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DEVELOPMENT OF THE PRAGUE 
AIRPORT AS A GATE TO THE MIDDLE AND 

EASTERN EUROPE 

Alexander Chlan, University of Pardubice, Alexander.Chlan@upce.cz 

ABSTRACT 

The advantage of airports that is based on their unique placement in the geographical space 
is also their disadvantage, because it enables them just the growth limited by borders of this 
space, its capacity and demand in given catchment area. The development of airports is 
simultaneously dependent on the finding of suitable form of coexistence with surrounding 
environment since an airport positively influences the socio-economic development of an 
area in the airport surrounding but it also negatively influences the environment (e.g. 
excessive noise). 
 
Keywords: airport development, parallel runway, noise reduction, capacity increase. 

INTRODUCTION 

Prague Airport is the operator of the most important international airport in the Czech 
Republic and the biggest airport among the new EU member states. In 2008, Prague Airport 
was voted the best Eastern European airport in the World Airport Awards pole. This 
international air hub yearly services between 11 and 12 million passengers who can choose 
from the offer of approximately 50 airlines connecting Prague with about 130 destinations 
worldwide by direct scheduled flights. There are also 5 regular cargo carriers and other tens 
of companies providing charter flights from there. Prague Airport operations generated a 
profit equal to one billion CZK (40 million EUR) in the year 2009. The company employs 
about 2,200 people and there are about additional 15,000 people employed by companies 
with presence at the airport or in another way linked with its activities. 
On account of its exceptional location in the centre of Europe, Prague Airport is also 
becoming an increasingly important transit hub. Its long-term growth has been fuelled by the 
Czech Republic’s accession to the European Union in 2004 and its consecutive admission to 
the Schengen area. Since the end of March 2008, the handling of passengers and baggage 
destined for Schengen countries has been freed from customs and passport control. Czech 
Airlines with more than 40% of the airport operations share has been the largest carrier 
active at the airport while the most dynamically growing sector became that of the low-lost 
carriers. 
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A joint stock Company Prague Airport (Letiště Praha, a. s.) was founded in February 2008 as 
part of the privatization transformation of a state enterprise Správa Letiště Praha, s.p. In line 
with the Czech Republic Government Memorandum Nr. 888 passed on July 9th, 2008, 
almost all assets of the state enterprise Správa Letiště Praha, s.p. were transferred into the 
joint stock company Prague Airport as its basic capital on December 1st, 2008. On the given 
date, Prague Airport assumed all rights and duties of the state enterprise, its employees, 
business authorisations, certificates and licenses, including all procedures and resources 
necessary for the airport operations. 
The sole shareholder of the joint stock company became the Czech Republic represented by 
the Ministry of Finance.  

HISTORY OF RUNWAY SYSTEM 

Prague Airport officially launched its operations in 1937. Its development as well as that of its 
runway system reflected both Czechoslovakian and European general aviation development 
trends and tendencies. In compliance with the contemporary needs, there were five grass 
take-off and landing strips positioned at 45° from one another, forming a star shape, each in 
the length of 900 – 1050 metres. Take-offs were performed in any direction, always against 
the direction of the wind.  
The first paved runways were built during the 1940s as the grass-surfaced ones became 
unfit for the needs of the quickly developing air transport segment. Construction of the first 
paved runway started as early as towards the end of 1937. About half of the runway system 
was finished by the time of the Nazi invasion in March 1939. All four planned paved runways 
were finished by 1945 in the originally designed directions in the following lengths: 

• RWY 04/22 -> 1800m  
• RWY 13/31 -> 1020m  
• RWY 08/26 -> 1320m  
• RWY 17/35 -> 950m  

The main runways – RWY 04/22 and RWY 13/31 – were continually lengthened during post 
WW II operations which kept them in line with the demands of the aviation industry until the 
mid-1960s when a new air transport onset took place. As a logical outcome, a concept of 
increasing the runway system capacity by building a new runway – RWY 07/25 (later 
relabelled to RWY 06/24 due to the gradual change in the location of magnetic north) - was 
put forward in the 1950s. The construction was finished during the 1960s when this new 
runway with the length of 3,115 metres became the main airport runway; the original main 
runway RWY 13/31 eventually lost its importance. 

Current Situation   

Two runways are currently used at Prague Airport: the main runway RWY 06/24 (lengthened 
in 1982 to 3,715 metres) and a side runway RWY 13/31. 
Despite the ever changing aviation demands and rapid growth in number of passengers, the 
runway system at the Prague airport remained virtually the same throughout the decades 
following the construction of RWY 06/24. 
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The insufficient airport capacity and that of the runway system especially was fully proved 
throughout the 1990s when the most turbulent growth of operations in the entire airport 
history took place. The airport had to change its status into that of fully coordinated airports, 
i.e. airports that are not freely available to air carriers, but where it is required of them to 
apply for a slot (the precise time of arrival and departure) for each of their flights. 
At the beginning of the 21st century, the situation with the insufficient capacity of the runway 
system escalated. As it became apparent that the construction of a parallel runway will be a 
project spanning more than just a few years, Czech Airports Administration (currently Prague 
Airport) in cooperation with Air Traffic Control, Civil Aviation Authority and pilots of CSA, 
Travel Service and Fisher Air decided to solve the situation by establishing a joint team 
called the “Runway Capacity Team”. The team was assigned the task to propose necessary 
adjustments to the runway system and procedures to enable a more intense use of the 
existing infrastructure in order to solve the capacity insufficiency for the time being until the 
parallel runway is constructed. 
The current runway capacity insufficiency can thus only be solved by the construction of the 
parallel runway. The plan to build a parallel runway in due course was already in place when 
the current main runway RWY 06/24 was built in the 1960s. At the beginning of the 1970s, 
the plan was made part of the land use planning documentation of Prague. The parallel 
runway will allow for further increase in capacity of the runway system as one runway will 
then be assigned for arrivals and the other for departures only. This will enable more efficient 
traffic in the neighbouring air space. All currently existing aircraft with a wingspan of up to 80 
metres will be able to use the new runway (the current runways comply with international 
regulations for aircraft with a maximum wingspan of 65 metres).  
Prague airport generally uses (for take-offs and landings) runway 06/24 in so called west 
operation, when there is wind from the west. Under exactly specified circumstances (to be 
found on: www.rlp.cz /AIS/Aeronautical information/AD 2 Prague airport) it is required to use 
the runway in opposite direction (from the east) or transfer a part or the whole operation to 
alternative runway 13/31. 

FURTHER DEVELOPMENT OF THE AIRPORT THROUGH THE 
PARALLEL RUNWAY CONSTRUCTION 

To assure further development of air transport, it is necessary to increase the runway 
capacity at the Prague airport (Ruzyne) that services about 93 % of all Czech travellers. 
Since the 1990s, the number of passengers and flights handled in Ruzyne has already been 
significantly growing. In the last ten years alone, the volume of transport has tripled. At the 
beginning of 2006, a new Terminal 2 launched its operations. This step enabled a temporary 
increase in the so called terminal passenger handling capacity from a long-term perspective. 
The runway system of the airport, quite to the contrary, has virtually not changed since the 
1960s despite the sharp increase in the amount of handled passengers and serviced flights. 
Thus at peak times, the system does not suffice and without an extension will become the 
main obstacle to the expected growth of civil aviation. 
The concept to build at Prague’s airport a parallel runway to the existing main runway 06/24 
is not a new one. The plan to build a parallel runway in due course was already in place 
when the current main runway RWY 06/24 was built in the 1960s. At the beginning of the 
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1970s, the plan was made part of the land use planning documentation of Prague. The 
interest of travellers in visiting Prague and the Czech Republic has not decreased; the airport 
expects the number of handled passengers and aircraft to yet increase in the future. 
However, the increased demand for air transport will only be possible to meet upon 
construction of the planned parallel runway. Shall a large part of the air transport demand 
remain unsatisfied, tourists and investors will focus their interest on other states. 
The parallel runway will: 

1. Significantly increase the runway system capacity. 
2. Allow to keep the passenger demand for air transport satisfied. 
3. Facilitate the tourist trade growth in the Czech Republic and thus increase demand 

among the tertiary sphere industries – accommodation, catering, retail, cultural 
sector, etc. 

4. Increase the aircraft operation safety – aircraft will land on one runway and take-off 
from the other. 

5. Its construction and consequent launch of operations will help create 17,000 new jobs 
by the year 2020 namely in Prague and Central Bohemian region. 

6. Decrease operations of the side runway which, when operated, subjects about 
200,000 citizens of Prague and its surroundings to a noise burden. 

7. Allow for more efficient and environmental friendly operations of two parallel runways. 
8. Significantly increase Czech GDP and bring significant sums of money to public 

budgets. 

Location 

The new runway will replace the current runway 04/22 that has for a long time been out of 
operation and used only for parking of aircraft. The runway will be parallel with the existing 
runway RWY 06/24 at the distance of 1,525 metres to allow for independent operations of 
both runways. The operations of runway 13/31 will consecutively be limited to the cases of 
maintenance, exceptional situations or situations when the runway 06/24 is affected by a 
very strong side wind. 

Technical Equipment 

The radio navigation system of the new runway has been designed to allow the approach 
and landing of aircraft in both directions even at harsh weather conditions, respectively at 
zero visibility without any manual interference of the crew. The runway has been designed to 
also service aircraft of Airbus A380 type. 

BENEFITS OF PARALLEL RUNWAY 

The prime benefit of the parallel runway is that it will enable further growth of civil aviation in 
the Czech Republic and bring it at least to the level standard in similarly developed European 
countries such as Austria, Belgium, Denmark, Norway or Finland. Proximity and easy access 
to the airport are major decision making factors for foreign investors namely involved in 
industries with the highest added value and above average income. The importance of air 
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transport has also been growing in regards to cargo transport, namely of goods of low weight 
and high value. 
It will significantly increase the runway system capacity. At peak times, the current runway 
system is virtually operating at its maximum capacity. Aircraft are thus often kept waiting in 
the air for the runway clearance which has a negative impact on the environment. As a result 
of the construction of the parallel runway, the new system will fully meet the ever-growing 
capacity needs even in the long-term horizon. 
 The airport impact on the travel industry cannot be omitted. It is important to realise that the 
travel industry does not only embody journeys of Czech citizens abroad but also includes the 
travels of foreign tourists to the Czech Republic. In the travel industry, an airport generates 
demand. Each tourist arriving at Prague airport has to find a place to stay and eat; he or she 
will visit several landmarks of the country and purchase a few gifts or souvenirs. All these 
activities fuel the GDP and help create jobs for Czech citizens. 
The new runway construction will also positively influence more than 200,000 inhabitants of 
the parts of Prague and its surroundings that currently lie under the air corridor of the 
presently used side runway RWY 13/31. The runway is, owing to the times of its original 
construction when aircraft strictly had to take-off and land against the wind, situated so that it 
faces urban areas. From this point of view, the parallel runway system that is designed to be 
positioned perpendicularly to Prague and Kladno will be more beneficial despite its increased 
capacity. 
Estimates indicate that the parallel runway project will help create about 17,000 jobs by 2020 
and decrease unemployment by 0.3 percent point. The majority of the newly created jobs will 
be in the Central Bohemian region – about 5,900. Prague will benefit by 4,200 new jobs and 
the remaining will be shared by other regions of the Czech Republic. In the year 2020 alone, 
public budgets will save about 2 billion CZK (80 million EUR) on unemployment allowances 
thanks to the newly created job opportunities.  
Between the years 2012-2020, the parallel runway could increase the Czech GDP by more 
than 125 billion CZK (5 billion EUR). In 2020 alone, owing to the new runway, Czech GDP 
would be higher by 0.47 percent point which in absolute numbers represents 32 billion CZK 
(1,3 billion EUR). Public budgets closely linked with taxation in the form of VAT, income tax 
and social security and medical allowances would incur by 2020 an additional 56 billion CZK 
(2,2 billion EUR). 

Noise reduction 

The launch of operations of the parallel runway RWY 06R/24L will significantly improve the 
quality of life for the majority of residents in Prague and its surrounding areas. According to 
professional studies, the construction of the new runway and the consecutive limiting of 
operations of the runway RWY 13/31 will ease the life of more than 200,000 inhabitants in 
the parts of Prague and its surroundings that are currently under this runway’s air corridors. 
The noise burden will become much smaller namely for the citizens of Horoměřice and city 
districts of Prague 5 and Prague 17 as well as for a significant part of Prague 6 (Bílá Hora, 
Ruzyně, Dědina). Due to the side runway’s (RWY 13/31) decreased operations, parts of 
Kladno and many surrounding villages, e.g. Buštěhrad, Lidice or Hřebeč, will also enjoy a 
noise burden relief.  
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The decrease of the noise burden will not only be reached by the decreased operations of 
RWY 13/31, but there will also be a significant noise abatement effect following the change 
of its operation. Two independent runways will enable separate take-offs and landings of 
aircraft. While aircraft will take-off from the current main runway, the new runway will serve 
for landings. This division will allow more efficient management of the runway operations and 
more precise following of the optimal noise routes.  
The conclusion based on the given facts is that the current problems lie in the intensity of 
operations on the sole main runway. When two aircraft are to take-off within a short interval, 
the second one has to wait for the first one to fully complete its manoeuvre. This is, in reality, 
quite difficult to execute as while the second aircraft is waiting for its take-off, there is 
sometimes a third aircraft on its final approach which is then blocked by the second waiting 
aircraft on the only operational runway. In such case, there is only one solution: The first 
aircraft is instructed to deviate from the optimal assigned route to make room for the second 
aircraft to take-off which enables the third one to land. As a result, aircraft fly over areas 
where they were not present in the past. If there is an independent runway assigned for take-
offs it will not be a problem to let the second aircraft wait since it will not block any aircraft on 
its final approach as the new parallel runway will be designated for its landing. Similar 
procedure will be applied to arrivals. This will result in aircraft flying in low altitudes solely 
above the assigned areas.   

Airport capacity increase 

Together with additional benefits that the enlarged runway system will facilitate, the 
construction of a parallel runway also appears to be an optimal solution for the ever growing 
demand for Prague’s airport capacity. 
Prague Airport is one of the largest air hubs in Central and Eastern Europe and at the same 
time an airport considered to be one of the most modern ones in Europe. Without further 
development, it will no longer be able to satisfy the challenging needs of its clients and 
compete with the other important players in the region. At peak times, the current runway 
system is already used virtually up to its maximum capacity. 
Currently, the weakest side of Prague’s airport in regards to capacity appears to be its 
runway system - at peak times used virtually up to its maximum capacity. Despite the joint 
efforts of Prague Airport, Air Traffic Control of the Czech Republic, Civil Aviation Authority 
and pilots of CSA and Travel Service that managed through additional constructions and 
procedure changes to increase its hourly capacity by 30% (from 34 movements to 46 with 
the option to increase it to the maximum of 48 movements), the originally built runway 
system has already reached its operational maximum. Construction of the new parallel 
runway thus remains the only solution to the issue of runway system capacity. 
Air transport in the Czech Republic is still at one of the lowest levels in Europe when 
compared to the number of inhabitants which is why all prognoses prepared by international 
institutions such as Eurocontrol, ICAO or IATA forecast an above average growth in the 
future. 
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Average annual growth between the years 2007 – 2030 (conservative scenario by 
EUROCONTROL) 
  
Since 1963, when the current airport runway system was launched, the number of take-offs 
and landings more than quadrupled. While at the beginning of the 1960s, Prague Airport 
annually serviced 1 million passengers on 45 thousand take-offs and landings, in the year 
2008, the reported number was 12.63 million serviced passengers on 179 thousand take-offs 
and landings. 
The prime benefit of the parallel runway is that it will enable further growth of civil aviation in 
the Czech Republic and bring it at least to the level standard in similarly developed European 
countries such as Austria, Belgium, Denmark, Norway or Finland.  In line with the global 
growth of air transport demand and the appeal of Prague and the Czech Republic, it is 
expected to record a gradually growing demand tendency in the future. EUROCONTROL 
has estimated a 4% annual growth of air transport in the Czech Republic on average. 
However, any further development of the airport will only be possible if the growth can be 
managed from a capacity point of view. The only option for further growth of the largest 
Czech airport is the construction of the new parallel runway. The new runway system 
consisting of two independently operated parallel runways should fully satisfy the ever 
growing capacity demand on both the passenger and the airline side for at least a few 
decades to come. 

ECONOMICAL BENEFITS 

Development of any airport always fuels the region and the country‘s economy. Prague 
airport, which already now belongs to one of the most important Czech economic stimuli, will 
perform the same effect.  
In regards to the economic development potential, the airport represents an important part of 
the transport infrastructure. One of the three most important criteria evaluated by investors 
when on quest for new business opportunities outside of their usual perimeter is the new 
location‘s connectivity, including that by air. Business sectors where the airport‘s proximity is 
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especially crucial are banking, finance, insurance, communication, research and 
development, transportation and logistics, and IT - sectors of high added value.  
Airport’s proximity ensures a swift connection between suppliers and their customers and 
attracts investors thus significantly enhancing a resounding business success. Moreover, 
airport surrounding areas provide important strategic advantage adding to their residents‘ 
potential to outperform the competition. 
Important industrial areas attracting companies directly linked with aviation develop in the 
airport’s vicinity. OECD estimates that on a global scale 1/3 (and growing) of the high-value 
merchandise, i.e. merchandise of low weigh and high value or merchandise requiring speedy 
transport, is transported by air. 
No developed country can do without air transport. It is in people’s nature to travel - for the 
sake of business, leisure or knowledge. There is no country in the Western part of Europe - 
except for miniature sized Luxembourg, with its main airport smaller in size than that of 
Prague’s. Accordingly, there is no reason to believe that the Czech Republic should be the 
only exception. 
Prague Airport is one of the most important employers in the region of Prague and its 
surrounding. Currently, there more than 17,000 people work at the airport. Estimates indicate 
that each additional million of serviced passengers per year will help generate 1,000 jobs at 
the airport and in its immediate vicinity and other 2,100 jobs elsewhere in the national 
economy. 
The aviation impact on the Travel Industry is none the lesser. The segment has been 
growing steadily and the same tendency is expected in the future. In 2005 alone, more than 
5 million foreign visitors of the Czech Republic arrived by air. The majority of British, US, 
Italian and Dutch visitors - visitors from countries that belong among the five most important 
travel industry source states, travel to the Czech Republic by plane. 

SUMMARY 

Role of airports in modern economy is changing from the form of strictly traffic junctions to 
complex logistic social economic centres. Airports are more and more places, where 
interchanges to other transport modes are realised and where many enterprises have some 
work.  
Airports, stretched on many hectares, are a significant part of any landscape and activities on 
airports significantly influence both the life in their surroundings and in areas over which the 
taking-offs and landings are realised. In many cases the influence of aircrafts and air traffic 
on surrounding areas is more likely negative from the reason of noise of taking-off and 
landing aircrafts, emissions and leakage of harmful liquids. The existence of an airport in the 
vicinity of municipalities means the encroachment to municipalities´ development since the 
noise influence causes certain limitation to further construction and development.  
Big airports create, in these days, complexes that do not just operate the air traffic but also 
bring many other commercial activities at airports and outside of them as well. Some socio-
economic studies prove there is a direct relation between number of passengers or tons of 
freight and employment. Even airports themselves create number of jobs and jobs related to 
these jobs. This fact has an important social meaning but it also brings other problems that 
must be solved like public transport, parking places etc.    
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ABSTRACT 

Airport benchmarking depends on airport performance and efficiency indicators which are 
also important issues for business and operational management, regulatory bodies, airlines 
and passengers. There are several sets of indicators to evaluate airports performance and 
efficiency as well as several techniques to benchmark such infrastructures. The aims of this 
work are of two orders: to balance DEA and MCDA tools, and to show how to provide the 
stakeholders with a more user-friendly one to benchmark airports. Thus, using MACBETH, a 
Multi-Criteria Decision Analysis tool, we evaluate firstly the efficiency of a set of worldwide 
airports and secondly we make the self-benchmarking of two Portuguese ones. The results 
evidence how this new approach seems to be very promising when compared with those 
traditionally in use. 
 
Key words: Airports, Performance and Efficiency, Benchmarking, DEA, MCDA, MACBETH 
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INTRODUCTION 

The aims of this work - developed under Business Models for Airport Development and 
Management (AIRDEV) Project, within MIT-Portugal Program – are of two orders: to balance 
DEA and MCDA tools, and to show how airports benchmarking is also possible using a Multi-
criteria Decision Analysis (MCDA) tool called Measuring Attractiveness by a Categorical 
Based Evaluation Technique (MACBETH). MACBETH uses performance and efficiency 
indicators to support benchmark results and may adapt each stakeholder point of view by 
changing easily the weight of each indicator; also it’s useful to evaluate not only the real 
importance of the selected set of indicators but also its correct weight. 
 
This work is a part of two MSc and a PhD Thesis in Aeronautical Engineering and so data 
collected from Airports Council International (ACI) in 2006 [ACI – (2006)] and from Ferreira et 
al. in 2010 [Ferreira, E., Junior, H. and A. Correia (2010)] is only related with airports airside, 
particularly: movements, passengers, cargo, runways, aircraft parking stands and areas of 
both passenger and cargo terminals.  
 
The work is structured as follows: state of art supporting some insights in airports 
benchmarking and performance/efficiency indicators; description of Multi-Criteria Decision 
Analysis approach in general, and MACBETH tool in particular; presentation of two case 
studies concerning firstly a set of worldwide airports and secondly two Portuguese ones; and 
finally some conclusions about future research on this specific field. 

AIRPORTS BENCHMARKING AND PERFORMANCE 
INDICATORS 

Benchmarking is a self-improvement tool for any organization: it allows identifying own 
strengths and weaknesses, to compare itself with others, and to learn more on how to 
improve efficiency. Benchmarking is an easy way to find and adopt the best practices to 
achieve the desired results. 
 
Graham [Graham, A. (2005)] underlines that benchmarking within airport industry began to 
be accepted as an important management achievement just fifteen to twenty years ago 
mainly because in the past commercial and business pressures within the airport sector were 
less pronounced and airports were quite almost under governmental ownership. 
 
Airport benchmarking is a key component of the airports planning procedure. It is a process 
that being statistical is an accounting one too, used to monitor airports performance 
indicators. Benchmarking is a key feature to the implementation of an airport’s strategic plan 
and its importance goes so far as to identify best practices to increase efficiency and quality. 
ACI ([ACI – (2006)]:5) summarizes the benchmarking process as follows: 
 

• Is about management and organizational change first, measurement and 
technology second; 
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• Provides a diagnostic tool to check whether all systems are in alignment and 
working properly; 

• In a Self-Benchmarking basis is an excellent management tool to monitor 
performance improvements; 

• When external is an effective way to identify best practices to see if they can be 
incorporated into an organization and to identify faulty practices to see if they can 
be eliminated; 

• A tool to link strategic goals, employee involvement and productivity. 
 
Humphreys and Francis [Humphreys, I. and G. Francis (2002)] enumerate the ones that can 
be particularly interested in the airports benchmarking process: 
 

• State/Government, for economic and environmental regulation reasons; 
• Airlines, to compare costs and performance across airports; 
• Managers, to run the own business; 
• Passengers, to evaluate how they are served; 
• Owners, to understand business performance and how to return the investment. 

 
To accomplish with all these requirements in practice the benchmarking process may appear 
in two different versions [ACI – (2006)]:  
 

• A partial one, assessing and comparing individual processes and functions, or 
even services; 

• A holistic one, assuming a systematic approach to define and assess a critical set 
of processes and functions, or even services, which when taken all together may 
give a precise indication about the relative performance of the entire organization. 

 
So there may be two different kinds of benchmarking too: 
 

• Internal, comparing the organization performance of processes, functions, and 
services over time; 

• External, comparing performance across organizations at a precise moment in 
time and through time. 

 
Benchmarking is viable when there are a limited amount of correlated indicators to take into 
account. So it is important to establish previously with careful the goal of the ranking to be 
produced. If the goal is concerning the airport management the number of passengers will be 
one of the key elements; but if the goal is concerning the passengers and their satisfaction 
the number of runways may be out of focus. So it is crucial to choose the proper set of 
indicators for each stakeholder. 
 
There are several works on airport benchmarking each one using different performance 
indicators. Some of them use single indicators as, for example, number of aircraft parking 
positions, while others consider complex indicators as, for example, number of passengers 
per area of passenger’s terminal. 
The single indicators can be divided in two major groups, inputs and outputs, as follows: 
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• Inputs: Runways, Aircraft Parking Positions, Area of Passenger Terminal, Area of 

Cargo Terminal; 
• Outputs: Movements, Passengers, Cargo. 

 
The complex indicators are based on these inputs and outputs, as follows: 
 

• Number of Processed Passengers / Area of Passenger Terminal; 
• Cargo Volumes / Area of Cargo Terminal; 
• Number of Aircraft Operations / Number of Aircraft Parking Positions; 
• Number of Aircraft Operations / Number of Runways. 

 
As previously mentioned the main goal of this work is to achieve airport rankings by using a 
(new) multi-criteria approach allowing the one who is applying it to choose properly both the 
indicators and the related weights. This enables all the interested parts (including 
passengers) to do their own ranking which may be compared at the end of the entire 
process. Another interesting feature of this method is the ability to compare the 
performance/efficiency either of the airport with other similar infrastructures or the own airport 
in different years thus offering to airport manager the possibility to be in touch with the 
evolution of the infrastructure. 
 
In the Chapter of the Case Studies we use such a MCDA tool, the MACBETH, to rank 
airports in two ways thus underlining its versatility:  
 

• Efficiency of a set of worldwide airports (complex indicators). 
• Self-Benchmarking of two Portuguese airports (complex indicators); 

MULTI-CRITERIA DECISION ANALYSIS APPROACH AND 
MACBETH TOOL 

Since the beginning of History that Man takes decisions. Probably this is one of the most 
common tasks of Mankind. Every day one finds a set of problems and related decisions that 
are neither easy nor linear to take. When deciding on something generally one takes into 
account several criteria more or less conflictive. In a stress situation if one must consider just 
one factor usually the option is the most relevant. According to Barrico (1998), cited by 
Raposo [Raposo, B. (2008):23], multi-criteria decisions processes are, for example: 
 

• Choosing the right spot to a bridge construction, where the criteria could be the 
cost, the impact on the river (environmental and the utilization of the river), the 
volume of traffic, the impact on the river banks, the esthetics, the crossing cost, 
etc.; 

• Find the most economic routes to do the pick-up/delivery of products to the clients 
of a determined company, where the criteria could be the time, the distance, de 
delay, the traffic, etc. 
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For each one of the described examples there are conflicts between several criteria and so 
the decision maker has to consider the pros and cons of each one to reach the final (optimal) 
solution. This is the basis of a multi-criteria decision problem. 
 
According to Gomes et al. (2002), cited by Raposo [Raposo, B. (2008):4], one may define 
Multi-Criteria Decision Analysis (MCDA) as the set of techniques which has the goal to 
investigate a several number of alternatives over multiple criteria and objectives in conflict. 
 
In fact MCDA is one of the available tools that deciders may use to better understand 
complex situations and to solve multi-criteria problems; others purely mathematical like Data 
Envelopment Analysis (DEA), Stochastic Frontier Analysis (SFA) and Regression Analysis 
(R) have a more complex methodology which exceeds a lot the requirements for this work. 
 
But even using MCDA approach there are several different ways to obtain and analyze the 
final results. Boyssou (1990), cited by Raposo [Raposo, B. (2008:4], ranks this way the 
advantages of MCDA: 
 

• Construction of a dialogue basis between analysis and deciders, making use of 
diverse common views; 

• Ease of incorporating uncertainties about the data on each point of view; 
• Interpretation of each alternative as a compromise between objectives in conflict. 

This argument highlights the fact that rarely will be found one situation where one 
of the alternatives will be superior to the others in every point of view. 

 
From the previously explanation it is easy to understand how important is to airport 
stakeholders a MCDA approach supporting a decision making process; being this work 
MCDA based it is necessary to choose the related most appropriate tool: 
 

• First, it is necessary to define its requisites, that is, consistent ones 
simultaneously efficient and functional; 

• Second, it has to be user friendly, as decision makers need a tool that as easily 
as the weights of each criteria change the interpretation of the results remains 
intuitive. 

