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General Abbreviations

Abbreviation | Explanation

ACI Airport Council International

ACMI Aircraft, Crew, Maintenance and Insurance

CASS Cargo Accounts Settlement Systems

IATA International Air Transport Association

ICAO International Civil Aviation Organization

TFS Traffic by Flight Stage

JIT Just-in-time

UNCTAD United Nations Conference on Trade and
Development

WTO World Trade Organization

YoY Year on Year

IATA Airport Codes

Airport Code | Name of Airport

AMS Amsterdam Schiphol Airport

BCN Barcelona Airport

BRU Brussels Airport

CDG Paris-Roissy Charles de Gaulle Airport

CGN Cologne/Bonn Airport

CHR Chateauroux-Deols "Marcel Dassault" Airport

CPH Copenhagen-Kastrup Airport

DUB Dublin Airport

DUS Dusseldorf Airport

EMA East Midlands Airport

FCO Fiumicino Leonardo da Vinci Airport

FRA Frankfurt Airport

HHN Frankfurt-Hahn Airport

IST Istanbul Ataturk International Airport

LE] Leipzig/Halle Airport

LGG Liege Airport

LGW London Gatwick Airport

LHR London Heathrow Airport
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Airport Code | Name of Airport

LUX Luxembourg-Fidel Airport
MAD Madrid Barajas Airport
MAN Manchester Airport

MXP Milan-Malpensa Airport
MUC Munich Airport

OSL Oslo-Gardermoen Airport
STN London Stansted Airport
VIE Vienna Airport

XCR Vatry Airport

ZRH Zlrich Airport

Overview of Model Names

MNL — Multinomial logit model including all six attributes as effects coded variables.

MNL mainAirports - Multinomial logit model calculated with data of airlines that mainly serve main
airports, excluding parameters for passenger operations at an airport, specifying airport charges and

demand as linear attributes.

MNLnoPax - Multinomial logit model including all attributes as effects coded variables excluding

parameters for passenger operations at airport.

MNLnoPaxClinDlin — Multinomial logit model excluding parameter for passenger operations at an
airport, specifying airport charges and demand as linear attributes and including all remaining

attributes as effects coded variables.

MNL regionalAirports — Multinomial logit model calculated with data of airlines that mainly serve
regional airports, excluding parameters for passenger operations at an airport, specifying airport

charges and demand as linear attributes.

MNLsocio — Multinomial logit model excluding parameters for passenger operations at an airport,
specifying airport charges and demand as linear attributes and including interaction variables 1) of

the presence of forwarders with main airport and 2) of night-time restrictions with main airport.

PML allRandom - Panel mixed logit model including all parameters and accounting for the panel

structure of the data, specifying airport charges and demand as linear attributes and assuming that

IX



the parameters are either randomly normal distributed (charges and demand) or uniform distributed

(all other parameters).

PML noPaxAllRandom - Panel mixed logit model excluding parameters for passenger operations at
an airport, taking into consideration the panel structure of the data, specifying airport charges and
demand as linear attributes and assuming that the parameters are either randomly normal

distributed (charges and demand) or uniform distributed (all other parameters).

PML noPaxRandomDExFwNight - Panel mixed logit model excluding parameters for passenger
operations at an airport, taking into consideration the panel structure of the data, specifying airport
charges and demand as linear attributes and assuming that all the parameters for the demand are
randomly normal distributed, for experience with cargo, presence of forwarders and night-time

restrictions uniform distributed and including airport charges as non-random parameter.
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Summary

In international freight transport, air transport plays an important role. This role was only
strengthened by the process of globalization. With new production processes and a growing distance
between production and consumption centers, the need for faster and more reliable transport
increased. Air transport can accommodate those needs. However, research in air transport has been
focussed mostly on passenger transport as has the research surrounding airport competition.
Concerning the airport choice of cargo airlines, very little research has been done so far. However,
with many airports competing for the same cargo, airports need a good understanding of the airport
choice of cargo airlines in order to be able to attract cargo airlines. Therefore, this study was carried
out as a step towards better understanding the airport choices of cargo carriers. The specific focus is

set on how airlines choose their airports for scheduled freighter operations in Europe.

