordingly. Nine of 10 international airports cooperate with local governments, tourist
authorities and chambers of commerce as part of their route development (Bilotkach and Bush,
2020). However, it is not the case for Spain due to the strong-centralised management and lack
of competition. The competition will enhance the use of infrastructure concerning the current
traffic. The Spanish airport network requires flexibility and decisions according to the needs of
specific areas from industrial and social perspectives. LCCs are interested in operating, not only
if themarket is attractive but if the regulatory framework does not become an entrance barrier.
Decisions directly affecting air traffic are unable without competition, thus, differentiation.
Large and medium airports are highly efficient. More than one airport serving the same area
within an amenity distance forces cross-subsidisation. Although this may be necessary for
regional development, competition could reduce the pressure on large airports to generate
enough funding for network sustainability and, at the same time, improve network efficiency.
Small airports could become attractive to airlines and become LCC bases if the market is
granted freedom to compete.

Notes

1. Bilbao, Burgos, Logrono, Pamplona, San Sebasti�an and Santander. Zaragoza has only one airport in
the catchment area and is passengers-oriented (Huesca-Pirineos).

2. The national transposition measures applied go from the 15th of March 2011 until March 2019.
Although this study is from 2009 to 2013, the EC directives highlight the lack of compliance and the
Spanish airports’ singularities.
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Appendix 1

Frontier Coef Std. Error z p > z

LnCommercial �0.085 0.049 �1.74 0.082
LnPAX �0.237 0.042 �5.62 0.000
LnATM �0.150 0.082 �1.83 0.067
LnCargo �0.039 0.012 �3.18 0.001
LnAirsideAssets 0.007 0.008 0.91 0.361
LnLandsideAssets �0.005 0.011 �0.47 0.636
LnOperatingLabour 0.446 0.124 3.60 0.000
½LnCommercial2 0.062 0.020 3.12 0.002
½LnPAX2 �0.021 0.014 �1.45 0.148
½LnATM2 0.103 0.062 1.66 0.097
½LnCargo2 0.001 0.004 0.17 0.868
½LnAirsideAssets2 �0.001 0.001 �1.22 0.222
½LnLandsideAssets2 �0.001 0.001 �1.24 0.216
½LnOperating2 0.075 0.117 0.65 0.519
½LnCommercialLnPAX �0.114 0.037 �3.08 0.002
½LnCommercialLnATM �0.054 0.052 �1.04 0.299
½LnCommercialLnCargo �0.031 0.011 �2.73 0.006
½LnPAXLnATM 0.057 0.028 2.03 0.043
½LnPAXLnCargo 0.003 0.015 0.2 0.844
½LnATMLnCargo 0.029 0.025 1.17 0.243
LnAirsideAssetsLnOperatingCosts �0.028 0.020 �1.36 0.173
LnLandsideAssetsLnOperatingCosts 0.024 0.014 1.74 0.083
LnAirsideAssetsLnLandsideAssets 0.000 0.001 0.17 0.865
LnCommercialLnOperating 0.064 0.038 1.67 0.096
LnPAXLnOperating �0.023 0.022 �1.09 0.276
LnATMLnOperating �0.008 0.048 �0.18 0.860
LnCargoLnOperating 0.007 0.015 0.45 0.652
LnCommercialLnAirsideAssets 0.002 0.003 0.47 0.642
LnPAXLnAirsideAssets 0.000 0.004 �0.03 0.974
LnATMLnAirsideAssets �0.001 0.005 �0.24 0.814
LnCargoLnAirsideAssets 0.001 0.001 0.77 0.442
LnCommercialLnLandsideAssets �0.005 0.003 �1.32 0.186
LnPAXLnLandsideAssets 0.001 0.003 0.2 0.840
LnATMLandsideAssets 0.001 0.005 0.27 0.784
LnCargoLnLandsideAssets 0.001 0.001 0.84 0.401
Barcelona �1.015 0.246 �4.12 0.000
Madrid Barajas �1.294 0.295 �4.39 0.000
Malaga �0.478 0.171 �2.79 0.005
Palma de Mallorca �0.435 0.183 �2.37 0.018
Huesca-Pirineos 0.379 0.163 2.32 0.021
Vitoria �0.638 0.274 �2.33 0.020
Constant 0.763 0.164 4.64 0.000
LnSigma2 �3.280 0.184 �17.84 0.000
IlgtGamma 0.162 0.388 0.42 0.676
Mu 0.388 0.137 2.83 0.005
Eta �0.079 0.333 �2.37 0.018