 
After analyzing some MCDA options like ELimination Et Choix Traduisant la Realité, that is, 
ELimination and Choice Expressing REality (ELECTRE), Preference Ranking Organization 
Method for Enrichment of Evaluations (PROMETHEE), Weighted Sum Model (WSM), 
Weighted Product Model (WPM) and Measuring Attractiveness by a Categorical Based 
Evaluation Technique (MACBETH), we chose the last one as the tool that fits all the 
previously mentioned requisites. As Bana e Costa et al. [Bana e Costa, C., et all  (2005)] 
underlines this is a user friendly multi-criteria decision analysis approach that requires only 
qualitative judgments about differences of value to help a decision maker, or a decision-
advising group, to quantify the relative attractiveness among several options. 
 
MACBETH is a Humanistic, a Interactive, and a Constructive tool because [Bana e Costa, 
C., de Corte, J.-M. and J.-C. Vansnick (2003):1]: 
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• Humanistic in the sense that it should be used to help decision makers ponder, 

communicate, and discuss their value systems and preferences; 
• Interactive because this reflection and learning process can best spread through 

socio-technical facilitation sustained by straightforward question-answering 
protocols; 

• Constructive because rest on the idea that full-bodied convictions about the kind 
of decision to make do not (pre-) exist in the mind of the decision maker, nor in 
the mind of each of the members of a decision advising group, but that it is 
possible to provide them with help to form such convictions and to build robust 
(shared) preferences concerning the different possible options to solve the 
problem. 

 
Thus before to develop any model it is necessary to obtain the larger amount of data as 
possible about what it is to be studied; this step led the decision group to have a global view 
about decisions to be taken; therefore this will turn the final result more robust. 
 
After the collection of data next step is to create a decision tree, that is, a decision model; 
these nodes correspond to indicators that are going to be taken into account; so the choice 
of nodes are one of the key questions in the development phase. 
 
After the indicators choice next step is to get data needed to fill the performance table of 
each indicator; this is a crucial step even influencing node choice because only if data 
collection fills the performance table for each indicator it is possible to use that indicator 
within the work. 
 
Within next step each decider defines the attractiveness of each indicator in the tree; 
MACBETH divides the scale of attractiveness in seven verbal values: no difference, very 
weak, weak, moderate, strong, very strong and extreme; after considering the attractiveness 
of each node the deciders must define the attractiveness difference between each pair of 
indicators in the model too. 
 
After the introduction of these values for each node it is possible to produce a robustness 
table still giving the opportunity to the decider to adjust the sensibility of the model. 

CASE STUDIES 

In the first case we compare the results from Ferreira et al. [Ferreira, E., Junior, H. and A. 
Correia (2010)], which using DEA produce an efficiency ranking of a set of worldwide 
airports, with those we obtain by means of the MACBETH tool. In the second case we use 
data collected from two Portuguese airports, from 2006 to 2010, to self-benchmark both 
infrastructures using either DEA or MACBETH tools. 
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EFFICIENCY OF A SET OF WORLDWIDE AIRPORTS 

Ferreira et al. [Ferreira, E., Junior, H. and A. Correia (2010)] obtain an efficiency ranking of 
some worldwide airports, specially focused on Brazilian infrastructures, using a DEA 
approach (Figure 1). 
 
The authors use 7 single performance indicators to produce their ranking: 4 Inputs (Number 
of Runways (A), Number of Aircraft Parking Positions (B), Area of Passenger Terminal (C), 
and Area of Cargo Terminal (D)) and 3 Outputs (Number of Aircraft Operations (E), Number 
of Processed Passengers (F) and Cargo Volumes (G)), (Figure 2). 
 

 
 

Figure 1: Efficiency ranking for a set of worldwide airports [Ferreira, E., Junior, H. and A. Correia (2010)]. 
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Figure 2: Data (and related single indicators) from a set of worldwide airports [Ferreira, E., Junior, H. and A. 
Correia (2010)]. 

 

Thus we use the same data from the same set of airports to obtain an efficiency ranking 
based on MACBETH approach. If we introduce these single indicators within MACBETH, as 
mentioned we would produce not an efficiency ranking but a performance one. Then, it’s 
necessary to create new indicators, which we call complex ones, combining the above inputs 
and outputs, as follows [Braz, J., Baltazar, M., Silva, J., Vaz, M.( 2011-September), Braz, J., 
Baltazar, M., Silva, J., Vaz, M.( 2011-November)]: 
 

• A = Number of Processed Passengers / Area of Passenger Terminal; 
• B = Cargo Volumes / Area of Cargo Terminal; 
• C = Number of Aircraft Operations (Movements) / Number of Aircraft Parking 

Positions; 
• D = Number of Aircraft Operations (Movements) / Number of Runways. 

 
(Aircraft) Movements, includes the number of planes landing/taking-off on/from the airport; 
(Commercial) Passengers, includes the number of passengers who arrive and depart 
into/from the airport; and Cargo, includes the number of tons of cargo that arrive and depart 
on/from the airport being domestic or international, freight or mail flights. 
 
Then we ask for the opinion of 30 (national and international) aeronautical specialists (from 
research, airports, airlines, regulation, air traffic control, and industry sectors) about weights 
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(%) to attribute to those 4 complex indicators. The sum of weights necessarily would be 
100.00%. Thus we obtained the following complex indicators weights: 
 

• A = 25.80%; 
• B = 24.70%; 
• C = 21.60%; 
• D = 27.90%. 

 
Figure 3 summarizes the same data of Figure 2 but now adapted to our complex indicators. 
 

 
 

Figure 3: Data concerning each complex indicator to benchmark a set of worldwide airports. 

 
Then we use MACBETH to rank airports based on a combination of the above mentioned 
four complex indicators and related weights, as shown in Figure 4. 
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Figure 4: MACBETH robustness analyses to benchmark a set of worldwide airports. 

 

Just before to analyze MACBETH results let’s remember those obtained by Ferreira et al. 
[Ferreira, E., Junior, H. and A. Correia (2010)], (Figure 1): the authors put on the top of 
efficiency 9 Airports, that is, from Guarulhos to Tegel; and efficiency starts dropping with 
Montreal airport (10th position within the ranking) till Nicola Tesla airport (18th position within 
the ranking) which has a score around 60.00% of those 9 in the top. 
 
The results obtained with MACBETH approach are quite different. From Figure 4 it is 
possible to observe how this tool allows a better understanding of each indicator values and 
how benchmark among airports gets more understandable too: 
 

• Individually, Tegel achieves the best position, that is 100.00%, within criteria A 
(Number of Processed Passengers / Area of Passenger Terminal), Manaus 
within criteria B (Cargo Volumes / Area of Cargo Terminal), Calgary within criteria 
C (Number of Aircraft Operations (Movements)/ Number of Aircraft Parking 
Positions), and Munich within criteria D (Number of Aircraft Operations 
(Movements)/ Number of Runways); 

• Combining all criteria, that is, within the overall criteria, Tegel airport is the most 
efficient and Ezeiza airport is the less efficient; Munich is 2nd, Manus is 6th and 
Calgary is 7th; 
 

• In comparison with the ranking of (2) Guarulhos is now 8th, Viracopos is 15th, 
Tampa is 4th, Changi is 3rd, and Schoenefeld is 9th. 
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Comparing DEA and MACBETH for this particular case study (Figure 5) it’s possible to 
observe that there are some similarities as for Galeão, Montreal, Munich, Tesla and Tegel, 
but also that there are great discrepancies as for Calgary, Guarulhos, Shoenfeld, and 
(mainly) Viracopos. 
 

 
 

Figure 5 Balance between DEA and MACBETH for a set of worldwide airports. 

 
Although results are quite different between both approaches it seems evident how it’s also 
possible to construct a ranking of efficiency using MACBETH. 
 
The advantages of MACBETH facing all stakeholders are mainly of three orders: firstly, it 
allows a wider view over all airports; secondly, it allows a better understanding of the position 
of each airport within both each indicator and the global ranking; thirdly, it allows an 
adjustment of weights to forecast the related impacts on a specific airport within its 
benchmarking process. 
 
The disadvantage of MACBETH to benchmark airports is the subjectivity of criteria weights 
which is possible to mitigate in two ways: by using only the opinions of specialists in the 
appropriate fields of knowledge, and by getting as much answers as possible so that related 
(and variance) average values are as close as possible with reality. 
 
MACBETH approach also provides a sensitivity analysis tool on possible impacts of each 
indicator weight changes. See the example of Figure 6 where the weight of indicator A is 
25.80%. At this stage Tegel has an overall score around 57.50% and Munich around 
42.50%. If for any reason this indicator weight decreases, that is, if its importance decreases 
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from 25.80% to less than 10.50% (keeping the proportionality among all other indicator) then 
Munich airport will have an overall score higher than Tegel airport. But in this particular case 
it will be necessary a drastic change (around 15.30%) in the specialists opinion. 
 

 
 

Figure 6: MACBETH sensitivity analysis for A indicator for Tegel and Munich airports. 

SELF BENCHMARKING OF TWO PORTUGUESE AIRPORTS 

An interesting feature of benchmarking studies is the possibility to compare efficiency values 
of a given airport over several years. This feature is particularly interesting when observing 
the answer given by the airport whenever there are investments in such infrastructure. If 
there are no investments, it is always possible to see how effective the airport has become 
all over the years. 
 
Thus, this case study perform specifically the self-benchmarking of two Portuguese airports, 
Madeira (FNC) e Porto (OPO), within the period 2006-2010, using both DEA and 
MCDA/MACBETH multidimensional tools. We use data of Table 1 for input and output 
indicators. 
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Table 1 – Madeira (FNC) and Porto (OPO) airports data, 2006 - 2010, ([ANA - Aeroportos de Portugal, S.A. 
(2010)], [ANAM - Aeroportos da Madeira (2010)]). 

 

Number of Runways 2006 2007 2008 2009 2010 

Porto (OPO) 1 1 1 1 1 
Madeira (FNC) 1 1 1 1 1 

 

Passenger T. Area (m2) 2006 2007 2008 2009 2010 

Porto (OPO) 69.112 69.112 69.112 69.112 69.112 
Madeira (FNC) 44.590 44.590 44.590 44.590 44.590 

 

Cargo T. Area (m2) 2006 2007 2008 2009 2010 

Porto (OPO) 19.141 19.141 19.141 19.141 19.141 
Madeira (FNC) 7.535 7.535 7.535 7.535 7.535 

 

Aircraft Parking Stands 2006 2007 2008 2009 2010 

Porto (OPO) 48 48 48 48 48 
Madeira (FNC) 17 17 17 17 17 

 

Processed Passengers 2006 2007 2008 2009 2010 

Porto (OPO) 3.402.805 3.986.748 4.534.829 4.508.330 5.279.531 

Madeira (FNC) 2360857 2.419.697 2.448.574 2.348.040 2.239.353 

 

Aircraft Movements 2006 2007 2008 2009 2010 

Porto (OPO) 47.061 50.745 56.095 52.194 55.432 
Madeira (FNC) 25.828 25.616 25.961 25.162 25.898 

 

Cargo (ton) 2006 2007 2008 2009 2010 

Porto (OPO) 34.444 32.585 32.215 27.375 28.782 
Madeira (FNC) 9.368 9.012 9.303 8.732 8.654 

 
As mentioned there are several works on airport benchmarking each one using different 
performance indicators. Some of them use single indicators while others use complex ones. 
For MACBETH we consider complex indicators and for DEA1 we consider single ones. The 
related indicators structure is that of Table 2. 
 
 
 

                                                 
1 DEA software in use is SIAD (Integrated Decision Support System), [Meza, L., et all 
(2005)], with CCR Model and Input Oriented Analysis (minimizing inputs while keeping output 
values fixed). 
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Table 2 – Indicators structure for MACBETH and DEA analysis. 

 

MACBETH 

A 
Processed Passengers / Passenger 
terminal Area 

B 
Processed Cargo (ton.) / Cargo Terminal 
Area 

C 
Aircraft Movements / Aircraft parking 
stands 

D Aircraft Movements / Number of Runways 

DEA 

Inputs 

Number of runways 
Aircraft Parking Stands 
Passenger Terminal Area 
Cargo Terminal Area 

Outputs 

Aircraft Movements 
Processed Passengers 
Processed Cargo (Ton.) 

 
For MACBETH analysis the weights for each indicator are the same of the previous case 
study based on the opinion of the 30 aeronautical specialists; which means (Table 3): 
 
Table 3 – Indicators weights structure for MACBETH analysis. 

 

A 
Processed Passengers / Passenger 
terminal Area 

25,8% 

B 
Processed Cargo (ton.) / Cargo Terminal 
Area 

24,7% 

C 
Aircraft Movements / Aircraft parking 
stands 

21,6% 

D 
Aircraft Movements / Number of 
Runways 

27,9% 

 
On one end, Figure 7 evidences how DEA ranks Madeira (FNC) airport between 2006 and 
2010: the more efficient years are 2006 and 2008, and the lowest one is 2009. 

 

 
 

Figure 7: Self Benchmark of Madeira/Funchal (FNC) airport based on DEA approach, 2006-2010. 
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Figure 8 shows a quite different results based on MACBETH tool: 
 

• 2008 is the more efficient year of the airport of Funchal, when it reached the 
best results for indicators A, C and D; 

• 2010 is the less efficient year, with the lowest results of all the period for the 
indicators A and B; 

• Although the efficiency of this airport always presents values above 95.49% 
between 2006 and 2010, in the really they oscillated from year to year.  

 

 
 

Figure 8: Self Benchmark of Madeira (FNC) airport based on MACBETH approach, 2006-2010. 

 
Comparing DEA and MACBETH approaches (Figure 9), for this particular case of FNC, it’s 
possible to observe that there is similarity only for 2008. The discrepancies are for all the 
other years in the period, mainly for 2010. As in the previous case study, is evident a more 
concrete/specific analysis within MACBETH tool. 
 
 
 
 
 
 
 
 
 

 

 

 

 
Figure 9: Balance between DEA and MACBETH for Madeira (FNC) airport. 

 
On the other end, Figure 10 shows how DEA ranks Porto (OPO) airport between 2006 and 
2010: the more efficient years are 2006, 2008 and 2010, and the lowest one is 2009. 
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Figure 10: Self Benchmark of Porto(OPO) airport based on DEA approach, 2006-2010. 

 
Figure 11 shows again a quite different results based on MACBETH tool: 
 

• For the airport of Porto (OPO) the year of 2010 was the most efficient, for 
opposition to the year of 2006 that was the less efficient.  

• In the perspective of each criterion: 2006 presents the best score for B, 2008 for C 
and D, and 2010 for A. 

• It is remarkable the increment in the efficiency of this airport between 2006 
(82.86%) and 2010 (95.30%), that is, 12.44% during these 5 years.  

 

 
 

Figure 11: Self Benchmark of Porto (OPO) airport based on MACBETH approach, 2006-2010. 

 
Comparing DEA and MACBETH approaches (Figure 12), for this particular case of OPO, it’s 
possible to observe that there is a perfect similarity for 2007 and 2010. The discrepancies 
are for all the other years in the period, as for 2009 (difference of 1 position) and mainly for 
2006 (difference of 4 positions). As above mentioned, but in this particular even more 
evident, MACBETH approach seems to permit a more deep analysis. 
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Figure 12: Balance between DEA and MACBETH for Porto (OPO) airport. 

FINAL REMARKS 

MACBETH and DEA have the ability to compare either the airport with other similar 
infrastructures or the own airport in different years, offering to all stakeholders the possibility 
to be in touch with the evolution of the performance and efficiency of the infrastructure. 
 
Results obtained within MACBETH tool are quite different than those obtained within DEA 
one, since MACBETH does a thinner approach and presents a non-convergence approach 
against DEA solutions. The reason is that DEA determines the indicator weights by 
mathematical approach thus leading to several airports with maximum efficiency simply 
because exists at least one indicator on those airports which is much better that the others. 
Therefore sometimes this approach does not allow a clear understanding of the efficiency 
ranking. 
 
In our opinion MACBETH allows any stakeholder to analyze more easily the position of any 
airport within the raking, and to easily understand changes needed within the airport to 
modify its individual and overall classification; its disadvantage to benchmark airports is 
based on the subjectivity of the indicators weights which is possible to mitigate in two ways: 
using the opinions of specialists in the appropriate fields of knowledge; and getting as much 
answers as possible so that related average values are as close as possible with the reality.  

CONCLUSIONS 

Benchmarking is a self-improvement tool for any organization as it allows to identify own 
strengths and weaknesses, to compare itself with others, and to learn more on how to 
improve efficiency. 
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There are several works on airport benchmarking each one using different performance 
indicators; some of them use single indicators as, for example, number of aircraft parking 
positions, while others consider complex indicators as, for example, number of passengers 
per area of passenger’s terminal.  
 
It is easy to understand how important is to airport stakeholders a MCDA approach 
supporting a decision making process. The main goal of this work is not only to balance DEA 
and MCDA tools in general, but also to achieve airport rankings by using a (new) multi-
criteria approach allowing the one who is applying it to choose properly both the indicators 
and the related weights. 
 
Therefore we use MACBETH to rank airports in two ways thus underlining the versatility of 
such tool: the efficiency of a set of worldwide airports, and the self-benchmarking of two 
Portuguese ones. In our opinion, but still more research work has to be done in this field: 
  

• MACBETH has the ability to compare either the airport with other similar 
infrastructures or the own airport in different years, offering to all stakeholders the 
possibility to be in touch with the evolution of the performance and efficiency of the 
infrastructure; 

• MACBETH allows any stakeholder to analyze easily the position of any airport within 
the raking, and to understand easily changes needed within the airport to modify its 
individual and overall classification. 

 
The disadvantage of MACBETH to benchmark airports is the subjectivity needed to 
determine the indicator weights which is possible to mitigate in two ways: using the opinions 
of specialists in the appropriate fields of knowledge, and getting as much answers as 
possible so that related average (and variance) values are as close as possible with the 
reality [Braz, J. (2011)]. 
 
Next research steps will be focused on introducing on both, DEA and MACBETH models, 
new indicators based on different, but complementary, operational/technical constraints to 
improve its robustness. 
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ABSTRACT 

Further airports integration into the ATM Network will benefit both the network and the 
airports. An improved interface will allow an increase on punctuality and a reduction of delays 
and costs for both the airport and the network users. Within the airport operations, turn 
around processes is the connection between landside and airside and has a major impact on 
delays. To increase the efficiency of the turnaround process, a decision support tool for 
airlines will be developed within the TITAN project according to the turnaround model 
designed in the project in order to enhance predictability, cost efficiency and punctuality of 
daily airport operations. A Cost Benefit Analysis (CBA) will be performed to investigate the 
benefits the tool is expected to deliver to potential users and will also consider the costs 
required to develop, implement and operate such a tool. 
 
Keywords: Turnaround, Business model; CDM; CBA  

INTRODUCTION 

Airport delays are becoming a bottleneck for air transport network. The causes of airport 
delays are mainly related to the inefficiency of daily airport operations and to the non-
availability of reliable information, i.e. ground handlers and airport operators often have no 
real-time information on arriving aircraft and this can cause increase workload and stress for 
ATC, ground handlers, airport operator and flight crew. Departure delays are principally 
originated from turn-around processes. Late departures are the main cause of late arrivals, 
with relatively small variations on the gate to gate phase.  
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The turn-around of an aircraft comprises a set of services organized in a sequential way, 
from the moment the flight arrives at its stand (AIBT – Actual In-Block Time) to the time it 
leaves it (AOBT – Actual Out-Block Time). Different organizations carry out the turnaround 
activities through individual actors who have different roles and responsibilities in the 
turnaround process. Consequently the turnaround can be considered as a complex set of 
operations with a large potential for delays and inefficiencies.  
 
TITAN Concept unifies and optimizes all the different aspects related to the turnaround 
process. The concept identifies and describes the standard processes, their interactions and 
information flows, as well as the actors and their roles and responsibilities in the turnaround 
process. Within the project a prototype of a tool will be implemented to prove feasibility and 
benefits of the TITAN concept. All stakeholders are expected to benefit by using this tool, 
having more predictability in providing their services and a better resource allocation. A 
comprehensive CBA will be performed to determine these benefits and costs for each of the 
involved stakeholders groups and show how the TITAN tool may serve their interests. 
 

 
 

Figure 1: TITAN project logic 

TITAN VISION 

The TITAN operational concept considers the turnaround as an integral part of the aircraft 
trajectory taking into account the most relevant landing processes and the principles of 
Collaborative Decision Making (CDM). The concept aims to increase the predictability of the 
turnaround and enhance the situational awareness of the stakeholders involved. As a 
consequence efficiency and cost effectiveness will be improved.  
 
TITAN recognizes the turnaround process as a producer and consumer of information. The 
principle of information handling in TITAN is predicated on all critical information of concern 
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to the turnaround that must be shared on a system wide basis in accordance with the agreed 
rules and security provisions. The totality of the shared information is made available to the 
authorized users without them having to know where in fact the information is located.  
 
The TITAN information environment is globally interoperable with other similar information 
environments, especially those at the airport, as well as legacy aeronautical information 
services via the use of appropriate data exchange models and common services. All 
information is currently available (considering privacy issues) but there is no means to share 
it. TITAN provides the means and allows for a better coordination between different 
processes and actors. 

TITAN TOOL 

TITAN identifies the different processes that interact with the ground sector and establishes 
the impact of process parameters changes on the sector.  
 
Stakeholders take decisions separately and based on different information instead of 
managing a single, unique set of information. In these circumstances the lack of shared 
information or too late provision of this information, does not allow the involved actors to 
adapt to the new scenario quickly enough and may lead to the late arrival of ground handling 
agents and equipment at the gate. 
 
The TITAN Information Sharing tool (TIS) will use the existing infrastructure at airports, 
where information flows between all partners will be improved by combining data from 
different sources. However, adaptations of existing information systems might be required in 
order to include or correlate data not currently available. This sharing tool will work as a 
virtual central data repository where all the relevant information related to the turnaround 
process will be gathered and distributed by the TITAN services. End-user applications will be 
specifically designed to share this information with stakeholders’ systems. 
 
In order to be executed, the processes identified by TITAN Concept of Operation in the 
turnaround process require various services. Services in TITAN include both operational and 
supporting services but exclude technical/IT services. All services described in TITAN are 
interrelated by the use of the shared information space of the TITAN Information Sharing 
tool. 
 
TITAN will develop a support tool which will allow an airline to better evaluate and adopt any 
changes in their schedule due to modifications affecting the turnaround process of one or 
several of their aircraft. 
 
The TITAN tool is a non-commercial demonstrator software package to prove feasibility and 
benefits of the TITAN concept. This specific tool will also feed information to the other actors 
(Airport, ATC, etc) so they can improve their operations.  
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The tool will receive inputs or triggers from external actors (ground handling, ATC, land-side, 
etc) and modify the Estimated-Out Block Times (EOBTs) according to the new situation. The 
airline will be able to configure the tool to reflect not only its fleet and schedule, but also 
define the priorities (e.g. give more priority to international flights). Furthermore, the airline 
will be able to analyse different possible scenarios (“What if …?”) and the tool would 
recalculate the EOBTs. 
 
The tool will utilize the previously designed and proven turnaround model. It will allow for the 
negotiation and finalization of milestones as well as the publication of progress information 
related to public milestones. The overall solution will be integrated in the future CDM 
processes at an airport, taking into account the technological communication among the 
stakeholders.  
 
The main goals to be achieved with TITAN tool are to: 

• Provide extra predictability for the turnaround process; 

• Extend the forecast horizon of the stakeholders responsible for different aspects of 
the turnaround; 

• Publish reliable, real time information to the interested parties in a secure, controlled 
manner, through a protocol that promotes information reusability; 

• Contribute to the human-machine communication efficiency in order to prevent 
channel overload. 

 

 
Figure 2 The Goal dependency pyramid 

 

The TITAN tool developed concentrates on the missing passenger scenario. The main user 
of the TITAN Tool identified is an airline as the required data can be restricted to information 
concerning this user. 
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The TITAN tool will: 

• Display relevant data to users 

• Highlight priority issues (e.g. inform the user that a group of passengers is missing) 

• Allow the user to see more detailed information specific to an issue (e.g. how many 
bags the missing passengers have checked in where those bags are packed on the 
aircraft, etc) 

• Potentially suggest solutions to some of the resourcing issues that may result from 
changing the planned turnaround schedule. 

In an operational environment, multiple airlines could be running the TITAN tool at the same 
airport and at the same time. Each airline (or another TITAN user) would see data tailored to 
their own operations and could use that information to improve their decision making. 
 
Summarizing, the TITAN tool will: 

• Provide improved situational awareness to many different groups of users (each with 
different operational goals). 

• Be easy to use (with minimal training). 

• Impose minimal additional hardware / software requirements on users i.e. aim to 
operate on their existing equipment. Note that a dedicated TITAN server may be 
required, but the goal is to not require new hardware for every single user. 

TITAN TOOL BUSINESS BENEFITS 

Cost Benefit Analysis (CBA) is an instrument for decision makers, used to evaluate whether 
an investment is economically viable for partners/stakeholders.  
Within the TITAN context the CBA will help the stakeholders to make the best-informed 
decisions on the business convenience of the TITAN tool based on the TITAN project 
findings as described above. 
 
A CBA will be developed in order to establish and investigate benefits for different 
stakeholders and costs needed to implement and operate such a tool. Therefore 
contributions and collaboration from stakeholders is needed to identify, assess and estimate 
various costs and benefits of the tool. Interviews with the stakeholders and questionnaire will 
be used to obtain and analyze the inputs. 
 
A dialogue with the stakeholders is intended to effect in comprehensive information forming a 
foundation of the CBA, namely 

• Tailoring of the baseline and reference scenario 
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• Identification of costs and benefits 

• Expert Judgment and assessment of cost and benefits 

Costs and benefits identification and estimation will not be the same for the different 
stakeholders groups involved in the TITAN tool. As not all the stakeholders will use the same 
level of information the future benefits and costs borne will be different for each of them. The 
cost will depend on the quantity and the level of information and data every stakeholder 
wants to obtain with the use of the TITAN tool.  
 
The main stakeholders groups considered in TITAN context are: 

• Airlines 

• Air Navigation Service Providers  

• Airports 

• Ground Handler Agents  

The TITAN tool is mostly targeted at airlines that are expected to be responsible for 
operating the tool. The airlines will be the major beneficiaries of the tool implementation 
being the key actors in the decision making process for turnaround as a whole. It is expected 
that the airlines will have the highest benefits to costs ratio. However they are not the only 
ones who will receive the benefits. The tool implementation is expected to bring (monetary) 
benefits to other stakeholders involved in turnaround process. Increase predictability in 
providing the services and a potential better resource allocation should result in more cost-
efficient operations.  
 
Titan tool expected benefits are intimate closely linked to the objectives defined in TITAN 
project. They can be summarized as follows: 

• Increase of predictability (of the turnaround process)  

• Reduction of operational costs (handling companies and airlines)  

• Increase in efficiency of airlines operation 

It should be noted that a benefit need not to be quantifiable in order to be recognized as a 
real benefit. As far as possible any benefit should be expressed in monetary terms in order to 
be compared against the costs.  
 
However, for certain reasons (availability of time and resources, difficulty to find a consensus 
on a criterion for measurement, etc) some benefits cannot be express in monetary terms, in 
which case, the benefit will be expressed in other quantitative terms (e.g. physical units). In 
case quantification is not possible at all, the benefit will be expressed qualitatively expressed, 
but always explained and justified. 
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From a CBA point of view it is important to mention that TITAN will deliver a prototype of the 
tool and not a final product. Further investment will be required to develop a final tool for the 
market place and to develop a tailored business model for the marketable product. 
 
For this reason, in the CBA exercise, an important issue to be considered is the way in which 
the cost of the tool could be absorbed by users. 
At this purpose different alternatives may be taken into account. Based on the business 
model for the TITAN tool, that will be determined during the CBA process the analysis will 
use the selected assumption: 

• A full purchase of the tool by airline (including maintenance and support)  

• A service based consultancy operation of the tool (only pay for the outsourced service 
used)  

• A “pay as you go” (fee based) model where only successful transaction are charged  

• A government (or governing body)  provider is responsible for purchasing the costs of 
the tool, while airlines are responsible for operating the tool (due to the expected 
safety and efficiency benefits) 

The CBA approach will consider multiple stakeholders groups and will show how the TITAN 
tool serves the interest of all of them. 