One of the results of this study is that different ideas could be identified concerning the process that
airlines follow before deciding on an airport. While in literature, the process is described as
sequential, findings from discussions with airline representatives show that it should rather be seen
as a process in three different phases, which can overlap. The three phases include the economic
analysis of a specific region, the analysis of restrictive factors as well as in a third phase other

operational factors. During the process also financial analyses are carried out.

In the empirical part of the research, a stated preference experiment was set up using a state-of-the-
art partial profile design. A total of 30 completed surveys from 26 different airlines were collected,
serving as input data for the estimation of various logit models. First, a simple multinomial logit
model was estimated, showing the presence of forwarders as the most important attribute for the
airport choice. This result reinforces the idea that the consolidation and growth in the forwarding
business during the last decennia lead to an increasing importance of the forwarders. The presence
of passenger operations did not turn out to be a significant factor in the airport choice. Therefore,

all-cargo airports might also be interesting for airlines.

Second, panel mixed logit models were calculated which illustrated the taste heterogeneity between
the various respondents. To further point out the differences between airlines, several multinomial
logit models were computed including socio-economic variables. Here, it was found that airlines
mainly serving main airports especially look to the presence of forwarders at an airport while airlines

that mainly serve regional airports, focus on night-time restrictions when making their decisions.
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Finally, compensation indices were defined to indicate the trade-offs that airlines make when
choosing an airport for freighter operations. The largest compensation indices could be found

regarding the presence of forwarders.

The results of this study can support airports as well as policy makers. First, they can help airports to
attract more air cargo by attracting full freighter services with the insights gained in this study.
Second, they can help policy makers in dealing with increasing traffic growth at congested main
airports. If it is necessary to relocate air cargo services to other less congested airports, the results
can give policy makers indications which factors they have to influence in particular to facilitate the

relocation for specific airline groups.

XV



Samenvatting

In internationaal vrachtvervoer speelt luchttransport een belangrijke rol. Deze rol nam enkel maar
toe door de globalisering. Met nieuwe productieprocessen en een groeiende afstand tussen de
productiecentra en consumptiecentra nam de noodzaak aan sneller en betrouwbaarder transport
toe. Luchtvervoer kan in deze behoefte voorzien. Toch focuste het bestaande onderzoek naar
luchtvervoer, en meer specifiek ook het onderzoek rond luchthavenconcurrentie, zich vooral op
passagierstransport. De luchthavenkeuze van luchtvaartmaatschappijen met betrekking tot vracht is
tot op heden weinig onderzocht. Met talrijke luchthavens die om dezelfde vracht concurreren,
hebben de luchthavens echter een goede kennis over het luchthavenkeuzeproces nodig om
luchtvaartmaatschappijen aan te trekken. Daarom werd deze studie uitgevoerd om een beter inzicht
te krijgen in de luchthavenkeuze van de luchtvaartmaatschappijen, meer specifiek hoe zij hun
luchthavens voor geplande operaties (i.e. operaties volgens een vooraf vastgelegde dienstregeling)

met vrachtvliegtuigen in Europa kiezen.

Eén van de resultaten van deze studie wijst op verschillende opvattingen met betrekking tot het
proces dat luchtvaartmaatschappijen in hun luchthavenkeuze volgen. Terwijl dit proces in de
literatuur beschreven is als sequentieel, hebben gesprekken met luchtvaartmaatschappijen
aangetoond, dat de keuze eerder als een proces moet worden gezien, dat in verschillende stappen
gebeurt, die niet noodzakelijk sequentieel worden doorlopen en die mekaar ook vaak kunnen
overlappen. De drie stappen zijn: de economische analyse van een specifieke regio, de analyse van
de restrictieve factoren en als derde de analyse van andere (operationele) factoren. Gedurende het

proces worden vaak ook verschillende financiéle analyses doorgevoerd.

