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ABSTRACT
The Spanish government has invested significantly
in airport infrastructure, owned and managed through
a public company (AENA). Overall, there is a low level of
traffic, overlapping airport service areas, and significant
cross-subsidisation. In this study, stochastic frontier
analysis is used to account for airports’ inefficiencies
caused by both environmental factors and managerial
decisions. This is a requirement to critically analyse
the effectiveness of governments in managing public
resources and the impact of their decisions. The
decision-making process is fully centralised and highly
standardised in the Spanish airport industry. AENA
has legal entitlement to decide public policies not only
regarding price and quality of the services provided by
the airports, but also depreciation accounting policies.
These are usually decided for the network as a whole,
potentially breaching the matching principal and
accrual convention. Additionally, disaggregated financial
statements are not published. Airports’ expansion periods
are clearly followed by increases in airport charges to
airlines. These matters question the transparency of
the published financial statements as a true and fair
view of the Spanish airport industry. The absence of an
independent regulator calls for an assessment of the
actual airports’ efficiency levels. Results demonstrate
significant inefficiencies and public losses due to high
fixed costs (pegged to high infrastructure investment).
The results also show inflexibility at the airport level
for competition, which does not allow the system to
financially recover unless more decision power is granted
to airports’ managers.
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INTRODUCTION
Social concern regarding the optimum balance between airports’ ownership structure and management forms has increased
considerably in recent years. Historically, airports used to be considered natural monopolies, fully owned by governments and
treated as public utilities. In the Spanish case, the pressure of local
governments, professional bodies and the general public has been
focused on requesting the transfer of individual airports’ management to local authorities. Indeed, evidence from other OECD
(Organisation for Economic Co-operation and Development)
countries with similar-size airport networks and political structures suggests that improvements in efficiency stem from both
decentralisation and private management (Nombela, G. in Abertis, 2009). Further, individual management of airports is used in
most wealthy European countries such as France, Italy, Germany,
and the UK, as well as in Canada and the United States. In some
big cities with a high frequency of commuters and air travellers,
airports may have a unique management form (public sector or
private sector) in order to ensure competition in the airport market
(London, Paris, Rome and Milan).
In the Spanish case, an initial process to change the traditional owner-management model started on 25th March 2009, when
the Spanish government announced the creation of a subsidiary
(EGAESA)1 to manage Spanish airports. This decision seemed
like a step towards privatisation, since private investors, as well as
local councils, could share in airport equity. Talks over this issue
of spun-out ‘singular airports’ have also been carried out by the
Spanish Government since January 2010. The idea is to create subsidiaries in order to manage big airports (Madrid and Barcelona)
separately from the rest of the network, which would remain under
government control, while allowing for the participation of regional and local councils as well as commercial professional bodies at
the Board of Directors (Cambra de Comerç de Barcelona, 2010).

1. Empresa de Gestion
de Aeropuertos del
Estado
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2. Airport charges
are the fees paid
by an airline to an
airport in exchange
for using the airport’s
infrastructure.
These are usually
movementbased (runway;
parking; terminal;
noise, etc.) and
passengers-based
(services; security;
infrastructure, etc.).
Cargo charges are
not enclosed since
the service is usually
outsourced.
3. A catchment area
is understood as the
area of influence
of an airport to
attract visitors
and customers,
depending on the
population nearby
and the surface
transport possibilities
(European Court of
Auditors, 2014).
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All managerial decisions are made at governmental level through
AENA (government-owned and -managed) including airport
charges2 and accounting policies.
In order to understand the effects of the centralised decision-making process, it is necessary to assess its impact on airports’
operational activity (namely, traffic). The Spanish airport system
is cross-subsidising, transferring financial resources from profitable to non-profitable airports. Non-profitable airports do not
have enough traffic to cover their fixed costs. The question thus
comes down to understanding if the smallest airports are actually required for connectivity purposes, or if they should be closed
down. A similar airport system structure can be found in Norway,
where a number of airports fall within the same catchment areas.3
In this instance, small airports remain open for ensuring connectivity in remote areas since there is not an alternative travel model:
these are known as public services obligation routes (PSOs). The
government establishes a minimum number of transport services,
subsiding part of the cost incurred by airlines.
One consequence of centralised management is that Spanish
airports do not compete, even when located closed to each other.
Competition starts with rivalry in the industry (Porter, 1979): Markets will become more competitive when they have lower barriers
to entry. In the Spanish case, this translates into providing flexibility in the negotiation process with airlines regarding prices and
quality of services. Spanish airports do not compete among themselves since airport managers do not have decision-making power over key management levers such as passenger choice, service
provision, and airport fees. Spanish airports located in the same
catchment area could compete if the necessary mechanisms existed
(CNMC The National Board for Markets and Competition, 2014).
The centralisation of the decision making-process has led to an
excess of small airports unused (or underutilised) for aeronautical
purposes, becoming a strain on public financial resources. These
are the result of over-investment based on erroneous and outdat-
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ed forecasts (European Commission, European Court of Auditors, 2014). Excess of capacity also exists for medium and large
airports: The vast majority of Spanish airports currently have idle
infrastructure, making their system technically inefficient overall,
as well as non-profitable. Furthermore, these suboptimal investment decisions, along with other unnecessary infrastructures such
as the high-speed train, have represented an overspending of public resources traditionally funded with loan resources resulting in
a significant public deficit4 (European Commission Press release,
2016; Word Finance, 2016).
These matters call for an assessment of the efficiency of Spanish
airports in using their current infrastructure capacity to develop
traffic. Further, it becomes necessary to analyse whether non-profitable airports (for example, due to unnecessary expansion and the
consequent low-level of traffic to meet the actual capacity) could,
in the long-term, become profitable with a better usage of the infrastructure, by becoming technically efficient. This would determine whether airports’ excess capacity issues are due to an ineffective centralised management process or caused by the airports’
environment, such as geographical location. This excess capacity
is termed simply “inefficiency” and is distinct from not making
a profit; an airport may operate at full efficient capacity but not
charge enough to break even.
In this paper, Stochastic Frontier Analysis (SFA) is used in order to calculate airports’ inefficiencies, with the aim of distinguishing between controllable factors (inputs and outputs) and externality-induced factors. Airports are typically multi-output firms
and consequently, an appropriate framework must be considered
to estimate the efficiencies — hence the use of stochastic distance
functions (Coelli & Perelman, 1999; Kumbhakar & Lovell, 2000).
There are several stochastic frontier models for panel data, though
few studies have applied them to empirical research (Kumbhakar
et al. 2014). Previous studies have used other techniques such as
data envelopment analysis (DEA), but the many shortcomings

4. The main airport
activity (traffic) should
generate enough
revenues to cover
not only the airports’
operating costs, but
essentially their
fixed costs, such
as employees and
depreciation of the
assets, as well as
the financial interest
expense incurred
due to investments.
The commercial
diversification has
been evidenced
in privatisation
processes since
commercial revenues
become an important
source of financing.
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identified encourage the use of SFA. The model used, proposed by
Battese and Coelli (1995), allows for the inclusion of environmental variables. The environmental factors in SFA refers to externalities (positive and negative) beyond managerial control that may
affect technical efficiency. The question to be addressed is, therefore, to what degree is airport inefficiency caused by management
decisions, relative to external factors? In other words, this study
asks whether these airports’ technical inefficiencies could be effectively reduced, or whether they arise from uncontrollable causes.
The next section presents a review of the literature review on
the Spanish airport efficiency, followed by a methodology section,
description of the data, and formulation of the model. The final
two sections present a discussion of the results and conclusions.

LITERATURE REVIEW
In industries based on network services, such as air transport,
the input distance function approach is more reliable compared
to cost function estimation for describing performance (Coelli et
al. 2005). The former allows the estimation of airport inefficiencies in the absence of input prices. It is also essential to account
for environmental factors, such as region-specific demand conditions (Hattori, 2002). Although these are not under the control
of airport managers, the obligation to supply services, given that
airports are publicly-owned, and respond to the same issue of
connectivity may be affecting the airport operational activity and
maintenance. The environmental variables are initially assumed
to be beyond management control, since they are not identifiable
(unobserved heterogeneity). Therefore, these variables are unchangeable, at least in the short-term (within one year). Several
translog models have been tested within stochastic frontier analysis for panel data for both time varying and invariant inefficiencies assuming different distribution of the inefficiency term. This
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is done in order to use a model that fairly represents the actual
situation of the Spanish airport-system and draw sound conclusions regarding the impact of AENA’s management specifically.
Previous studies in regards to the Spanish airport system
differ slightly in their methodologies, main objectives and results. The literature shows a significant number of studies using
non-parametric analysis such as data envelopment analysis (see
for example Murillo-Melchor, 1999; Salazar de la Cruz, 1999;
Martin & Roman, 2001; Tapiador et al., 2008; Lozano & Gutierrez, 2011; Lozano, 2013; Coto-Millan et al. 2014 and 2016).
Few studies use parametric methodologies such as cost functions
(Martin-Cejas, 2002) or stochastic frontier analysis (Coto-Millán
et al. 2007; Martin et al. 2009 and 2011; Tovar & Martin-Cejas,
2009 and 2010). Parametric methods require the determination
of a specific function prior to the analysis based on the relation
between the variables. Non-parametric techniques do not require
the definition a production function. Table 1 gives details of some
relevant studies and their findings. Overall, the results show that
airports with more traffic in terms of number of passengers are
more efficient. Nevertheless, few studies look for reasonable explanations of inefficiencies (Coto-Millán et al. 2014; 2016). In
fact, second-stage regressions explaining inefficiencies are not
advised since they could mislead the results in data envelopment
analysis (Silmar & Wilson 1999; 2007), as well as in stochastic
frontier analysis (Battese & Coelli, 1995; Wang & Schmidt, 2002).
One of the main issues is that regressors used to explain the inefficiencies are not identically distributed (Battese & Coelli, 1995)
or correlated with the efficiency units (Simar & Wilson, 2007).
The literature clearly concludes that it is necessary to look for
further explanations of inefficiencies beyond the level of traffic
alone. The fact that accountability and commercial policies are
decided at the governmental level (AENA) for the whole network, rather than by individual airports managers, requires a
critical assessment. A new perspective must be adopted.
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Table 1 Summary of Spanish airports’ studies
Author(s)