CBA PROCESS 

The main steps of the CBA process could be summarized as in the following figure:  
 

 
 

Figure 3 CBA Process 
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Applied to the TITAN tool, the CBA will: 

• Create and run economic models for each of the stakeholders groups. Economic 
models enable a transition between conceptual scheme of quantifiable costs and 
benefits to a spreadsheet that actually delivers numerical results such as Net Present 
Value (NPV) Internal Rate of Return (IRR), Benefit/Cost ratio (B/C).  Economic 
models are developed using conceptual tool like influence diagrams then converted 
into spreadsheet for calculation purposes.  

a. Influence diagram is a graphical representation that shows all the variables 
that impact a specific value (Net Present Value- NPV- for a project) and the 
relationship between them. . The use of influence diagrams allows to model 
the cost-benefit mechanism of each stakeholder which can be parameterized 
with relevant data identified both for deterministic and for stochastic variables. 
The influence diagram is a graphical representation that shows all the 
variables that impact a specific value, i.e. NPV for a project. Each influence 
diagram highlights the interdependence within variables and its uncertainties. 

b. Spreadsheet: an influence diagram can be translated into a parameterized 
spreadsheet containing all the calculation needed. This constitutes the first 
level of output. The model spreadsheet can then be used to validate data, to 
produce charts and to calculate additional indicators, such as Payback Period, 
Internal rate of return, Benefit to cost ratio  

• Costs and benefits estimation for each stakeholder groups. While costs need to be 
assessed by the tool developer’s team, the benefit assessment needs to be done in a 
close cooperation with the stakeholders. 

• Embrace uncertainty for data: multipoint estimation and associated probabilities 

• Sensitivity analysis: tornado charts shows the change in value (NPV in the case of 
TITAN tool CBA) when a variable change from the high to the low value while 
keeping the other variables to the base value. The sensitivity analysis, allows to 
identify the most critical variables. 

• Risk Analysis shows the likelihood of the project delivering a certain net present 
value which could be less or equal to a given value; 

• Analysis and interpretation of the results 

 

The CBA of the TITAN tool will basically compare the “do nothing” scenario with the “tool in 
place” scenario which will be defined during the CBA process: the baseline scenario will 
assume that CDM concept is implemented. 
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CONCLUSIONS 

The TITAN project develops TITAN Integrated Services that allow to monitor of the 
turnaround process and a set of associated milestones in a comprehensive way..  
To prove feasibility and benefits of the TITAN Concept, demonstrator software will be 
developed within the project (TITAN Tool). It will help to model turnaround processes in detail 
based on predefined scenarios and monitoring all the actors involved. Airlines will be the 
main beneficiaries of the tool being able to closely monitor and adjust the turnaround 
process. Costs and benefit of the TITAN tool implementation will be assessed and estimate 
to prove its feasibility. The CBA will look into the costs and benefits of each stakeholder 
groups involved in the use of the TITAN tool. The “do nothing” scenario (CDN implemented 
but no TITAN tool in place) will be compared to the “tool in place” scenario (CDM 
implemented and TITAN tool in place). 
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ABSTRACT 

Traditionally digital simulation has been used by the scientific and aeronautical community 
for evaluation of small-size operational problems or in problems that can be stated in such a 
way that result feasible for being solved by analytical approaches. The evaluation of 
aeronautical operations has not been faced with the use of simulation techniques because 
the simulation approach is very computer-resource demanding. With the evolution of 
computer technology simulation becomes an approach that is gaining more and more 
acceptance within aeronautical and industrial community. The new software developments 
are able of being used for the evaluation of performance of big-scale systems such 
aeronautical ones. In the paper a state-of-the-art simulation program that has been 
introduced in the program of the Aeronautical studies in Universitat Autonoma of Barcelona 
for teaching and research purposes is presented and their characteristics discussed. 
 
Keywords: Simulation, performance, Cast, analysis. 

INTRODUCTION 

Digital Simulation is a very well recognized methodology which possesses a high descriptive 
level. The traditional problem with simulation comes from the resources and the power of 
CPU needed in order to manage all the objects present when simulating big systems. In 
recent years and with the evolution of computer technology, it is possible to describe actual 
aeronautical systems without losing characteristics that are important to be taken into 



42     M. Mujica, M. Laubrock & M. Piera 

account during the modelling process. The aeronautical systems have such a complexity that 
the emerging problems in those systems need to be faced using dynamic approaches. 
Approaches such as digital simulation take into account the dynamic nature of systems in 
contrast with the analytical ones which make assumptions that do not take into account 
subtleties that result important for the emergent dynamics of systems. In particular CAST 
(www.airport-consultants.com) is a program that has been developed with characteristics 
that allow not only to manage all the entities that participate in the actual system but also it is 
capable to perform analysis of the system in order to detect operational problems such as 
bottle necks, conflicting problems, queue problems among others. The document is 
structured as follows. In the next subsection the simulation methodology is introduced. 
Section 2 presents the CAST simulation software; Section 3 presents some successful 
examples in which Cast was the key factor for the success of performance analysis. 

SIMULATION APPROACH 

Simulation in the context of aeronautical operations has been generally associated with flight 
simulators; these simulators range from stand-alone computer programs to a combination of 
mechanical with software programs that simulate the environment of the flying pilots. 
Simulation has been widely used within other frameworks such as mechanical, industrial, 
chemical etc. to assess system performance with very good results. In order to evaluate 
systems performance, the simulation approach follows a methodology with can differ a little 
bit with authors but in general has the following steps. 
 

1. Define the objective of the Study 
2. Modelling Scope and level of detail 
3. Conceptual design of the system 
4. Data Collection 
5. Model Development 
6. Verify the model. 
7. Validate the results 
8. Design and execute Experiments 
9. Results interpretation 
10. Documentation and implementation 

Objective of the Study 

The objective of a simulation study must be stated in order to identify those actors of the real 
system that must be taken into account for the performance evaluation and the limits of the 
study. In particular for an aeronautical simulation the stake holders may vary depending of 
the objective of the simulation.  
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Modelling scope and detail level 

The level of detail needed (abstraction level) in order to achieve the objective must be clearly 
specified. The latter will influence the data collection phase which will be crucial for the 
validation of the resulting model. 

Conceptual Design of the System 

This phase is very useful to understand the causal relationships within the system. These 
relationships sometimes are hindered by the dynamics of subsystems and they are not 
apparent until this modelling exercise is performed. It is very common to find that in real 
systems even the people involved in the day-to-day activities do not understand perfectly 
how the system works. The conceptual modelling can be performed in some ways which can 
range from flowcharts, cognitive models to simulation formalisms such as DEVS (Zeigler et 
al. 1997) or Petri Nets (Jensen and Christensen, 2009); particularly the latter formalism has 
given very good results in industrial system analysis (Mujica and Piera 2010). In particular 
this phase helps understanding the influence that one decision takes downstream.  
 

Data Collection 
 
The data collection phase is one of the most important steps in the whole project. Sources of 
data could be available or sometimes a field collection must be performed, depending on the 
detail of the model. During this phase, the data collection activity must be designed taking 
into account some characteristics such as: 

- Sample size 
- Frequency of collection 
- Level of confidence in the data sample 
- Independency level of samples  

Model Development 

In this phase the model of the system under study is developed making use of simulation 
programs or a modelling formalism or a combination of both. The model is developed with 
the abstraction level determined in the second phase. In this phase it is possible to use 
available off-the-shelf products such as Cast Simulation Software (www.airport-
consultants.com) or general purpose programs such SIMIO (www.simio.com), the selection 
will be mainly depending on the economic cost and the modelling efforts to obtain the desired 
model. 

Verify the model  

Once the initial model is developed, it is necessary to compare its behaviour versus available 
data or versus common sense in order to assess if the model behaves according to the idea 
of the developer. If the model works in a logical way, it is necessary to continue to a more 
formal verification of the model (validation phase). On the other hand if the model does not 
behave in the proper way it must be necessary to identify what the problem is and correct it 
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until the verification is obtained. Sometimes the strange behaviour of the model can be 
caused by wrong assumptions or by neglecting the influence of some variables which in the 
actual system certainly influence the behaviour. 

Validation of the model 

Once the previous phase has been passed it is necessary to analyse the data produced by 
the model in order to evaluate the range of validity of the results. It is a standard practice to 
validate the results making use of a measurable quantity obtained from the historical data 
versus the data obtained from the model (Banks et al. 1996) such kind of tests could be the 
Student’s t hypothesis test, mean tests, standard deviation tests or others depending on the 
scope of the project (Walpole et al.1999). 

Experimental Design 

The validated model represents with a good level of reliability the original system. Therefore 
the analyst can experiment with it trusting that the outcomes certainly would be very similar 
that if the experiment were performed with the actual system. This phase is used to evaluate 
different configurations, test new policies for the system aiming to achieve the objective 
initially stated.  

Result Interpretation 

The interpretation of results is a task which most of the times is the main outcome from a 
simulation project. This task gives an answer to the initial questions of the project. The 
results are interpreted based on the original assumptions and always keeping in mind that 
the original assumptions might not be valid in the new configurations. The latter does not 
imply that certain processes of the model are not valid at all; it only means that the new 
configurations might have processes that do not take into account dynamics which determine 
the real behaviour of the new system. 

Documentation and implementation in the real system 

Once the results are obtained it is possible to implement the new politics, configurations lay-
out or whatever has been evaluated. In this case there is a clear advantage of using the 
simulation methodology since it is more reliable to use the dynamical approach than using a 
static analysis of the system. 
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The previous methodology is summarized in the flowchart of figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 – The Simulation Methodology  
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CAST SIMULATION SOFTWARE 

CAST is a simulation program that uses the agent approach (North and Macal 2007) as an 
innovative way of simulating aeronautical operations; traditionally these kind of systems have 
been studied under the discrete-event system simulation, but with the improvement in CPU 
speed it is possible to go to a deeper level of granularity in the model in order to code 
intelligent and independent behaviour in the entities that flow within the digital model. The 
software has been developed by Airport Research Center (www.airport-consultants.com) in 
order to simulate and analyse all the different operations of an aeronautical system (terminal, 
airside, and vehicles systems). This software is a specific-purpose simulation tool, which 
means that it has been developed solely for the analysis and modelling on aeronautical 
operations. The level of detail that can be reached is such that it is possible to specify all the 
different characteristics and restrictions inherent to aeronautical operations, either in the 
airside or landside. The software is composed by three main modules which could be used 
each of them as a stand-alone program or as a part of  a  comprehensive model that takes 
into account not only the airfield operations but also the passenger flow within the terminal. 
The use of the combined models is decided based upon the objective of the study. The main 
modules of the simulation program are presented in the following subsections. 

Cast Aircraft 

CAST Aircraft simulates the aircraft traffic at and around an airport considering its 
infrastructure, rules, restrictions, and operational strategies. 
With CAST Aircraft operations and infrastructure can be rapidly evaluated in scalable levels 
of detail, for example to optimise operations, plan new infrastructure or assess a system's 
capacity. Various performance indicators can be logged for extensive analysis and can 
already be assessed during the simulation run via simulation-synchronous animation and in-
run analysis functionalities such as graphs or colour-coding. 
Part of the CAST Aircraft traffic generation is a central flight schedule handling system. 
Following the courses of the schedule, flights are performed. Based on probabilities, delays 
and schedule deviations can be considered. 
The dynamic gate allocation takes into account all relevant flight information. Restrictions 
and priorities can be defined according to real live stand allocation. 
Operational concepts define how aircraft are taxiing and how runways are used. For process 
definitions like routing or push-back it is possible to define detailed rules or use automated 
functions. The runway sequencing is based on ATC rules and calculates the minimum 
required separations considering required wake vortices, radar separations, runway 
occupancy times, departure separation and the individual properties of an aircraft. 
The included comprehensive 3D visualisation not only supports an efficient use and analysis 
but also is an essential feature in order to provide meaningful presentations of results to end 
users and decision makers. 
It has other features: 
• Import of runway and taxiway network from CAD 
• Schedule based generation of flights 
• Dynamic gate allocation and aircraft routing 
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• Runway utilisation according to specific rules and restrictions 
• Microscopic movement behaviour 
• Conflict detection and recognition during taxiing 
• Accurate calculation of delays, taxi-times and other process parameter 
• It allows implementing stochastic distributions 
Figure 2 illustrates the kind of detail that can be achieved using the Aircraft module of CAST. 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 - Typical view of an aircraft model  

Cast Terminal 

CAST Terminal is the dynamic simulation tool used to model passenger flows within the 
passenger terminal to achieve the highest level of reliability at the earliest stage of planning. 
At the same time, CAST Terminal supports airports in optimising existing terminal facilities by 
investigating different operational strategies. 
CAST Terminal utilises quick and easy modelling of passenger terminal layouts to generate 
relevant statistical data. All known concepts are modelled and new techniques and 
procedures can be evaluated for future implementation. 
The main features of CAST Terminal are: 
• Import of dxf and 3ds data 
• Modular structure, easily extendable 
• Accurate representation of existing facilities and their processes 
• Possibility of simulating processes with regard to set objectives (e.g. level of service) 
• Generation of any number of passenger types 
• Possibility of simulating facilities in three different levels of detail 
• Representation of results in the form of graphs and/or statistics 
CAST Terminal provides a visual representation of all activities and processes concerning 
passenger flows in the airport passenger terminal. The simulated elements include: 
• Traffic/circulation areas of different types and characteristics, queuing and waiting areas 
• All flight related processes (e.g. check-in, security, passport, gate, customs and immigration 
control, baggage claim) 
• Innovative self-service solutions (e.g. kiosk/CUSS check-in, body scanner, automated 
border control) 
• Retail and catering facilities with various properties Escalators, lifts, moving walkways and 
people movers CAST Terminal generates statistical data on: 
• Utilisation of traffic, queuing and waiting areas 
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• Workload of passenger handling facilities 
• Duration of passengers' stay in terminal 
• Queuing and waiting times for passengers 
• Passenger handling facilities' processing times 
• Incorporates building blocks for easy design of terminal layout 
• Sets detailed parameters of passenger behaviour 
• Simulates different operational strategies 
• Provides interactive visualisation of passenger flow 
• Provides extensive data output and analysis 
Figure 3 illustrates the kind of graphical details that can be achieved with the Terminal 
module of CAST.  
 
  
 
 
 
 
 
 
 
 
 
 

FIGURE 3 - A typical window of Cast Terminal Model 

Cast Vehicle 

CAST Vehicle is a comprehensive fast time simulation tool for modelling vehicle based 
traffic, logistic processes and evaluating airside ground traffic. 
With CAST Vehicle operations and infrastructure can be rapidly evaluated in scalable levels 
of detail, for example to improve the layout, plan resources or optimise operations. Various 
performance indicators can be logged for extensive analysis and can even be assessed 
during the simulation run via simulation-synchronous animation and in-run analysis 
functionalities such as graphs or colour-coding. 
CAST Vehicle incorporates a sophisticated schedule-based dynamic traffic generation that 
takes into account flight load information (e.g. passenger baggage and cargo), as well as 
individual ground handler responsibilities and their dispatching strategies. A detailed routing 
module contributes to an automated and realistic routing. The software provides an accurate 
model of microscopic driving behaviour: vehicles accelerate, turn, change lanes and overtake 
according to their kinematic and dynamic properties and give way at road junctions while 
obeying the respective traffic rules. 
Further features of CAST Vehicle are: 
• Quick and easy modelling of airport airside traffic systems 
• Integral environment: modelling, editing, simulating, and evaluating of scenarios is 
performed in the same virtual environment 
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• Several analysis features for in-run feedback (graphs, color coding, labelling) and detailed 
post-processing 
• Import and editing functionalities for rapid scenario set-up 
• Flexible road network concept that allows easy modelling of network layouts with multiple 
lanes and complex junctions 
• Generation of traffic based on flight plan or stochastic distributions 
• Dynamic dispatching according to individual strategies 
• Accurate modelling of microscopic driving behaviour including lane changing, overtaking 
and conflict resolution at junctions CAST Vehicle may also be used for the analysis of curb-
side traffic: 
• Supports planning and optimising operations for the curb-side 
• Resolve bottlenecks and develop parking concepts. 
 
Figure 4 shows the kind of abstraction levels that can be visualized using the Vehicle module 
of CAST. 
 

  

 

 

 

 

 

 

 
FIGURE 4 - A typical view of Cast Vehicle Model 

CAST for Research and Academy 

Recently the Universitat Autonoma de Barcelona has adopted CAST and SIMIO as the main 
programs for teaching SIMULATION. The lectures are given under a Bachelor’s and MSc 
Program in Aeronautical Management. These software programs are very useful and they 
are part of the analysis techniques taught within the Aeronautical Management Studies 
(www.uab.es). The simulation approach is introduced or used in the subjects:  Modelling and 
Simulation of Airport Logistics Systems, Modelling and Simulation and Introduction to 
Logistics operation Management. 
 The programs are also useful at a research level since it is possible to use them as the test 
laboratory for research related to new allocation rules, evaluation of new configurations in an 
airport terminal, among other kind of research projects. 

CASE STUDIES EXAMPLE  

Regarding to real systems CAST have been successfully implemented in several projects 
worldwide. The objectives vary from evaluating new configurations to assess the 
performance of systems and identifying the hidden cause of problems in aeronautical 
operations. Some of actual projects performed using some CAST modules are the following. 



50     M. Mujica, M. Laubrock & M. Piera 

• BAA, Great Britain 
Development of the simulation system CAST Terminal. Detailed studies on Terminal facilities 
(Terminal, Security controls) on behalf of BAA and modelling of the airside vehicle traffic with 
CAST Vehicle. 
• Berlin Airports, Germany 
Simulation of the passenger processes at Berlin Brandenburg International Airport. 
Simulation of the passenger flow in the planned Terminal D. Simulation of the future ground 
handling traffic to determine the required apron capacities. 
• Delhi Airport, India 
Study on the capacity planning for the operation of the new Terminal 3 and implementation of 
the simulation system CAST Terminal at Delhi Airport. 
• Deutsche Post World Net - DHL Hub Leipzig, Germany 
Apron / Airside Planning - Assessment and validation of the layout and the operational 
concept for the DHL Hub Leipzig (Fast-Time Simulation of freight operations). 
• Dubai Airport, UAE 
Set-up of the simulation model of all terminals and concourses, Validation of the baseline 
model and handover, Simulation consulting on development Scenarios for T2. 
• Dublin Airport Authority, Ireland 
Set-up of the simulation model of the existing airport terminal and the planned terminal 
expansion. Customer consulting, training and support on the simulation model. 
• Dusseldorf International Airport, Germany 
Supporting the Masterplan with detailed studies on the terminal design and capacity planning 
and traffic forecasts. 
• Eurocontrol Experimental Centre (EEC), France 
Integration of Terminal and Airside Simulation - Development and Application of the first 
Integrated Airport Simulation Environment.  
• Fraport AG, Germany 
Capacity study on the terminal expansion for the A380 integration and integration of CAST 
Terminal and CAST Vehicle at Fraport. 
• Helsinki-Vantaa-Airport, Finland 
Evaluation study of two airport master plan alternatives regarding airside operations. Check 
of potential bottlenecks, comparison of taxiing times under different operational concepts for 
the use of the runway system. 
• Munich Airport International, Germany 
Integration of CAST Terminal at Munich Airport. Studies on the market of Munich airport 
within the scope of the planning of the third runway. 
• Oslo Gardermoen Lufthavn AS, Norway 
Support of the planning process for the airport: simulation and validation of the layout and 
operational concept of passenger terminal processes and the ground handling vehicle traffic 
and the airport railway station. 
• Unique (Zurich Airport), Switzerland 
CAST Aircraft - Software Development - 3D-Multi-Agent Simulation of the Ground 
Handling/Airside Traffic for International Airports. 
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CONCLUSIONS 

Digital Simulation is an approach that has evolved since the last two decades; traditionally 
the researchers have spent a lot of time developing models which due to the poor capacities 
of the technology of those days resulted inefficient to cope with the objectives of solving 
problems for real systems. Nowadays with the development of computer technology it is 
possible to take full advantage of the simulation approach in order to analyse in a more 
realistic way the complexity of dynamic systems. In particular systems such as the 
aeronautical ones have subtleties which generate emergent dynamics which cannot be 
neither model nor evaluated with other techniques. The article has put focus on CAST 
simulation software which has been adopted by several airports to evaluate the dynamics of 
their systems and by academy (in particular the UAB) for teaching and research purposes 
with excellent results. 
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ABSTRACT 

In literature, little has been written about the business model of airports.  This paper looks at 
the theory behind a conceptual approach to business models and whether it is applicable on 
airports. Furthermore, the close relation of all elements of a business model is depicted. Two 
case studies illustrate the theory and the effect of changing one element of the business 
model. This leads to a general conclusion about the consequences of the interrelations 
between the elements of the business model. 
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1. INTRODUCTION 

In literature, little has been written about the business model of airports. In this paper, the 
author tries to describe how an airport business model can be depicted. Before this can be 
done, one has to understand what a business model actually entails. 
 
The main goal of most companies is being profitable. (Internal) supply chains are built to 
achieve this aim: companies buy supplies which they turn into products by adding some 
value. Then, they offer these products or services to their customers which, in turn, pay 
money for what they get. Cost flows are linked to buying the supplies and revenue streams 
come from the sold products. Adding these costs and revenues together leads, in lucrative 
companies, to profit.  
Although there is no generally accepted definition of a business model, Linder & Cantrell 
(2000) stated that the reasoning given above explains what a business model entails: “a 
business model is an organization’s core logic for creating value”. 
 
A recent, conceptual approach to business models – the one from Osterwalder – stresses 
the fact that business models are dynamic. Companies can create competitive advantages 
by adapting the different elements to the market needs. Since these elements are closely 
intertwined, it is important to understand the relations between the building blocks. Therefore, 
this paper identifies the links between the different features. 
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Subsequently, this paper investigates whether the Osterwalder model is applicable on 
airports. After all, Shafer et al. (2005) stated that “companies of all sorts in virtually every 
industry rely on the concept” and airports are also companies that offer their customers some 
value, using their infrastructure.  
 
Two case studies will validate the hypothesis and the impact of the links between the 
elements is shown by making slight changes to one of the elements of the model and 
analyzing the  consequences for (the outlook of) the business model. 
 
In chapter 2 of this paper a general description of business models is followed by the 
Osterwalder approach. Paragraph 2.3 shows the links between the building blocks. Chapter 
3 studies whether the Osterwalder approach, with its intertwined building blocks is applicable 
on airports and in chapter 4 two case studies (Brussels Airport and Antwerp Airport) serve as 
an example and validation of the theory. Paragraph 4.3 shows the implications of changing 
one element of the business model, i.e. the rail accessibility, which leads to the 
consequences of the interrelated building blocks in chapter 5. The conclusions are listed in 
chapter 6. 

2. THEORY BEHIND BUSINESS MODELS – THE 
OSTERWALDER APPROACH 

Before looking into business models of airports, it is important to understand what a business 
model entails. Therefore, this chapter will explain the different elements of business models 
by looking at the conceptual approach of Osterwalder. 

2.1 The business logic 

The aim of every company is to create and deliver value to their customers. In doing so, they 
want to make money to cover their costs and, in best case, even make some profit. Putting it 
like this, makes it seem much more easy than it really is. Companies have to create products 
to offer their customers some value. To do so, they need supplies, infrastructure, employees. 
These three important elements all come with a cost. To negotiate lower costs, partnerships 
with suppliers have to be set up, good (employment) contracts have to be drawn up and 
signed, etc. Creating and delivering value is much more difficult than it seems.  
 
Already in 1985, Michael Porter tried to pinpoint this reasoning down with his description of 
the value chain. However, since then, the business environment changed. For example,  
more (potential) customers can be attracted thanks to the rise of the Internet. Innovative 
technologies like this caused the breaking up of the different elements of the value chain. 
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Figure 1: Porters Value Chain  

Source: own composition, based on Porter (1985) 

Business models, as we see them today, are still about creating and delivering value, using 
and working with all elements of the company (Johnson, Christensen & Kagermann, 2008; 
Linder & Cantrell, 2000; Verstraete & Jouison-Laffitte, 2009). This entire reasoning can be 
grasped into two preoccupations: 

• Who is the customer? How do we make money and what are the costs? 
• How can we create value by using our resources? 

 
Regarding this, Alexander Osterwalder stated the following: “A business model describes the 
value an organization offers to various customers and portrays the capabilities and partners 
required for creating, marketing, and delivering this value and relationship capital with the 
goal of generating profitable and sustainable revenue streams.” 

2.2 The Osterwalder model 

There are innumerous models that describe how a business model can be depicted. 
However, it is important to bear in mind that with its activities and the value a company 
creates, it wants to gain a competitive edge. Therefore, it is necessary to respond to the 
customers wishes.  
Inspired by the Balanced Scorecard approach of Kaplan and Norton and more general 
business manager literature, Alexander Osterwalder drew up a conceptual approach to 
business models, by translating the above mentioned questions1 into building blocks, as can 
be seen in Figure 2. With its elements and their relations the nine building blocks (in four 
areas) describe the business logic and the value a company offers. 
The main advantage of this approach is that it is dynamic: the business model has a 
structure that allows further alteration; that permits the companies to adapt the building 
blocks to the market needs. 
 

                                                 
1
 What can we offer to who? Some value  to our targeted customers. How can we provide this? Using our 

infrastructure. And what costs and revenues are associated with this? 
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Figure 2: Nine building blocks as described by Osterwalder  
Source: own composition, based on Osterwalder e.a. (2009) 

1. The targeted customer is the customer the company tries to reach and serve. In 
order to better satisfy the customers, a company may group them into distinct 
segments with common needs, common behavior or other attributes. 

2. The value proposition describes the bundle of products or services that create value 
for a specific customer segment; it shows why the customers chooses one company 
over another. 

3. Using the distribution channels, a company can communicate with and reach its 
customer segments to deliver the value proposition. 

4. The company establishes a type of relationship with a specific customer segment, 
from personal to automated, and this is described in the customer relationship. 

5. This all results in different revenue streams: the company generates cash from each 
customer segment. 

6. The key resources are the assets to make the business model work. They allow the 
company to create and offer the value proposition, to reach the markets, to maintain 
relationships and to earn revenue. These resources are either physical, intellectual, 
human or financial. 

7. The key activities show the things a company must do to make its business model 
work; the actions a company must take to operate successfully. Like key resources, 
they are required to create and offer a value proposition, reach markets, maintain 
customer relationships and earn revenue.  

8. The building block “Key partnerships” describes how a company can be part of a 
network of suppliers and partners to make the business model work. This entails 
strategic alliances (between non-competitors), coopetition (between competitors), 
joint ventures and buyer-supplier relationships.  

9. The cost structure describes all costs incurred to operate a business model. 
 
 

These nine building blocks together form the “Business Model Canvas” (see Figure 3). In this 
Canvas, the building blocks can be grouped into four groups: companies offer value to their 
customers, using their infrastructure and this all comes with costs and revenues. 
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Figure 3: Business Model Canvas 

Source: own composition, based on Osterwalder e.a. (2009) 

2.3 Intertwining of the nine building blocks 

It is important to bear in mind that all these building blocks are very closely linked to one 
another: the different building blocks are all tuned to one another to perform the company’s 
core task, which is delivering value for their customers. Figure 4 shows how the building 
blocks influence each other. 
 
The core business of the company is to offer value. What they offer, is subject to what the 
customers in each segment want. Depending on what value the company wants to create 
and how it wants to create this value, the company performs activities (which, in turn need 
resources) and attracts the right partners. These resources and activities represent the costs, 
which can be reduced, for example through realizing economies of scale or scope with 
competitors or other partners. 
To reach the customers, the company relies on (distribution) channels. Depending on which 
channels used, the company can build relationships with their customers. If all goes well, 
customers represent the revenues of the company.  
It is important to add that, depending on what the company offers, other customers can be 
attracted. Therefore, the customer segments are also subject to the value proposition. 
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Figure 4: Interrelated influence of building blocks 

Source: own composition, based on Osterwalder building blocks 

These relations imply that, depending on how only one building block is constituted, the 
business model can change quite a lot, even when the same type of company is concerned. 
Frank (2011, p. 34) already stated: “…there are no two identical business models… This can 
be partly explained by the number of possible combinations associated to a single 
component.”  
As already stated above, companies that fathom these nine building blocks are able to 
constantly adapt their business model, which is useful to react to market needs and thus gain 
a competitive edge. So, if companies adapt (one element of) one building block to respond to 
market needs, it triggers a chain reaction which causes changes in (some of) the other 
building blocks. 

3. AIRPORT BUSINESS MODELS BASED ON 
OSTERWALDER APPROACH 

The question remains whether this Canvas, with its nine building blocks, can be applied to 
any company and what the repercussions of a minor or major change in one of the elements 
are. This chapter studies the applicability of the canvas to airports. First, the reasoning 
regarding the nine building blocks is translated to the context of an airport. Paragraph 3.2 
then depicts the relations between all the elements of an airport business model. 

