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Preface
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both significant and promising in the pursuit of lower carbon emissions. Consequently, I decided to
explore it further, resulting in this research.

In this preface, I would also like to thank my committee. First, I would like to express my gratitude to
Barth Donners for his guidance and valuable discussions on my thesis content. His support greatly
advanced my research. I also wish to thank Jorik Grolle for stepping in as supervisor during Barth’s
holiday. My appreciation extends to Royal HaskoningDHV for the opportunity to complete my thesis
at their company. Finally, I would like to thank my supervisors at TU Delft, Oded Cats and Jan Anne
Annema. Their assistance, particularly in writing, was sometimes necessary but also very instructive.
Additionally, I would like to thank Editgpt for ensuring this report is grammatically correct and readable
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1
Introduction

In recent years, the concept of environmental damage has gained significant prominence within society.
Following the signing of the environmental agreement in Paris, the European Union has been actively
developing legislation to reduce CO2 emissions across various sectors, including the transport sector.

In the context of long-distance travel, it is evident that the predominant mode of transportation is by
planes. The high frequency of flights, coupled with the considerable energy requirements associated
with aviation, contributes to a substantial environmental footprint within this market. As a result, the
European Union aims to implement legislation in this sector designed to mitigate the environmental
impact. One goal of this policy is to reduce the number of passengers travelling by air.

The issue is that aviation drives prosperity. According to a study by Volkhausen (2022), an airport in a
region provides an economic boost of 2-6%. Implementing policies that reduce air travel could diminish
or eliminate this economic benefit. Furthermore, an airport ensures good accessibility for an area, as
noted by Sun et al. (2024). A decline in passenger numbers may jeopardise an airport’s viability, poten-
tially leading to its closure. Therefore, any policy implemented must consider these factors, ensuring
that while CO2 emissions are reduced, the economy does not suffer significantly.

A potential solution to this issue could involve promoting stronger cooperation between air and rail trans-
port (Givoni & Banister (2006)). In such a system, airlines could focus on long-haul flights exceeding
1,500 kilometres, while high-speed rail (HSR) in optimal form could take over shorter journeys. This
division of responsibilities would optimise transportation modes and reduce environmental impact, as
HSR is at this moment a faster option than planes for distances up to 750 km (Adler et al. (2010)). Ac-
cording to research by Roman & Martin (2014), this is crucial because an alternative can only compete
effectively with planes if it can cover a distance as quickly, or nearly as quickly.

Research by Givoni & Banister (2006) highlights HSR as a viable alternative to short-haul feeder flights
due to its significantly lower CO2 emissions (Prussi & Laura (2018)). Additionally, HSR can expand
the service area of airports by offering seamless ground connections to surrounding regions (Wang et
al. (2020)). The result of this collaboration is that an airport can continue to transport passengers. An
additional advantage is that when an airport has an HSR station, its service area expands. This can
therefore compensate for the share of passengers that aviation loses due to the introduction of the HSR.

At this very moment there are already examples of collaboration between air and rail operators, such as
the partnership between Lufthansa and Deutsche Bahn, which aims to transfer more passengers to rail
services (De Boer (2022)). However, as Xia & Zhang (2017) notes, there is still competition between
planes and HSR on overlapping routes, and airlines continue to operate flights on corridors already
served by HSR. This competition undermines the benefits of collaboration and underscores the need
for more integrated strategies.

1
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To encouragemore people to choose HSR or an Air-Rail alternative, the European Union could consider
introducing a ban on short-haul flights. This would give HSR a monopoly until a passenger exceeds the
ban. As a result, more people would, in theory, use the train instead of the plane, potentially leading to
a reduction in CO2 emissions from the transport market.

To understand how the ban on short-haul flights would work, it is important first to define what consti-
tutes a short-haul flight and to examine the potential significant impact on the market. There are three
types of flights, categorised as short-haul, medium-haul, and long-haul. Each type of flight has its own
minimum and maximum distance it must travel before it can be categorised as that type of flight; these
distances are listed in Table 1.1.

A short-haul flight is characterised as a flight that operates over a maximum distance of 1,500 kilo-
metres (Dobravsky (2021)) before reaching its destination. Typically, these flights are conducted by
smaller aircraft that can accommodate up to 100 passengers. Which indicates that these airplanes are
mostly small type of planes. These types of flights are primarily used by low-cost carriers and regional
airlines. They are also an essential part of the hub-and-spoke network, transporting passengers on
short journeys to major hubs, where they can transfer to medium- or long-haul flights.