In het empirische gedeelte van het onderzoek werd een discrete keuze-experiment ontwikkeld, voor
hetwelke een state-of-the-art partieel profile design werd gegenereerd. Een totaal van 30 volledige
enquétes van 26 verschillende luchtvaartmaatschappijen werden verzameld als input voor de
schatting van verschillende logit modellen. Als eerste werd een eenvoudig multinomial logit model
geschat, die expediteurs als meest belangrijke factor in de luchthavenkeuze aantoont. Dit resultaat
ondersteunt de opvatting dat de consolidatie en groei in de sector gedurende de laatste decennia
tot een groter belang van de expediteurs heeft geleid. De aanwezigheid van passagiersoperaties op
een luchthaven werd als een niet significante factor in het luchthavenkeuzeproces geidentificeerd,
wat de idee, vanuit het standpunt van de luchtvaartmaatschappijen, voor het bestaan van all-cargo

luchthavens ondersteunt.
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Daarnaast werden enkele panel mixed logit models berekend, die de heterogeniteit van de
voorkeuren van de verschillende respondenten aantoont. Om deze verschillen duidelijker te maken,
werden ook diverse multinomial logit modellen berekend, waarin socio-economische variabelen
werden opgenomen. Deze modellen toonden aan dat luchtvaartmaatschappijen die vooral grote
luchthavens bedienen in het luchthavenkeuzeproces in het bijzonder op de aanwezigheid van
expediteurs letten. Luchtvaartmaatschappijen aan de andere kant, die vooral regionale luchthavens

bedienen, focussen in hun beslissingen dan weer vooral op de mogelijkheid van nachtvluchten.

Tenslotte werden enkele compensatie-indices berekend om de trade-offs aan te tonen die de
luchtvaartmaatschappijen in hun luchthavenkeuze maken. De grootste compensatie-indices konden

gevonden worden met betrekking tot de aanwezigheid van expediteurs.

De resultaten van deze studie kunnen luchthavens alsook beleidsmakers in hun werk ondersteunen.
De resultaten kunnen luchthavens helpen bij het aantrekken van meer luchtvracht door met behulp
van de inzichten van deze studie meer operaties met vrachters aan te trekken. De inzichten van deze
studie kunnen bovendien beleidsmakers ondersteunen, wanneer deze met een toenemende trafiek
op overbelaste grote luchthavens te maken krijgen. Indien het nodig is om vrachtoperaties naar
andere, niet overbelaste luchthavens af te leiden, kunnen de resultaten van deze studie
beleidsmakers indicaties geven welke factoren zij in het bijzonder in acht moeten nemen om de

herlokalisatie te vergemakkelijken.
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1. Setting the Research Framework

In international freight transport, air transport plays an important role. This role was only
strengthened by the process of globalization. With new production processes (e.g. just-in-time (JIT)
production) and a growing distance between production and consumption centers, the need for
faster and more reliable transport increased. Air transport can accommodate those needs, which is
why it resulted in an enormous growth of air cargo traffic in the last 30 years from about 11 million
tonnes in 1980 to about 49 million tonnes in 2011, an average growth of almost 4.9% per year, while
seaborne trade only grew with about 2.9% annually during the same time period. (own calculations
based on data from the International Civil Aviation Organization (ICAO) and the United Nations

Conference on Trade and Development (UNCTAD)).

Air cargo itself has specific characteristics that lead to challenges for airlines as well as airports. First
of all, in contrast to passenger transport, cargo is often transported one-way from production to
consumption center. Therefore often very large imbalances in air cargo flows can be found. To
accommodate this challenge, airlines often apply triangle routes to balance the imbalances. Second,
the products transported by air are quite diverse and their composition differs by route. Third, the air
cargo business is characterized by the volatility of its traffic. Especially all-cargo traffic is known for its
volatility. This volatility of all-cargo traffic arises as in times of crisis airlines shift their cargo from all-

cargo aircraft to free space in combi or passenger aircraft.

A last important characteristic of air cargo is its footloose character, which means that they do not
have to deal with very important sunk costs. This arises from the fact that cargo airlines (integrators
such as UPS, DHL and FedEx excluded®) do not have to invest greatly in infrastructure at airports.
Therefore cargo airlines can relatively quickly change their routes from one airport to the other. As
Starkie (2002) points out, the real market power of an airport depends on the market segment and
the availability of airports in the proximity. Due to the footloose character of air cargo, airport
competition for air cargo can be fierce. Especially in Western Europe where the catchment areas of
the different airports overlap, where main airports are sometimes only several hours by truck from
each other and where at least five European airports compete for the same freight (Messelink, 2009,

p. 4), this can lead to increasing competition between airports.

' As integrators often have to invest in specialized infrastructure such as sorting infrastructure, they do incur
more sunk costs than other airlines dealing with cargo.