3.1 Nine building blocks 

An airport serves as an interchange where air modes are linked with land modes and here, 
several transport companies (and other stakeholders) interact with each other. Each of those 
companies and stakeholders has his own specific business model, but these models are all 
linked to one another since they operate on the same geographical location, serving the 
same customers. Therefore, it is necessary to understand from which perspective the 
business model is described. In the following description, the perspective of the airport 
management is given. 
 
Given the fact that the business model is used to gain a competitive edge, the airport 
management has to fully understand what adds to the “airport experience” of its customers. 
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This can be traced by looking at the different steps a customer (passenger) goes through 
when making a journey by air (Figure 5Error! Reference source not found.).  
 
A passenger who wants to travel from his home to any destination – with a direct flight2 - 
goes through thirteen different stages. First, he chooses his destination, chooses his route 
and airport and buys his ticket. This all happens at his place of origin. After that, his journey 
starts and he has to get to the airport. Arriving at the airport, the passenger has to find his 
way to the check-in counter and gate through signposting and other information facilities. 
When the passenger has checked in and has delivered his luggage, he has to pass through 
customs. Then he has to wait, shop or eat until he can board and after his flight, when he 
arrives at his destination, he passes through the passport control and has to pick up his 
luggage3.  
In some cases, there is a fourteenth step. When a passenger wants to make compliments or 
complaints, he can do so after his journey, addressing the after-sales department. 
We see here that several stages are linked to the airport. Variables related to these stages 
determine the “airport experience”. 
 
It is important to note here, that the airport is not always fully responsible for every element 
that adds to the airport experience. For example, airlines are also offering some services at 
the airport. The airport management is only responsible for its accessibility, providing travel 
related services (such as providing real time information, safety and security and, in some 
cases, ground handling) and providing some additional services (such as retail). 
 

                                                 
2
 Without hubs or transfers taken into account. 

3
 It is of course also possible to focus on movements in the opposite direction. 
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Figure 5: Overview of a journey by air (direct flight) 

Source: own composition 

These different stages can help us discover how the nine building blocks of an airports 
business model are defined. 
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CUSTOMER SEGMENTS 
 
As stated before, companies can divide their customers in different segments. They can do 
so using several characteristics such as gender or age. Airports, for that matter, mainly 
distinguish based on two criteria: travel purpose or destination.  
Passengers passing through an airport can either be business travelers, traveling for 
business or study, or leisure travelers, going on a holiday visiting friend or relatives. Each of 
those segments has certain characteristics. For example, business travelers are rather time-
sensitive, while leisure travelers are cost-sensitive. Furthermore, the majority of business 
travelers are between 25 and 55 years old, while leisure travelers can have any age. 
Airports offer different destinations. In big countries, passenger can fly national, so within the 
country’s borders. The other possibility is that passengers fly international, or even 
intercontinental. 
 
VALUE PROPOSITION 
 
With its value proposition, a company tries to outshine its competitors. It is thus important 
that companies try to find out what determines the choice of their customers; the 
“experience” the customer gains is crucial. 
The airport experience starts with getting to the airport. Therefore, it is important that an 
airport is well accessible. Preferably the customers are being offered different travel options 
(bus, rail, car, etc.). 
An airport can also hold a competitive edge based on the services it offers. These services 
have to be reliable and punctual. 
To attract passengers, it is important that different and interesting destinations are offered 
at a good price. However, the airlines (and not the airport) are responsible for the 
destinations offered and the prices charged. Airports can only influence this by attracting the 
right airlines, with a complementary offer. 
Another important element which adds to the airport experience is the presence of 
additional services such as shops, restaurants, banks, etc. 
 
DISTRIBUTION CHANNELS 
 
For any company, it is important to communicate with and reach its customers, either to give 
information or for sales. At an airport, the contacts established with the customers can be 
divided into three categories: before travel (to raise awareness), during travel (to ease 
travelling) and after travel (for after sales services).  
The internet can be used for marketing and sales purposes (before travel): to provide 
potential customers with information about the airport and sell tickets. Marketing campaigns 
can also be lounged through other media such as newspapers and magazines or television. 
And tickets can also be sold at on site ticket desks or via partners, such as travel agencies. 
Furthermore, internet can serve as a source for real time information during travel. Also face-

to-face contact, in the form of information desks and displays at the airport can be used for 
these purpose. 
Telephone connections serve as media for after sales services: customers can contact call 
centers with their compliments or complaints. 
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CUSTOMER RELATIONSHIP 
 
The relationships a company has with its customers can be very diverse. They depend, 
amongst others on the distribution channels the company uses to reach its customers. 
Airports can have relationships with its customers merely based on short term contact with 
the passengers or long(er) term relationships through fidelity programs. 
Depending on the distribution channels used, the airport has more or little contact with its 
customers. Due to the technological evolutions, the face-to-face contact with customers has 
decreased: passengers can buy their ticket online, can print their boarding passes at home, 
etc. 
 
REVENUE STREAMS 
 
Products sold or services delivered provide a company with revenues, which in turn can be 
used to cover the costs. 
Revenue streams from airports differ between aviation related revenue and non-aviation 
revenue. Airline fees and passenger charges belong in the first category. Concession grants 
and revenue from rent and advertisement are non-aviation revenues. In some cases, these 
revenues are supplemented by governmental subsidies. 
 
KEY RESOURCES 
 
To make the business model work, i.e. to create and offer value, to reach the customers and 
to earn revenue, a company can rely on various resources. At an airport, in general terms, 
the resources can be divided into several types. First of all, the airport is responsible for the 
infrastructure; physical (building, landing strip, taxiways, parking lots, etc.) as well as 
technological (website etc.). Furthermore, there are human resources and financial 

resources. 
To provide air transport, aircrafts are indispensable, but these resources belong to the 
airlines and not the airport. 
 
KEY ACTIVITIES 
 
Companies use the resources they have to perform some activities to make the business 
model work. 
 
The commercial exploitation of the airport entails that (the right) airlines have to be attracted. 
After all, the key role of the airport is facilitating air travel through establishing the contact 
between the transport provider (airlines) and the customers (passengers).  
Furthermore, the airport embodies the link between land transport and air transport and 
therefore, the right access modes have to be attracted and parking lots and rail or bus 
stations are needed. Offering entertainment, through shops and restaurants, and 
information are needed to satisfy the customers. 
The airport also provides some additional but necessary air travel related services such as 
ground handling or safety and security.  
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KEY PARTNERSHIPS 
 
Every company is a small link in the entire chain; is a small part of a larger network. They 
can unite with competitors or non-competitors, but they also have relationships with suppliers 
and customers. 
 
To provide air travel, the airport has to establish partnerships with some stakeholders such 
as the airlines and the ground transport providers. If the airport does not provide (all) 
travel related services, agreements with service providers (e.g. ground handling 
companies) are necessary. To offer additional services at the airport (e.g. shops and 
restaurants), the airport can form partnerships based on rent or concessions. Also other 
relationships, for example with hotels or travel agencies are possible.  
In some cases, airports are (partly) government owned or try to achieve some advantages, 
such as economies of scale or scope, by cooperating with other airports. 
Agreements can be based on different grounds, for example, advertisement, revenue 
sharing, contractual, ... 
 
COST STRUCTURE 
 
The costs a company has, are based on the key resources and activities. The cost structure 
of any company can be based on minimizing costs or on maximizing revenues. Costs can be 
reduced thanks to economies of scale, economies of scope or economies of density. 
When using its resources and performing its activities, an airport has some exploitation 

costs (e.g. personnel costs), infrastructure costs (maintenance, repair, etc.) and financial 

debts (such as the amortization etc.). Vehicle and fuel costs are borne by the airlines. 

3.2 Relations between elements of the airport business model 

Also at an airport, the elements of the business model are intertwined. Now, the flows 
presented in Figure 4 can be described in much more detail, since one specific company, i.e. 
an airport, is analyzed. Figure 6 shows the weaved structure of the airport business model. 
 
At an airport, the value proposition is tuned to the wishes of the customers (1). Not only the 
airport itself adds to the value proposition; also partners present at the airport contribute by 
offering their services (2). The airport’s main activity, the commercial exploitation, i.e. 
attracting and managing these partners, is therefore crucial for the value proposition (3). Next 
to that, the airport itself offers travel related services. 
To perform these activities, the airport can dispose of its key resources (4). The physical 
infrastructure; the airport building and everything surrounding this building (e.g. parking lots, 
landing strip, etc.) is used by some partners present at the airport (5). Technological 
infrastructure serves to reach the customers (6). The channels used, in its turn, determine 
the customer relationships (7). 
The key resources of course require some investments and this defines the costs of the 
airport (8). Partnerships with other airports can, for example, create economies of scale, 
which reduce the costs (9). 
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Regarding the financial flows, a model of Macário and Van de Voorde (2011) was used. The 
aeronautical revenues of the airport consist of the landing fees and passenger taxes paid by 
the airlines and the concession fees of the service providers (10). The airport also has non-
aeronautical revenues, i.e. the concession fees of the retail at the airport building and access 
facilities providers (e.g. company responsible for parking lot) (11). Furthermore, the airport 
can receive an endowment from the government (12). 
It is important to add that the airlines and retail concession partners receive (part of) their 
money from the passengers (13). Airlines also pay fees (e.g. handling fees) to service 
providers (14). As already stated, the airport pays for investments in infrastructure and for the 
exploitation of the airport (15). Furthermore, there are some financial costs (15) and taxes to 
be paid to the government (16). 
 

The interrelation of all these elements implies that a small or major change in only one 
element possibly causes an alteration of the business model. In chapter 4, this will be tested 
by looking at two case studies, i.e. two Belgian airports. First, the business model of the two 
cases is presented.  Subsequently, one element of these business models will be changed 
and the implications are studied. 
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Figure 6: Relations between elements of airport business model 

Source: own composition
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4. CASE STUDIES – THE BUSINESS MODEL OF TWO 
BELGIAN AIRPORTS 

In this chapter, two cases will be described; Brussels Airport and Antwerp Airport. These are 
two Belgian airport, which, as reported by ACI Europe, were in 2009 ranked on the 24th and 
290th place according to passenger traffic. 
 

Table 1: Airport ranking according to number of passengers 

 
Source:ACI Europe 
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Brussels Airport is Belgians national and biggest airport, in passengers and in size. Antwerp 
Airport is a small city airport, which is second smallest Belgian airport4. This case was 
selected given the different audience comparing to Brussels Airport. Brussels Airport serves 
business and leisure passengers, while Antwerp Airport mainly focusses on business 
passengers5. This results in a different business model for both cases. 
 
The business model of any airport is different for cargo or passenger handling activities. 
Depending on whether the focus lies on cargo or passengers, the customers are different, 
the value proposition is different, the partners are different, etc. Therefore, it is important to 
state here that the business models of the airports this paper looks at, concern airport 
business models focused on passengers6.  
 
Because every company is very aware of competition, it only communicates about its 
business to a certain level. For example, no company will gladly give details about its costs 
and revenues. However, companies which are listed on the stock broking market, have to 
publish a financial report each year, as does Brussels Airport. Looking into these reports 
gives a clue about the financial state of the company, but cannot tell the whole story. The 
financial information about Antwerp Airport was collected through interviews with the 
Marketing and Communications Manager of the airport.  
However, given the efforts made, it is important to stress that the description of the building 
blocks (of the two different case studies) is not guaranteed to be a 100% accurate; it is 
merely an approximation of reality. For the goal of this paper, which is testing whether the 
rationale of a general business model can be applied on airports, this suffices. 

                                                 
4
 According to number of passengers. 

5
 Antwerp is the second biggest Belgian city and the second largest European port is located there. Antwerp is 

also known for its diamond industry and chemical sector. The combination of these factors contributes to the fact 
that Antwerp Airport attracts a lot of business people, although it is located at only half an hour drive from 
Brussels Airport.  
6
 With this approach, the author does not want to scrutinize the importance of cargo activities on an airport. 
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4.2 Case 1: The business model of Brussels Airport 

This section will describe the business model of Brussels Airport, based on the nine building 
blocks identified in the Osterwalder Business Canvas. 
 
CUSTOMER SEGMENTS 
 
The majority of the customers are leisure customers, male and aged between 25 and 54. 
 

 
Figure 7: Passenger profile of Brussels Airport 

Source: BRUtrends – Brussels Airport Company 

VALUE PROPOSITION 
 
Brussels Airport offers more than 200 destinations, operated by more than 80 airlines. It is 
accessible by road or rail, by various modes. However, some improvement is possible since 
roads are congested7 and there is no direct rail connection when traveling from the northern 
part of the country8. At Brussels Airport, various shops, restaurants and other facilities are 
available for Schengen and non-Schengen travelers9. 
 

                                                 
7
 Even on the airport website, there is a message stating “Allow plenty of time to arrive at the airport during peak 

hours”. 
8
 A train station is located below the terminal. To and from this station, there are trains going east, west and south. 

The northern part of the country is connected with an express train which leads to Brussels North Station, from 
which the passenger can transfer to other trains going north. 
9
 The airport consists of a large building and two piers; pier A is used for the flights that go to Schengen countries, 

while at pier B, flights from non-Schengen countries board. 



The Business Model of an Airport     69 

DISTRIBUTION CHANNELS 
 
Internet is a powerful tool, which Brussels Airport exploits to the maximum: all pre-trip 
information regarding Brussels Airport passengers could, is available on the website. On-trip 
information can be gathered at the general information desk or at the airline desks available 
at the terminal. Tickets are sold in advance through the internet or travel agencies or can be 
bought at the airport, at ticket desks. 
 
CUSTOMER RELATIONSHIPS 
 
The information and ticket desks available at the terminal provide the possibility for some 
face-to-face contact with the customers. However, most customer relationships are built 
between airlines and passengers (e.g. through fidelity programs) and not between the airport 
and the passengers. Furthermore, there is a satisfaction survey available at the airport 
website. 
 
REVENUE STREAMS 
 
At Brussels Airport, the majority of the revenues10 come from aeronautical activities (64%). 
Furthermore, there are retail revenues (13%), revenues from property and real estate (11%), 
from car parking and car rental (6%) and revenues from commercial trading and other (5%). 
 
KEY RESOURCES 
 
Brussels Airport disposes of infrastructural resources (building, landing strip, etc.) as well as 
extensive technological resources. Furthermore, there is a lot of personnel working11 at the 
airport and there are quite some financial resources. 
The equipment with which the flights are performed, are property of the airlines and thus not 
part of the airport resources. 
 
KEY ACTIVITIES 
 
Brussels Airport serves as a platform where the contact between the passengers and the 
airlines can be made. Its main concerns is the maintenance of the infrastructure (building as 
well as landing strips etc.), the planning and coordination of the transport services and the 
management of the travel related and additional services offered at the airport building (e.g. 
entertainment, safety and security, accessibility). 
  

                                                 
10

 Brussels Airport has a yearly revenue of about 367.0 million of which 235.5 million are aeronautical revenues, 
48.8 million comes from retail, 39.6 million from property and real estate, 23.5 million from car parking and car 
rental and 19.6 million from commercial trading and other. (Figures for 2010, found at www.centreforaviation.com) 
11

 There are almost 20,000 people employed at the airport, most of them working for the airlines or dealing with 
handling. 
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KEY PARTNERSHIPS 
 
The airport is operated by The Brussels Airport Company and for 75% in the hands of private 
companies and for 25% property of the Belgian government. 
To offer air travel services, the airport attract airlines. Furthermore, there are relations with 
the other transport providers (bus transport provider, rail transport provider) and hotels 
(shuttles) to make the airport accessible. Based on concession contracts, the airport is linked 
with the on-site businesses; i.e. the car parking company and other retail in the airport 
building.  
 
In Brussels, there are two companies (Flightcare and Swissport) who, for the next seven 
years, are responsible for the ramp handling of passenger aircrafts and freight aircrafts, of 
baggage handling and of transportation of freight and mail. Gate Gourmet Belgium and LSG 
Sky Chefs Belgium deal with the catering transport for the aircrafts. Furthermore, airlines can 
also perform self-handling or can choose for third party handling. 
 
COST STRUCTURE 
 
The main costs an airport has to bear, are cost for the exploitation and investment costs. At 
Brussels Airport, the operating costs amounted in 2010 to 161.1 million12. 
 

 
Figure 8: Business Model of Brussels Airport 

Source: own composition, based on Osterwalder 

                                                 
12

 Figures for 2010, found at www.centreforaviation.com. 
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4.2 Case 2: The business model of Antwerp Airport 

This section will describe the business model of Antwerp Airport, based on the nine building 
blocks identified in the Osterwalder Business Canvas. 
 
CUSTOMER SEGMENTS 
 
Antwerp Airport mainly serves business people. Therefore, about 80% of the passengers is 
male and 60% of the passengers is middle-aged (36-55).  
 
VALUE PROPOSITION 
 
The value proposition of Antwerp Airport is very much tuned to their customer segment: 
business travellers prefer to access the airport by car and they are time sensitive and 
appreciate short waiting times. Therefore, Antwerp Airport offers a couple of advantages 
compared to other (Belgian) airports. First of all, there is a 20 minute check-in concept. The 
passengers can check in an hour in advance up to 20 minutes before take-off. This way, 
travelers can save a lot of time. Furthermore, there is a large parking area available very 
close to the airport entrance and this is for free.  
The level of service (of travel related services) is rather high13. 
 
The carrier CityJet offers 2 destinations Antwerp Airport: London City and Manchester. 
Antwerp Airport is poorly accessible; it offers only two possible access modes (car/taxi and 
bus) and the roads surrounding the airport are congested, especially during peak hours. 
However, the customers flying from Antwerp Airport nowadays do not request any other 
modes since they mostly access the airport by car or taxi. 
At Antwerp Airport, a limited amount of other services are available. In the airport building, 
there are some companies such as a bank, a shop, a restaurant and car rental companies14.  
 
DISTRIBUTION CHANNELS 
 
Antwerp Airport provides customers with pre-trip information through different channels. The 
website contains all the information about the airport. TeleText keep passengers up to date 
about the departing and arriving flights.  
On-trip information (e.g. about departure) is given through displays at the terminal. 
Tickets to London City and Manchester can be bought through the different channels of 
CityJet: website, ticket desks and travel agencies. Furthermore, it is also possible to buy 
tickets at the airport, i.e. at the ticket desk of CityJet. 
 
CUSTOMER RELATIONSHIPS 
 
Given the fact that Antwerp Airport is a small airport, one of the key advantages the airport 
has is that it can offer personal service to its customers. However, also at Antwerp Airport, 

                                                 
13

 For example, in 2010, Antwerp Airport was open all winter, despite the harsh weather. 
14

 Also this offer is satisfactory for the business travelers. 
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the interaction with the customers is decreasing the last few years. For example, nowadays 
boarding passes can be printed at home. Since the merger with Air France-KLM, the carrier 
CityJet has some fidelity programs. 
 
REVENUE STREAMS 
 
Antwerp Airport is part of the Flemish Government and therefore, receives yearly 
endowments for exploitation and for investments, which is its main source of revenue. This 
amounted to about 2,300,000 euros in 2010 (47%). Next to that, there were €1,578,090.83  
of aeronautical revenues (32%) and €982,913.13 of non-aeronautical revenues (i.e. the 
concession fees from the companies with buildings on the airport grounds and the retail in 
the airport building provide the airport with some income etc.) (20%).  
 
KEY RESOURCES 
 
The infrastructure belonging to Antwerp Airport consists of the airport building, a hangar, the 
runway and taxiways and the large parking lot. Furthermore, about 70 people15 are employed 
directly at the airport and there are some financial resources the airport can dispose of. 
Moreover, Antwerp Airport is an airport which is not restricted by slots: the taking off of the 
airplanes is only restricted by the slots at the destination airport 
 
KEY ACTIVITIES 
 
The airport is responsible for the infrastructure, the safety and security at the airport and the 
commercial exploitation of the airport. The airport does not provide ground handling 
services16.  
 
KEY PARTNERSHIPS 
 
Antwerp Airport is a part of the Flemish Government. Other than that, there is co-operation in 
the form of concessions (e.g. restaurant, shop). Of course, there are also agreements with 
the carrier, CityJet, and with the service provider. 
The airport management has to make sure the airport is accessible, but at Antwerp Airport 
there are no (contractual) agreements with the access transport providers. 
Antwerp Airport tries to achieve some economies of scale and/or scope through co-operation 
with the Airport of Ostend, but this effort has decreased over the last years. 
 

                                                 
15

 In 2010, about 70 people were employed directly at the airport. Next to that, Belgocontrol employed about 20 
people, the Federal police employed about 14 people and 12 people worked with the customs at the airport. 
Furthermore, the airport grounds held about 55 companies that employed 462 people. This adds up to an airport 
with almost 600 people as human resources. 
16

 A separate company, FlyingGroup, performs ground handling services and CityJet is also self-handler. 
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COST STRUCTURE 
 
The main costs Antwerp Airport has, relate to the exploitation and investments. Safety and 
security represent the biggest cost17. Antwerp Airport does try to achieve some economies of 
scale and/or scope. 
 

 
Figure 9: Business Model of Antwerp Airport 

Source: own composition, based on Osterwalder 

4.3 Implications of changing one element of the business models 

As described above (paragraphs 2.3 and 3.2), the different elements of the business models 
are closely linked. If the company would change just one element, a chain reaction might 
cause an alteration in the entire business model. Both case studies can now serve as a 
validation to this hypothesis. 
 
In the European White Paper (2011) the importance of reducing emissions and congested is 
stressed. Europe suggests that passengers should make more use of large volume 
transport, i.e. public transport, such as rail. Therefore, Europe needs to focus on completion 
of missing links and on upgrading existing infrastructure. This contributes to an integration of 
the modal networks, where airports and stations can serve as multimodal connection 
platforms. One of the “Ten goals for a competitive and resource efficient transport system” is 
the connection of all core network airports to the rail network, preferably high-speed. 
 
As can be seen in the description of the business models, both airports struggle with their rail 
accessibility: Brussels Airport is not directly accessible through rail when coming from the 
northern part of the country18 and Antwerp Airport is only accessible by road and bus19. 

                                                 
17

 The Marketing and Communications Manager of Antwerp Airport stated that safety and security represent the 
biggest cost: next to personnel, the equipment needed is quite expensive. This equipment needs to be purchased 
by every airport, but the costs of it are (relatively) much higher for small airports. 
18

 Passengers have to transfer in Brussels North to the airport express train. 
19

 Passengers travelling to Antwerp Airport by rail nowadays, have to take the train to the station of Antwerp-
Berchem and transfer there on a bus that takes them to the airport.  
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Furthermore, airport statistics show that the number of cars parked at Brussels airport 
decreased a bit over the last years. The amount of passengers taking the bus and the 
amount of taxi movements, however have increased. This shows that travelers at Brussels 
Airport (which are mainly leisure travelers) tend to use the public transport more. 
 
Given the preferences of the customer segment targeted at Antwerp Airport, providing 
(direct) rail access at Antwerp Airport is not needed now. However, for illustrative matters, it 
might be interesting to study the implications for the business model if direct rail access 
would be provided at Antwerp Airport. 

4.3.1 Effects on an airport business model of improving accessibility 

As can be seen on Figure 6, the accessibility of an airport is part of its value proposition. If 
this would be improved, it would imply that other partners need to be attracted, or that 
existing agreements need to be revised. This might affect the resources needed, since the 
new access mode or improved access mode is in need of (specific) infrastructure, and this 
comes with a cost. 
 
A different value proposition might attract extra or other customers which bring in extra 
revenue. If the new or improved mode would be integrated with the existing ones, integrated 
tickets need to be sold. 
 

 
Figure 10: Impact of improving accessibility 

Source: own composition, based on Osterwalder building blocks 

It is important to add that changes caused by the improved accessibility, in turn might cause 
other alterations of the business model. For example, if the customers attracted would be 
different due to the improved accessibility, the airport might have to adapt the retail it offers 
or has to invest in larger waiting areas. 
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4.3.2 Improving the rail accessibility of Brussels Airport 

To provide direct rail access from the northern part of the country, the DIABOLO-project was 
set up. The project implies that the existing rail station is expanded - from a terminal to a 
drive through -, that new railway tracks are installed in between the two road sections of the 
E19 and that those two parts will be connected underground.  
 
This direct rail access would lower the (rail) travel time when coming from the northern part 
of the country: Figure 11 shows that instead of taking a detour via Brussels-North (red line), 
the DIABOLO-project would directly connect Brussels Airport to the northern part of the 
country (blue line). 
 
Furthermore, the execution of this project would also directly link Brussels to other European 
cities (Amsterdam, Frankfurt and Paris), which would improve the competitive position of 
Brussels Airport. 
 

 
Figure 11: Map showing DIABOLO-project 

Source: own composition, based on Google Maps 

Now, the question remains whether this project would cause any changes in the business 
model. The expectations are that, if Brussels Airport is better accessible by rail, more people 
would take the train to access the airport. This would reduce the pressure on road transport 
and therefore contribute to decreasing the congestion. However, since Brussels Airport is 
already accessible through rail, the improvement of the rail access would not imply that other 
partner would need to be attracted, nor that the existing agreements need to be altered. On 
short term, the amount of passengers would not increase due to the improved rail access, so 
the revenues are not affected. Brussels Airport does not plan to change its ticketing scheme 
to integrate air tickets with rail tickets. The only change is the investment in the infrastructure, 
which comes with a cost. However, one can conclude that the improved rail accessibility 
does not have major influence on the business model. 
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4.3.3 Improving the rail accessibility of Antwerp Airport 

Passengers travelling to Antwerp Airport by rail nowadays, have to take the train to the 
station of Antwerp-Berchem and transfer there on a bus that takes them to the airport.  
Currently Antwerp Airport is not accessible by rail, so providing (direct) rail access, would 
imply that a train station is installed at the airport site. Since rail tracks run next to the airport 
site, installing a train station is physically possible (Figure 12). 
 

 
Figure 12: Rail accessibility of Antwerp Airport 

Source: own composition, based on Google Maps 

To get the rail station installed, the airport would have to make agreements with the rail 
transport operator, e.g. to discuss about the investments that need to be made. This would 
make the rail operator an extra partner at Antwerp Airport.  
 
Furthermore, as can be seen in the case study, business travelers are in no need of rail 
access; mainly leisure travelers choose public transport to access the airport. Therefore, one 
might assume that having a train station or tram terminal at the airport would probably attract 
more, and even leisure, passengers. Given the fact that, next to business travelers, also 
other customers would be attracted, improving rail accessibility of Antwerp Airport would 
indeed imply further adaptation of the business model. 
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First, the value proposition has to be altered further: the airport would have to offer more 
destinations and additional services (such as retail). Furthermore, investments in the airport 
building have to be made since a larger check-in area and more ticket desks would have to 
be installed.  Offering more (and thus other) destinations has some consequences for the 
key activities and key resources: it might imply that other airlines get attracted, that they 
provide also long distance flights, that the aircrafts have to be bigger, etc. 
 
All these changes translate into an altered cost structure and other revenue streams. If more 
retail services (shops, restaurants, etc.) are offered, the airport has some commercial 
revenue or gets more income from rents (if the retail is exploited independently). Moreover, 
the costs for maintenance, personnel etc. will rise. However, if more destinations are offered 
(possibly by other airlines), the aeronautical revenues will also rise. 
 

 
Figure 13: Changes to Business Model of Antwerp Airport after improving rail accessibility 

Source: own composition, based on Osterwalder 

Both case studies show that changing the same element in both companies (i.e. improving 
rail accessibility), has very different implications for the business models.  
 
The case of Brussels Airport indicated that improving one element (which is already part of 
the business model) does not have large effects. However, adding one element which was 
not there in the first place, does have major implications for the business models, since the 
building blocks of the business model are so intertwined.  
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5. CONSEQUENCES OF INTERRELATION BETWEEN 
ELEMENTS OF THE AIRPORT BUSINESS MODEL 

As stated above, companies that fathom the business models building blocks can adapt 
them according to market needs. If done well, the alignment of the different elements creates 
a competitive edge, which makes the company stand out. This paper showed that the 
elements of the business model are indeed closely intertwined. This interrelation of all the 
elements has major implications for the business model, and the competitive edge.  
 
For example, quite some airports can charge competitive (lower) prices (to their airlines) 
because they operate using a single-till approach20 to pricing. Quite some discussion has 
been conducted about how those non-aeronautical revenues would not exist if not for the 
services provided by the airlines: passengers only shop at the airport because they have 
bought a ticket from an airline serving the airport and they are waiting to board. If they had 
not bought the ticket, they would not shop or eat at the airport and the commercial 
undertakings would not exist. 
 