Outcome

Murillo-Melchor
(1999)

Technical
Efficiency 33
Spanish airports
(1992-1994)

Salazar de la
Cruz (1999)

Technical
Efficiency 16
Spanish airports
(1993-1995)

Martin & Roman
(2001)

Technical
Efficiency 37
Spanish airports
(1997)

Data
Envelopment
Analysis (DEA)

Martin-Cejas
(2002)

Technical
Efficiency 40
Spanish airports
(1996-1997)

Deterministic
Cost Frontier
(DCF)

Martin & Roman
(2006)

Technical
Efficiency 34
Spanish airports
(1997)

Different
variations
based on Data
Envelopment
Analysis (DEA)

Coto-Millan et al.
(2007)

Tapiador et al.
(2008)

Martin et al.
(2009)

Tovar & MartinCejas (2009)
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Economic
Efficiency 33
Spanish airports
(1992-1994)
Technical
Efficiency 29
Spanish airports
(2006-2007)
Economic
Efficiency 37
Spanish airports
(1991-1997)
Technical
Efficiency 26
Spanish airports
(1993-1999)

Methodology
Data
Envelopment
Analysis (DEA)
Total Factor
Productivity
(Malmquist Index)

Findings

Data
Envelopment
Analysis (DEA)

Airports with
more passengers
are more efficient

Airports with
more passengers
are more efficient

Airports with
larger size are
more efficient.
Airports’
geographical
location affects
efficiency
Airports with
1 to 3 million
passengers show
higher average of
efficiency
Airports with
more passengers
are more
efficient. Airports’
geographical
location affects
efficiency

Cost Stochastic
Frontier Analysis
(SFA)

Airports with
more passengers
are more efficient

Data
Envelopment
Analysis (DEA)

Larger and small
airports are more
geographically
efficient

Cost Stochastic
Frontier Analysis
(SFA) Bayesian
Inference
Stochastic
Frontier Analysis
(SFA) Distance
Function

Larger airports
are more efficient
Airports
outsourcing
some services
are more efficient
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Summary of Spanish airports’ studies (cont’d)
Author(s)

Outcome

Tovar & MartinCejas (2010)

Technical
Efficiency 26
Spanish airports
(1993-1999)

Lozano &
Gutierrez (2011)

Technical
Efficiency 39
Spanish airports
(2006-2007)

Passengers and
Target-setting
Cargo are directly
DEA Slack-Based
related with
Measure (SBM)
efficiency

Martin et al.
(2011)

Economic
Efficiency 36
Spanish airports
(1991-1997)

Cost Stochastic
Frontier Analysis
(SFA)

Airports within
the same
catchment
area are costinefficient unless
congested

Lozano et al.
(2013)

Technical
Efficiency 39
Spanish airports
(2008)

Network DEA

Network DEA
shows higher
discriminatory
power to detect
inefficiencies

Coto-Millan et al.
(2014)

Technical
Efficiency 35
Spanish airports
(2009-2011)

Coto-Millan et al.
(2016)

Technical
Efficiency 35
Spanish airports
(2009-2011)

Source: Author.

Methodology
Stochastic
Frontier Analysis
(SFA) Distance
Function.
Total Factor
Productivity
(Malmquist Index)

Data
Envelopment
Analysis (DEA)
Total Factor
Productivity
(Malmquist Index)
Regression
(Airport’s
size; Low Cost
Carriers (LCC))
Data
Envelopment
Analysis (DEA)
Tobit Regression
(Airports’ size;
Cargo; LCCs)

Findings
Hub airports
are on average
more efficient.
Northern airports
are more efficient

Larger airports
are more
technically and
scale efficient
LCC increases
scale efficiency

Airports with
more cargo are
more technically
and scale
efficient.
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METHODOLOGY
Parametric models define a specific production function compared to non-parametric models that do not require assuming a
specific form (i.e. DEA). SFA overcomes some of the issues found
when applying DEA. These include sensitivity to the number of
inputs and outputs used relative to the number of observations
(all the variables are considered to contribute to efficiency levels); the presence of outliers affecting the efficiency levels of the
rest of the airports (i.e. Barcelona and Madrid); or the lack of
dynamism and justification behind the efficiency scores (benchmarking against best practice). Two airports could be technically
efficient, but this efficiency could be reached in different ways.
Some airports are more cargo-specialised (for example Vitoria
or Zaragoza) compared to others, which deal mostly with passengers; others focus on both services. In the same way, some
of the inputs may have differential impacts on different airports
depending on geography (e.g. population of the city or region,
demographic characteristics, season, climate, etc.). SFA reflects
the individual impact of the inputs (as well as outputs) that explain overall technical efficiency and those that, although incorporated, are not significant. On this basis, SFA becomes a more
managerial tool compared to DEA.
The calculation of SFA efficiencies requires the formulation
of a parametric production function. The production function
reflects the association between the variables across the observations: in this case inputs (resources) used to generate outputs
(traffic). The production function is determined by the existing
technology (infrastructure): the more resources an airport has
(number and extension of runways; number of terminals; boarding gates; aprons; employees; desk counters; etc.) the higher
the level of traffic that can be produced (passengers; air traffic
movements and cargo). Different SFA models correspond to the
assumptions made regarding the distribution of the inefficiency
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term as well as time-varying or invariant inefficiencies. In this
study, Battese and Coelli (1992) has been used in order to account for time-varying inefficiencies (panel data) thus allowing
for the introduction of environmental factors. Battese and Coelli
(1992 and 1995) assume the expected value of the inefficiency
term to be different from zero.5
The functional form of the stochastic production function
may have different specifications, such as Cobb-Douglas (one
output and several inputs) or its generalisation, the transcendental logarithmic (“translog”). Cobb-Douglas is a specific case of
the translog function imposing additivity and homogeneity (i.e.
constant elasticity of substitution). The translog function has a
flexible functional form allowing for a multi-input-output case.6
That is, it does not impose restrictive assumptions regarding
substitutability between resources and production levels. Consequently, the use of the translog production function is based on
its properties of flexibility and homogeneity, allowing for partial
elasticities of inputs-substitution to vary.7
The translog form of the stochastic distance function
lnDit(X,Y) assuming m outputs and k inputs follows:

k

1

k

k

ln( X ) = β0 + ∑j=1 βj ln(x*jit) + 1/2 ∑j=1 ∑j' βjj' ln(x*jit) ln(x*j'it)
ϰit

m

m

m

+ ∑l=1 αl ln(ylit) + 1/2 ∑l=1 ∑l'=1 αll' ln(ylit) ln(yl'it)
k

m

+∑j=1 ∑l=1 βjαl ln(x*jit)ln(ylit)+(vit-uit)

(1)

This model attempts to explain the amount of a specific resource used (xj) by an airport i in a specific moment of time t
based on the consumption of the rest of the inputs (x’j), which
impact is considered individually (βj)8 as well as their interaction
(βjj’). For example, the airports’ operating costs not only depend