Minimum distance (km) Maximum distance (km) Type of flight
0 1500 Short-haul flight
1500 4500 Medium-haul flight
4500 ∞ Long-haul flight

Table 1.1: Types of flights for different distances

Major hubs around Europe have a significant proportion of their flights classified as short-haul. Fig-
ure 1.1 shows that the major airports in Europe have between 30% and 40% of short-haul flights.
Figure 1.2 illustrates that the aviation market in Europe consists of 74.2% short-haul flights. As shown
in the tables, short-haul flights play a significant role in the aviation sector.

Figure 1.1: Impact of flights within a range of 750km on various airports arround Europe (Pijnappels (2020))

But what impact do short-haul flights have on CO2 emissions in Europe? Figure 1.2 illustrates that
74.2% of total flights are responsible for 24.9% of all emissions from aircraft in Europe. This suggests
that if a complete ban on short-haul flights were implemented, 74.2% of all flights within Europe would
be banned, theoretically reducing CO2 emissions from aviation by 24.9%.
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Figure 1.2: CO2 Short vs Medium vs Long distace flights (Dobravsky (2021))

To check whether a ban on short-haul flights results in a 24.9% reduction, existing literature was exam-
ined to confirm this fact. Previous research by Baumeister & Leung (2020) found that an earlier study
in Finland reported a 95% reduction in CO2 emissions due to a ban on short-haul flights. However, this
study primarily focused on the aviation market in Finland, which consists mainly of domestic flights and
has few transfer passengers. Additionally, the only viable alternative was the national train company.
Nonetheless, this study indicates that the ban could have a significant impact on national markets.

A more Europe-oriented study conducted by Avogadro et al. (2021) examined the implementation of a
ban that prioritises passenger considerations. This implies that only flights that do not impede passen-
ger travel time will be prohibited. The findings indicated that only 3.02% of the seats would be cancelled,
with the majority of these cancellations occurring in France. This study shows that the impact of the
ban would be smaller than expected.

The study by de Bortoli & Féraille (2024) investigated how a ban would affect a specific route, selecting
the Paris-Bordeaux route for analysis. The study found that, under a business-as-usual trip substitution
scenario, high-speed rail (HSR) achieves net zero emissions after 60 years. This means the emissions
from the HSR can offset those of the aircraft after 60 years. This is because the construction of HSR
infrastructure will also involve ecological damage. When a ban on short-haul flights is implemented,
this time frame could be reduced to 10 years.

So to reduce CO2 emissions from the aviation sector, cooperation between aviation and rail may be
beneficial, according to Givoni & Banister (2006). This is because rail’s CO2 emissions are lower than
those of aircraft, as noted by Prussi & Laura (2018). The challenge is that HSR trains are being built
on routes also served by aircraft. This creates competition, which, according to Xia & Zhang (2017),
prevents the achievement of the desired goals. To encourage rail transport among passengers, a ban
on short-haul flights could be implemented. According to the studies by Baumeister & Leung (2020)
and de Bortoli & Féraille (2024), this should lead to an increase in passenger numbers on train net-
works. However, these studies cannot confirm the 24.9% reduction in CO2 emissions when a ban on
short-haul flights is implemented across Europe.

The problem with this ban is that much remains unknown about its actual impact on short-haul flights
when implemented across Europe. Indeed, Baumeister & Leung (2020) study provides some insights,
but it focuses only on the domestic market, where almost all flights can be considered short-haul. With
many passengers wanting to travel directly and the removal of the flight option, it is expected that many
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will opt for the train, resulting in a significant reduction in CO2 emissions. What the current studies
lack is information on the effect of transfer flights on the effectiveness of this ban accross the whole of
Europe. Are passengers willing to take the train, or do they prefer to continue flying around the ban
and are they willing to travel longer distances to do so? How will these transfer passengers influence
the effectiveness of this policy? The studies by Baumeister & Leung (2020) and de Bortoli & Féraille
(2024) only focus on small routes where these transfer passengers do not often occur. Thus, the role
of these transfer passengers is not explained in the literature, and there is no literature that explains
the effects of the ban on Air-Rail usage. Additionally, no literature was found on the redistribution of
passengers across hubs. Will European hubs continue to receive enough passengers to remain viable,
and how will a ban on short-haul flights affect passenger flows across Europe?