Taking this reasoning one step further… If an airport only has a limited amount of shops, 
because the targeted customers do not request more, this contributes to the fact that the 
airport has relatively little income from non-aeronautical activities. Providing more retail is not 
always an option, e.g. if the airport only serves a limited number of passengers, due to the 
limited amount of destinations offered, and no other customers would shop at the airport. The 
airport related revenues then might have to be complemented by endowments of the 
government. 
 
This proves that, depending on only one building block, e.g. the customers targeted, is 
constituted, there are quite some implications for the other building blocks. Therefore, two 
companies in the same sector (e.g. airports), with the same mission (e.g. to offer their 
customers a good airport experience), might have very different business models and this 
also affects their competitiveness. 

                                                 
20

 Revenues from aeronautical activities are derived from charges that the airport company levies on airlines. 
These charges reflect various services provided by the airport company such as airfield services, the provision of 
aero-bridges, departure lounges, and provision for the parking of aircraft. In determining the level of these 
charges, it is a common practice to take into account net revenues derived from the non-aeronautical activities. 
This approach is known as the single-till (or common-till) principle. (Starkie & Yarrow, s.d.) 



The Business Model of an Airport     79 

6. CONCLUSIONS 

The conclusions of this paper are twofold. On the one hand, the paper provided a general 
approach to the concept of business models; the Osterwalder Business Model Canvas. 
Studying the nine building blocks this Canvas entails, provides the opportunity to study the 
applicability of this reasoning on airports. The paper showed that the Osterwalder Business 
Model Canvas can also be applied on airports. On the other hand, the paper posed that (the 
different elements of) the building blocks are closely intertwined and therefore influence each 
other. This also determines the competitive edge of the company. 
 
These hypotheses were tested and validated using two case studies (Brussels Airport and 
Antwerp Airport). The cases revealed that, there are indeed profound relations between the 
building blocks of the business model: depending on how only one business block is 
constituted, the entire business model is shaped. 
 
Therefore, there are no two identical business models, even though the same sort of 
companies with the same mission are compared. 
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ABSTRACT 

The future is not foreseeable and forecasts fail most of the times due to unpredictable 
changes on the circumstances. Airport operators need to anticipate a range of possible 
scenarios that might occur to face these changes. To better deal with future uncertainty, 
infrastructures that require long-time planning, such as airports, should be embedded with 
elements of adaptation or flexibility. An adaptable or flexible airport should be able to change 
the functions and processes accordingly with external conditions with a minimum costs.  
 
Despite the empirical evidences about the flexible development, the research is still scarce 
and the topic remains fairly unexplored. This work has two objectives: firstly, to perform a 
literature review on the concept of airport flexibility, and secondly to propose a framework 
explaining the concept of flexibility. 
 
Keywords: Flexibility, Airports, Airport Development. 

INTRODUCTION 

The need for flexibility 

Current economic turmoil has generated an uncertainty in the level of investment in airport 
infrastructure. There are favourable demand forecasts for short and long term, suggesting a 
growth in air transport but insecurity remains. It is not obvious how to expand the airport’s 
capacity and therefore airports should be flexible through time, able to adjust towards 
demand. 
 
Traditional way of planning airports does not prepare the airport to compete in the current or 
future market conditions. The volatility of airport traffic and the associated uncertainty with 
respect to future traffic volumes is likely to increase in a free-market regime. Hence, traffic 
forecasts are likely to become non-reliable. 
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As de Neufville (2008) points out: 

“airport planning paradigm is shifting from the traditional pattern, which is 
determined by high standards, established customers and long-term 
forecast, to that of recognizing great uncertainty at forecasts, broad range 
standards and potential for a rapidly changing customer’s base.” 

Kwakkel et al. (2010) refers that master plans perform poorly since airports around the world 
operate in an increasingly uncertain environment. Airlines are able to change their network 
structures overnight. The oil price, flu epidemics, and financial and economic woes further 
add to the volatility of aviation demand development. Combined with tensions between 
economic and environmental impacts, this makes airport strategic planning a challenging 
task.  
 
The future is uncertain, demand changes over years and technology developments are 
unsure. For instance, the need for space and features for the new A380 was not possible to 
predict several years ago. And also, nowadays the space needed for check-in counters are 
much less than in the 90s. Kuala Lumpur International Airport is another example of how 
master planning did not suit future needs. Air traffic forecast and the airport's Infrastructure 
Development Plan was revised to correct noted deficiencies on site and in the original Master 
Plan. 
 
To better deal with future uncertainty, infrastructures that require long-time planning such as 
airports should be embedded on flexibility. Airport operators need to anticipate a range of 
possible scenarios that might occur to face these changes. It is crucial that airport operators 
define adaptive strategies to react to decisions made in rival airports. Otherwise, they will not 
be able to react to a competitive environment. Airports should be adaptable and capable to 
perform any required function inside their areas. The ones which are not able to deal with 
uncertainty in a flexible way face significant risks in terms of overbuilding, underbuilding, 
mismatches between demand and supply, higher unit costs or losses (Burghouwt, 2007). 
Consequently, a new approach for airport planning is required. 
 
Using flexibility, infrastructures with long lifecycle can be adaptable to changes in the future. 
It also allows postponing decisions in time so that decision-makers can choose with the best 
level of information, so we can say that it maximizes decision-making. However, we cannot 
delay decision-making until the infinite, and consequently flexibility must have limits.  

The objective of this work 

This work has two objectives: one is to perform a literature review on airport flexibility and 
organize the work already done by the elements of flexibility that we identify; second is to 
present a new framework where we link the levels of flexibility with exogenous variables and 
airport performance. The levels of flexibility were identified through literature review, based 
on the authors’ object of study. 
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Our intention is to bring an added value on airport flexibility research. So far, there is no 
research works that present the studies performed on airport flexibility that goes behind the 
typical categorization by authors. This framework also represent a contribution on airport 
flexibility research since it links elements that were not connected before by other authors but 
obviously have influence on each other. 

AUTHORS AND THEIR APPROACHES 

Thus far, the concept of flexibility has been studied by few authors, of whom we can refer the 
followings: de Neufville (2008), (Bonnefoy et al, 2010), de Neufville & Belin (2002), 
Burghouwt (2007), Kwakkel et al. (2010), Gil & Tether (2011), Butters (2010). There is no 
universal concept and only few authors present their own definition of it. Over the years 
different designations have been brought forward, such as: Flexible Design (Butters, 2010), 
Flexible Strategic Planning (Burghouwt, 2007), Multiairport Systems (Bonnefoy et al. 2010), 
Adaptive Airport Strategic Planning (Kwakkel et al. (2010), Project Risk Managements and 
Design Flexibility (Gil & Tether, 2010), and Shared Use of Facilities (de Neufville & Belin, 
2002).  
 
De Neufville (2008) defines flexibility, from a design perspective, as a: 

 “group of technical features that enable the owners to change, easily and 
inexpensively, the configuration of their facility to meet new needs”.  

 
Burghouwt (2007) sees flexibility as the same as re-adaptability, and defines flexibility as:  

“the ability to make continuous adjustments in constantly changing 
conditions.” 

For Gil & Tether (2011) flexibility is associated with design and closely connected with risk 
management. Few authors were identified studying airport flexibility. We present here a brief 
description of their works. 
 
Richard de Neufville is probably the most diversified author of airport flexibility since he has 
several publications with different proposes for the theme: multiairport systems, low cost 
terminals and drivers of shared-use in airport terminals. With other two colleagues, Bonnefoy 
and Hansman, de Neufville presents multiairport systems as a key mechanism by which air 
transportation systems around the world will be able to meet future demand due to capacity 
constraints on existing major airports. They analyse how 59 airport systems worldwide 
performed, and their results show significant differences in the evolution of multiairport 
systems across world regions: in US and Europe, the recent development of multiairport 
systems primarily involved the emergence of secondary airports, which was driven by the 
entry of low-cost carriers and also by the barriers to the construction of green field airports; in 
Asia, multiairport systems have generally evolved through the construction of new high 
capacity airports due to weaker set of available ones. Multiairport systems represent another 
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possibility of flexibility in airports since airline traffic can be driven from one airport to the 
other (Bonnefoy et al, 2010). 
 
In de Neufville (2008) this author presents a study of flexibility associated with the concept of 
low-cost airports for low-cost airlines. As he mention, economic deregulation of aviation and 
the rise of low-cost airlines are changing airport planning and low-cost airlines are becoming 
significant factors on it. Low-cost airlines drive the development of secondary airports and 
cheaper airport terminals. As the author notes: 

 “they catalyze ‘low-cost airports’ around the ‘legacy main airports’ built for 
the ‘legacy airlines’.” 

In this work, de Neuville proposes a flexible design strategy to deal with the uncertainty of 
this dynamic, using the case of Portugal to illustrate the current risks, and indicated how 
flexible design could manage uncertainties and maximize expected value. According to the 
author, flexible design process consists of three basic elements: (1) recognition of the range 
of uncertainty, meaning wide variation of possible outcomes from the least favourable to the 
most advantageous; (2) definition of flexible design opportunities, that enable the system 
owners to adjust their facilities easily to the actual future situations; (3) analysis of the 
development strategies, meaning identify the strategies that could be used to exploit these 
design opportunities that provides the best starting basis for future expansions and 
reconfigurations. 
 
This author had also studied, in association with other colleague, the primary drivers 
motivating use of multifunctional facilities, namely: peaking at different times and uncertainty 
in type of traffic. For peaking at different times, the time period is classified by the author as 
very short (hours), with simulation as the analysis method recommended, or short (daily), for 
what analysis operations is the recommended analysis method. For uncertainty in type of 
traffic, two time periods are identified by the author: short (daily), with general formula or 
stochastic analysis as the recommended method, and long run (years), where real options or 
decision analysis as the recommended method (de Neufville & Belin, 2002). The all work of 
this author is not mentioned here. We only present here the most diverse works to illustrate 
how far in airport flexibility does the author goes.  
 
The work of Burghouwt (2007) is related with airport master plan, specifically with flexible 
airport strategic planning. For this author, the object of study is the whole airport at a 
strategic level. The author presents a table with the most important differences between 
traditional airport master planning and flexible strategic planning in Table 1. From this table it 
is possible to notice that the most important elements are the creation of real options, multi-
future robustness and backcasting, contingency planning, diversification and flexible 
organizations. 
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Table 1 - The most important differences between traditional airport master planning and flexible strategic 

planning (Burghouwt (2007)) 

Traditional airport master planning Flexible strategic planning 

- Passive, reactive, adaptive 

- Once-and-for-all anticipation/adjustment to 

change 

- Supply driven 

- Forecasts as predictions of the future 

- Single-future robustness of plan and projects 

- Long-term and short-term commitments 

- Preferred analytical tools: forecasting and net 

present value analysis 

- Preferred alternative is optimal solution for a 

specific future 

- Risk implicitly ignored or risk aversion  

- Top-down/inside-out 

- Re-adaptive, pro-active 

- Continuous anticipation/adjustments to change 

- Demand driven 

- Backcasting; scenarios as guidelines of what might 

happen in the future 

- Multi-future robustness of plan and projects 

- Short-term commitments, long-term strategic 

thinking 

- Preferred tools: scenario planning, decision analysis 

and real options analysis, contingent road maps, 

scanning, experimenting 

- Preferred alternative is best alternative across a 

range of probable future scenarios 

- Think risk culture; risk as an opportunity 

- Top-down/bottom-up, inside-out/outside-in 

 
Burghouwt (2007) clearly distinguishes ex ante and ex post flexibility. Ex ante flexibility refers 
to actions taken now which allow being flexible in the future, so it has to do with anticipation. 
Ex post flexibility refers to actions that are adjustments to change now, which are possible 
because of decisions taken in the past. 
 
The work of Kwakkel et al. (2010) is also related with with flexible airport strategic planning. 
These authors apply Exploratory Modelling and Analysis, which uses computational 
experiments, to assess the efficacy of Adaptive Airport Strategic Planning (AASP) across a 
large range of possible futures for the case of Amsterdam Schiphol Airport. AASP is an 
approach where the strategic plan has several alternatives that are flexible and over time can 
adapt to the changing conditions under which an airport must operate. Their results show 
that AASP will expose the airport to less negative outcomes when comparing to static master 
plan. 
 
Gil & Tether (2011) study flexibility together with risk management. Their work is focus on the 
expansion of London Heathrow with the new Terminal 5, but the approach can be applied in 
other projects. These authors point out that: 

 “large-scale infrastructure assets such as airport terminal are delivered 
through one-off, multi-year, capital-and engineering-intensive projects”  

 
and also that a symbiotic relationship is crucial between the developer, who incurs the capital 
costs, and the customers, who will operate the asset. In their understanding, since 
customers’ needs evolve over time, a flexible process is required to postpone design 
decisions and request late changes. 
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Butters (2010) also studies flexible airport design. Since airports environments must be 
adaptable to change, the author points out that their ability to do so is dependent on 
embedding flexibility. The author presents four key stages of development or refurbishment 
where flexibility has to be present: master planning, building design, space planning and 
components. His work investigates and offers solutions for optimising airport design based 
on his experience in Dublin’s Airport. According to these author, master planning is where it 
all begins, providing the first opportunity to build in flexibility. Building design allows an 
enormous amount of flexibility and adaptability since building structure is crucial to get 
flexible future possibilities. Space design comprises the available space inside the buildings 
and for this space we must ensure the following:  

1. Incorporate buffer space, where operational function can expand in the future; 

2. Optimise space use and equipments layout; 

3. Annex adjacent facilities, converting spaces from non-operational functions to 
operational ones; 

4. Identify remote locations and relocate noncore functions to create larger operational 
space; 

5. Construct more space; 

6. Avoid ‘book-ends’, which are fixed points such as circulation cores that are costly to 
move or relocate. 

Regarding the four key stages define by the author, it is our conviction that the order and 
consequently the defined stages make more sense if we consider space design above 
building design, and define the former as the arrangement inside the airport’s limits. Through 
a literature review it was possible to notice that: 

• Flexibility has been studied only by few authors and not widely explored; 
• There is no universal concept and only few authors present their own definition of it; 
• Airport flexibility has been studied at different levels (multiairport systems, master 

plan, airport terminals). 

Table 2 classifies each of the reviewed authors accordingly with the level at which flexibility is 
analysed. The levels of flexibility were inspired on Butters’ (2010) work.  
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Table 2 - The levels of flexibility and the authors who study them 

Levels of Flexibility Authors 

Components Matthew Butters (2010) 

Nuno Gil and Bruce Tether (2011) 

Building Design Richard de Neufville (2008) 

Richard de Neufville, Steven Belin (2002) 

Matthew Butters (2010) 

Nuno Gil and Bruce Tether (2011) 

Space Design (airport limits) Richard de Neufville (2008) 

Matthew Butters (2010) 

Guillaume Burghouwt (2007) 

J.H. Kwakkel ,Warren Walker and Vincent Marchau (2010) 

Nuno Gil and Bruce Tether (2011) 

Master Plan Guillaume Burghouwt (2007) 

J.H. Kwakkel ,Warren Walker and Vincent Marchau (2010) 

Matthew Butters (2010) 

Multiairports Philippe Bonnefoy, Richard de Neufville, John Hansman (2010) 

 
The levels were defined using a bottom-up approach: it starts with components that are 
related with features as moveable walls to adapt airport terminal to demand requirements; 
building design is related the ability of the terminal to have different functions at the same 
place in different occasions; space design as we mention above is related with airport limits 
and includes terminals, runaways and other infrastructures that are part of the airport; master 
plan is related with long-term strategic decisions; multiairports is a level above master plan 
since it requires the synchronization of two (or more) airports. The levels were inspired in the 
key stages defined by Butters (2010). Nevertheless, the levels are not in the same order, 
since we consider that space design should be related with airport limits and for that reason, 
is a level above building design. The motivation behind is the fact that airport space has 
several features where flexibility can be applied (runaways, infrastructures) to improve the 
airport’s performance. Building design we assume that includes terminal’s space 
specifications. 
 
As we were able to identify distinct levels for flexibility through the work of different authors 
that use different objects of study, this suggests that the concept of flexibility might be 
scalable. 
 
Through the literature review it was possible to notice that there are two exogenous variables 
that are crucial for airport flexibility: demand and investment. It is demand fluctuations and 
investment constraints that motivate flexibility in first place. It is possible to say that flexibility 
exists to provide the airport with the ability to face demand changes without jeopardize 
investment. Certainly there are other exogenous variables that influence flexibility, or 
instance regulation aspects and technology advances, but these two seems to be crucial.  
 
Another important aspect for flexibility is time. There a time dynamic behind flexibility. Airport 
planners have to deal with scenarios of future, simulate possibilities and based on this 
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prepare the airport has well as possible for the possible events. In other words, the option of 
flexibility comes out of the study of future scenarios. 

WHERE WE STAND NOW? 

Here we present a reflection on the identified gaps about flexibility research that we become 
aware during the literature review. Firstly, it is important to mention that not all the authors 
that presented as studying flexibility, presents a definition for this concept. The ones that 
present a definition have not the same vision of the subject. Nevertheless, the definitions are 
similar despite some are more complete than others. 
 
It is also assumed that flexibility is positive. However, it is important to realize under what 
conditions an airport should adopt flexibility. It may be the case that flexibility by have some 
restrictions and cannot be used in all cases. 
 
As we mention before, it seems that the concept of flexibility is scalable since we were able 
to define levels of it. This means that can this concept can be applied in other areas (besides 
airports). But so far, we have not found significant research on this. 
 
Flexibility allows airport planners to postpone decision in time but this postponement cannot 
be infinite. So, it is important to understand effects in time of flexibility and how far can 
planners delays decisions. 
 
Lastly, flexibility has been developed on a conceptual approach. So far, there are no 
evidences of a practical one. There is also an absence of a characterization of the 
fundamental variables of flexibility and the causal relationships linking the variables among 
themselves and with the consequences (performance variables). There is an absence of a 
theoretical body on the mechanisms of flexibility explaining the causal relationships between 
the levels of flexibility and the performance indicators.  
 
There is some knowledge on airport flexibility but this seems to be scattered. So far there 
was no tentative of merge of knowledge to develop a framework to study flexibility. A group 
of authors clearly studies the same principle but the definitions and approaches are different. 
An so far, no research effort to connect all approaches in the same field has been done. 

NEW FRAMEWORK FOR FLEXIBLE DEVELOPMENT OF 
AIRPORTS 

Based on the levels of flexibility that we identified through the literature review, we are now 
working to surpass one of the identified gaps: absence of a theoretical body on the 
mechanisms of flexibility explaining the causal relationships between the levels of flexibility 
and the performance indicators. 
 
The starting point for our work future research is the four key stages of development or 
refurbishment where flexibility has to be present proposed by Butters (2010): master 
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planning, building design, space planning and components. As we mentioned before, we 
defined levels of flexibility that correspond to the different levels where this subject was 
studied. The levels were inspired in the key stages defined by Butters (2010) but they are not 
in the same order, since we consider that space design should be related with airport limits 
and for that reason, is a level above building design. Here we do not use all the levels 
identified in table 2. Multiairport is not considered since only one author focus it. 
 

 
 

Figure 1 – Flexibility Levels and Causal Relationships among them and Performance Indicators 

Figure 1 shows the framework that we built. This figure represents a characterization of the 
fundamental variables of flexibility (levels) and the causal relationships linking the variables 
among themselves and with the consequences (performance variables), also considering the 
influence of the exogenous variables. 
  
The four levels where flexibility is present in airports are:  

1. Master planning, where planners have to adopt a strategic and flexible approach in 
order to able to face future requirements; 

2. Space design, which is related to airport’s limits and include buildings, runaways and 
other airport facilities or spaces; 

3. Building design, that concerns terminal’s constructions options, and; 
4. Components, which are related with elements inside the terminal that can be 

changed over time, such as counters or moveable walls. 
 
These four stages require different units of time to apply flexibility. For instance, in master 
planning stage flexibility has to be analysed for years as unit of time, as well as space design 
or building. However, components can change during the day. For instance, if an airport 
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terminal has moveable walls it possible to change the area for departures for international 
and domestic flights according to the peak-periods. 
 
External elements such as: demand, technology, regulation or financing have an impact in 
the processes of an airport (for example: the generalisation of on-line check in changes the 
process of passenger handling) and the nature of influence of the levels of flexibility (for 
example: the existence or not of daily peaks influence the relevance of moving walls in the 
baggage claim area). So, from our point of view these external elements are important to 
take into account whenever airport planners think about flexibility since these elements can 
also represent constraints. 
 
The last building block to take into account is airport operations performance. Airport 
operations performance will be as good as the airport ability to adapt to future requirements 
and changes, meaning flexibility influences the ability of an airport to be competitive.  
 
With the three building blocks mentioned before, four levels of flexibility, external 
variables/constraints and airport performance variables, we built a theoretical body that 
represents the levels of flexibility (master planning, space design, building design and 
components) and the causal relations among them and the airport operations performance, 
and how exogenous variables/constraints influence these levels that is on figure 1. 
 
The rationale of figure 1 can be described as follows:  

1. Airport operations can be decomposed in a set of processes, which in turn can be 
decomposed in a set of tasks such as passenger handling, baggage handling, aircraft 
handling, supply of retail stores, etc.; 

2. These processes determine the airport’s performance either operational or financial. 
3. The levels of flexibility impact the production of the tasks and therefore of the 

processes; for instance, the existence of moving walls in the baggage claim area will 
influence the processes of baggage handling and passenger handling; 

4. External factors such as demand, technology, regulation or financing impact the 
processes of an airport, for example the generalisation of on-line check in changes 
the process of passenger handling, and the nature of influence of the levels of 
flexibility. 

Consequently, the underlying assumption is that the impact of the external factors on the 
performance of an airport depends on the elements of flexibility. Consequently, different 
schemes of flexibility will yield different performance for a given configuration of external 
factors. Similarly, different configurations of external factors will differently impact the 
performance for a given scheme of flexibility. Airport planners should seek the flexibility, 
which for a plausible configuration of external factors provides a performance aligned with 
the airport’s strategic vision and mission. 
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CONCLUSIONS 

From the literature review that we conduct on airport flexibility it was possible to find the main 
gaps on this subject: there is no universal concept, it assumed as positive but so far there 
was no study on its limits and it has been developed almost in a conceptual approach. It is 
also evident that the number of authors studying this subject is low.  
 
Based on the literature review we were able to identify the levels where flexibility is applied in 
airports (components, building design, space design, master plan and multiairport). We also 
pointed out the authors that have works at each level. This is a new organization of airport 
flexibility works since information was scattered.  
 
Literature review allows us to identify some exogenous variables that influence airport 
flexibility. Based on this, we propose a framework that is an important step in the 
construction of a theoretical support of flexibility since so far no other author has done it. This 
framework links the levels of flexibility with airport performance, considering the influence of 
the exogenous variables. Nevertheless, is important to notice that is an embryonic work. We 
are still working on this framework in order to improve it and, for instance, specify the airport 
operations that are influenced by each flexibility level.  
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ABSTRACT 

The performance of an airport and its efficiency has been measured generally from its 
operational and financial data, and on that basis, classified its relative position in the set of 
airports. But this methodology, by itself, is insufficient to determine relationships between a 
given position in the ranking of an airport and the generated value associated with that 
position, either within the entire business system of the airport or along the inter-relationships 
that it establishes with the surrounding community. 
We argue that networks are fundamental instruments for the development of the business 
system of airport’s landside areas. Applying the Value Network Analysis (VNA) to the Air 
Cargo we concluded that this approach provided a network ecosystem perspective into how 
processes and people create value within the Cargo Network. 
 
Keywords: airport’s landside areas, business systems, air cargo network, social network 
analysis, value network analysis 

1. INTRODUCTION 

Accordingly to the expected results of the one of the Airdev Project’s tasks, related with the 
hinterland effects, two main outcomes will be delivered: 1) A system dynamics model; and 
2) a model for the evolution of an airport into a city airport, which derives from the first 
outcome. 
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The first will make clear the mechanisms responsible for the generation of economic and 
social benefits. It must identify the key variables and their relationships that allow evaluating 
the impacts resultant from the existence of an airport. The second outcome will provide the 
framework for evolution from airport into city airport, being sufficient flexible to handle with 
different sizes of airports. The model will include all the relevant activities that may be located 
in an airport city and also the relevant vectors of development: economic, financial, strategic, 
marketing and processes. 
 
Transversal to the both outcomes is the concept of system, which relies on networks and 
dynamic interrelations.  
 
We propose the value network analysis (VNA) for a better understanding of how processes 
and people create value into the airports’ network ecosystem. This methodology makes 
possible to understand and visualize the internal and external value networks, mapping the 
players and their interrelationships and thus capturing the dynamics of the entire airport’s 
system. 
 
Our study maps the players and their interrelationships in four different scenarios: the air 
traveler experience, the supply chain, the infrastructure development and the air cargo 
experience. 
 
On the context of this paper only the air cargo scenario will be presented. 
 

2. THEORETICAL FRAMEWORK 
 
Much of the relevant literature refers to the huge economic impact of airports on local, 
national and international economies. Indeed some airports contribute to national and/or 
international economies, but the mechanisms by which the regions are benefited by the 
existence of an airport remain still fairly unknown. 
 
A number of limitations in the practice of airport economic impact studies were identified 
(TRB, 2008), which raise the question if the metric of the impacts is the more adequate and 
even if this metric is more important than majoring the opportunities associated with airport.  
 
The adequacy of any method (traditional or not) to measure net benefits, impacts or even to 
identify relevant vectors of development depends on the understanding of the complex roles 
and spatial interactions actually associated with a given system. The same is true when the 
goal is not the metric of the impacts but instead majoring the opportunities associated with 
that system. These facts call for refreshed conceptual frameworks for better understanding 
the regional opportunities and constrains associated to airports and, at the same time, for 
integrative models that allow recognizing and understanding the nature and importance of 
international, national, regional and local airports’ sustainable growth. 
 

In this context, quantification alone is not enough for the understanding of such complex 
systems. Matters of pattern, structure and value conversion must be considered along with 
several levels of analysis. 
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Network approach is viewed as one strategy for cross-level analysis and has been used to 
understand the conversion of the value of financial and non-financial assets in other forms of 
value. 
 
2.1 Networks and Social Network Analysis (SNA) 

 
The concept of network is being used in scientific literature in two directions (Romeiro, 2007), 
particularly relevant in the context of this paper. As a 1) fundamental architecture for the 
economic, social and institutional organization: in this context a network represents an 
organizational structure comprised of independent elements that establish relations between 
them for medium-long term, based on the will of the elements to work together around 
common objectives, which could not be achieved in the same way through individual work 
(Vernon, 2005); and as an 2) explanatory principle of complex realities structure: in this 
sense the concept of network refers to a set of actors (individuals, institutions or 
organizations) bound by a set of social relations of a certain type (friendship, business or 
other), (Gulati, 1998). Therefore, the social network can be viewed as a series of links that 
are established between a defined set of social actors (Requena, 1989; Powell and Smith-
Doer, 1994). 
 
Both perspectives of analysis are important for this research. While organizational structure 
the concept of network is understood as a structure between the market and the hierarchy, 
formed by more than two organizations (corporate, public organization, association, 
university, airports among others) who decide, formally or informally, initiate cooperation in 
the medium term involving the exchange of resources (material or immaterial). The network 
is established under the premise that all organizations within a network are interdependent, 
meaning that the behaviour of one organization affects and is affected by the behaviour of 
the others organizations. This design points out explicitly the components of a network - a set 
of actors and a set of relations, whose structure can be systematized and analyzed through 
the Social Networks Analysis (SNA). 
 
Applications of Social Network Analysis (SNA), have increasingly been expanding to the 
business world, whether at the level of organizational performance and/or strategic alliances 
(Cross and Parker, 2003; Dawson 2003; Iansiti and Levien, 2004; Anklam 2007; Basol and 
Rouse 2008; all cited by Allee, 2009:2). 
 
However some inherent limitations of SNA have been limited that progress (Allee, 2009): 

• Although SNA provides a structural analysis of the network linkages does not directly 
address economic or social value creation and outputs; 

• Remains to be demonstrated adequately the empirical link between organizational 
structure and performance of companies; 

• The links defined in a social network are of the same nature and only one link is 
represented among actors. When there are multiple variables and unique features, it 
becomes necessary to build separate networks for each different type of social or 
economic exchanges between players, which turns the analysis very weighty; 
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• Due to the high level of technical expertise needed to analyze and interpret the 
patterns of the network, the use of SNA as a management tool is limited. 