5. Kumbhakar (1990)
assumes half-normal
distribution with zero
mean and constant
variance ui~N+(0,σ2)
where uit =ui.
[1+exp(bt+ ct2)]-1.
6. The Cobb-Douglas
function follows
yit=β0Πkj=1 xjitβj
and the Translog
yit=exp[β0+∑kj=1βjln(xjit)
+ 1/2∑kj=1∑kj'βjj’ln (xjit)
ln(xj’it)].
7. Note that the
Cobb-Douglas
function requires a
constant elasticity
of substitution equal
to 1 being restrictive
regarding elasticity
of substitution and
scale properties. This
can be interpreted
as the expansion
path being a straight
line from the origin
(resources or goods
that are not perfect
complementaries,
neither perfect
substitutes). For
more than one
product or more
than two factors of
production, constancy
of elasticities of
substitution and
transformation is
highly restrictive.
The translog function
collects the iteration
effects of different
combinations between
inputs, outputs and
input-outputs.
8. The individual
coefficients represent
the inputs (βj) and
outputs elasticities
(αl).
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on the number of employees, but also on how big the airport is
in terms of infrastructure. This model also assumes that the operating costs depend on the different outputs produced (yl) and
their iteration (αll’). The more traffic (passengers, air traffic movements and cargo) the higher the operation costs. Additionally,
although there is an expected relation between the three outputs
(more passengers should imply more air traffic movements andcargo), it does not always work in this way; some airports are
cargo-oriented (few or zero passengers), compared to others being passenger-oriented, and this specialisation will influence the
rest of the inputs (βjαl). Others may have a significant number
of movements, but few passengers. In this sense, the number of
employees not only depends on how big an airport is in terms of
infrastructure (terminal buildings, checking desks, etc.), but also
on its traffic (level of passengers and number of aircraft landing)
and also their relation: more infrastructure, but less traffic, may
require a lower number of employees similar to smaller airports.
Following Lovell et al. (1994), an input has been chosen arbitrarily for normalisation purposes: x*jit = (xjit / xϰit).
The translog form permits the imposition of homogeneity
(Lovell et al. 1994):
m

m

m

∑ l=1 αl = 1, ∑ l=1 αll' = 0, ∑ l=1 βjαl = 0

(2)

Thus, the restriction α1 + α2 + α3 + ... αm = 1 implies constant
economies of scale for a given period t. Note that the time-varying framework allows testing if the restriction is fulfilled for other
periods. Therefore, we can consider a log-linear production function with variable scale economies as described in Fried, Lovell
and Schimdt (1993).
Following Battese and Coelli (1995), the inefficiency term uit
is assumed to be influenced by p environmental factors:
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p

uit = ∑o=1 zoitδl + ωit

(3)

The zit represents the p factors affecting the airport’s operational activity that are not managerial controllable or not influenced by management’s decisions (fixed effects). With this in
mind, the stochastic production function is not fully flexible. The
vit are the random variables assumed to be identically distributed
as vit~N(0,σv2) and independent of uit. When an airport is technically efficient (uit = 0), then the error term is symmetric (εit =
vit). The random variable (ωit) is defined by the truncation of the
normal distribution with zero mean and constant variance (σ2),
such that the point of truncation is −zitδ (i.e. ωit ≥ −zitδ). The environmental variables (zit) are to be included within the translog
distance function. This is performing one-stage regression since
biases are substantial when using two-step procedures (Wang &
Schmidt, 2002).
In the context of the Spanish airport system, where airports
do not compete and significant expansions and investments have
taken place without corresponding increases in traffic, the SFA
approach is more reliable in terms of individually analysing the
impact of the diversity of inputs used and traffic generated in the
overall technical inefficiency of the system. It is also effective in
demonstrating whether airports’ inefficiencies are consequences
of managerial decisions or externalities beyond the central government’s control.
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DATA DESCRIPTION
FIGURE 1 THE SPANISH AIRPORT SYSTEM FROM 2013

Source: AENA.

9. Madrid-Torrejon is
used partially as an
alternative to MadridBarajas for private
civilian flights. From
January 2013 all the
private flights are
transferred to MadridBarajas.

10. Algeciras
(Heliport) was opened
in July 2010.
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The Spanish airport-system contains 49 civilian airports, including four general aviation airports (Madrid Cuatro-Vientos,
Madrid-Torrejon,9 Sabadell, and Son Bonet) and two heliports
(Algeciras and Ceuta). All the airports are government-owned
and -managed. The divergence shown in terms of traffic and air
traffic control, implying different production functions, have led
to the removal of these airports from the sample. The final panel
data refers to 43 civilian airports from 2009 to 2013 (215 observations). Data, other than calculated depreciation expenses, has been
obtained directly from annual reports of the AENA. Observations
begin in 2009, as there is no prior airport-level data available.
Table 2 shows the group of airports classified in terms of traffic,
expressed as passengers per year. Note that airports are classified
in one cluster when showing a consistent number of passengers
across the years. By this measure, there are 14 large airports, 13
medium, and 22 small. Table 3 shows the descriptive statistics for
the 49 airports.10 There is high variability in terms of passengers
and cargo.
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Table 2 Average airports size (2009-2013)
Airports

Size

Min PAX

Max PAX

Alicante; Barcelona; Bilbao;
Fuerteventura; Gran
Canaria; Ibiza; Lanzarote;
Madrid Barajas; Malaga;
Palma de Mallorca; Sevilla;
Tenerife-North; TenerifeSouth; Valencia

> 3,500,000
(large)

3,654,957

49,866,113

A Coruna; Almeria; Asturias;
Girona-Costa Brava;
Granada; Jerez; La Palma;
Menorca; Murcia; Reus;
Santander; Santiago; Vigo

≤ 3,500,000
to > 750,000
(medium)

728,428

5,286,970

Albacete; Algeciras;
Badajoz; Burgos; Ceuta;
Cordoba; El Hierro; Huesca;
La Gomera; Leon; Logrono;
Madrid-4-vientos; MadridTorrejon; Melilla; Pamplona;
Sabadell; Salamanca; San
Sebastian; Son Bonet;
Valladolid; Vitoria; Zaragoza

≤ 750,000
(small)

0

751,097

Source: Author, with passenger data provided by AENA.

The initial depreciation charges published by AENA are highly
correlated with the operating costs (0.9915), so new depreciation
figures have been estimated based on the construction certifications of works performed in the airports. It has not been possible
to find individual infrastructure information before 2000 and after
2011, so calculations are made as if airports start their activity in
2000. In other words, the net book value of the airports’ assets is
assumed to be equal to zero in 1999. Airports’ initial investments
for 2000 have been estimated by using the depreciation charges
for 2004 (accidentally released by the Spanish Government). These
depreciation expenses were presented per airport within individual
income statements that seemed to reflect a fairness usage of the
airports’ assets at that time. The improvements made from 2000
have increased the initial value of the historical costs accordingly.
The new depreciation is classified depending on the type of assets:
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Table 3 Airport summary statistics (2009-2013)
Observations

Mean

Standard
Dev.

Min.

Max.

Passengers

244

3,960,844

8,543,746

0

4.99e+07

Air Traffic
Movements

244

41,575.27

71,837.34

476

435,187.00

Cargo (t)

244

1.30e+07

5.25e+07

0

3.94e+08

Commercial
Revenues
(€)

244

11,756.66

27,875.82

0

169,507.70

Labour
Costs (€)

244

7,256.06

10,202.30

108.12

74,241.79

Operating
Costs (€)

244

19,102.79

49,947.44

333.38 318,299.50

Depreciation
AENA (€)

244

14,460.75

39,382.69

181.37 264,446.20

Depreciation
Airside (€)

244

4,148.64

11,030.28

0

79,797.00

Depreciation
Landside (€)

244

1,086.71

2,208.32

0

11,941.00

Runway
Surface
(m2)

244

2,400

927,000

Variable

11. Examples of
airside assets
are terminals
(passengers, cargo
and aviation areas),
aprons, runways,
airfields, control
towers, and beacon
systems. Landside
assets are emergency
buildings, parking
spaces, and other
investments such as
electric and power
systems, water and
recycling systems, etc.
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171,514.49 161,188.10

Source: AENA except for depreciation airside-landside.

airside assets understood as directly related to the aeronautical activity (operational) and the landside assets that are assumed not
to be strictly necessary to develop the airports’ traffic.11 The useful
life of the assets is stated according to current regulation in the
transportation sector for buildings and structures (1993 to 2005
and from 2006 to date). Following the international financial re-
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porting standards (IFRS) for property, plant and equipment (PPE,
IAS16), any improvement made from 2001 onwards increases the
historical cost of the specific asset and is depreciated accordingly
at the moment that the asset is ready to be used. For practical purposes the remaining useful life has not been estimated and therefore, the same depreciation percentage has been applied after the
improvements.
Due to the financial crisis starting in 2008, small- and mediumsized airports have suffered a significant reduction in air traffic
compared to large airports. From 2004 to 2007, the vast majority
of small and medium airports increased their number of passengers. Nevertheless, from 2007 to 2013, the reduction in traffic was
so drastic that only two airports have positive variations (27.86 per
cent Santander and 1.12 per cent Santiago). Changes in passengers
and air traffic movements are similar across all small and medium
airports, except for cargo-specialised Zaragoza, which had significant increases after the set up of a logistical centre (Morales, 2010).
Additionally, the geographical distribution of airports shows
a significant number of overcrowded areas. A catchment area is
defined as the number of airports within one hour and 30 minutes distance driving from the specific airport i (approximately
150 kilometres). The catchment areas include military airports’
infrastructure shared with civilian airports and general aviation
and heliports used as support to civilian transport.
The analysis of catchment areas for 51 airports — the 49 airports managed by AENA and two airports managed by the Catalonian regional local authority (Lleida and Pirineus-Andorra)
— reveals 35 airports to be within at least one shared influence
area. There are 14 airports with another airport in its vicinity; 11
airports with two other airports, and nine airports with three other airports. Vitoria airport can be considered an extreme case, as
six other airports lay in its vicinity (Figure 2 on next page). The
airports that have three other airports are mostly located in the
North of Spain relatively closed to each other.12 This leaves only 16

12. These are two
large airports,
Barcelona in the
Northeast (with
an average of 33
million passengers)
and Bilbao in the
North (4 million);
one medium, Reus
(Northeast) and four
small airports, three
in the Northern area
(Logrono; Pamplona;
San Sebastian) and
one in the North-east
(Lleida).
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13. Five big airports
with four of them
located in the islands:
Fuerteventura;
Gran Canaria;
and Lanzarote
(Canary Islands);
Ibiza(Balearic Islands)
and Valencia. Four
medium airports:
La Palma (Canary
Islands) and Menorca
(Baleraric Islands);
Almeria and Asturias.
And seven small
airports: Albacete;
Badajoz; Algeciras
and Ceuta (Heliports);
Melilla and in the
Canary Islands, El
Hierro and La Gomera.

airports managed by AENA operating on their own within a radius
of 150 km (33 per cent).13
FIGURE 2 CATCHMENT AREAS (NORTHERN)

Source: Author.