This research focuses on passengers’ route choices at the time Europe implements a ban on short-haul
flights. It assumes that when the ban is implemented, the EU already has a well-functioning high-speed
rail (HSR) network. By assessing passengers’ route choices, this study examines the impact of the ban
on CO2 emissions from aviation, including the role of transfer passengers. Additionally, it explores the
effect of the ban on the use of the Air-Rail network and its impact on various hubs across Europe. This
will be done using the research questions outlined in Table 1.2.

How will a ban on short-haul flights impact the utilisation of hub airports and CO2 emissions in
Europe, considering transfer passengers and a fully developed high-speed rail infrastructure?
Sub-questions
1. How can a ban on short-haul flights be designed, and what indicators could affect its impact?
2. How can a base scenario be developed to research the effects of the ban on short-haul flights?
3. How will passenger mode choice affect CO2 emissions in the aviation sector for each type of ban
on short-haul flights?
4. Does the ban on short-haul flights promote the use of the Air-Rail network?
5. How will a ban on short-haul flights change the competitive position of hubs across Europe?

Table 1.2: Research question and Sub-questions

This research report comprises several chapters, each covering a specific aspect of the research. First,
chapter 2 will examine the ban on short-haul flights, clarifying what the ban entails and how it will affect
transfer passengers. It will also outline the aspects investigated in this study. Chapter 3 will explain
and illustrate the methodology employed. This will be followed in chapter 4 with an overview of the
different parameters used in the method. Then, chapter 5 will carry out verification and validation to
assess the model’s performance. Finally, chapter 6 will present the results of the algorithm, leading to
the conclusions drawn in chapter 7.



2
Conceptual Design of a Ban on

Short-Haul Flights

This chapter will examine the implications of the ban on short-haul flights and its effects. It will begin by
outlining the current state of the transport market, followed by a description of the ban’s design. Then,
the various problems associated with the ban’s design will be addressed, followed by an explanation
how these aspects will influence the effectiveness of the ban. Finally, this chapter will discuss the
indicators used in this research to prove different aspects of the ban.

2.1. Current state
Before the current state can be assessed, it is necessary to look at the different terms used in the
transport market. These terms are important to understand what the impact will change and how this
will effect different other indicators. The two terms to be discussed are transfer passengers and hubs.

2.1.1. The origins of transfer passengers and why they use hubs
In the aviation market, there are two ways to travel towards a final destination. Before the current state
can be explained in detail, it is important to understand the difference. The two ways of travel result in
the following type of passengers, there are direct passengers and transfer passengers. The different
types of passengers result from the strategies employed by various airlines. Some operators focus on
affordable travel and primarily concentrate on direct routes, using a strategy called point-to-point travel.
Other operators focus on transporting passengers to a central hub, from where they can transfer to
their final destination. This strategy is called the hub-and-spoke network.

To expand an airline’s service area, airlines use a hub-and-spoke network. The idea behind the hub-
and-spoke network is that passengers with different final destinations are taken by a large aircraft to
a particular hub. Once they arrive at the hub, passengers can transfer to another flight, which takes
them to their final destination. Major airlines provide this service to passengers by using regional
flights called feeders. These feeders bring passengers to the central hubs, where they can transfer to
intercontinental flights. Using this technique helps airlines fill their planes, enabling them to operate
with a high load factor. An example of the hub-and-spoke network versus the point-to-point network is
shown in Figure 2.1
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Figure 2.1: Point to point en hub and spoke design (Kuroki & Matsui (2024))

The idea behind the hub-and-spoke network is that a central hub gathers passengers for transport on
larger modes of transport. The advantage of this method is that there are significantly fewer routes to
be served by a specific carrier, as shown in Figure 2.1. This expands the service area for carriers with-
out requiring more routes. The downside is that passengers travel less directly to their final destination,
resulting in higher average CO2 emissions per individual passenger compared to direct travel.