 

2.2 Value Network Analysis (VNA) 

 
To overcome these limitations Allee (2008) proposed a network methodology that allows 
measuring the value creation of networks. According to this author (op.cit., 2008:2) (…) 
because the network is the primary economic mechanism for value conversion, network 
analysis can be used to describe the value creation dynamics of work groups, organizations, 
business webs, and purposeful networks engaging in both tangible and intangible value 
exchanges to support the achievement of specific outcomes and to generate economic and 
social good.. 
 
According to Allee (2008) value network is any set of roles and interactions in which people 
engage in both tangible and intangible exchanges to achieve economic or social value. This 
definition allows application of the value network perspective to the a) internal value 
networks focused on the sets of relationships between individuals, within and among work 
groups and between and among the various work groups that make up the organization; and 
to the b) external-facing value networks, which comprise those between the organization 
and its suppliers, its investors, its strategic business partners, and its customers. 
 
Another related concept is value conversion, which refers to the act of converting or 
transforming financial to non-financial value or transforming an intangible input or asset into a 
financial value or asset. When considering value conversion, it is necessary to assess the 
inputs and outputs for each role in the network to determine whether value conversion 
opportunities are being overlooked. Also the network is a value conversion mechanism that 
achieves not only positive goods and outcomes, but nefarious and negatives ones as well, 
according to the values and intent of those who serve the network. 
 
The emergent purpose and value dynamics of the network are revealed through the 
particular pattern of roles (contributing individuals or organizations) and their unique 
negotiated value exchanges in service fulfilling an economic or social goal or output. Shared 
purpose and values may be either tacit or explicit but can be deduced from the network 
patterns and the nature of the exchanges. Value is continually being negotiated in this 
context of both individual and overall purpose and values. 
 
Based on these concepts, Allee (2008) proposed a methodology called Value Network 
Analysis (VNA) which provides a network ecosystem perspective into how processes and 
people create value. 
 
This methodology presents several advantages in comparison with the traditional SNA 
(Allee, 2008): 

• It shows both structured relationships and the informal yet essential flow paths of 
knowledge sharing and support; 

• Provides a perspective for understanding value creating roles and relationships, both 
internal and external, upon which an organization depends; 
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• Offers dynamic views of how both financial and non-financial assets can be converted 
into negotiable forms of value that have a positive impact on those relationships; 

• Explains how to more effectively realize value for each role and how to utilize tangible 
and intangible assets for value creation; 

• Provides a systematic analysis of how one type of value is converted into another. 
 
The ability of VNA to better describe effective work networks has been demonstrated at 
many organizations addressing a wide range of business issues. The number of published 
case studies and academic articles referencing and applying Value Network Analysis is 
multiplying rapidly with more than 50 relevant academic articles published in 2007, more than 
double those published in 2006. Company adoption of VNA, especially the Allee method, has 
been growing rapidly in global companies, government agencies, and civil society 
organizations and networks (Verna, 2009).  
 
It is the case, for example, of the Cisco’s Global Call Center. Value networks and VNA were 
fundamental and highly instrumental in achieving advancements in Cisco’s Global Call 
Center strategy. Following LaVeta Gibbs, former director of Global Contact Center Strategies 
for Cisco "Value Network Mapping of an organization, or even better, multiple organizations 
is the most unbiased and necessary view into what really goes on in business interactions. If 
done successfully, it changes the way job roles and the value of interactions is perceived and 
measured."  
 
Mayo Clinic, one of the largest medical clinics in the U.S, adopted VNA to solve problems 
related to the time that patients had to wait (six months) to get a confirmed appointment for a 
critical medical procedure. ValueNet Works analysts identified a key bottleneck that other 
management tools, including Lean analysis, could not identify and reduced the wait time to 
four weeks . 
 
AgResearch, the New Zealand's largest crown research institute, identified through VNA 
method how a twelve-year innovation process was being disadvantaged by differences 
between scientific research and commercialization networks. Time to market was reduced 
and employee morale improved by creating new roles, enabling the scientists to focus on 
research . Also the value network evaluation was performed in the region Skåne of Sweden 
in order to explore the regional innovation system. 
 
The Boeing Company is another example of successful implementation of VNA. They 
launched a complex new product which significantly expanded daily product testing without a 
corresponding increase in resources. The flight test team completely changed the business 
unit model and increased the number of tests that could be performed through the use of 
VNA in combination with process engineering. VNA is now being used to achieve similar 
gains in productivity for other business units within the company. 
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3. DYNAMIC PROCESSES OF AN AIRPORT’S SYSTEM. AN 
EMPIRICAL STUDY 

 
Several studies applied value network analysis to different business and organizational areas 
but none concerning the application of this methodology to the business system of airport’s 
landside areas as far as we know. Since we argue that networks are fundamental 
instruments for the development of this domain of activity, in this section we explore how this 
methodology can be adopted in order to achieve (…) a more economically efficient, 
aesthetically pleasing, and socially and environmentally sustainable (…) development 
(Kasarda, 2010). Considering that business systems for airport landside areas have to be 
considered in a global base, we agree with Stevens et al. (2007) that the list of system 
impacts further than the system boundaries has grown through time, but treatments have 
remained highly specialized and contained within disciplinary paradigms. Even the empirical 
analysis has been generally limited to the evaluation of the isolated components of a 
complex system.  
 
These facts call for refreshed conceptual frameworks for better understanding the business 
opportunities and constrains related with the airport landside and at the same time for 
integrative models that allow recognizing and understanding the nature and importance of 
international, national, regional and local airport industry growth and the need for sustainable 
balanced development. 
 
For a better understanding of how processes and people create value in an airport network 
ecosystem, the Value Network Analysis (VNA), a methodology proposed by Allee and 
colleagues (Allee ,1998, 2000, 2002, 2008; Allee and Taug 2006; Venezia et al., 2007; Allee 
and Schwabe, 2009), has been used for this research. 
 

3.1 Methodology 

 
The analysis begins with a visual map or diagram that shows the essential contractual, 
tangible revenue or business funding-related transactions and exchanges that occur 
between each node of the network. 
 
The nodes represent individuals or groups of individuals, as a business unit, or aggregate 
groups as a type of business in a network of industry and each node is analyzed from a 
perspective of the role it plays within the system.  
 
People generate value by assuming or creating roles to convert tangible and intangible 
assets into deliverables that can be conveyed to other roles through the execution of a 
transaction. In turn, value is realized by companies when they convert inputs into gains. 
 
Furthermore the critical intangible exchanges (informal knowledge exchanges and benefits 
or supports that build relationships) are also made visible with a value network analysis. 
These intangible exchanges, traditionally ignored by the business practices, are a 
fundamental key for creating trust and opening ways for innovation. 
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The several visualizations and diagrams link to a variety of assessments (usually using 
Excel spreadsheets) allowing to increase value outputs, to leverage knowledge and 
intangibles for improving financial and organizational performance, and to detect new value 
opportunities. Through this analysis it is possible to gain insights into what is happening into 
the ecosystem, where more value can be realized, and what is required to achieve maximum 
value benefit across the entire business activity or ecosystem that is the focus of the 
analysis. 
 
Our study maps the interrelationships between the airport’s players and the hinterland’s 
players in four different scenarios, considering the related impacts in the form of the tertiary 
effects and perpetual effects: 
 
1 - Air traveler experience Scenario;  
2 - Cargo experience Scenario; 
3 - Supply chain Scenario; 
4 - Infrastructure development Scenario. 
 
The first scenario results from the existence of the air transport services for the use of 
individuals. The second is related with those companies that need a high speed and quality 
transport service. The third scenario considers the supply of goods and services that 
contribute to the operations of an airport. The fourth scenario considers perpetual effects 
associated with the regional economy considering that an infrastructure investment will raise 
the level of activity and stimulates productivity, setting in progress a bigger and longer lasting 
cross regional economic development leading to profitable scale economies. 
 
For the validation of each scenario, several interviews were done with several experts. 
 
The Cargo experience scenario is the only subject of analysis in the context of this paper. 
 
3.2 A Value Network Analysis of Air Cargo Experience. Research Approach and 

Main Findings  

 
3.2.1 Research Approach  
 
For this Scenario, we consider some conditionals related with the contractual nature of the 
relationships among roles.  
 
Considering export firms or imports firms as local business, there is a symmetry when we 
draw a simplified sequence of the cargo transport, as we can take the inverse path. The Air 
Carrier role is considered the point of symmetry of this sequence. 
 
Export Firm → Freight Forwarder A → Ground Handling A → Air Carrier → Ground Handling 
B → Freight Forwarder B → Import Firm  
   
Import Firm → Freight Forwarder B → Ground Handling B → Air Carrier → Ground Handling 
A → Freight Forwarder A → Export Firm  
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Thus, there is no need to separate roles involved in the process, as we consider both agents 
assume the same responsibilities in both lands, being only separated by the distance and the 
flight itself.  
 
1st Step: Contact between businesses 
The sine qua non condition for the realization of the whole cargo scenario is the existence of 
a contract deal between a local business and a foreign business. Several informal contacts 
(intangibles) normally occur before the closure of the deal. 
 
According to the contract, the cost of the merchandise transport can be shared in several 
ways, involving more or less participants in the process. For example, if the first firm only 
supports the cost of the transport until the ground handling unloads a cargo aircraft, the 
second firm will have contractual relationships with the Freight Forwarder present in the 
second country, or eventually will go directly to the airport to get the goods. Outnumbering 
scenarios could be made, depending on how the firms try to minimize their costs.  
 
Since there is so much flexibility in the contracts, we consider that the local business will 
endorse the costs of the transport, and the import firm will receive the goods in its 
warehouse. This allows us to consider the most roles that can be involved in this 

scenario. The local business will then make a contract with an insurance company, which 
will provide insurance for the goods during the transport. 
  
At this time, the Freight Forwarder (local and foreign) and Ground Handling Operator would 
need to have an insurance contract as well. That contract would provide safety for their 
activities. 
 
The freight forwarder contacts the air carrier to proceed to the flight booking and space 
reservation inside the aircraft. The air carrier establishes contracts with the airport managers 
to buy slots, normally for a reasonable period of time. 
 
2nd Step: transporting the goods from the local business to the origin airport  
For this procedure and after the whole path for the goods have been traced, the local freight 
forwarder goes to the local business to pick up the merchandise. Next, a first verification of 
the needed documents ensues, and the freight forwarder checks if the packages are 
correctly packed and correspond to the initial description. 
 
The freight forwarder transports the goods to the ground handling operator, where the good 
will be stored at the warehouse.  
The ground handling agent will, at his turn, verify the whole package, seal it and treat it 
according with its content, and emit carry documentation. This document, along with the 
transaction bill, is necessary to pass the frontier when the transaction is made inside the EU. 
 
Informal contacts are made along the path of the merchandise, in order to ensure both 
business agents are kept informed about the process. Those contacts are critical, as they 
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permit to contour several abnormalities, such as delays and possible shortcuts, damage of 
the goods, and so on. 
 
3rd Step: Flight and reception of goods 
After the loading of the airplane, the flight goes to its destination. The foreign ground 
handling operator unloads the aircraft and proceeds to the storage of the good in a 
warehouse.  
   
The customs are contacted to supervise the merchandise, label it, and emit a bill note to the 
ground handling operator. The merchandise will only be dispatched after the payment and 
conformity of the package.  
   
The Foreign Freight Forwarder goes to the airport and takes the merchandise from the 
warehouse to the foreign business.  
   
Informal contacts are kept along the way. 
 
 3.2.2 Main Findings of Cargo Scenario  
 
Following the steps mentioned above, it was possible to identify the main tangible and 

intangible transactions between the key roles related with the Cargo Scenario: Freight 
Forwarder; Ground Handling; Local business; Insurance; Air carrier; Airport management; 
and Customs. The following figure (Figure 1) allows visualizing the mentioned roles and 
transactions. 

 
Figure 1 – Value Network Modeling of Cargo Scenario. Own elaboration 

Resilience of the network 

The Resilience of the network is critical for the network to respond to changing conditions. It 
requires the right balance of formal structure to informal knowledge sharing. The ratio of 
Tangible/Intangible Transactions is helpful as an indicator of the Resilience of the network.  
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Figure 2 – Resilience of the Cargo Network. Own elaboration 

According to VNA, is normal to have a higher level of tangible transactions than intangible in 
process-focused operational networks. In this context we can state that Cargo Network is a 

formal structure with systematized processes and established routines (see Figure 2). 
 
Value Creation 
The active agents for Value Creation are the Roles in the network. The value creation 
depends on the capacity for each Role to generate both tangible and intangible value. A 
decrease over time in value outputs can be an indicator that resource availability or 
productivity has declined. An increase in value outputs with minimal additional resource 
demands is an indicator that value productivity is improving. The capacity of a network to 
generate value depends on good asset utilization - in both financial and non-financial terms. 
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Figure 3 – Value Creation By Cargo Network’s Roles. Own elaboration 

 
As the above figure illustrates (Figure 3), the Freight Forward’s Role is the one that 
generates more value (tangible and intangible) in the Cargo Network, followed by the Local 
Business Agent (intangible) and the Insurance and Ground Handling roles (tangible). 
 

Structure and Value 

Centrality Indicators help to see value from a structural standpoint and explains how do roles 
gain or contribute value. 
 
The Centrality is a classic network indicator that shows which roles have the most ties. Roles 
with more ties hold important structural positions; may have access to more of the resources 
of the network as a whole. Nevertheless a Role with a strong structural position does not 
mean it is providing the most value to the network. It is possible to examine incoming and 
outgoing ties separately, using another Centrality Indicators as the Centrality In Degree 
(related with the value a Role gains from the network) and the Centrality Out Degree (related 
with the value a Role provides to the network). 
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Figure 4 – Centrality In Degree of Cargo Network. Own elaboration 

 

Within the Cargo Network, the Freight Forwarder’s Role has the strong structural position 
(presents more ties), receiving and sending more value (see Figures 4 and 5). 
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Figure 5 - Centrality Out Degree of Cargo Network. Own elaboration 

Risk 

One kind of risk to the network shows up in Role dependency. The risk is that the Role could 
be a bottleneck. If the Role is not adequately resourced then flow paths can be negatively 
impacted with time delays. If a Role cannot keep the value flow paths moving then it affects 
the speed of value creation and conversion in the network. A good cross check for whether 
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the Role is a bottleneck is to look at the speed indicators to see if a potential bottleneck Role 
slows down the value flow paths. 
The second risk factor is that if there is too much Structural Dependency on a Role then it 
can affect the entire network if something goes wrong.  
 
Structural Dependency is based on centrality, one of the most common structural indicators 
in network analysis. Centrality is about which Roles or Participants have the most ties or 
connections. In classic network analysis, high centrality is generally viewed positively as an 
indicator of prominence or high prestige. However, in value network analysis, extremely high 
centrality for any one Role or Participant may actually be a risk factor for the network. 
Structural Dependency correlates to variance between the connections of all the Roles. We 
can assume that the higher the variance the more we are likely to find some Roles with many 
connections and others that have almost none. This means that power in the network is not 
well distributed (the wider the variance the higher the risk to the network). The network might 
be unduly influenced or controlled by one or two Roles. In such cases the network might 
break down or disintegrate if those Roles for some reason disappear or are unable to 
perform. 

 
 
Unless two roles (customs and airport management) the other roles of the Cargo Network 
have many ties, which means that it is not a very centralized network.  
 
Asset Impact 
Asset Impact measures the impact of a transaction to the network as a whole. Therefore, it is 
necessary to identify which assets are impacted by the transaction activity in the network and 
also which assets are most affected by the network behaviour as a whole and by the actions 
of specific Roles. On this network were identified three main assets: financial, competence 
and business relationships. 
 
The following charts show which assets are impacted by the transaction activity in the 
network. These figures are compiled from how individual transactions impact assets. These 
indicators can be used to consider which assets are most affected by the network behavior 
as a whole and by the actions of specific Roles. 
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Figure 6 – Asset Impacts of Cargo Network. Own elaboration 

On the Cargo Network the “business relationship” asset is the most impacted by the 
transaction activity of the network as a whole either for intangible or tangible transactions 
(see Figure 6).   
 
The following charts (Figure 7) show Role distributions for Asset Impact. We can conclude 
that the role of “Freight Forwarder” has great impact over “business relationship”, 

“competence” and “financial” assets. The role Ground Handling impacts essentially over 
the asset “competence”. 
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Figure 7 - Role distributions for Asset Impact. Own elaboration 

 
Asset Impact - Cost/Benefit 
Once the impacted Asset has been identified the next question is, “Does the transaction 
have a positive or negative impact on the asset? When the Deliverable is received how is it 
going to impact the overall asset picture?” For instance, completion of a financial transaction 
would provide a positive Benefit for Financial Assets. Completion of a knowledge deliverable 
might have a positive Benefit on Human Competence. Completion of a regulatory 
compliance transaction might have a negative Cost financially. 
 
The next figure (Figure 8) shows the Cost/Benefit Ratio from All Transactions, then from 
Intangible Transactions only and finally from Tangible Transactions.  
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Figure 8 - Cost/Benefit Ratio from Transactions (tangible, intangible and all) of Cargo Network. Own elaboration 

 
The following figure (Figure 9) examines the Cost/Benefit Distribution and Percentage by 
Role. 
 

 
Figure 9 - Cost/Benefit Distribution and Percentage by Role of Cargo Network. Own elaboration 

For the Cargo Network all transactions have more positive impacts (benefits) than 

negative impacts (costs) on the assets, mostly for the roles of Airport Management, 
Customs and Insurance.  
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Transaction speed 

 

The Transaction speed indicator is helpful in spotting network bottlenecks. Transaction 
speed can refer to the actual transit time of the Deliverable. Used this way it is useful 
compare speed with the transport Channel profile. 
Transaction speed can also refer to how slow or fast the Deliverable is executed and 
released by the Role. Used this way it would more represent “wait time” for a Role to 
complete and send the Deliverable. This approach is useful to identify 
where there may be Roles that could be better supported with resources or improved 
processes for faster execution. 
The average speed is calculated by giving the rating of: Fast = 1, Medium = 2 and Slow = 3. 
 

 
 
The obtained result allow us to state that within the Cargo Network all transactions 

(tangible and intangible) are fast executed and released by the roles.  
 
Channel 
The Channel profile provides a way to consider the effectiveness of different delivery 
mechanisms for specific Deliverables.  
 
For example, some companies rely heavily on face-to-face meetings, where video 
conferencing might be a more effective way to work. Other companies rely on technology 
and systems for delivering information or automating provisioning. 
 
The next figure (Figure 10) shows the distribution of different channels used by All 
Transactions, Intangible Transactions only, and finally Tangible Transactions. 
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Figure 10 – Chanel profile of Cargo Network’s Transactions 

The email is the most present channel in all transactions of Cargo Network. However 
the preferred type of channels varies depending on the role as showed by the next figure 
(Figure 11). 
 

 
Figure 11 – Channels used per Cargo Network’s Role 
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Agility 

One indicator of network agility is how quickly information can move around the network.  
The “Degrees of separation”, technically referred to as “distance” in a network, is a measure 
of how quickly information can spread out across the network to reach all members. It is an 
important indicator of a network’s agility in being able to make sense of and adapt to internal 
and external changes. It is also an indicator of how easy it is for any individual to reach the 
person who might be able to solve a specific problem. A high average distance between 
Roles can be an indication that there are not enough hubs or connectors in the network. 
 

 
Within the Cargo Network the intangible transactions presents more agility than the tangible 
ones.  
 
Stability 
Stability is revealed by measures of network Density. Density is calculated as the number of 
actual connections between Roles divided by the number of potential connections between 
Roles. The most significant Density indicator is Weak Tie Stability, which helps us 
understand the extent that the loss of connections in the network will impact performance of 
the network as a whole. 
 
Weak Tie Stability is the ratio between intangible and tangible transaction density: the higher 
the ratio, the more dominant the density of intangible connections; the lower the ratio, the 
more dominant the density of tangible connections. A resilience of 1 shows a perfect balance 
between densities of tangible and intangible connections.  

 
 
Within the Cargo Network the density of tangible connections are dominant. 
 

4.  SYNTHESIS AND CONCLUSIONS  

Value Networks are sets of roles, interactions, resources and relationships that generate 
economic or social value. In this context any purposeful organization or activity can then be 
understood as a value network. 
 
Applying the VNA methodology to the Cargo Scenario we concluded that Cargo Network 
presents a formal structure with systematized processes and established routines, where 
density of tangible connections is dominant.  
   
Having in mind that the active agents for Value Creation are the Roles in the network, the 
Freight Forward’s Role is generating more value (tangible and intangible) within the Cargo 
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Network. Also the Freight Forward’s Role has the strong structural position (more ties), 
receiving and sending more value. However, unless two roles (customs and airport 
management), the other roles have many ties which means that the Cargo Network is not a 
very centralized one. 
 
There are different delivery mechanisms for specific deliverables depending on the role, but 
email is the most present channel in all transactions. Within the Cargo Network all 
transactions (tangible and intangible) are fast executed and released by the roles 
Nonetheless the intangible transactions have more agility (how quickly information can 
spread out across the network to reach all members). 
 
The role of Freight Forwarder has great impact over business relations, competence and 
financial assets, while the Ground Handling’s role impacts essentially over the asset 
“competence”. The business relationship is the asset most affected by the network behavior 
as a whole.  
 
Notably all transactions have more positive impacts (benefits) than negative impacts (costs) 
on the assets, mostly for the roles of Airport Management, Customs and Insurance.  
   
We argued that networks are fundamental instruments for the development of business 
system of airport’s landside areas. The ability of VNA to better describe effective network of 
the Airport System justified the option for this methodology. We conclude that the application 
of the VNA provided a network ecosystem perspective into how processes and people create 
value within the Cargo Network. The next research steps will allow extending the analysis 
using more indicators. 
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ABSTRACT 

Nowadays, the proliferation of low-cost airlines promotes the revitalization of small regional 
or secondary airports. These infrastructures, generally constructed for military use, over the 
years have been underutilized or even abandoned, becoming obsolete, and compromising 
the development of the surrounding area. Since the late 1990s several secondary airports 
have been incorporated into the low-cost airport network, resulting in both an infrastructural 
and functional renewal, and in the growth of activities (not only related to air transport). The 
recycling of the small airports is crucial on a local scale as this generates a rapid 
transformation of land use and of the infrastructure network relative to land transportation: 
the airport therefore becomes a landmark in the territory and an important element for the 
local economy. 
 
Keywords: Accessibility, Regional Airports, Recycled Infrastructure 

LLEIDA AIRPORT: ON HOLD 

The Lleida-Alguaire Airport started to operate on February, 5th 2010. One year later, both 
main fight companies (Pyrenair first, Air Nostrum and Ryanair one month later) moved their 
flights activities to the Lleida-Alguaire Airport. 
Alguaire, with its small population of 3.000 inhabitants and located far 15 km from Lleida, 
was chosen between twenty candidates by the Government to host the aviation 
infrastructure. After 23 years of debate over its location, the small scale airport began a 
process which wanted to connect Lleida and its surrounding territories to the world. In this 
context, the Lleida-Alguaire Airport was configured as a key infrastructure to promote and 
stimulate the economy and the development of Lleida province, Pyrenees and Adorra. It was 
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supposed that this infrastructure would increase tourism and promote several logistic and 
business services. 
 
This is never happened. 
 
Two years after its opening, the Lleida-Alguaire Airport has a few private small airplanes 
coming to visit its runway rarely during the week. Any fly companies are landed from it. Few 
technical operators are working to build two new alien extensions for further tourists.  A huge 
sheep flock is the only main subject who lives on the immense grass and cornfields.  
Now it is an on hold infrastructure, a cathedral in the desert. 
 

 
Figure 1 – Lleida-Alguaire Airport in September 2011 

For this work, a high quality project team by the head of Fermìn Vazquez (b720 Architects) 
was involved to provide a unique design and recognisable project and they has been able to 
solve the program requirements with a sophisticated exercise of integration. 
 
The airport finds a balance between trying to avoid a strange artefact landed and not losing 
the character of landmark reference recognizable in the distance. 
 
The design of the airport control tower Lleida-Alguaire (Lleida) is designed as a singular work 
that goes beyond the structure, encompassing and integrating architecturally the projects of 
the terminal and the outbuildings. In it, the architecture responds equally effectively to the 
requirements of aviation, territory and landscape. Tower and base have a total area around 
3.742 m2. 
 
The building’s visual unity is achieved also with the whole front cover with several green, 
brown and yellow metal sheets that will contribute to the integration with their surrounding 
landscape. The cover (horizontal continuous cover) will have a vegetal layer combined with 
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stripes of wood and veneer. It is proposed to use a vegetal cover that emulates the 
vegetable-farming plot environment, and also acts as a thermal barrier. 
 
The main envelope is conceived as a continuous blanket covering the most visible faces of 
the building (covering the base and longitudinal side of the tower) to give formal unity to the 
whole and consolidate its presence into the context. For this reason, the deck floor, on both 
sides of the tower, curves up to become the façade of the tower. Both planes (horizontal and 
vertical) have different functions and structures but they share formal and material 
characteristics that make them act as an individual item. 
 
The unquestionable architectonical quality of the building, the integration with the context and 
the smart ecological and sustainable system make Lleida-Alguarie Airport one of the more 
interesting and well studied airports. More questionable is its function: was it really necessary 
to build this airport? 
 
In the hope to improve the Lleida-Alguaire Airport’s activities, recently a commitment was 
signed for five years between the British Isles and Lleida-Alguaire Airport. It has agreed to 
perform flights in the airport over the next five winter seasons. This agreement gives a boost 
to the Lleida-Alguaire Airport and it will improve the use of the skiing area by Britannic 
tourists. It’s the first time that a regional airport could fly beyond the Schenghen area. “That 
means, therefore, a new impulse for the future of this airport and the development of its area 
of influence, thereby giving effect to a claim of all institutions in this field since it opened” as 
the Government claimed1.  
 
It is certain that the airport could be a fundamental infrastructure to promote and develop 
local economies and the tourism sector in the Lleida province.  
The questions are therefore: what are the best strategies to re-attract new visitors and local 
inhabitants? Will it be sufficient to activate a new winter air route between England and 
Catalonia in order to re-activate culture, heritage, business and tourism dynamics?  
What are possible futures for this recent infrastructure already in decline? 

VIEW FROM ABOVE 

The peripheral territory. The infrastructures. The crisis. 

The phenomena of urban sprawl, the "loss of centre," the role of infrastructure, and the 
"fusion" between city and country are widely studied territorial and urban transformation 
phenomena, starting from the 1960s. Where the city invades everything, does it still make 
sense to talk about the periphery? Which are the peripheral territories today? Which are the 
characteristics and the sufferings of this European peripherality? 
 

                                                 
1 From: El Mundo (29/07/2011). Alguaire multiplica su capacidad para recibir a pasajeros 
internacionales, Spain. 
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Peripheral territories exist: these are a recognized and widespread reality. The history of 
modern infrastructure in Italy, but also pre-modern infrastructure, coincides with the need to 
respond, with priority, to the necessity of connecting different places and territories of a 
country influenced by a complex geography, and to subtract these from isolation and 
marginalization. The roads first, then the highways, built mainly to accommodate the 
"development" of the nation, and to affirm the “exit” from poverty and the economic boom of 
the new Italy, don’t escape the priority rule to connect and to represent the model that has 
only recently been subject to review, in Italy in particular, and since some time in other 
foreign realities. The transversal character of the themes of accessibility and peripheral 
territories has always been recognized. Through the construction of new infrastructure, 
marginal areas became less peripheral and more connected to the commonly recognized 
centrality (geographically, economically, territorially, etc.). If from one side the construction 
always moved money, economy and construction market, on the other, once construction is 
completed, these facilities often remain isolated, proving that the best strategy would 
perhaps have been not to build them at all. Hence the paradox: the infrastructures, instead of 
integrating territories and implementing local deficiency, become the main problem. 
 
The infrastructure, without real and widespread processes of economic support, and without 
coherent strategies and territorial projects, don’t generate any development. A new 
infrastructure supports forms of development where these processes are already in place. 
The theme, in the last 50 years, has also been associated to the impact of the urban 
phenomenon, that is the end of the compact city which has come to be the sprawl city 
without limits, where the continuous consumption of land has seconded a model that forced 
expansion, and forces the connection of many "points" in a network that tends to the limits of 
the urban expansion, hence the spread of road networks with an exponentially increasing of 
the individual use of cars. A well known and widely investigated model, which produced 
extensive suburbs, marginality, precarious economic development, heavy pollution and that 
only recently stimulates deep thought. 
 