14. Earnings Before
Interest; Taxes;
Depreciation and
Amortisation.
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The significant number of airports within the same area, along
with excessive investments (leading to high fixed costs) and the
centralised decision process wherein airport managers cannot
negotiate directly with airlines, results in a loss-making network.
From 2009 to 2013, only 19 airports out of 49 achieved positive
EBITDAs,14 suggesting that only 39 per cent of airports generated
enough revenues through operational activity to cover fixed costs.
Table 4 shows that airports with lower level of passengers per
year tend to achieve more negative results. This is unsurprising,
since EBITDA is an indicator that measures returns based on the
ordinary course of business, before subtracting the depreciation

[The Spanish airport system]

and borrowing costs. All profitable airports have a significant
number of passengers as well as depreciation charges due to initially extensive infrastructure. These airports are covering their
fixed costs through their operational activity (traffic), maintaining
a lower ratio of infrastructure per passenger. Nevertheless these
observations are not yet confirmed; the depreciation charges published by AENA seem not to be in accordance with how the aeronautical revenues are generated (matching principal). Meetings
with airports’ managers have confirmed the aggressive accounting
depreciation policies applied by AENA.15 Additionally, the fact that
an airport is profitable does not imply that it is technically efficient,
as it may have an excess capacity for current and forecasted levels
of traffic. The question is whether adequate managerial decisions
can be made in order to reduce the technical inefficiencies by attracting more airlines and passengers.
Table 4 Average EBITDA (2009-2013)
Number of
Airports

EBITDA (€)

Depreciation
AENA (€)

PAX

Losses until -1 million

2

-466,000

2,048,000

513,425

-1 to < -2

8

-1,531,250

2,419,250

365,750

-2 to < -3

7

-2,544,286

3,257,429

265,632

-3 to < -4

5

-3,479,600

2,044,000

316,094

-4 to < -5

4

-4,376,000

2,580,500

345,789

-5 to < -6

3

-5,664,000

4,373,333

424,126

< -7

1

-9,984,000

3,664,000

28,304

EBITDA > 0

19

51,999,095

36,610,421

9,642,768

15. Granada is a
medium airport with
losses between three
and four million euros;
Jerez with losses
between four and five
million euros and La
Palma with more than
five million euros.
All these airports,
being medium,
have significant
depreciation charges
exceeding their
negative EBIDTAs
(based on AENA’s
depreciation).

Source: AENA.
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Taking into account data availability, reliability and conventions from the literature, three inputs and four outputs were selected for inclusion in the SFA model. The outputs are the annual
number of passengers (PAX), air traffic movements (ATM), cargo,
and commercial revenues. Inputs are labour costs (excluding air
traffic control services), operating costs, and the depreciation of
airside assets. Aeronautical revenues are not included since these
are contained in the total value of passengers, air movements and
cargo. In order to avoid convergence problems, the data was deflated according to the Spanish GDP deflator (base 2005). The variables were standardised by the respective geometric mean (Fleming
& Wallace, 1986). This allows for the estimation elasticities at the
sample means (Cuesta and Orea, 2002).

ESTIMATION OF THE TRANSLOG
DISTANCE FUNCTION
The translog distance function (1) for the three inputs and the
four outputs for each airport i and period t, arbitrarily choosing
the labour costs as the input for normalisation purposes, is seen
on the following page.
This function provides some insight regarding the interaction
of inputs and outputs with fixed costs – in this case, labour costs.
It is therefore a reflection of the effectiveness of management,
which is currently centralised in the AENA. One would expect
efficient airports to generate enough aeronautical revenues to
overcome fixed costs, in this case, labour costs. One would also
expect to find a relationship between the usage of an airport’s
infrastructure and the number of employees working at the airport. The interaction between inputs and outputs will reflect their
overall impact on staff costs. For example, it would be expected that more passengers will also imply more traffic movements
(busy airports) or even more cargo. But at the same time, large
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FIGURE 3 TRANSLOG DISTANCE FUNCTION
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Above: Translog distance function (1) for three inputs and the four outputs
for each airport i and period t, arbitrarily choosing the labour costs as the
input for normalisation purposes.

airports in terms of traffic will have to cover higher depreciation
expenses, potentially having a negative impact in overall labour
costs. I return to these interactions when I present results in the
next section.
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The component uiof the error in (3) in terms of the specific
environmental variables is modelled:

ui = δ0 + δ1 (Catchment Area)+δ2 (PSO)+δ5 (Accessibility)+δ6
(Capacity Utilisation)+δ7 (Type of Airport)+ωit
While environmental factors may be affecting airport efficiency, manipulating these is not feasible, at least in the short-term.
PSO is a dichotomous variable that equals one if an airport
has public service obligation routes, and zero otherwise. The
Spanish airport system has obligatory routes in the intra-insular
flights (in the Canary and the Balearic Islands) and, starting in
April 2009, from Almeria to Sevilla. These routes are ensured by
the Spanish government in areas identified as remote (except the
latest one).
Accessibility is a dummy variable that equals one if there are
train facilities for direct access to the airport. There are currently
five airports with railway infrastructure: four big airports (Alicante, Barcelona, Madrid and Malaga) and one medium (Jerez).
Capacity Utilisation refers to the available capacity of an airport in light of air traffic control restrictions. This variable has
three categories: airports with a low level of coordination; airports partially coordinated; and airports fully coordinated (slots).
The first category is considered to satisfy the current and potential demand of airlines; these are normally small airports with a
surplus capacity due to low traffic demand. The second group
represents airports restricted during the summer and those with
schedules imposed during the whole year. These are usually medium-sized airports with significant seasonal effects (peaks of demand during tourist seasons). Their capacity is usually close to
their actual demand and other airports located at close distance
may be used in congestion periods. Finally, the slots are large air-
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ports with high demand and with a significantly lower capacity
compared to their current and forecast demands. These are busy
airports that are highly restricted in terms of landing and taking
off compared to other airports.16
Type of Airport refers to airports’ main operational activity.
This variable has the following categories: fully civilian; military
air bases partially used as support for civilian transport (Murcia); and army infrastructure used partially or fully for civilian
air transport.
Note that all environmental variables except catchment areas have been defined as dummies. Consequently, the n−1 cases
for each dummy are included in the translog stochastic distance
function (in the inefficiency term) without requiring it to be
previously log. As stated, the δs are unknown scalar quantities
to be estimated. The coefficient δ0 represents the level of inefficiency of a specific airport without considering the existence of
uncontrolled external factors. The rest of the coefficients (δ1) are
externalities representing the individual effect of the respective
environmental variable explaining the technical inefficiency.
The variance parameter provides insight regarding the explanatory power of the model (i.e. the inputs and outputs used)
compared to the variability that is not possible to be explained
(noise). A good model will have a low-value of the noise variance
(σv2) compared to the inefficiency term (σu2) expressed in terms
of lambda (λ)17:

σ2 = σu2 + σv2

σu
σ
λ = 2√ σ2 = σ
v
v
2
u

(4)
(5)

A high value of lambda (λ) implies that technical inefficiency
of the airports is likely to significantly influence the value of the

16. The current
slots are Alicante;
Barcelona; Bilbao;
Madrid; Malaga;
Valencia; in the
Canary Islands:
Fuerteventura; Gran
Canaria; Lanzarote;
Tenerife South and in
the Balearic Islands:
Palma de Mallorca.

17. This is equivalent
to the γ-gamma
coefficient in Battese
and Coelli (1988). In
this model gamma
indicates how much
of the variance of the
composed error term
is attributed to the
technical inefficiencyterm (γ=σu2/σv2).The
rejection of the null
hypothesis H0: γ=0
implies the existence
of a stochastic
production frontier.