The hub-and-spoke network consists of two types of airports. The first type comprises regional airports;
the second type consists of hub airports. These hubs are the most relevant airports for companies
employing the hub-and-spoke strategy. Hubs also play an important role in their regions. Having a hub
can greatly enhance accessibility to the area. Additionally, hubs are often large airports that provide
significant economic benefits to the region. To identify a hub, two key characteristics should be noted.
The first characteristic of a hub is that it serves as the home base for a large carrier. For example,
Schiphol (Amsterdam) is the home base of KLM, while Lufthansa is based in Frankfurt and Munich.
Both carriers also employ the hub-and-spoke strategy.
The second characteristic is that the hub must have a strong connection to the world. As explained
above, one advantage of using a hub-and-spoke network is that connectivity is significantly enhanced.
This ensures that large hubs can be recognized by their level of connectivity.

.

Figure 2.2: Three options for a passenger to travel between New York and Brussels

In this example, there are three possible routes a passenger can choose. The first option is a direct
flight from New York to Brussels, which is a long-haul flight. The other two options involve transfers.
In the first of these, the passenger takes a long-haul flight to Schiphol Airport and then transfers to a
short-haul flight to reach the final destination. The last option is a long-haul flight to Heathrow in London,
followed by a transfer to a short-haul flight to Brussels.

2.2. Conceptual design
The previous section explained the current network. As shown in Figure 2.2, passenger options mainly
consist of flight choices. Implementing the ban on short-haul flights should alter this scenario. This
section will discuss the details of this ban.
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A ban on short-haul flights can be implemented in several ways. This research has chosen to examine
two types of bans on short-haul flights. The first is based on the minimum distance a flight must cover
before it can operate and is called a distance based ban. The second option is more complex and will
consider alternatives before implementing a ban; this is referred to as a time-based ban. Figure 2.3
illustrates a small example of how this ban is structured and which factors must be considered.

Figure 2.3: A simplified overview of difference between the two types of bans on short-haul flights

2.2.1. Distance based ban
The distance-based ban will assess the distance between two airports. If this distance falls below the
ban threshold, the flight will be prohibited. This approach will ensure simplicity for implementers, as
carriers can easily calculate the ban.

The advantages of the ban primarily lie in the simplicity of the policy. Indeed, it can be implemented
very easily. However, this simplicity also presents a significant disadvantage; the best solution for each
individual scenario may not be considered. For instance, when a flight affected by the ban travels over
mountains that cannot be crossed by other modes of transport, it will result in a complete lack of trans-
portation between those two cities.

The ban on short-haul flights could promote two possible consequences. The first is that this ban will
increase the investment in alternative transport. For instance, the HSR network may be expanded, or
more tunnels constructed. Ultimately, countries want their cities to remain easily accessible. However,
the downside is that countries with good alternative connections or those less affected by natural barri-
ers need to invest significantly less money in possible alternatives. This can create unfairness among
the member states of the European Union.

The second major consequence of the ban is that passengers who must travel between two cities,
where no alternative transport is available, will be forced to detour. As a result, the travel time for these
passengers will increase significantly, and leading to higher average CO2 emissions due to longer
flights. Ultimately, this creates a negative impact for both passengers and the European Union.

2.2.2. Time based ban
The ban based on distance has several advantages and disadvantages. To compensate for the sim-
plicity that causes cities’ accessibility to decrease, it was chosen to design a ban based on time as well.
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This approach evaluates trains as a viable alternative. If a passenger can reach the other city within
the time frame using high-speed rail, the flight between the two cities will be banned.

The first step in designing this ban is to calculate travel times between two cities based solely on HSR
travel. When the travel time between two cities falls within the limits of the ban, it considers which
airports are connected to these cities. This is important because airports are typically not located in
the city centre. Thus, all airports within Europe can be linked to a city and be included in the ban. A
circle with a radius of 50 km is drawn around each city, and all airports within this radius are considered
connected. If the travel time by HSR between two cities is within the limits of the ban. The routes
between the associated airports will de banned.

The advantage of this ban is that potential alternatives will be considered on a case-by-case basis. This
leads to more targeted policies, preventing passengers from having to detour. When these passengers
have to detour, the availability of alternatives means there are plenty of other options available. Also
this form of ban is able to better account for natural barriers such as mountains or the sea.

A major drawback of this ban is its complexity, particularly concerning who is responsible for check-
ing whether a route falls under the ban. This complexity increases the likelihood of errors by those
implementing the policy. Furthermore, this method does not promote innovation; if a city has poor con-
nections to other cities via high-speed rail (HSR), it may continue to operate more flights instead. As
a result, cities may find it more advantageous not to invest in new HSR lines to avoid losing additional
routes from their airports, thereby maintaining their airports’ strong position.