But things are changing and the persistence of a crisis that changes the nature of the 
phenomena, their speed and priority of the solutions requires new forms of analysis and 
sustainable alternatives with the new context that will lead to a greater sensitivity with respect 
to change and persistencies of the present time. In this framework, the infrastructure 
becomes the main topic: one thing is to talk about the infrastructure issues in a context of 
development, and another thing is to talk about it in a state of constant slowdown and 
perhaps even a stable situation. 
Does infrastructure really develop territories? Maybe not. At least, not always. 
 
Through the accessibility infrastructure has a different reading: in those areas where 
accessibility is weak, this does not ignore the total lack of infrastructure, but rather to reflect 
on the fact that many areas have unused infrastructure. At the same time there are areas 
that are economically developed but are not equipped with a superstructure infrastructure, 
revealing how accessibility, economic development and peripheral issues are trans-scalar to 
each other but can also develop in parallel planes. 
In Greece, for example, the infrastructure system has been the bearer of intensive 
development by creating an active network of tourist flows. The Trentino Alto Adige, 



The Re-Cycle of Secondary Airports and New Opportunities for the Territory – 
ADES Research (ESPON 2013 Project) 

119 

     

however, is a highly productive region and has developed a dense network of small airports, 
but economic development is not directly increased by the present infrastructure network. 
Therefore questioning the nature of the infrastructure, with particular attention to airport 
infrastructure, becomes a key consideration in the approach to this research topic. 
 

 
Figure 2 – Western Europe Airport Map (Font: Aerial Navigation 2000 and AIP AENA)  

Airport infrastructure for its dimension and relations with the territory, is a catalytic agent and 
an activator of contexts: airports as generators of development in peripheral regions but also 
as generators of a new image for the area and of themselves. 
The reuse of secondary airports, projecting the territory in the European network of mobility, 
offers interesting potentialities of development. The key question becomes the land use 
management: an operative airport in an international context attracts other functions and 
activities not strictly related to air traffic, as input to the local economy of the territory. 
Therefore the need to understand the nature of these transformations, to govern them 
coherently and in line with the contextual situations in which these are developed, making the 
presence of a regional airport a positive energy for territorial development and also for the 
community, and not the cause of negative externalities. Attention must be given to the 
structuring of the airport complex, that is the study of the dynamics of the location of new 
businesses, service facilities and transport infrastructure, the consequences for pollution, the 
occupation of agricultural land, the compromising of natural areas, etc. Therefore the goal is 
to understand what is the sustainability of these interventions for the territories.  
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RE-USE IT! 

The context changes the economic frame but it also brings into the foreground specific 
conditions in the construction of cities and territories, put aside for a long time, but that may 
return to be expendable and important values.  
Existing peripheral areas that have been infrastructured but do not work. Therefore it is more 
correct to talk about peripheral infrastructures and make questions about the strategies to 
re-use them. Through the construction of new infrastructure, up until the recent past, 
marginal areas became less remote and more related to centralities (geographic, economic, 
territorial, etc). Once construction was completed, these infrastructures were often isolated, 
proving that the best strategy would perhaps have been not to build them at all. Today, even 
more in this moment of crisis, building new infrastructure does not reveal itself as the most 
sustainable strategy.  
This moment in time does not seem to be that of great innovation. It's rather a time of 
reflection and re-use of what has already been produced. The concept of reuse has always 
been present in the city and in architecture, however, the conditions in which it proposes the 
reuse change. 
 
Recycling means the reuse of waste materials, which have lost value and/or meaning. It’s a 
practice that helps to reduce waste, to limit its presence, to reduce disposal costs and to limit 
production of new waste. Recycle means, in other words, to create new value and new 
meaning. Another cycle is another life. Recycling is the ecological action that pushes into the 
future by transforming the existing waste in the prominent figures and producing the city’s 
culture, the beauty and the urban quality.  
Recycle infrastructure is an attitude quite diffuse in the reactivation of obsolete urban 
infrastructures. These recycled infrastructure projects reinterprets a fragment of 
transportation infrastructure, converting it to pedestrian and public use. The projects are 
experiments in the reuse of an industrial site, a reinvention of the infrastructure’s significance 
and identity, the mending of a tear in the urban fabric. They want teach that gardens born in 
an asphalt crib. 
 
The High Line2 is a new 1.5-mile long public park built on an abandoned elevated railroad 
stretching from the Meatpacking District to the Hudson Rail Yards in Manhattan. Inspired by 
this post-industrial ruin, the new park interprets its inheritance, translating the biodiversity in a 
string of site-specific urban microclimates along the stretch of railway that includes sunny, 
shady, wet, dry, windy and sheltered spaces. Through a strategy of agri-tecture – part 
agriculture, part architecture – the High Line’s surface is digitized into discrete units of paving 
and planting which are assembled into a variety of gradients from solid paving to richly 
vegetated biotopes. The long pre-cast concrete paving units have tapered ends that comb 
into planting beds creating a textured, “pathless” landscape where the public can meander in 
unscripted ways. 

                                                 
2 Ciorra P., Marini S. (a cura di), (2011). Recycle. Strategie per l’architettura, la città e il 
pianeta, Electa, Milano. 
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The park accommodates the wild, the cultivated, the intimate and the social. Access points 
are durational experiences designed to prolong the transition from the frenetic pace of the 
city streets to the slow, otherworldly landscape above. 
 

 
Figure 3a,3b – The High Line, James Corner Field Operation, New York (2007-2011)  

 

The Trento Tunnel3 is a minimal intervention which re-converts two high-speed tunnels into 
museum galleries where it is possible to re-feel the sense of place and palaces of memory. 
To enter them is to travel in time through the 20th century. To see the light at their end is to 
spy the seam where a territory’s past meets its future. The project merges recycling, 
restoration and renewal. 
 

 
Figure 4a-4b – The Trento Tunnel, Elisabetta Terragni, Trento, Italy (2007-2008)  

                                                 
3 Ciorra P., Marini S. (a cura di), (2011). Recycle. Strategie per l’architettura, la città e il 
pianeta, Electa, Milano. 
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AIRPORT AFTERLIFE 

In particular airports, today, have never been more central to the life in cities, yet they remain 
peripheral to many discussion in urban design and planning. Airports are an architectural 
structure and an urban function: in most cases they lack a physical and spatial integration 
with their urban context. This situation generates the emblematic role for transport 
architecture, particularly airports and railway stations. The conflict between these, their 
fundamental role in the urban structure, the oppressive impacts that they generate on the 
surrounding territory, their potential role as attractors and/or generators of local economies 
through their strategical connection with their surroundings, gives them an ambivalent, but 
fundamental, role in contemporary urban development strategies. 

«The world’s architects and planners are increasingly treating the airport 
not as a separate entity but as just another part of the urban condition. 
(…) The task now is to design effectively for the whole physical, 
environmental and emotional experience of the airport over a wide area.» 
Pearman, (2008). 236. 

 
Operative airport hubs, both small and large scale, generate iconic images marking their 
presence in the territory and acting and being used as a centrality to their new urban 
condition.  
 
However there is a widespread condition of underused and potentially obsolete airport 
structures that have never managed to gain of have lost their central role, causing them to 
totally or partially lose their use. 
The question is therefore: how can these be re-used, re-generating themselves, their central 
role and the surrounding territory? 
The central issue is to investigate the possibility of recycling existing airport infrastructure 
and to re-use and maximize their potentiality through development strategies. It is referred 
not only to abandoned and obsolete infrastructure, searching for a new identity, but also to 
infrastructure that is still active, but poorly operative and productive. 
The primary aspect related to the recycle of small airport is the requalification and 
development of good level of accessibility, allowing these to become dynamic centralities for 
the surrounding territory. In fact, more accessible larger scale national and international trade 
has often overshadowed these territories. Accessibility is therefore fundamental and central 
resource for territories, helping them to attract and activate (or re-activate) diverse incoming 
flows, such as tourism but also activities related to commerce, culture, education, health, 
agriculture, high tech or energy. 
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Airports Afterlife Case Studies: 

1. Dismissed Airports_Dwellings + Parks: Stapleton, Denver, CO; München Riem, 

Germany. 

2. Dismissed Airports_Parks: Crissy Field, San Francisco; Tempelhof, Berlin, 

Germany. 

3. Postmodern Airports: Skavsta Airport, Sweden; Liege Airport, Wallonie. 

1. Dismissed Airports (Dwellings + Parks) 

After their dismissing, many former military airports were not used and they remain in an 
abandoned state for years. Due to the growing of population and the high request of new 
dwellings, many former airports could be re-developed as a new part of the city. Starting from 
the transformation of the infrastructure air connection (runway, technical street) into urban 
mail road and street, there was planning a new urban development with houses, public 
services, commercial and business areas and extremely well connected to the nearby main 
cities. Public urban parks add value to the gradual renovation of existing structures and the 
new urban development area. 

Stapleton, Denver, CO 

Stapleton was opened on October 17th, 1929 as Denver Municipal Airport. Its name was 
changed to Stapleton Airfield after a 1944 expansion and the major force behind the project 
when it began in1928. By the 1980s, plans were under way to replace Stapleton with a new 
airport. Stapleton was plagued with a number of problems concerning inadequate physical 
and technical structures for flights (runways, little or no room for other airlines) and noise and 
pollution problems. Meanwhile, the new Denver International Airport (DIA) officially opened in 
north-eastern Denver. The runways at Stapleton were marked with large yellow “Xs”, which 
indicate it was no longer legal or safe for any aircraft to land there.  
While Denver International was being constructed, planners began to consider how the 
Stapleton site could be redeveloped.  
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Figure 6 – Forest City Enterprises, Denver (2001-2008)  

A private group of Denver civic leaders, the Stapleton Development Foundation, convened in 
1990 and produced a master plan for the site in 1995, emphasizing a pedestrian-oriented 
design rather than the automobile-oriented design found in many other planned 
developments. Nearly a third of the airport site was slated for redevelopment as public park 
space. 
The former airport site (4,700 acres / 19 km2), 10 minutes from Downtown Denver, is now 
being redeveloped by Forest City Enterprises project. Construction began in 2001 on 
single-family houses, row houses and condominiums. The new community is zoned for 
residential and commercial development, including offices, parks, and a “big box” shopping 
centre. 

München Riem, Germany 

Construction on the airport started in1936. The first plane landed on October 25th, 1939, 
signalling the beginning of air traffic. At that time, it was one of the most modern airports in 
the world. In 1992 it was completely dismissed. 
For an interim time after the move, the remaining facilities were used as a venue for large 
events such as concerts and raves. Riem was well known internationally in the techno, 
alternative and rock scenes.  
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Figure 7 – Munich Riem Airport Re-transform in Messestadt Riem, Germany (from late 1990s to the beginning of 

the 21st century)  

The transformation of the former airport to the Messestadt Riem (Convention City Riem) 
with a name-giving convention centre, apartments houses and parks was one of the largest 
projects in urban planning of the City of Munich in the late 1990s and the beginning of the 
21st century. The only structures that remain of the airport today are the tower and the 
original terminal building, the Wappenhalle (hall of the coats of arms). Both structures are 
protected monuments. Moreover, a small stretch of the former runway still exists at the 
eastern end. In 2005, the former airport was the site of the Bundesgartenschau (Federal 
Horticultural Show). 

2. Dismissed Airports (Parks) 

Many problematic airports no longer present themselves in the potential range of urban 
expansion. These airports, which were once peripheral but have now been engulfed in the 
urban context, become physical centralities of the city and simplify their re-conversation into 
urban facilities. The case studies propose as the suitable urban solution for the re-use and 
re-conversion of abandoned airports the transformation of them into public urban parks. 

Crissy Field, San Francisco  

Crissy Field is a park in San Francisco. It was originally an airfield, part of the United States’ 
Presidio Army base.  The Presidio ceased all military operations and the base became part 
of the federal Golden Gate National Recreation Area under the Base Closure Act, in the 
1990s. Redesigned by Hargreaves Associates in 1994, Crissy Field re-transformed itself, 
from a military airport into a public open space. 
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Figure 8 – Crissy Field Park, San Francisco (1994)  

Now it is parte of the Golden Gate National Recreation Area. 
It is divided into 6 major naturalistic zones: the rehabilitation of a 1920s grass airfield; a mile-
long promenade; wetlands; beach & dunes; a pic-nic area; and East Beach. Those are the 
parts that re-create the Crissy Field Airport into a park, a new green heart of San Francisco. 

Tempelhofer Park, Berlin, Germany 

Berlin Tempelhof Airport, often called the “City Airport”, ceased operating in 2008 in the 
process of establishing Schönefeld as the sole commercial airport in Berlin.  
During its post-airport usage it hosts numerous fairs and events. Officially re-opened in May 
2010 as a city park, today more than 200,000 Berliners have visited the park to enjoy its wide 
open spaces for recreation ranging from biking and skating to baseball and kiting. 
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Figure 9 – Tempelhofer Park, Berlin, Germany (2010)  

3. Postmodern Airports 

Most of these small and medium airports were minor war airfields from the beginning of the 
XX century. After their post war dismissal, they remained unused for years until when local 
municipalities put their attention on these to find alternative solutions for their use. 
Meanwhile, the proliferation of low-cost companies started to promote the revitalization of 
secondary airports. In this context, the fundamental role of these airports as strategic hubs in 
the new low-cost fluxes and their moderate, but well connected, dimensions make them 
become crucial airport infrastructure on the local and European scale. They generate a rapid 
transformation of land use and of the infrastructure network relative to land transportation. 
The integration of new economical, cultural and leisure activities to these airports, permitted 
to make the surrounding territory more dynamic and to improve local business. In that sense 
the secondary low-cost airports became a landmark in the territory and an important element 
for the local economy. 

Skavsta Airport, Sweden  

An airbase during the Second World War, the airport was used as a military airport until 
1980, when it was taken out of service. Today, Stockholm-Skavsta Airport is an 
international airport near Nyköping in Sweden, approximately 100 kilometres southwest of 
Stockholm. Low-cost airlines and cargo operators serve it. Approximately 40 established 
companies already with 1300 people employed on site4. 
                                                 
4 Source: Stockholm-Skavsta Airport web site (www.skavsta.se) 
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Figure 10 – Business Park Airport. Skavsta Airport, Sweeden (from 1997)  

 
The Skavsta Airport and its Buisness Park represent the potentiality of the airport as a 
productive ecosystem in which different industrial activities could take advantage of using the 
logistic infrastructure of the airport itself. The possibility, therefore, to combine passenger 
transport with the transport of goods is the central point of this airport which entails a rigorous 
evaluation of both the strengths and weaknesses of the industrial production of the 
surrounding municipalities that actually could benefit from better opportunities for innovation 
in the logistics market. 

Liege Airport, Wallonie 

The Liege Airport, connected to the Euro Space Centre, is a centre of technology and 
aerospace innovation. The network in the region generated by Liegi Airport, Charleroi 

Airport and the different Euro Space Centre bases in Wallonie, shows: the implementation 
of activities related to design prototypes for the aviation industry; the impulse for knowledge 
of the universe for educational purposes, teaching and divulging of issues related to space 
research; and, finally, the advantages of exploiting cultural, social and business tourism in 
the area of innovative projects, education and entertainment. 
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Figure 11 – High Tech Aerospace in Airport. Liege Airport, Wallonie 

 

 
Figure 12 – High Tech Aerospace in Airport. Euro Space Center, Transinne, Wallonie 

RE-CYCLE AIRPORT: STRATEGY BEFORE AIRPORT DECLINE 

Around the world, there are a lot of inner city airports that will not exist in approximately 10 
years. At the same time, many are the existing small and medium airports stuck in a pre-
decline phase. It is urgent to think about their future. How could they shift from one state to 
another one? 
What does it mean to transform airports’ infrastructure into urban re-activators? What are the 
strategies? What are the limits? 
How the city can prepare itself before the airport infrastructure arrives in its obsolete phase? 
Pre-cycle: a strategy that pre-views what can be done before the airport is closed and that 
can re-act to the deep decline slope.  
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Figure 13 – Villanova d’Albenga Airport, Savona, Italy 

From airport infrastructure to airport osmotic infrastructure 

Building new infrastructure, ever more today, in this moment of crisis, does not reveal itself 
as the most sustainable strategy, considering sustainability as an aim in relation to social and 
territorial changes. The European Commission's White Paper (2001)5 indicates that it is an 
absolutely necessary strategy to interrupt the connection between increased mobility and 
economic growth. 
 
This is the context in which this research wants to offer an alternative to the excessive 
construction of new infrastructure: not to build new roads but to strengthen the existing public 
system; at the same time not to build new airports, but to reuse the existing airport 
infrastructure and use them as activators of the economies and local contexts. 
 
The recycling of obsolete existing infrastructure, and the re-use in order to optimize their 
potentialities becomes the most sustainable and desirable solution. To re-think not only the 
abandoned and unused infrastructure in search of a new identity, but to recycle all those 
infrastructures those are already active but poorly operating and unproductive. 
 
From an infrastructure 'tube' to an osmotic infrastructure, in osmosis with the surrounding 
area. Consider the infrastructure as a place of permanence and not just a transition, a 
biological material originating from the surrounding area and an integral part of the new 
housing situation. Through this osmotic membrane it could be possible to design 
infrastructure in a different way, as a place to stay and not only to cross. No longer like a 
tube that connects faraway places, but as a biological material which is part of the new 
housing situation. The osmotic membrane gives a new relevant value as multi-functional 
infrastructure. At the same time, a spine that holds up a fragmented and dispersed urban 

                                                 
5 “The European transport policy for 2010”, COM(2001) 370. Reviewed in 2006 by the 
Council Commission Communication and the European Parliament.  
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structure, and an osmotic membrane that promotes trade and exchange between 
infrastructure and landscapes along the way. 
 
Infrastructure that generates trade with landscapes but also allows us to see new 
landscapes. The airport becomes a place to live and not only a door to cross to go to another 
destination. From airports to reach to fly "beyond", a far away destination, to airports in which 
to go and stay in, as attractors of flows related to activities associated with the local area and 
the structure of the airport. 
 
In that sense, the airport osmotic infrastructure becomes a place to live before a place to 
leave. It is organised to satisfy not only one specific sector (flight operation) but it could adapt 
itself and its efficiency in relation to the surrounding context and business, it could exchange 
fluxes (physical and immaterial) with the surrounding territory and it could accommodate 
multiple functions (as in the Sweden example).  

Airports on hold 

It is necessary to approach the everyday dimension of the airport’s life. 
 
The peripheral context of airports generates interest but also a limit. Urban growth, in this 
moment of crisis, is very slow therefore making airports’ possible central role in urban 
development very difficult. The recycling of airports could become an operative strategy for 
other urban transformations. The reconversion of airport infrastructure will increase quality 
and development of the surrounding urban and social condition: from airports on hold to 
airports catalytic of processes. The re-significance of this infrastructure could activate 
processes of growth of mobility, to develop transport and communication networks, to lost a 
physical precise cities’ connotation, to increase the need of landscape and places in which to 
live in and recognize themselves. 
 
This could be the operative strategy for these airports to recalibrate their fundamental 
function in their physical contexts: the integration of air traffic transportation facilities with 
activities that regenerate their life and the surrounding business. 
 
In that sense airport infrastructure for its dimension and relations with the territory, is a 
potential catalytic agent and an activator of contexts: airports as generators of development 
in peripheral regions but also as generators of a new image for the area and of themselves. 
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Figure 14 – Lleida Alguaire Airport, Catalunya, Spain (2009)  
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ABSTRACT 

Airports, historically monopolies, are in most cases regulated to prevent market power 
abuse. While there are various ways of regulating airport charges, when determining 
maximum charge levels two large groups exist: Single and Dual till. Under a Single till the 
regulator considers all the airport’s revenues when calculating the maximum aeronautical 
charges, under a Dual till only the aeronautical revenues are considered. While a Single till is 
more common, especially in the European airports, privatization, increasing competition and 
other factors are leading airports to consider a dual till. Since in theory a dual till leads to 
higher charges, airlines in particular do not have compelling reasons to push for a dual till 
regulation.  
 
In this work a sample of European airports is analyzed on their charge level and the results 
show single till airports as having higher charges on average. Though variance is quite high, 
the simple fact that dual till airports present lower charges is groundbreaking. A series of 
other parameters are also measured against the charge level to further understand the 
reasons for the price difference. The amount of sub-contracting, for example, seems to be 
one of these causes, since it is significantly higher in the Single till sample. 
Brussels airport is presented as a case-study in this dissertation, since it is transitioning from 
a single to a dual till. The transitioning period of 20 years is due to end in 2026, and most of 
the metrics analyzed are healthy and pointing in the right direction. 
 
Keywords: Single Dual Till Brussels Airport Regulation Europe 

INTRODUCTION 

Airports are the central point of the air traffic industry. They are used by passengers, airlines, 
cargo companies, and all sorts of supporting services (i.e. handling). Being such a key 
infrastructure in the air traffic sector, airports are very complex, and can serve other 
industries such as tourism, shipping, etc. All this complexity and multitude of services has a 
cost, and like other infrastructures in the transport industry (i.e. ports), airports require that a 
fee be paid by the user of the services.  
The charge levied by the airport on the airline is generally broken down into smaller fees. 
These fees vary from airport to airport, although a landing and/or take off fee, as well as a 
passenger fee are present every time. For example, for Amsterdam Schipol airport the 
following sub-charges are paid by airlines: 
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Table 1 - Breakdown of charges for AMS airport, Boeing 737-800 with 70% load factor. 
 Landing Passenger Security Infrastructure T. Navigation Noise Total 
Value (EUR) 662€ 1481€ 1328€ 40€ 202€ 173€ 3886€ 
% 17% 38% 34% 1% 5% 5% 100% 

 
The level of the charges collected by the airports, public or private, regulated or unregulated, 
is of great importance on the operation of airlines. Some authors (Fu, Lijesen, & Oum, 2006) 
concluded that Low Cost Carriers (LCC) are much more affected by rises in the charge levels 
than Full Service Airlines (FSA). The growth in air traffic using low cost carriers has been 
significant in Europe, and they are now major users of the European airports, especially 
easyJet and Ryanair: 
 

Table 2 - Scheduled International Passengers, from 53ed. WATS of IATA. 
Rank Airline Passengers 

(Thousands/year) 
1 Ryanair 57 647 
2 Lufthansa 42 151 
3 easyJet 35 417 
4 Air France 32 508 
5 British Airways 29 054 

 
By leasing space for (or operating) shops, restaurants, car parks, conference rooms, hotels, 
there is a very significant portion of non-aeronautical revenue generated at airports. So 
significant, in fact, that at some airports it will be higher than the revenue generated by 
aeronautical related activities, as Figure 3 shows: 

 

Figure 1 - Percentage of revenues from aeronautical activities at European airports in 2008. Source: ATRS 2010. 

 
An ever increasing tendency towards privatization, a constant expansion of existing and 
appearance of new airports prove these points. Mainly because of privatization, the fear of 
market power abuse is renewed and airports are commonly regulated by an external source, 
which usually determines the maximum prices they are allowed to charge for use of the 
airport. With new airports appearing and distances between them shortening, a passenger 
more often has a choice on the departure and/or arrival airport. Competition between these 
airports is therefore rising, and that is reflected upon prices of the charges, and one of the 
main reasons some airports remain economically unregulated. Another reason why some 
airports may not have enough market power to warrant regulation is when other modes of 
transport are available for the same route (such as high speed rail). The competition 
presented by rail is growing as more high speed lines are built. The (usually) cheaper price 
presented by rail companies, as well as the comfort of being able to arrive at the station 5 
minutes before departure, are strong contributing factors for shorter distance travel. For 
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example, the Civil Aviation Authority (CAA) of the UK has proposed in (CAA, 2007) that the 
Manchester and Stansted airports become regulated only by normal competition laws. 
 
The main focus of this work is the “Single vs. Dual till” problem. In very simple terms, 
regulation will limit the charge levels of an airport. As airports also make money from non-
aeronautical businesses, and the revenues generated from this are directly related to the 
number of passengers using the airport, some regulators consider the airport as a single 
“source” when determining maximum charge levels. Thus, even if the aeronautical part is not 
self-sufficient (able to pay for its expenses through aeronautical-side revenues, mostly 
charges), there will be no problem from the regulator’s point of view if the non-aeronautical 
revenues compensate the loss. This type of regulation where the airport is viewed as a whole 
is called a “Single till”. The reverse, where the regulator separates the aeronautical revenues 
from the rest, is called a “Dual till”, and in theory forces the aeronautical side to try to be 
economically self-sufficient.  
 
The approach taken to the problem at hand is quite different than usual. First, the author 
“reverse engineers”, analyzing the actual Charge levels of European airports, in an effort to 
find relations between the multiple parameters that define airports (capacity, traffic, 
privatization %, etc.), with the ultimate goal of finding which (if any) is better between a 
Single and a Dual till. 
 
The Brussels airport was chosen as a case study, due to its current transition from a Single 
to a Dual till. 

EUROPEAN CHARGES OVERVIEW 

A group of airports needed to be selected for a deeper charge study. This group should be 
as varied as possible: having multiple airports from the same country, regulator or owner 
would probably cause a bias towards those airports charge levels. With this in mind, the 
following airports were chosen among the top European airports traffic wise, for a final 
sample with the same number of single and dual till airports: 
 

Table 3 - Airport sample selection. 
Airport Type of till Country GDP/capita(ppp) Private Ownership 

Share 

LONDON HTW single England $34.800 100% 
PARIS CDG single France $33.100 33% 
FRANKFURT FRA dual Germany $35.700 47% 
MADRID MAD single Spain $29.400 0% 
AMSTERDAM AMS dual Netherlands $40.300 0% 
ROME FCO dual Italy $30.500 97% 
MILAN MXP dual Italy $30.500 1% 
DUBLIN DUB single Ireland $37.300 0% 
COPENHAGEN CPH dual Sweden $36.600 77% 
OSLO OSL single Norway $54.600 0% 
VIENNA VIE dual Austria $40.400 50% 
BRUSSELS BRU hybrid Belgium $37.800 75% 
LISBON LIS single Portugal $23.000 0% 
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Airport charges for the selected airports 

For the following calculations, the following airplane was considered, being so prevalent in 
Europe and being able to fly to all the airports considered: 
 

Table 1  - Airbus A319 airplane data used for charge calculations. 
Model Airbus A319 
MTOW 75,5 tons 
Maximum number of passengers 156 
Occupancy 80% 
Total number of passengers 124 
Number of engines 2 
Flight route Intra-Schengen 

 
Obtaining the following values, own calculations based on charge prices available at each 
airport’s website: 
 

Table 2 - Airport charges for the sample airports. 

Airport Charge Till 

LONDON HTW 4.466 € Single 
LISBON LIS 2.433 € Single 
MADRID MAD 1.821 € Single 
PARIS CDG 2.698 € Single 
OSLO OSL 4.065 € Single 
DUBLIN DUB 2.506 € Single 
BRUSSELS BRU 3.565 € Hybrid 
AMSTERDAM AMS 3.756 € Dual 
MILAN MXP 1.730 € Dual 
FRANKFURT FRA 2.579 € Dual 
ROME FCO 2.205 € Dual 
COPENHAGEN CPH 2.834 € Dual 
VIENNA VIE 3.201 € Dual 

 
Table 3 - Airport charges for the sample by till type. 

Measure Dual Single 

Average 2.718 € 2.998 € 
Absolute deviation 865,24 € 1.032,60 € 

 
This is a very important and surprising result. Dual till airports, contrary to what the literature 
leads us to believe, have lower charges than single till airports! Their charge levels also vary 
significantly less (about 15%) than single till airport charges.  
Lower charges for the end user are certainly important, as it will almost always lead to lower 
ticket prices and increased traffic. Airlines are certainly more inclined to lower prices if 
charges are lower. Meanwhile, airports will seem to receive less income if charges are lower. 
While this might be the case it will not necessarily translate to fewer profits, since under a 
dual till there will be more pressure to keep the aeronautical side of the business profitable, 
while giving more freedom to the landside business to prosper without having to help the 
airside one. 
 
To try and validate this result, a serious of factors which may influence it will be analyzed 
next. 
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Since the goal is to compare single to dual till airports, and later see where Brussels airport 
fits, in the following graphics the airports will only be labeled by till type, and not individually. 
This both makes the graphics much easier to read and leads to clear macroscopic 
conclusions. 
 

 
Figure 2 - Charge level (2010) versus Traffic (2010) for selected airport sample. 

 
From Figure  2, the first observation is that there is no relation between charge and traffic 
levels.  
 