While the generic idea of airport competition and airport market power has already been discussed
by numerous authors®), often airport competition is associated with passenger transport. In
passenger transport the focus has mostly been on the passengers and how they choose the airport to
fly from with the hypothesis that airlines would then follow. Concerning the airport choice of cargo
airlines, very little research has been done so far. However, with many airports competing for the
same cargo, airports need a good understanding of the airport choice of cargo airlines in order to be
able to attract cargo airlines. On the other hand, due to the strong traffic growth, airports have to
increasingly deal with capacity problems. One way for airports and governments to deal with them,
especially on major airports, might be to transfer some activities to other airports with more free
capacity. Leisure operations as well as air cargo operations are often considered first, when
discussing to relocate services to other airports. However, to be able to convince cargo carriers to
transfer their activities to other airports, airports and governments need to have a good

understanding of the factors that drive the airport choice of the carriers.

Therefore, this study is a step towards better understanding the airport choices of cargo carriers. The
results of this study will enable airports and policy makers to better adapt their strategies to the

needs of the airlines and therefore permit them to attract cargo carriers.

1.1. Research Scope

In air transport, a distinction can be made between two different types of carriers: airlines focusing
on passengers and those focusing on cargo. Pure passenger airlines, such as Ryanair, deal exclusively
with passengers and only organize passenger transport. Other airlines, such as Air France or British
Airways focus on passengers as well, but also transport cargo, which is why they can be categorized
as combination carriers. The second type of carriers includes carriers that only deal with the

transport of cargo such as integrators and all-cargo airlines like Cargolux.

Furthermore, cargo can be transported by air in different ways. First, cargo can be transported in the
bellyspace of an aircraft, where also the baggage of the passengers is stored. Second, cargo can be
transported in combi aircraft, which are aircraft in which cargo as well as passengers are transported

on the main deck. Third, airlines can transport cargo in aircraft especially designed or converted for

? For an overview of studies on airport competition please see Forsyth et al. (2010), for a study concerning the
airport market power | refer to e.g. Starkie (2008).
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the transport of air cargo, so-called all-cargo aircraft or freighters. An overview over the distinctions

previously made can be found in Figure 1.1.

Figure 1.1 - Research scope
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During the last 40 years an increase in the share of all-cargo traffic’ could be noticed. Studies (see for
example Kupfer et al. (2011)) have shown that all-cargo traffic and combi traffic* behave in a
different way and therefore should be studied separately. This will have implications for this research
as due to those differences also the airport choice will differ between freighter operators and
operators of combi- or passenger aircraft. However, to focus the study of airport choice only on all-

cargo carriers would be too restricted, as the combination carriers form an important part of the air

cargo environment and sometimes also use freighters for their operations. Therefore the research

will be centered around the airport choice of combination carriers and all-cargo airlines with regard

to their freighter operations. Integrators will be excluded in this study, due to their different business

model. Integrators often offer fast door-to-door services for small cargo, while other freighter

3 All-cargo traffic is defined as cargo traffic generated by freighter aircraft.
* Combi traffic is defined as the traffic generated by passenger aircraft in the belly and/or on the main deck.



operators transport mainly general cargo on an airport-to-airport basis. Figure 1.1 graphically shows

the scope of the research.

Furthermore, in air transport ad-hoc and scheduled operations can be distinguished. Ad hoc or non-
scheduled operations are often carried out due to, for example, sudden extra demand and in
agreement with the customer. As a result, the customer also decides the route of the cargo and the

airport it is flown to. The scope of this research is therefore limited to scheduled operations as they

are set up before the specific demand for the operations is known and decisions concerning airports

are taken more independently. Because of this reason, also ACMI carriers®, which lease aircraft to

other airlines, are excluded as they do not make the airport choice decisions themselves. On the
other hand, airlines that lease freighters which are operated by another carrier are included in the
study. British Airline for example is included in the scope of this study as the airline schedules
freighter operations and makes the airport choice decisions. The ACMI carrier Atlas Air, on the other
hand, which merely carries out the flights for British Airways, is not included in the scope of this

study.