243

THE PUBLIC SPHERE | 2017 ISSUE

dependent variable, in this case, the labour costs. Low lambda
values are signals for a significant weight of noise compared to
the explained inefficiency: The inputs and outputs used are not
relevant for determining the dependent variable and the inefficiency term. Consequently, the potential inefficiency would not
be explained either by the way that airports are managed or by
externalities.

RESULTS
The results are summarized in Table 5. The first column
(SFA1) corresponds to the translog model without considering
the inclusion of environmental variables. This model corresponds
to Battese and Coelli (1992) and assumes that all inefficiencies
stem from airport management (AENA). The second column
corresponds to the same model, but includes the environmental factors in one stage (Battese and Coelli, 1995). This model
argues that not all inefficiencies can be reduced, since there are
external factors affecting the airports’ traffic beyond managerial control. Note that only the significant iterations are shown
in the production side (βs), but all environmental variables are
enclosed in the inefficiency term for comparison purposes (δs).
Both models have significant explanatory power with low presence of noise (high values of log-likelihood; significant and high
lambdas). The expected value of technical inefficiency is significantly different from zero (μ = 20.86 per cent), allowing for environmental variables (SFA2). The results obtained in the translog
stochastic distance function are similar to Coelli, Perelman and
Romano (1999) since the environmental variables are influencing
air transport; neglecting them would bias the estimation of the
model (Hattori, 2002). This approach recognises the existence of
externalities which contribute to airports’ inefficiencies but are
unchangeable in the short-term. Both models show consistency
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Table 5 Translog alternative distance functions (43 airports 2009-2013)
Coefficients

SFA1

SFA2

β0

Constant

.5774*

.4703*

β3

LnCommercial Revenues

-.2232*

-.1896*

β4

LnPAX

-.0294

-.0937*

β5

LnATM

-.142*

-.1387*

β6

LnCargo

-.0609*

-.0493*

β1

LnOperating Costs

.4364*

.4595*

β2

LnDepreciation Assets

.0005

.0005

β'1

½LnOperating Costs²

-.2367*

-.1857¹

β'2

½LnDepreciation Assets²

-.0002

-.0004*

β34

½LnCommercial Revenues∙LnPAX

-.1634*

-.1873*

β35

½LnCommercial Revenues∙LnATM

.2336*

.203¹

β36

½LnCommercial Revenues∙LnCargo

-.0235*

-.021

β46

½LnPAX∙LnCargo

.0251*

.0296*
-.0248

β56

½LnATM∙LnCargo

-.0488*

β12

½LnOperating Costs∙LnDepreciation Assets

.0102*

.0161*

β51

LnATM∙LnOperating Costs

-.0812

-.1404*

β32

LnCommercial Revenues∙LnDepreciation Assets

-.0064*

-.0047*

β62

LnCargo∙LnDepreciation Assets

.0014*

.0015*

�

Mu (Inefficiency)

.2086*

-

δ1

Catchment Area

-

-.1977

δ2

PSO Routes

-

-.2839

δ3

Accessibility

-

1.948

δ4

Partially Coordinated

-

5.144

δ5

Low Coordinated

-

5.699*

δ6

Civilian-Military

-

-9.812

δ0

Constant

-

-

σu

Sigma - u

.2065*

.6441*

σv

Sigma - v

.0210

.1306*

λ

Lambda (σu/σv)

9.812*

4.930*

Log Likelihood

94.86

91.92

*Significantly different from zero at least at 5 per cent.
1

SFA2: 1⁄2LnOperating Costs2 P > |z| = 0.098; 1⁄2LnCommercialRevenues∙LnATM

P > |z| = 0.086.
Source: Author.
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in the results obtained for the basic linear variables. The signs
of the simple effects are also as expected: Outputs decrease the
labour costs and inputs increase them.
Commercial revenue is the most significant output financing
the labour costs (β3= −22 per cent ; −19 per cent). The relevance
of commercial revenues is confirmed by the low, but significant,
impact of the number of passengers in the second model (β4 =
−9 per cent). The literature shows that the diversification from
aeronautical activities towards commercialisation corresponds to
airports’ privatisation process (Humphreys, 1999). In the Spanish case though, all the airports continue to be public utilities.
Therefore, these results confirm the overall inability of airports
to generate enough aeronautical revenues to cover the operating
costs (confirmed by the EBIDTA analysis). This is a reflection of
an inadequate decision-making process and a need to diversify
income sources. The fact that individual airport managers cannot make decisions with regard to resource allocation or levels
of production results in airports being underutilised. Individual
managers are familiar with daily operations, regional needs and
local demand. Consequently, it seems sensible for managers to
have flexibility and be involved in the decision-making process.
The fact that the depreciation is not significant (β2) – or, being
significant, has very low relevance (β'2 = −0.04 per cent) – the
low impact of the number of passengers (β4) and overall airport
orientation towards commercialisation (β3) calls for a critical assessment. Responsiveness to these measures of basic operations
helps us understand whether Spanish airports are really used
for aeronautical purposes and commercial activities, or whether
they may be suffering from over-capacity. With this in mind, the
simple effect of passengers cannot be analysed separately from
commercial revenues. As expected, the interaction between commercial revenues and passengers is high and significant (β34 =
−16 per cent; −19 per cent). The major impact of privatisation is
on commercial revenues, not infrastructure, as this is generally
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already present. These results show how commercial revenues are
a significant source of the overall airports’ income: Commercial
revenues are as important as aeronautical revenues (ICAO, 2013).
Operating cost is the input with the largest negative impact
on labour costs (β1 = +44 per cent;+46 per cent). These results
seem sensible due to operating costs being variable in nature:
Airports with more traffic will experience higher operating costs,
hence require more staff. The results also show that when airports
achieve a certain level of traffic, the operating costs’ effect reverses (β'1 = −24 per cent; −18 per cent). Operational efficiency is
greater with increasing scale. The question remains whether this
effect is general or only for airports with a certain level of traffic;
unless enough traffic is generated, some of the smallest airports
will contribute to the modelled system by closing, avoiding costs.
The analysis of catchment areas becomes a guide for deciding
which airports should be closed. Such airports are usually not
efficient from an economic perspective (EBIDTAs) rather than
technically inefficient; they contribute more to the system if they
do not remain opened. This is confirmed by the significance of
the constant being significant and showing high values in both
models (β0 = +58 per cent; +47 per cent). Airports without traffic
will translate into labour costs equal to the value of the constant.
Spanish airports have permanent staff independent of their traffic, but related to their investments to ensure the maintenance of
infrastructure and installations. The high value of the constant
highlights that the government may be considering social welfare
before actual industry needs (airports remaining open for connectivity purposes or to avoid dropping the employment rate).
Although AENA publicly announced the consideration of closing
nine airports serving less than 100,000 passengers, the Spanish
government seems committed to keeping all Spanish airports
open, even at a loss.18
None of the environmental variables are significant, nor are
the number of airports within the same influence area (δ1). This

18. Airports with
less than 100,000
passengers will
lose 130 euros per
passenger and year.
These airports are
not financially selfsustainable and will
struggle to remain
in operation without
more public money
(European Court of
Auditors, December
2014).
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is supported by the fact that centralised management regarding
commercial policies undermines competition. The existence of
public service obligation routes (δ2) also does not explain airports’ inefficiencies. Finally, the fact that airports are sharing
their infrastructure with military activities does not influence
the inefficiency of airports (δ6).
Spanish airports suffer from technical inefficiencies and high
fixed costs (labour and depreciation). The analysis of environmental variables along with the production function concludes
that there are no externalities causing the airports’ inefficiencies;
rather, management decisions made regarding inputs and outputs are to blame. Airports are becoming more commercially oriented since the airports’ managers do not have decision-making
power over other revenue-generating activities. The centralised
decisions regarding commercial policies do not make the Spanish
market attractive to airlines and passengers. The system contains
a significant number of small and medium airports operating
within the same area, but these are not allowed to compete. Expansions and investments in infrastructure are not required, and
have resulted in a non-profitable airport system due to over-capacity. This inefficiency – infrastructure not used for aeronautical
purposes – has also led to an increasing public deficit and the
allocation of financial resources towards unprofitable airports.

CONCLUSIONS
19. Overall only 13
airports out of 49 (12
big airports and one
medium, Girona) have
shown consistent
positive operating
results during the
years of the study.
All the small and
medium airports
(except Girona) are
not- profitable.