2.3. Aspects affecting the effectiveness of the ban
In designing the ban, there are already several aspects that can influence its effectiveness. First, the
European Union cannot impose laws in all European countries. Another factor is the availability of alter-
natives for passengers. It is crucial for passengers to have options aside from short-haul flights if their
flight is canceled due to the ban. Lastly, passengers traveling beyond the ban’s scope must access
the Air-Rail network to enhance the ban’s effectiveness and maintain the hub-and-spoke network. This
section will address these factors and their impact on the ban’s effectiveness.

2.3.1. The impact of Non European Union members
Not all the countries in Europe are part of the European Union. This causes problems with legislation,
as the ban on short-haul flights will only apply to countries that are members of the European Union.
This is due to regulations concerning air traffic between countries. As a result, the EU cannot ban flights
to countries that do not fall under EU law, however there are exceptions. These non-EU countries can
be divided into three categories, each with different exceptions. Figure 2.4 indicates the category to
which each country belongs.
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Figure 2.4: Members of the European Union and Non-EU members

The first category of special countries are the candidate members of the EU. These countries are work-
ing to gain access to the EU, but at this moment, they are not allowed due to procedures. These
countries are most likely to join the ban on short-haul flights. If these countries join the EU, they are
obliged to implement this law. Therefore, these countries are added to the list of those joining the ban.

The second group of countries are Schengen countries. These are countries that have joined the
Schengen group and are in close contact with the EU members. However, further negotiations will
need to be conducted with these countries regarding their participation. Generally, they are only affili-
ated with the free trade association, which does not obligate them to join the ban. However, since they
already collaborate with the EU in many areas, it is unlikely they will oppose the ban. If it will lead to a
reduction in CO2 emissions with no significant impacts on their hubs.

The last group are countries that won’t join the ban on short-haul flight, because they aren’t part of the
EU. Additionally, these countries are not affiliated with the EU. The UK has recently left the EU and is
therefore not obliged to comply with these laws. Ukraine has candidate member status, but due to the
war with Russia, there is little chance of their actual EU membership. Alongside Ukraine, Turkey is also
a candidate member of the EU. However, Turkey has never shown a serious commitment to meeting
the conditions set by the EU for membership. Consequently, it is expected that they will not participate
in the ban on short-haul flights.

These non-EU countries are expected to significantly impact the effectiveness of the ban, as they are
not required to participate in the ban on short-haul flights. Consequently, routes to these airports remain
viable, allowing short-haul flights to be operated between airports in non-EU countries and airports in
EU countries. This is likely to undermine the impact of the ban on CO2 emissions.
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2.3.2. Infrastructure of the High speed rail (HSR)
When passengers can no longer use an aircraft, there must be an alternative. A possible alternative is
to encourage more train use, but what options are available, and what are there limitations?

In the world of rail, different types of trains operate on the tracks. For instance, local trains mainly
facilitate regional transport. To travel between cities within countries, there are intercity trains that do
not stop at every small station, unlike local trains. Finally, high-speed rail (HSR) also skips smaller
cities and can travel at higher speeds between larger cities inland and across borders.
Research by Givoni & Banister (2006) indicated that high-speed rail (HSR) is a viable alternative to
short-haul flights. Because the HSR can match the travel time of aircraft up to about 750 km (Adler et
al. (2010)). Therefore, this study will primarily examine the role of HSR if a ban on short-haul flights is
introduced. The only issue is that HSR cannot yet operate anywhere in Europe.

One of the reasons the HSR can’t drive everywhere is that it needs to operate at higher speeds than
normal trains. To accommodate this, special routes are required, allowing the HSR to reach speeds
of up to 300 km/h. However, these routes are costly and have not yet been implemented throughout
Europe. Consequently, the HSR sometimes has to traverse sections of track that cannot support its
speed, leading to a lower average speed overall. Figure 2.5 shows a small indication of how the current
network looks like.

Figure 2.5: Current HSR network in Europe (Mijs (n.d.))

Figure 2.5 shows that only a small number of HSR lines have yet been built in Europe. Although there
are many plans to improve this network, it is currently limited. If the ban is implemented now, it could
create issues because the distance-based ban does not consider alternatives. This means banning all
short-haul flights, could potentially reducing accessibility to certain European cities. With a time-based
ban, this incomplete network will ensure that only a limited number of routes being affected, making
the ban less effective.