1.2. Aim and Objectives

The overall aim and objective of this research is to deepen the understanding of the airport choice of

cargo airlines. In this overall objective, the focus is set on how cargo airlines choose their airports for

scheduled freighter operations in Europe. It is important to understand that the objective of this

research is to gain information on the general airport choice and not to compare specific European

airports concerning their attractiveness to airlines.

> ACMI stands for Aircraft, Crew, Maintenance and Insurance. ACMI carriers lease-out aircraft together with its
crew. With this type of lease also maintenance and insurance is covered.
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In order to achieve the overall aim, the following sub-questions were formulated and will be

addressed during the research:

1. What characterizes the market environment in which airlines dealing with cargo have to
operate?

2. What is the airport choice process that is followed by the airlines?

3. Which factors influence the airport choice of the airlines?

4. What is the relative importance of the airport choice factors, taking into account the trade-
offs airlines make?

5. What are the trade-offs, especially monetary trade-offs, that are made by the airlines when

choosing an airport?

1.3. Research Structure

The relevance of the chapters for the research questions is shown in Figure 1.2. The first chapter
includes some introductory remarks as well as the objective and motivation for the research. In the
second chapter the air cargo market environment is presented to get a better view about the market
environment in which cargo airlines operate. Chapter 3 will give more insights into the choice
process of an airline, on the one hand from literature and on the other hand from discussions with
airline representatives. Furthermore, the chapter includes a literature review about the factors that
influence the airlines in their airport choice decision. The results from the literature review as well as
the information on the airport choice process will be used as input for Chapter 4, a chapter that
focusses on finding the best method to analyze research questions four and five as well as explaining
the application of the method chosen. Chapter 5 is the core of the original research with which |
hope to expand the knowledge concerning the airport choice of freighter operators in Europe. The
chapter will answer the research question about the relative importance of the airport choice
factors, taking into account the trade-offs airlines make. Moreover, the trade-offs, especially the
monetary trade-offs, that are made by cargo airlines when choosing an airport are analyzed. In the
last chapter, the conclusions will be drawn to answer the main research question. Moreover, some
recommendations for airports and governments on which strategy to follow in order to attract air

cargo carriers and recommendations concerning future research will be given.



Research Structure
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2. The Air Cargo Market Environment

During the last decades, air cargo has developed from a by-product of air transport to an important
part of business for airlines as well as airports. Traffic growth has been strong and more and more
airlines pay particular attention to air cargo and even formulate their own strategies regarding this

part of the air transport sector. Moreover, the number of airports focusing on air cargo is increasing.

This chapter introduces the air cargo sector in order to position the research in the general field of air
transport. Furthermore, it is a guidance to the environment in which airlines that deal with cargo
operate. In order to reach this aim, the peculiarities of air cargo are shown. Also fields of interest

connected to the airport choice of airlines are pointed out.

The first chapter begins with a comparison of the evolution of air cargo and passenger traffic to
underline the growing importance of the air cargo sector®. A general difference between passenger
and cargo transport is that passengers typically book a return trip, while cargo is transported one-
way from production center to consumption center. This leads to worldwide imbalances in air cargo
flows. Those imbalances are analyzed in Section 2.2. The third section presents an overview of air
cargo. First, the different categories of air cargo are defined. Special attention is given to the
difference of the evolutions of cargo transported in freighter aircraft and passenger aircraft.

Furthermore, the customer motivation for shipping cargo by air is given.

The main actors in the air cargo business are introduced in Section 2.4. Moreover, also the air cargo
transport network is presented. In the remainder of the chapter the most important actors are
further analyzed. The section about cargo airlines is structured as follows: First, integrators, non-
integrated freight carriers and combination carriers are initiated. Special attention is given to the
cargo revenue share of combination carriers. Second, the position of strategic alliances in the air

cargo sector is sketched. Last, the largest cargo airlines are illustrated.

The section about airlines is pursued by an introduction to cargo airports. The different
categorizations of airports are described, followed by a discussion of the biggest air cargo airports in
the world. Airports handling cargo in Europe are also dealt with as the research is focusing on the
European continent. At last, the airport quality of the European airports is looked at, to have a better

idea about which airports perform well and which do not.

® The data of this chapter were last updated on 27 March 2012.



To complete the introduction of the actors in air cargo, the seventh section of the chapter is
dedicated to the freight forwarders and their importance in the air cargo network. Finally, the
conclusions of the chapter are drawn and suggestions formulated for the continuation of the

research.