248

Most of the airports are not profitable as a consequence of
low levels of traffic. Consequently, the unprofitable airports have
idle infrastructure. Airports with over-capacity cannot overcome
their fixed costs. These airports become a burden for the system
since they are cross-subsidised by profitable airports.19 The fact
that the main aeronautical outputs, such as passengers and cargo,
are not significant (or with very low impact) clearly evidences a
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network with airports underused. Airports are forced to diversify
their main operational course of business from aeronautical activities towards commercialisation. Although commercialisation
has been evidenced when airports are privatised, in the Spanish
airport system the commercial revenues have become the main
source of income rather than air transport within a public system.
Large airports in terms of passengers are profitable, with a better
initial use of their infrastructure compared to medium and small
airports. Large airports are not only profitable, but also efficient.
Therefore, the question is whether the small and medium airports are strictly necessary for connectivity purposes. The analysis of catchment areas shows regional areas overloaded with small
and medium airports. Additionally, the lack of flexibility in terms
of management leads to the absence of competition, as shown
by the catchment areas’ saturation being irrelevant for efficiency.
The discussion is if these airports could be closed and their traffic transferred to the most technically efficient alternative, but
with a minimal impact on connectivity. The recommendations
of the European Court of Auditors (December 2014) have not
been followed. It is not clear why the Spanish government is determined to keep all airports open, even when traffic is lacking
considerably: these airports bleed the public purse. The critical
aspect for individual airport performance relies on the managerial decisions regarding the inputs negatively affecting airports’
technical efficiencies. This implies that decisions among inputs
could be made to reduce inefficiencies. AENA should reconsider
enhancing the aeronautical aspect of the airports. Airports with
more infrastructure, but lower levels of traffic, will definitely become more inefficient unless competition is enhanced by avoiding standardization of the decision making process. This implies
allowing the individual airports’ managers to freely decide commercial policies in order to ensure competitive prices and quality of the services provided, making the Spanish airports more
attractive to airlines and passengers.
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Following the conclusions of the Audit report from the European Commission (December 2014), this study is a critical assessment of the impact that centralised management has had on
the Spanish airport system’s efficiency. The international financial reporting standards (IFRSs) require that financial statements
faithfully represent reality. Airports’ privatisation, commercialisation, infrastructure, market regulation and growth of traffic
are a source of dynamism and uncertainty. The centralisation
of decision-making cannot survive in a changing environment.
Accounting policies cannot be applied to all airports equally, as
airports use their infrastructure to generate revenue differently
from one another. Centralised decisions, without consideration
for the specificities of each airport and their infrastructure use,
potentially breaches the matching principle and accruals convention. Some critical matters, such as aggressive policies regarding
depreciation; aeronautical revenues not correlated to traffic, but
based on discriminatory increases of air fares; commercial policies decided at governmental level without flexibility granted to
airports’ managers in negotiating with airlines; and a significant
number of small and medium airports located within the same
areas and not competing; calls for an assessment of the Spanish
airport system regarding profitability and management efficiency.
Results show that most of the inefficiencies are due to restricted managerial decisions (inputs and outputs) rather than
negative externalities. The government ownership-management
scheme results in a system which is costly to run, with low aeronautical income and significant debt incurred to finance investments not required for actual and forecast demand.
Airport managers require flexibility deciding commercial policies to diversify in terms of price and type of services (CNMC,
2014), but is decentralisation and deregulation in the Spanish airport industry possible? Unless the European Commission starts
requiring from AENA transparent and individual financial statements, including the relevant disclosures, it is unlikely to happen.
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APPENDICES
Appendix: Tables
Table A Variation in traffic in small and medium airports (2004-2013)*
Variation PAX
Airports

20042013

20042007

20072013

Variation ATM
20042013

20042007

20072013

Variation Cargo
20042013

20042007

20072013

A Coruna

43.3%

116.1%

-33.7%

2.8%

44.7%

-29.0%

Albacete

-92%

32.1%

-93.9%

-63.6%

41.8%

-74.4%

Almeria

-15.1%

45.2%

-41.5%

-29.6%

33.9%

-47.4%

-75.4%

-61.1%

-36.8%

Asturias

10.1%

65.3%

-33.4%

-26.7%

34.9%

-45.7%

-77.6%

-53.2%

-52.0%

Badajoz

-64.8%

10.9%

-68.2%

-82.8%

-49.2%

-66.2%

Ceuta
(Heliport)

-64%

51.2%

-76.2%

-33.1%

38.3%

-51.6%

-100.0%

-44.5%

-100.0%

Cordoba

-64%

16%

-69%

-33.8%

24%

-46.6%

El Hierro

-3.7%

27.9%

-24.7%

-4.5%

17.3%

-18.6%

-39.7%

-0.9%

-39.2%

Girona

-7.6%

63.6%

-43.6%

-5.6%

58%

-40.3%

-68.0%

63.8%

-80.4%

Granada-Jaen

8%

148.4%

-56.5%

-22.2%

60.6%

-51.6%

-85.3%

-15.7%

-82.6%

Jerez

-27.4%

43.9%

-49.5%

58.9%

89.4%

-16.1%

-95.6%

-8.5%

-95.1%

La
Gomera

-20.6%

31.8%

-39.7%

-49.1%

3.6%

-50.8%

-86.1%

-80.6%

-28.2%

La Palma

-20.3%

18.9%

-33%

-32.4%

7.2%

-36.9%

-61.6%

-6.9%

-58.7%

Leon

-52.6%

148.1%

-80.9%

-62.6%

39.9%

-73.2%

1300.0%

933.3%

35.5%

Logrono

-72.4%

46.9%

-81.2%

-52.1%

47.7%

-67.6%

-100.0%

-100.0%

Madrid
4- vientos
(GA)

650.2%

78.2%

321.1%

-46.3%

2.4%

-47.5%

Madrid
Torrejon
(GA)

-92.4%

47.4%

-94.9%

-93.1%

50.3%

-95.4%

-5.6%

5511.1%

-98.3%

Melilla

18.1%

38.4%

-14.7%

-13.2%

22.5%

-29.2%

-57.6%

12.1%

-62.1%

Menorca

-2.5%

5.5%

-7.6%

-17.3%

14.4%

-27.8%

-58.8%

-7.7%

-55.4%

Murcia

34.5%

136.1%

-43.0%

-16.4%

67.5%

-50.1%

-99.5%

-91.0%

-94.8%

-87.6%

-46.0%

-77.1%
-100.0%

-100.0%
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Table A Variation in traffic in small and medium airports (2004-2013),* continued
Variation PAX

Variation ATM

Variation Cargo

Airports

20042013

Pamplona

-50.5%

55.6%

-68.2%

-43.6%

29.7%

-56.5%

-97.6%

-60.3%

-94.1%

Reus

-14.7%

14.8%

-25.7%

-21.4%

18.9%

-33.9%

-99.5%

-1.2%

-99.5%

-35.4%

42.6%

-54.7%

20042007

20072013

20042013

20042007

20072013

Sabadell
(GA)

20042013

20042007

20072013

Salamanca

-26.6%

202.6%

-75.7%

-30.8%

3.8%

-33.3%

-100.0%

-100.0%

San Sebastian

-17.1%

57.8%

-47.5%

-31.5%

39.9%

-51.0%

-93.7%

-24.4%

-91.7%

Santander

184.3%

122.4%

27.9%

5.3%

46.0%

-27.9%

-93.3%

-94.6%

24.1%

Santiago

31.2%

29.7%

1.1%

-13.5%

14.1%

-24.2%

-60.9%

-44.3%

-29.9%

Valladolid

-41.1%

16.0%

-49.3%

-59.7%

23.8%

-67.4%

-95.8%

-95.4%

-8.1%

Vigo

-25.6%

54.2%

-51.7%

-31.2%

29.4%

-46.8%

-56.5%

89.6%

-77.0%

Vitoria

-92.7%

82.9%

-96.0%

-58.3%

-5.1%

-56.0%

-14.2%

-28.2%

19.5%

Zaragoza

112.6%

138.0%

-10.7%

-19.1%

57.2%

-48.5%

682.3%

120.0%

255.6%

Total

0.7%

51.8%

-33.7%

-23.0%

34.6%

-42.8%

69.6%

-6.3%

81.0%

*Airports not included due to being opened after 2007: Algeciras (Heliport) opened in July 2010;
Burgos opened in July 2008; Huesca was a GA airport opened for air traffic movements from
December 2006 and Son Bonet (GA) with no information regarding civil aviation.

Source: AENA.

All the small and medium airports increased their number of
passengers and air traffic movements from 2004 to 2007, except
Badajoz with significant decreases in air traffic movements (-49
per cent) and not that important Vitoria (-5.11 per cent). The
overall reduction in traffic is mainly happening between 2007
and 2013 for all the airports except Santander (+27.86 per cent)
and Santiago (+1.12 per cent). Note that some of the airports
with significant decreases are operating on their own (Albacete,
-94 per cent; Almeria -42 per cent; Asturias -33 per cent; Badajoz -68 per cent; Ceuta -76 per cent) and happen to be PSOs (La
Gomera, -40 per cent; La Palma, -33 per cent; El Hierro, -25
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per cent). Vitoria suffers from a significant reduction in passengers (-96 per cent) since Ryanair cancelled its operations in October 2007.1 Additionally, other airlines followed, cancelling their
flights. Based on such low level of traffic, Vitoria is becoming a
cargo-oriented airport. Other airports with no competitors, but
with very low decreases, are Melilla and Menorca.