Both the Dual till and single till group of airports have a mostly scattered pattern, even in the 
two visible groups (above and below 40 million yearly passengers). These two groups serve 
to show that there are few airports in the largest traffic category (>40M passengers), and that 
dividing the sample into smaller clusters of airports would lead to much more inconsistent 
results.  
 
Since traffic is the quantifiable aspect that varies the most between airports, and no relation 
was found to the charge level, the chosen airport sample is used for the rest of the analysis.  
If there had been a noticeable relation between charge and traffic levels, different groups 
based on approximate traffic levels would have to be considered instead. 
 
To draw further conclusions and to try to confirm the current ones, the question of whether 
Gross Domestic Product (GDP) affects charge levels is evaluated next. Since all airports 
have been treated equally, and as services in richer countries tend to be more expensive, it 
is a logical thought that airports in more expensive countries would have higher charges. If 
this assumption is true, then the already analyzed data can be biased. For example, the 
reason single till airports have higher charges (as shown in Table 3) could be that they are 
from more expensive countries.  
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Figure 3 - Charge level versus GDP per capita (adjusted for purchasing power parity). 

 
Figure 3 shows that there is in fact a correlation between charge level and GDP/Capita 
(adjusted for purchasing power parity (ppp)). This relation is especially notable on the Dual 
till airports. The meaning is that richer countries tend to have higher charge levels, which is a 
natural assumption. In light of this finding, and since GDP is fixed for each country, we can 
try and standardize the charges irrespective of country. To this effect, a new parameter was 
created, Q. 
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With this parameter in use there ceases to exist a bias in charge level depending on GDP. 
The multiplication by 100 is so the final values are higher than 1, for a more natural analysis. 
Since we will be measuring the values relative to each other, this multiplication does not 
affect the results. Also, if different currencies are used for charge level and GDP, there will 
be an exchange rate present, which will be a constant since time is fixed. To keep the 
sample coherent, the same currency has to be used between all airports’ charges, and 
between all countries’ GDP/capita(ppp).  
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Table 7 - GDP per airport country and Q calculation for the selected airports. 
Airport Charge Till GDP/capita(ppp) Q 

Heathrow 4.466 € Single $34.800 12,83 

Lisbon 2.433 € Single $23.000 10,58 

Madrid 1.821 € Single $29.400 6,19 

Paris CDG 2.698 € Single $33.100 8,15 

Oslo 4.065 € Single $54.600 7,45 

Dublin 2.506 € Single $37.300 6,72 

Brussels 3.565 € Hybrid $37.800 9,43 

Amsterdam 3.756 € Dual $40.300 9,32 

Milan MXP 1.730 € Dual $30.500 5,67 

Frankfurt 2.579 € Dual $35.700 7,22 

Rome FCO 2.205 € Dual $30.500 7,23 

Copenhagen  2.834 € Dual $36.600 7,74 

Vienna  3.201 € Dual $40.400 7,92 
 

Table 8 - Q obtained for the sample airports by till type, and respective deviations. 

Measure Dual Single 

Average 7,52 8,65 

Absolute Deviation 1,19 2,56 

Variance 1,41 6,54 
 
From these results, the disparity between single and dual till airports becomes even more 
noticeable than when first analyzed at Table 3. The difference in the average is greater, while 
the difference in absolute deviation between both till types is much higher than when we first 
compared the simple charge levels. 
 
There are many implications of this surprising result. First and foremost dual till airports will 
tend to have lower charges for the airlines, which will in turn certainly reflect on the end user 
in lower total ticket prices, while not cutting on the airline profits if it so desires. 
 
Without a cross subsidy from the landside airport business, dual-till regulated airports have 
the pressure to be more self-sufficient in regard to the airside business. Seeing as they have 
lower charge levels overall, the result from Table  leads us to believe that there is in fact a 
much larger operational gain in terms of efficiency. Furthermore, as the gap in charge 
absolute deviation between till type rose when GDP was taken into account, we can 
conclude that charge levels are much more closely related to GDP in dual till airports than 
single till ones. Long term, this may be a very interesting result for airlines, especially when 
planning potential routes, where flying to more dual-till regulated airports will not only have 
lower overall charges but also a much more stable effect on expense balance sheets. 
 
Next, a series of parameters are checked against one another, in order to understand the 
reason behind these conclusions: 
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Figure 4 - Q level versus % of international traffic for the airport sample. 

Due to lack of data, two of the dual till airports are not shown in the graph (MXP and VIE). 
What can be observed in this graph is quite interesting. In the dual till airports, and to some 
extent in the single till airports, there is a relation between charge level and % of international 
traffic. This is an interesting realization, and a logical one, since airports more focused 
towards international traffic should have larger expenses. From stricter security, to larger 
runways and infrastructures, it all makes sense. Also, the more expensive airports could be 
considered to have charges high enough to be “immune” to this variation based on 
international traffic. The fact that they are both single till airports may be a factor from which 
to draw further conclusions. 

 
Figure 5 - Percentage of private share (2008) versus number of passengers per employee (2008) for the airport 

sample. 

In the above graph it is blatantly obvious the fact that public single till airports tend to have a 
much greater amount of sub-contracting (through having a significantly higher number of 
passengers per employee). This is a conclusion not to be overlooked, since as we’ve seen 
throughout this airport overview a single till leads to much more erratic parameters, higher 
charges, and overall worse results. Another very strong conclusion is that there are cases 
where a single till has a similar amount of passengers/employee to dual till airports. This at 
least leaves hope for single till airports who want to push towards a dual till, since trying to 
break too many sub-contracts could prove too unfeasible.  

4,00

6,00

8,00

10,00

12,00

14,00

0% 20% 40% 60% 80% 100%

Q

% of international traffic

Q vs % of international traffic

Single Till

Dual Till

0%

20%

40%

60%

80%

100%

0 10 20 30 40 50 60 70

%
 o

f 
p

ri
v

a
te

 s
h

a
re

nº of passengers/employee (thousands)

% of private share vs nº 

passengers/employee

Single Till

Dual Till



A Case Study on the Selection of Dual Till versus Single Till Charges     143 

BRUSSELS CASE  

Brussels airport started moving from a single to a dual till by adopting an “adjusted till” type of 
regulation in 2006. By progressively removing non-aeronautical businesses from the same 
regulation as the aeronautical ones, it plans to reach a dual till after 20 years.  
The line graphs present in this chapter always have present the sample of single and dual till 
airports, as well as Brussels. The leftmost and rightmost points on each line represent the 
minimum and maximum values of that sample; the point between these represents the 
average. 

 

 
Figure 1 - Brussels airport charge breakdown. 

The fact that Brussels airport already has a charge breakdown strikingly similar to a dual till 
one is surprising, in a good way. While not all airports are equal, they all develop similar 
businesses and operate in very similar ways, with basically no disruptive innovation in 
processes or infrastructures. This natural tendency towards the “norm” leads to very similar 
costs and, between airports under the same type of regulation, also to very similar pricing 
structures.  
 
While Brussels airport still has a long time to go until the dual till is fully implemented in 2026, 
the fact that it’s pricing structure already closely resembles a dual till airport’s one is definitely 
a sign in the right direction.  

 
Figure 72 - Q for single and dual till airport samples, as well as Brussels airport. 

As was also discussed earlier, Figure 72 illustrates even better the fact that charges, even 
corrected for GDP, have a clear tendency to be higher under a single till. 
 
Seeing Brussels airport outstepping the dual till range in this case is a sign that it’s charges, 
while maintaining a dual till-type breakdown (Error! Reference source not found.), are 
probably more expensive than can be achieved. 
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Figure 8 - Number of passengers per employee for single and dual till airport samples, as well as Brussels airport. 

Lowering the level of sub-contracting, while hard to achieve quickly, is definitely a step in the 
right direction. Until 2026 there is plenty of time to take measures with long term results. The 
key result is that if Brussels aims to try and reduce charges well into the dual range, it should 
definitely look with serious eyes into reducing the level of sub contracts.  
 

 
Figure 9 – Percentage of aeronautical revenues for single and dual till airport samples, as well as Brussels airport. 

The metric shown in Figure  is very relevant to the single versus dual till problem, and 
Brussels airport is at a very peculiar position. 
Since this graphic shows revenue and not profit, the theory that dual till airports tend to have 
more efficient aeronautical activities is supported by this graphic.  
Single till airports show a higher percentage of aeronautical revenues, which also leads to 
question if they are developing their commercial activities as well as they should. The fact 
that the single till regulation bundles everything together is a very probable hindrance to the 
development of commercial activities (while also not pushing for efficient aeronautical ones). 
Brussels airport seems to be placing low emphasis on this metric, and like the amount of 
sub-contracts, this seems a very key step that can be taken gradually over the adjusted till 
period.  

CONCLUSION 

The single most important conclusion reached is that charges under a single till are not lower 
than dual till ones for the European sample considered.  
All the obtained results point in the same direction, and charges for dual till airports were on 
average lower than single till ones, especially so when standardized for GDP. 
Since the literature that defended the single till stated lower charge levels as one of the main 
reasons in its favor, this result is not only surprising but also incredibly relevant. 
Variance on the charge level is also considerably lower on the dual till airport sample, which 
also leads to welfare gains, since airlines should be more open to flying between airports 
with more stable charge levels (and lower!). 
This resort to sub-contracting, especially common in large public-owned enterprises, makes 
it much harder to control costs and is quite possibly the single most important cause of 
higher single till charges. Since a single till bundles all the revenues together, it is much 
easier to justify and “hide” overspending on sub-contracts (which are usually more expensive 
than doing the work in-house anyway). 
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ABSTRACT 

The text describes problems and conflicts during the construction of public infrastructure, 
mainly airports, in various historical periods and states, as well as land use and compatibility 
planning requirements. Former practice (but still used in many states) to plan an airport 
system expansion in 20-30-year horizons – so called ‘long term’ plans – is confronted with 
the experience from the Slovak Republic of airport planning for very distant or ‘unlimited 
future’. Attention is given to the principles of land expropriation in public interest, definition of 
public interest and the socio-political factors influencing the ‘ideal’ planning period. Planning 
for ‘unlimited future’ could be practical in countries with high Human Development Index, 
high Democracy Index, high ranking in Worldwide Governance Indicators and in high 
population density regions.   
 
Keywords: airport development, ‘long term’ plans, land use and compatibility planning, 
expropriation, public interest 

BACKGROUND 

The history of Europe can be described as a continuous change. After the World War I we 
witnessed not only a collapse of the Austro-Hungarian Empire in 1918 [19] but many new 
countries were formed, while others ceased to exist [3]. There were just twenty one very 
unstable years between World War I and World War II. The WWII post-war period in Europe 
was characterised by Europe splitting into the Soviet block satellite states and Western 
Europe. Next wave of rapid changes followed after the Fall of the Berlin Wall and Velvet 
revolution in Czechoslovakia in 1989, resulting in changeover and a new political situation 
after decades of authoritarian regime. The most recent change which definitely confirmed the 
end of the long division in Europe was the European Union enlargement in 2007.  
 
Fast changes between wars, standstill, revolutions and political and economic changes are 
always reflected in the transport infrastructure. For example, after 41 years of the Iron 
Curtain isolation in the Soviet block, the main road and railway links in Central and Eastern 
Europe were oriented eastwards - and it took 18 years to make a motorway connection 
between Slovakia and Austria, and 19 years between the Czech Republic and Germany.  
Infrastructure restorations after wars always required radical decisions and prompt planning 
which were, in those circumstances, appropriate. Improvements of road, rail and airport 
infrastructure were highly welcomed by public, and expansion of air transport was often 
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perceived as a prestigious development. However, throughout decades opinions and 
attitudes of public gradually changed and negative impact of expanding infrastructures on the 
communities shifted to the forefront. Air transport and airports became an easy target of 
neighbouring communities and pressure groups.  
 
This leads to a question whether practices of land use and planning of transport 
infrastructures and airports in particular changed in the new Europe to reflect the increasing 
participation of civil society in the public domain? Are current practices different from those of 
post World War II or 1960-ties? 
 
Remarkable changes in airport planning practices can be illustrated by change in planning 
practices used in the Czechoslovakia before and after the Velvet revolution in 1989. 

AIRPORT PLANING PRACTICES IN CZECHOSLOVAKIA 
BEFORE 1989 

Situation 

It is necessary to point out that the former Czechoslovakia, not only after its independence 
but already during the time of the Austro-Hungarian Empire, had traditional strengths in 
areas such as engineering, industry and science. A big advantage also was (and is) a 
creative and flexible style of thinking. Because of this airport planning practices before 1989 
were similar to those used in Western Europe. However, there were some differences: 
 

� The strategic decisions were adopted on the Federal Ministry of Transport level. 
� The airport Master Plan defined the airport infrastructure development usually 10-20 

years ahead but it covered just the technical part of the airport infrastructure 
development without any financial plan and/or business plan. 

� The financial recourses were strictly limited and centrally planned in line with the five-
year state development plans. The air transport industry needs were not sufficiently 
covered by investments. This resulted in a continuous deterioration of the airport 
infrastructure. 

� There was no provision on the public hearing during the airport planing procedure. 
� Standards and recommended practices for military airports were different. 
� The land was relatively cheap which allowed the infrastructure to expand. 

Land use and compatibility planning 

The most important tool for mitigation of environmental problems caused by airport 
expansion was land use and compatibility planning. The basic documents for long term 
planning of any large-scale projects were the ‘Urban Areas Development Plans’ and ‘Large 
Areas Development Plans’. The Large Areas Development Plans were prepared on a 
‘regional’ level. The principal features of airport Master Plans had to be incorporated into the 
Large Areas Development Plans. For airport planning before 1989 the following standards 
were most important. 
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In 1977 environmental capacity limits for the airport expansion were defined by the Public 
Notice No 14/1977. It contained standards of airport land use and compatibility planning in 
Slovakia. In line with the Public Notice No 14/1977 1977 Health Protection Against the 
Adverse Effects of Noise and Vibration the land surrounding the airports was ranked into four 
categories of noise exposure: minimal, moderate, significant, and severe. Each category was 
defined by a range of one of four noise limits: maximum noise levels during day and night, 
and equivalent noise levels during day and night. However, the Public Notice No 14/1977 did 
not contain provisions on noise measures to be adopted when the noise limits were broken.  
 
The former practice to plan airport system about 20 years ahead resulted in a gradual 
airport growth and ‘rapprochement’ of airports and neighbouring communities, similarly to 
other countries. This was (and still is) a permanent source of conflicts. In order to improve 
this situation in 1985 the Federal Ministry of Transport adopted new National Standards and 
Recommended Practices L-14 OP - Protection Zones of Airports and Aeronautical Ground 
Aids. Six groups of protection zones for airports were defined in this standard: 

 
� Protection zones with prohibition of building activities 
� Protection zones with restriction of objects heights 
� Protection zones against danger or delusive lights 
� Protection zones with restriction of high or very-high voltage power line constructions 
� Protection zones for radio - navigation aids 
� Ornithological protection zones. 

 
The characteristics of the protection zones with the restriction of the objects heights are 
similar to the obstacle clearance limits according to the Annex 14 - Aerodromes, but they 
have more strict physical characteristics. Unfortunately, in some cases the articles in the 
standards L-14 OP are ambiguous or inappropriate. With respect to this for special cases it is 
advisable to consult the problem with the Civil Aviation Authority and to co-operate closely 
with local building authorities. The Standard is being updated and amended and will also 
contain provisions on laser beams protection zones.  
 
The protection of the airports and ground aids was, and is, guaranteed by Civil Aviation Law 
[23] provided that a documentation of the protection zones is prepared by the airport or 
ground aid operator, approved by the Local Building Authority and ordered by the Civil 
Aviation Authority. Protection zones safeguard air traffic safety, reliable operation [14] of 
airport or ground aids and they reserve necessary land for further airport development in 
limits defined by a Master Plan. The protection of the airport or ground aids is managed by 
the Local Building Authority.  
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AIRPORT PLANNING PRACTICES AFTER 1989 

ECAC Strategy  

In 1992 Slovakia approved the ECAC Strategy for the 1990s - Relieving Congestion In & 

Around Airports adopted by the ECAC Transport Ministers in 1992. The overall objective of 
this strategy was to improve the potential throughput of the European airports and their 
surrounding airspace while maintaining safety and respecting the environment. With regard 
to the airport infrastructure, Slovakia aim at the following, sometimes neglected, objectives: 
 

� To define the ultimate limits (in a very distant future) for expansion of every public 
airport respecting the future ‘environmental capacity’ 

� To define the bottlenecks which can limit the airport system capacity in the future. 
 

In line with this new concept, Master Plans for three airports – Bratislava, Košice and Poprad 
– were elaborated. An airport Master Plan represents a guide as to how airport development 
should be managed to meet the foreseen demand while maximising and preserving the 
ultimate capacity of the site [15]. For the airports Košice and Poprad new protection zones [1] 
were prepared so that the expansion of these airports was safeguarded for very distant 
future – as we say ‘by the year 3000’. Following this it took 8 years to pass the public hearing 
procedure before declaration the protection zones in case of Poprad Airport, and 9 years for 
Košice Airport. However, this process would be much longer, if not impossible, today.  

Expropriation and airport development  

Development of each state brings contradictions between public and private interests [22]. 
The biggest problems are usually connected with building line infrastructures, which are 
generally defined as motorways, railways and airports, as for these constructions it is 
necessary to acquire large pieces of land. The process of land acquiring should be quick and 
effective. The interests of the state are to minimise costs, time and also to eliminate ‘political 
losses’. The interests of the private owner are to minimise troubles with state and possibly to 
sell property but at a fair price.  
 
Expropriation refers to confiscation of private property. Depending on the regime it can be 
politically motivated, it can result in forceful redistribution of private property and many times 
it can be characterized by confiscation of the foreign asset, for a pittance payment [17]. 
 
Referring to the Constitution of the Slovak Republic [22], the present Civil Aviation Law [23], 
and the Building Act [20] include provisions on expropriation1 of land in public interest and an 
Article on the ‘limitation of the proprietor’s rights’. According to this Article the rights of the 
proprietor could be limited: 

� in inevitable extent 
� in the public interest  
� in line with a law 

                                                 
1
 In some states called Eminent Domain or Compulsory Purchase  
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� for appropriate compensation 
and all conditions must be fulfilled simultaneously.  
 
Unfortunately, unlike other types of infrastructure, a runway or an airport are not directly 
defined as a public interest infrastructure in the Slovak legislation. To use the land 
expropriation in case of airport development it is necessary to prove public interest. This 
could be supported by an approved Airport Master Plan or Airport Land Use Study during a 
public hearing process as a part of a General City Plan, incorporated in the Concept of a 
General Plan of Slovakia or General Regional Plan where airport development has a ‘public 

interest building activity’ status. Expropriation can take place only when an agreement with 
the proprietor could not be reached by negotiation. Additionally, there is still the problem of 
defining the ‘right price’, which should be a market price of the property determined by an 
authorized expert. The whole process is usually very lengthy, as expropriation can take place 
only after agreement between the state and the proprietor was not reached. The proprietor 
can also use all legal tools to protect his rights which, going through all levels of courts, could 
take years. In one case in the Czech Republic, which has in practice the same legislation 
frame on expropriation as Slovakia, the agreement between the state and a farmer who 
refused to sell her land for a motorway construction was reached after 17 years [13]. Usually, 
right-wing governments are reluctant to use expropriation tool in these cases. 
 
Provisions on land expropriation could be found in the legal systems of most states. In the 
Ireland it could be applied for a so-called key infrastructure, which comprises also airport 
infrastructure. There is a special system in the Republic of Ireland where it is not necessary 
to go through a public consultation, but the decision passes through an independent body 
(called ‘An Bord Planeala’) which rules on its acceptance. This body measures the need, the 
public upheaval involved and the economics of the proposed work, and rules on it. If it rules 
positively, the only way to appeal against the decision is through the ‘High’ Court. This 
speeds up whole process considerably. All other planning goes through the County or City 
Councils where a planner will decide on its acceptance based on the county / city plan. This 
plan is drawn up by the County Manager acting with planning specialists, Architects, Civil 
Engineers etc. [18], [11]. 
 
Public Utility and land expropriation are defined by the basic principles in France. Public 
interest is defined by a declaration from the ministry or prefect level in the form of a decree. 
The declaration must precisely define date by which the expropriation must be accomplished.  
 
The proprietors can appeal against the administration up to two months after the decree was 
published to object against: 
 

� the excess of the force of law 
� in front of the state council in case the proprietor objects against the public 

contribution of the project or the procedure was not regular [12].  
 

For projects after the 2-nd March 2002 the expropriation becomes effective one year the 
latest after preliminary enquiry was closed. A year after the declaration of public interest was 
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announced the proprietor can ask the expropriator by a formal notice to purchase his/her 
property.  
 
The best known case of forceful expropriation is the Narita Airport development. In July 
1966 the Japanese government officially designated the Sanrizuka - Narita region of Chiba 
prefecture as an official site for new Tokyo International Airport. The rapid postwar 
development of Tokyo caused a shortage of available flat land in the Kantō region, so the 
only feasible location for the airport was in rural Chiba prefecture. Eminent domain power 
had rarely been used in Japan up to that point. Traditionally, the Japanese government 
would offer to relocate homeowners in regions suggested for expropriation, rather than 
condemn their property and pay compensation as provided by law. In the case of Narita 
Airport this type of cooperative expropriation did not occur: some residents went as far as 
using terror by threatening to burn down new homes of anyone who would voluntarily move 
out [4]. On September 16, 1971 during final government drive to expropriate the land from its 
recalcitrant owners, three policemen were murdered and a many were injured in riot rides 
supported by left wing student groups [2]. While primarily revolving around the issue of the 
right of the government to expropriate private property, the Narita case was much more 
complex, many-sided event that for a variety of reasons may be considered historically 
important. During the ‘phase one’ of the conflict between February 22  and March 25, 1971 
fought against each other 25 000 police corps and over 20 000 Narita farmers and their allies 
from student activists and left-wing political parties which formed a popular resistance group 
known as the Sanrizuka-Shibayama Union to Oppose the Airport. Although the airport did 
open, it opened under a level of security unprecedented in Japan. The airfield was 
surrounded by metal fencing and controlled by guard towers staffed with riot police. 
Passengers arriving at the airport were (and still are) subject to baggage and travel 
document searches before even entering the terminal, in an attempt to keep anti-airport 
activists and terrorists out of the facility. The last anti-airport riot, orchestrated by left wing 
militants known as Chukaku-ha, took place in 1985 [8].  

Ideal planning horizon?  

Left wing governments might be more willing to use different forms of eminent domain to 
enforce projects under public interests. However, a necessary balance must be found 
between the pace of infrastructure projects construction, expropriation of private property, 
‘fair price’ compensations and political loses. The process of airport privatisation also raises 
the question if private airport development, in particular terminal areas and airport ground 
access [21], could be defined as a project in public interest. Private property confiscation 
gives a strong signal to foreign investors who may give priority to a different country with a 
more predictable regime which respects more private property. The lawsuits related to 
private property expropriations are long lasting and often stretch over a number of 
generations. With this perspective land expropriation in democratic states is used as an 
extreme and the last option, more likely as a ‘threat’ to those who were reluctant to sell their 
property than as a real tool.  
Long-established practice of airport planning with Master Plans defining airport expansion in 
20-30 years time horizons, or so-called ‘long term’ development, might be appropriate in 
some states but could be a serious hurdle to airport expansion in countries where the 
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planning process is ‘complicated’ by public hearing with active neighbouring communities 
and action groups involved. For example, it took 23 years to get the final building permission 
for Munich Airport, while just 7 years were needed for airport construction and 
commencement of operations. Some airport administrations with visionary architects secured 
the future airport expansion by purchase of large areas in period when it was possible, e.g. 
Paris-Charles de Gaulle Airport2. In other states further airport growth can be blocked even 
by the government. Planning for very long period ahead should be practical in Britain. The 
London Mayor´s Thames Estuary Steering Group, which is chaired by Sir David King and 
includes two members of parliament, said in a recent report: “It is necessary to create a 
vision and a framework which will inform planning policy and decisions over next 30 years” 
[4]. But, I am afraid, the 30 years time horizon is absolutely insufficient in UK conditions. A 
new report published by the UK Government Department for Transport expects to delay 
building any new runways until beyond 2050 [16]. On the other hand, it would be useless to 
plan an airport development for 30 years or more in unstable states or regions where 
fundamental changes in situation, regime or policy may occur within a course of months.  
 
Planning for very distant future is still not a norm and it is not yet recommended in any of 
airport planning manuals. However, would it be possible to propose an optimum planning 
horizon for an airport? Engineers would love to have a formula in the Airport Planning 
Manual defining optimum planning period with unambiguously determined parameters 
something like: 

YI = APAX . GDP .......x.y 
Where: 
YI  is ideal planning period (years)  
APAX  is maximum airport throughput in millions of PAX.  
 
Unfortunately, nothing like that is possible and ‘the ideal planning period’ doesn´t exists. It 
depends on number of variables which are unique for each state and scope of their leverage 
can vary considerably.  
 
The resistance again airport development will be typically higher in states with higher 
standard of living where residents usually value the quality of their lives and object airport 
expansion with environmental problems, pollution and generated traffic. On the other hand, 
investors may claim economic benefits for the municipality and residents may benefit from 
improved air transport connections and new jobs creation.  

 
To specify airport optimum planning period number of indicators could be used. One of the 
best could be Human Development Index (HDI), an international measure of development. 
HDI is linked with GDP per capita and it combines measures of life expectancy, education, 
and standard of living, in an attempt to quantify the options available to individuals within a 
given society.  
 

                                                 
2
 Charles de Gaulle Airport extends over 32.38 km2 of land. This vast area was acquired by limited number of 

potential relocations and expropriations and the possibility to further expand the airport in the future [9]. The 
planning of CDG and its construction began in 1966.  
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The HDI is used by the United Nations Development Programme in their Human 
Development Report [7]. However, the HDI does not include ecological aspects and is 
focusing exclusively on national performance ranking. Nevertheless, future constraints on the 
airport operation and development could also have an environmental basis [24].  
 
The level of human development is often, though not always, related to the level of 
democracy, which can be measured, for example, by the Democracy Index (DI) [5]. 
However, it is important to remember that a high HDI rank not always corresponds with a 
high DI rank: in some countries a high degree of economic and human development is 
accompanied by an authoritarian regime (Saudi Arabia), while on the other hand democratic 
principles are respected in some poor countries (India). DI is based on 60 indicators grouped 
in five different categories: electoral process and pluralism, civil liberties, functioning of 
government, political participation and political culture. 
 
Nevertheless, successful airport development depends on many other criteria like political 

stability, voice and accountability, government effectiveness, regulatory quality, rule 

of law and control of corruption. Those all are specified by Worldwide Governance 

Indicators (WGI) [10] and it is possible to weigh them in any particular country or region.  
 
The last but not the least important factor is country stability, which is usually influenced by 
internal factors like levels of violence and crime within the country, and factors in a country's 
external relations, such as military expenditure and wars [6]. This could be measured by the 
Global Peace Index (GPI).  

 

In general in countries with very high HDI (over 0.889) and high DI (full democracies 8 to 10) 
it will be an advantage to plan airport development to its final limits (unlimited future) defined 
by the ‘interest area’ environmental limitations. Similarly, the length of planning period should 
be dependent on the other two above mentioned factors: WGI and GPI. A higher ranking in 
those indices – reflecting better governance and an internal and external 
stability/peacefulness – should be reflected in an extension of the planning period. Another 
significant parameter is the population density in the region, which is, however, strongly 
linked not only with all the above factors, but also with country cultural differences. 

CONCLUSION 

In countries with high levels of democracy it is practically impossible to use eminent domain 
for airport development projects, as the process would be very lengthy with uncertain results. 
The experience of the Slovak Republic to plan an airport development by defining the 

ultimate limits (in a very distant future) of airport expansion and respecting the future 
‘environmental capacity’ is very positive and we were able to guarantee space for most of our 
airports expansion. Our airport planners were usually confronted with a tough opposition at 
the beginning, but proposals were gradually accepted by public and included in long term 
regional urban development plans. It would not be possible to accomplish the same results 
by planning of airport expansion step by step in ‘long term’ stages.  
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On the contrary, there are states where long term planning would be ‘unproductive’, and 
some where it is even possible to build an airport without building permission.  
Hence an ‘ideal’ planning period doesn’t exist and must be assessed on a case by case 
basis using different tools and indicators, sometimes with getting uncertain results. As Albert 
Einstein said, "not everything that can be counted counts, and not everything that counts can 
be counted".  
 
Note: 
“This paper is published as one of the scientific outputs of the project: Centre of Excellence 
for Air Transport ITMS 26220120065“ 
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