2.1. Traffic Development

During the last 35 years, air cargo has known a tremendous growth. Figure 2.1 shows the increase in
air cargo traffic from 9 million tonnes in 1975 to about 48 million tonnes in 2010, a growth of more
than 4.8% per year. This growth can be attributed to amongst others increasing international trade,
changes in production processes, and deregulation in numerous regions. An increasing trend can also
be seen in the freight-tonne kilometers, where an annual growth of about 6.4% took place in the
same period. The reason for the strong increase in freight tonne-kilometer is the globalization
process which lead to decreasing trade restrictions and therefore increasing global trade which

stimulated not only the growth of transport but also lead to increasing transport distances.

Figure 2.1 - Evolution of worldwide air freight (1975-2010)
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Comparing the evolution of freight traffic with the evolution of passenger traffic (see Figure 2.2) it
can be seen that passenger-kilometers increased annually with about 5.3%, therefore less than
freight kilometers. Especially in the 90s, the cargo traffic knew a stronger growth than passenger

traffic.



Figure 2.2 - Evolution of worldwide freight traffic vs. passenger traffic (1975-2010)
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Figure 2.1 and Figure 2.2 both show the decrease in traffic in 2001, due to the 9/11 terrorist attacks,
and in 2008/2009, due to the worldwide economic downturn. It can also be seen that freight traffic
was much more impacted by the economic crisis than passenger traffic. The reason for the strong
impact is that in times of economic crisis, companies often first decrease stock, before ordering more
products. This leads to a decrease in the transport of goods. Furthermore, in times of crisis, shippers
will often shift transport to less expensive modes. In general, air cargo traffic often reacts more
dramatically to crisis situations than passenger traffic but on the other hand also rebounds faster as
is shown in Figure 2.3. Since 1975, air cargo has suffered from a negative growth in six years. The first
negative growth years in 1980 and 1981 can be attributed to the worsening economic climate, the
increasing oil prices and decreasing demand during the second oil crisis. In 1991 and 1992, growth
rates again dropped below zero because of high oil prices and the worldwide recession in the early
1990s. The last two times when negative growth numbers can be seen this was due to the 9/11

attacks in 2001 and the worldwide economic recession in 2008/2009.

During those four periods we can see a negative growth which is stronger than that of air passenger
transport. However, when the traffic numbers improved, the growth of air cargo was always higher
than that of passenger transport. Also in 2010 a higher growth of air cargo than of passenger traffic
can be seen. Another reason for the high volatility of air cargo traffic in comparison to passenger
traffic is that as previously mentioned in times of crisis shippers often decide to ship their goods via
less expensive transport modes, while for passengers often no alternative for e.g. intercontinental

transport is available.



Figure 2.3 - Year on Year (YoY) growth of freight tonnes vs. passenger (1975-2010)
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2.2. Imbalances in Air Cargo Flows

Although cargo traffic growth was strong throughout the last decennia, air cargo traffic is not
distributed evenly between the continents. Out of the 28 route areas defined by IATA, the biggest 6
routes amount for about 70% of the total traffic in tonnes. Those routes include Domestic North
America, Domestic Asia, Asia International, Europe-Asia, North and Mid Pacific and North Atlantic.

(IATA, 2011)

One of the differences between passenger transport and cargo transport is that passengers most of
the times book a return trip, while cargo is only travelling one way, from production center to
consumption center. This characteristic of air cargo leads to large imbalances in the demand for
cargo transport by air, while it also brings very different cargo rates depending on the routes and
directions (Zhang & Zhang, 2002). Due to those demand imbalances, airlines often develop circular or
triangle routes, to adapt their supply. Some airlines, such as Cathay even introduced round-the-world

routes to balance their traffic.

The world air cargo flow imbalances of 2008 can be seen in Figure 2.4 and for the major routes

between continents in Figure 2.5, as an indication for the size of the imbalance.

Figure 2.4 - Air cargo imbalances (2008)

USA to: Europe to:
Africa 26:1 East Africa 1:34
Middle East excl. Israel 14.2:1 North Africa 1.2:1

Source: YDL Management Consultants (Van de Weg, 2009, p. 4)
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