1. Ryanair will open
two routes from
March 2017.

Table B Catchment areas
Catchment Area Reference
Airports

Airports Size within 150 km

Size

Location

Total

Small

Medium

MadridBarajas

Big

Centre

2

Madrid-4 vientos
(GA); Madrid-Torrejon (GA)

Bilbao

Big

Northern

3

San Sebastian;
Vitoria

Santander

Sabadell (GA)

Girona; Reus

Big

Santander

Medium

Northern

1

Barcelona

Big

North-east

3

Medium

North-east

2

Sabadell (GA)

Barcelona

Lleida; Sabadell
(GA)

Barcelona

Girona

Bilbao

Reus

Medium

North-east

3

A Coruna

Medium

North-west

1

Santiago

Santiago

Medium

North-west

2

A Coruna; Vigo

Vigo

Medium

North-west

1

Santiago

Malaga

Big

South

2

Algeciras (Heliport)

Granada

Sevilla

Big

South

2

Cordoba

Jerez

Granada-Jaen

Medium

South

1

Jerez

Medium

South

2

Malaga
Algeciras

Sevilla

Alicante

Big

South-east

1

Murcia

Medium

South-east

1

Murcia

Palma de
Mallorca

Big

Balearic
Islands

1

Tenerife
North

Big

Canary
Islands

1

Tenerife
South

Tenerife
South

Big

Canary
Islands

1

Tenerife
North

Alicante
Son Bonet (GA)
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Table B Catchment areas, continued
Catchment Area Reference
Airports

Size

Location

Airports Size within 150 km
Total

Small

Medium

Big

Burgos

Small

Centre

3

Logrono; Valladolid;
Vitoria

Leon

Small

Centre

1

Valladolid

Madrid
4-vientos
(GA)

Small

Centre

2

Madrid-Torrejon
(GA)

Madrid

Madrid-Torrejon (GA)

Small

Centre

2

Madrid-4 vientos
(GA)

Madrid

Salamanca

Small

Centre

1

Valladolid

Valladolid

Small

Centre

3

Burgos; Leon; Salamanca

Logrono

Small

Northern

3

Burgos; Leon; Pamplona

Pamplona

Small

Northern

3

Logrono; San Sebastian; Vitoria

San Sebastian

Small

Northern

3

Pamplona; Vitoria

Vitoria

Small

Northern

6

Burgos; Logrono;
Pamplona; San
Sebastian

Huesca

Small

North-east

2

Lleida; Zaragoza

Lleida

Small

North-east

3

Huesca; Pirineus-Andorra;

Pirineus-Andorra

Small

North-east

1

Lleida

Sabadell
(GA)

Small

North-east

2

Bilbao
Santander

Bilbao

Reus

Reus

Barcelona

Jerez

Malaga

Zaragoza

Small

North-east

1

Algeciras
(Heliport)

Small

South

2

Cordoba

Small

South

1

Sevilla

Small

Balearic
Islands

1

Palma de
Mallorca

Son Bonet
(GA)

Huesca

Source: Author.
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Table C Correlation inputs and outputs (2009-2013)
PAX

ATM

PAX

1

ATM

0.9869

1

Cargo

Commercial
Revenues

Labour
Costs

Depreciation
AENA

Cargo

0.8300

0.8348

1

Commercial
Revenues

0.9816

0.9684

0.8512

1

Labour Costs

0.9575

0.9431

0.7761

0.9567

1

Depreciation
AENA

0.9408

0.9381

0.9308

0.9608

0.8932

1

Operating
Costs

0.9661

0.9618

0.9231

0.9796

0.9224

0.9915

Operating
Costs

1

Source: AENA

Table D Average EBITDA, Depreciation and PAX. Airports with positive operational results (2009-2013)
Size

Ranking

EBITDA
(million €)

PAX

Depreciation
AENA (million €)

Madrid Barajas

Big

1

331

46,580,135

273.34

Barcelona

Big

2

217

32,278,155

144.59

Palma de
Mallorca

Big

3

109

22,096,411

35.10

Alicante

Big

4

55

9,386,084

30.64

Malaga

Big

5

54

12,403,439

56.43

Tenerife South

Big

6

47

8,071,197

18.98

Gran Canaria

Big

7

43

9,768,527

16.30

Valencia

Big

8

21

4,806,574

14.58

Bilbao

Big

9

19

3,912,385

12.52

Ibiza

Big

10

18

5,307,685

11.23

Fuerteventura

Big

11

17

4,303,438

14.16

Lanzarote

Big

12

17

5,137,426

8.63

Sevilla

Big

13

14

4,243,041

10.26

Airports
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Table D Average EBITDA, Depreciation and PAX. Airports w/ positive operational results (2009-2013), cont'd
Girona-Costa
Brava
Tenerife North
Murcia

Medium

14

14

3,748,068

7.90

Big

15

5

3,888,604

10.95

Medium

16

4

1,313,091

3.97

Menorca

Medium

17

1

2,526,580

11.42

Santiago

Medium

18

1

2,169,805

10.72

Asturias

Medium

19

1

1,271,952

3.88

Source: AENA.

Table E Income Statement for 49 airports (million euros)
2013

2012

2011

2010

2009

Aeronautical
Revenues

1,956.42

1,731.97

1,531.20

1,199.59

1,168.26

Commercial
Revenues

630.40

615.68

562.60

540.31

519.63

Total Revenues

2,586.83

2,347.65

2,093.80

1,739.91

1,687.88

Operating
Costs

-932.71

-1,004.41

-1,006.58

-882.40

-834.98

Labour Costs

-299.58

-459.25

-343.69

-338.42

-329.54

Depreciation
AENA

-736.24

-754.98

-752.51

-672.85

-611.84

Operational
Result

618.29

129.01

-8.99

-153.76

-88.47

Financial
Result

-229.64

-288.63

-309.43

-187.61

-214.41

Result for the
period

388.66

-159.62

-318.41

-341.37

-302.88

Source: AENA.
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From 2009 to 2013, aeronautical revenues increased by 67
per cent. Aeronautical revenues are the value of the charges paid
by airlines to the airports based on number of passengers, cargo
and air traffic movements. Nevertheless, during the same period,
traffic measured by the number of passengers decreased (-0.12
per cent), as did ATM (-17.41 per cent), while cargo increased
slightly (13.13 per cent). Additionally, operating (11.71 per cent)
and depreciation costs (20.33 per cent) increased significantly.
The increase in depreciation is likely due to the investments made
in several airports, more so than changes in the depreciation
method used. This is confirmed by the increase in the negative
financial results (interest expenses) as result of borrowings used
to finance the new infrastructure. While investments abound,
traffic not only does declines, but the number of passengers also
decreases. Overall, the Spanish airport-system is unable to generate enough traffic to cover the costs. Based on the information
published by AENA,there is clear evidence that the aeronautical
revenues are not a faithful representation of how the Spanish airports are performing. The improvement in the operational results (from -88.47 million euros in 2009 to +618.29 million euros
in 2013) cannot be explained by the corresponding increase in
traffic, but due to increases in airport charges during the expansion periods imposed to the airlines. Air fees have contributed to
aeronautical income, even when traffic has dropped (passengers;
ATM and cargo).
The transparency of the centralised decision process and the
effectiveness of air fare policies in attracting airlines is not clear.
ACETA, the airlines professional body, confirms discriminatory
airfare policies applied to big airports to the extent of +4,004%
per cent (Madrid Barajas) or + 3,663 per cent (Barcelona). This
applies to general aviation flights and the training of professional
pilots (ACETA).2 ACETA recalls that the cumulated increase has
been 67.49 per cent (+20.43 per cent in 2011; +14 per cent in
2012; and +22 per cent in 2013). Overall, these increases repre-

2. From 2010 to
January 2011, air
fares were increased
in a 2,368 per cent
for Barcelona (from
6.36 euros to 156.94
euros) and 2,702 per
cent for Madrid (from
6.36 euros to 178.18
euros).
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sent +18 per cent per year. The European Union regulation approved in 2009, in its specific recommendations to Spain, states
that air fees can be increased to no more than the inflation rate
plus five perceptual points. Only in September 2012 the inflation
rate was 3.5 per cent. ACETA recalls that from 2011 to 2013, the
fees approved by the Spanish government (AENA) overcomes the
cap in a 43 per cent. The Chair of the CNMC has requested another airfare reduction of 2 per cent to be applied by AENA from
2017-2021, but AENA is determined to freeze them (June 2016).
The Chair has also called for the airport charges to be decided by
an independent regulator, instead of the Spanish Government
that currently holds 51 per cent of AENA’s shares.
Table F Variation in air fares
2010-2013

2010-2011

2011-2012

2012-2013

Average per
year

1st/2nd
semesters

1st
semester

2nd
semester

1st
semester

2nd
semester

Madrid Barajas

28.56%

27.67%

0

50%

58%

8%

Barcelona

27.72%

21.16%

0

54%

62%

8%

Malaga

14.16%

21.47%

0

13%

21%

8%

Bilbao

11.33%

10%

0

16%

24%

8%

A Coruna

11.67%

10%

0

17%

25%

8%

San Sebastian

12.67%

10%

0

20%

28%

8%

Total

17.68%

16.72%

0

28.33%

36.33%

8%

Source: ACETA.
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Appendix: Figures
FIGURE 1 AIRPORTS WITH POSITIVE EBITDA: AVERAGE OF
PASSENGERS AND DEPRECIATION CHARGE (2009-2013)
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Source: AENA.