Table A1.
Battese and Coelli

(1992) translog
function
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Appendix 2

Airport Transfer to Passengers ΔPassengers
Total

passengers
EBITDA
(k V) ΔEBITDA

Total
EBITDA
(k V)

Bilbao Open 3,912,385 591,694 4,504,078 19,348 �24,870 �5,522
Santander Open 1,017,220 1,017,220 �274 �274
San Sebastian Bilbao 271,441 �271,441 0 �3,348 3,348 0
Vitoria Bilbao 28,304 �28,304 0 �9,984 9,984 0
Pamplona Bilbao 243,019 �243,019 0 �4,766 4,766 0
Logrono Bilbao 21,586 �21,586 0 �4,378 4,378 0
Barcelona Open 32,278,155 1,279,502 33,557,657 217,196 �1,776 215,420
Girona Open 3,748,068 3,748,068 13,512 13,512
Reus Barcelona 1,279,502 �1,279,502 0 �1,776 1,776 0
Sabadell Open 719 719 �4,684 �4,684
Zaragoza Open 578,865 3,300 582,165 �1,522 �1,744 �3,266
Huesca-
Pirineos

Zaragoza 3,300 �3,300 0 �1,744 1,744 0

A Coru~na Open 973,624 3,105,897 4,079,520 �1,274 �1,355 �2,629
Vigo A Coruna 936,092 �936,092 0 �2,670 2,670 0
Santiago A Coruna 2,169,805 �2,169,805 0 1,315 �1,315 0
Palma de
Mallorca

Open 22,096,411 22,096,411 108,568 108,568

Son Bonet Open 841 841 �1,222 �1,222
Madrid
Barajas

Open 46,580,135 46,580,135 330,600 330,600

Burgos Bilbao 27,344 �27,344 0 �2,394 2,394 0
Madrid
Cuatro
Vientos

Open 1,024 1,024 �5,836 �5,836

Leon Open 71,248 371,923 443,171 �2,218 �3,400 �5,618
Salamanca Open 34,414 34,414 �3,236 �3,236
Valladolid Leon 371,923 �371,923 0 �3,400 3,400 0
Madrid
Torrejon

Open 23,276 23,276 �2,786 �2,786

Malaga Open 12,403,439 881,107 13,284,546 54,496 �3,036 51,460
Sevilla Open 4,243,041 976,025 5,219,065 14,130 �3,944 10,186
Jerez Sevilla 976,025 �976,025 0 �3,944 3,944 0
Granada-Jaen Malaga 881,107 �881,107 0 �3,036 3,036 0
Algeciras Open 9,631 9,631 �658 �658
Cordoba Open 9,714 9,714 �2,576 �2,576
Alicante Open 9,386,084 9,386,084 55,304 55,304
Murcia Open 1,313,091 1,313,091 3,722 3,722
Tenerife
North

Open 3,888,604 8,071,197 11,959,801 4,814 46,512 51,326

Tenerife
South

Tenerife
North

8,071,197 �8,071,197 0 46,512 �46,512 0

Asturias Open 1,271,952 1,271,952 662 662

Note(s): Large airports are located in cities with higher density, thus, with potential higher demand. The
closure suggestions are for small airports, not cargo-specialised and are technically inefficient. The airports
that remain open even having low-efficiency scores or losses are Cordoba (GA) and Salamanca (for connectivity
purposes). Themore traffic these regional airports have, themore technically efficient and profitable. In the end,
the whole network will win using infrastructure and profitability

Table A2.
Catchment areas:
transfer of traffic
(2009–2013)

JEFAS
28,55
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