Overall, large airports seem to have an expected correlation
between current capacity and level of traffic. Barcelona and Madrid become outliers with high depreciation charges. These two
airports have made significant investments with new terminals
and runways, rather than expansion of their current infrastructure, which could have avoided this gap between level of activity
and use of the infrastructure. The question is whether with less
potential capacity (less infrastructure), Barcelona and Madrid
could become more technically efficient, by fully using their operations scale for actual level of activity.
Regarding small and medium airports, there is a clear gap
between traffic in terms of passengers and their actual capacity.
This is not conclusive regarding the capacity being inadequate
(over-capacity), but it is essential to reduce this gap by increasing
traffic.
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FIGURE 2 AIRPORTS WITH NEGATIVE EBITDA: AVERAGE OF
PASSENGERS AND DEPRECIATION CHARGE (2009-2013)
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FIGURE 3 OWNERSHIP FORMS IN THE EUROPEAN AIRPORT INDUSTRY

Fully privatised airports
Mixed ownership forms (private majority)
Mixed ownership forms (public majority)

Source: CNMC, 2014 based on ACI, 2010.
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Appendix: Stochastic Frontier
Analysis (SFA) methodology
The stochastic frontier production function for panel data defining the technical inefficiency term as uit = –ln(εit) is:
yit = exp (xit β + vit – uit)

(1)

Following Coelli et al. (1998), the technical efficiency for the
decision making unit i in any specific period t is modelled,
TEit = exp (–uit) = e-uit

(2)

TEit is the technical efficiency of production for the i-th unit
at the t-th observation that is inversely related to the technical
inefficiency. The noise is therefore, exp(vit).
Following Battese and Coelli (1995), the stochastic frontier
production function is estimated with technical inefficiency effects (uit) depending on the specific airports characteristics as well
as their environment (zit). Inefficiencies (uit) are independently,
but not identically, distributed as non-negative truncations of the
normal distribution N(zitδ; σ2) where δ0 to δp are parameters to be
estimated.
uit = zitδ + ωit

(3)

The expected value of the technical inefficiency depends on
zit and δ.
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Therefore, the technical efficiency (2) yields,
TEit = exp (–uit) = exp (–zitδ – ωit)

(4)

The stochastic frontier production function is estimated under the assumption that inefficiency effects are identically distributed. To avoid inconsistency, one stage is used; a second stage
would imply the inefficiencies explained through the regressors,
which are not identically distributed (Battese and Coelli, 1995)
Both the Cobb-Douglas and translog functions appear not
to satisfy the property of being linear in the parameters. Consequently, the coefficients cannot be estimated through a regression. The literature developed to assess this issue is focused on
the stochastic distance function. Färe et al. (1993) introduced the
concept of distance functions using the multi-output production
technology used by a specific firm. The distance function is expressed in terms of the feasible level of output to be produced by
the current technology stock given a fixed amount of inputs. The
value of the distance function cannot be observed directly. Due
to airports producing more than one output, the stochastic distance function becomes the appropriate framework to estimate
technical efficiency levels (Coelli & Perelman, 1999; Kumbhakar
& Lovell, 2000). The output distance function is defined for a
radial expansion of all outputs given the level of inputs.
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The translog form of the stochastic distance function
lnDit (X,Y) assuming m outputs and k inputs is,
k

k

k

lnDit (X,Y) = β0 + ∑j=1 βj ln(xjit) + 1/2 ∑j=1 ∑j' βjj' ln(xjit) ln(xj'it)
m

m

m

+ ∑l=1 αl ln(ylit) + 1/2 ∑l=1 ∑l'=1 αll' ln(ylit) ln(yl'it)
k

m

+∑j=1 ∑l=1 βjαl ln(xjit)ln(ylit)+(vit-uit)

(5)

The homogeneity restrictions following Lovell et al. (1994)
implies,
m

m

m

∑ l=1 αl = 1, ∑ l'=1 αll' = 0, ∑ l=1 βjαl = 0

(6)

The regression of the translog form results in obtaining the
inefficiency levels of every airport based on one single-stage estimation. As stated, the translog distance function (5) also considers the interaction effects between different inputs and outputs
providing a high degree of flexibility. The symmetry constraints
refer to the iteration effects between two specific inputs or outputs being equivalent: αll' represents the effect of the combination of the two outputs l and l'; this iteration is equivalent to the
output combination between l' and l (αll' = αl'l). Similarly, βjj' is an
iteration effect when combining the specific inputs j and j' symmetric to the combination of the inputs j' and j (βjj' = βj'j).
As is seen in the distance functions, both inputs and outputs
appear as explanatory variables. In the output distance function,
the inputs must be treated as exogenous and the outputs as endogenous (Cuesta et al. 2002). In the same way, inputs distance
functions will assume the level of output as given, though inputs
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are no longer fixed. The orientation regarding inputs and outputs
depend on managerial control. In this study, the translog form
(5) in its input orientation has been used. From a methodological
perspective, the input distance function allows the estimation of
technical inefficiency in the absence or limited availability of inputs’ prices. On the managerial side, airports’ operational activity
is bounded by AENA’s fully centralised management. There is no
flexibility given to the individual airports’ managers to decide
commercial policies in terms of price and quality of the services.
Choosing an arbitrary input as the ķ-th input,3 therefore defining
k = (1/x ķit) and normalising the rest of the k -1 inputs by k, this is
Dit ((1/x ķit) X,Y)=(Dit (X,Y))/x ķit, the translog distance function
(5) in the input version assuming m outputs and k inputs follows,

k

k

3. The standardization
choice of the input for
the input orientation
is arbitrary and the
resulting estimates
will be invariant to the
normalisation (Cuesta
and Orea, 2002).

k

ln (DIit / X ķit) = β0 + ∑j=1 βj ln(x*jit) + 1/2 ∑j=1 ∑j' βjj' ln(x*jit)
m

m

m

ln(x*j'it) + ∑l=1 αl ln(ylit) + 1/2 ∑l=1 ∑l'=1 αll' ln(ylit) ln(yl'it)
k

m

+∑j=1 ∑l=1 βjαl ln(x*jit)ln(ylit)

(7)

Where x*jit= (xjit / x ķit) and therefore equation (7) can be
re-written:
ln (DIit / x ķit) = Translog ((xjit / x ķit), yit, α, β, αβ)

Following the properties of logarithms,

ln(DIit) – ln(x ķit)= Translog ((xjit / x ķit), ylit, α, β, αβ)
– ln(x ķit) = Translog ((xjit / x ķit), ylit, α, β, αβ) – ln(DIit)

(8)
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Where – ln(DIit) is not observable, becoming the error
–ln(DIit)=(vit – uit). The equation (5) is finally re-written as follows,
k

k

k

–ln(X ķit) = β0 + ∑j=1 βj ln(x*jit) + 1/2 ∑j=1 ∑j' βjj' ln(x*jit) ln(x*j'it)
m

m

m

+ ∑l=1 αl ln(ylit) + 1/2 ∑l=1 ∑l'=1 αll' ln(ylit) ln(yl'it)
k

m

+∑j=1 ∑l=1 βjαl ln(x*jit)ln(ylit)+(vit-uit)

(9)

The negative sign in (9) can be ignored for interpretation
proposes resulting in the signs of the coefficients being reversed
more consistent with the expected signs of the conventional production functions (Coelli & Perelman, 1996). This is replacing
–ln(X ķit) by = ln(1/X ķit) due to the properties of the logarithms
ln(1/X ķit) = ln(X ķit)-1 = –1∙ln(X ķit). Finally the equation (9) yields,
k

k

k

ln (1 / X ķit) = β0 + ∑j=1 βj ln(x*jit) + 1/2 ∑j=1 ∑j' βjj' ln(x*jit) ln(x*j'it)
m

m

m

+ ∑l=1 αl ln(ylit) + 1/2 ∑l=1 ∑l'=1 αll' ln(ylit) ln(yl'it)
k

m

+∑j=1 ∑l=1 βjαl ln(x*jit)ln(ylit)+(vit-uit)

(10)

A major problem with SFA is the choice of a model that best
corresponds to the data. There are several applicable stochastic
frontier models (using the distance-function approach), subject to the assumptions made regarding the ‘inefficiency’ term.
Several models have been tested to ensure the reliability of the
methodological approach. Following Battese and Coelli’s (1995)
approach, environmental variables are included in the inefficiency term (µ), implying that environmental variables impact the
variance of the inefficiency mean without influencing the shape
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of the production function. Coelli, Perelman and Romano (1999)
consider three approaches by combining the inclusion of environmental variables in the production function (technology), in
the technical inefficiency, and in both.
As stated following Battese and Coelli (1995) the inefficiency
term uit is assumed to be influenced by p environmental factors
as shown in (3) uit = ∑po=1 z oit δl + ωit. The environmental variables
(z it) are to be included within the translog distance function, this
is performing one stage regression since the biases are substantial
when using two-step procedures (Wang & Schmidt, 2002).
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