2.3.3. Accessibility of the Air-Rail network
Givoni & Banister (2006) study argues that HSR could replace short-haul flights, but he emphasizes the
need for collaboration with aviation. He suggests that, within the hub-and-spoke network, trains could
substitute for short-haul flights. Considering the earlier example, what would this mean for passengers
traveling between New York and Brussels? In this example, the route shown in Figure 2.6 is considered.
A passenger wants to travel from New York to Brussels, with a transfer at Schiphol Airport. There are
three options for this passenger if Air-Rail is also an available alternative.
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Figure 2.6: The difference between a passenger using Air-Rail network and a transfer passenger

For the Air-Rail network to be effective, having a station at the airport is ideal. This eliminates the
need for passengers to travel to a nearby station, significantly reducing transfer time to the train. When
there is no airport station, transferring becomes more difficult. As shown in Figure 2.6, in a sub-optimal
scenario, passengers must first take a taxi to the city center before they can transfer towards the HSR,
which is time-consuming and likely uncomfortable. Thus, this route can be considered not ideal.

For the High-SpeedRail (HSR) to serve passengers from theHub-and-Spoke network, an airport station
is likely necessary. Several airports in Europe already provide this option, but not all major hubs do.
This gap could complicate the implementation of a ban on short-haul flights. To discourage continued
flying, improving access to alternative transport methods is crucial. However, it remains uncertain
whether passengers are willing to take a taxi to reach an HSR station. The impact of this on the ban’s
effectiveness has not been explored in current literature. But the study byWang et al. (2020) stated that
HSR stations at airports are essential for an effective Air-Rail network. Nonetheless, good accessibility
to the HSR network at airports could be considered essential for a well-functioning Air-Rail network.

2.4. Expected effects of a ban on short-haul flights
The ban on short-haul flights will significantly impact the European transport market. The extent of
this impact varies, but it will ultimately affect both operators and passengers. Several aspects and
effects have already been discussed in this chapter. This section summarizes and assesses the found
indicators to clarify which aspects this study will address.

2.4.1. Impact of the ban on route choices
Passengers will feel the greatest impact of the ban, but their choice behavior will also significantly affect
the effectiveness of the ban. This behavior depends on the options available to passengers. Figure 2.2
illustrates an example of passengers wishing to travel from New York to Brussels. In this example, the
ban is implemented to explore its implications for passengers’ route choices. Figure 2.7 outlines how
the ban influences the passengers route options.
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Figure 2.7: Route options for a passenger travelling between New York and Brussels when a ban on short-haul flights is in
effect

Before the ban was introduced, the passenger’s focus was mainly on the plane, as shown in Figure 2.2.
Once the ban is in place, it will affect the available alternatives. Generally, the direct flight remains
an option for the passenger, which should not hinder the ban’s effectiveness. Since this direct flight
does not involve a diversion and the passenger intends to make this trip, it is preferable to use a direct
flight instead of multiple flights. After the ban is implemented, it is therefore desirable for passengers
to choose direct options more often.

Figure 2.7 indicates that switching to a short-haul flight at Schiphol is no longer possible for passengers.
This means that those who previously selected this option in Figure 2.2 must make a new choice. As
mentioned earlier, opting for the direct flight is not a significant issue; it is still likely to lead to a reduction
in CO2 emissions from aviation. The ban has also made a new alternative more appealing: the Air-Rail
network, where passengers transfer to trains at Schiphol. This shift should result in fewer passengers
using short-haul flights, contributing to a decrease in CO2 emissions from aviation. Additionally, this
will help Schiphol maintain its hub function, providing economic benefits.

Despite the ban, the option of two flights remains available for passengers. As explained earlier, the
policy does not need to be implemented in the UK. Consequently, passengers can fly to Heathrow in
London and then continue to Brussels, which involves a short-haul flight. For the ban’s effectiveness,
this is undesirable, as CO2 emissions from the detour is very high. While the impact may be small in
this example, but if London requires a longer detour than Schiphol to reach Brussels, it could become
a significant issue. Assessing this impact is still challenging, as there is no literature addressing this
effect.

In the example above, the passenger wanted to travel a route exceeding the ban’s distance. However,
some passengers may wish to journey a distance shorter than the ban. These passengers also signifi-
cantly impact the ban’s effectiveness and should be acknowledged. To illustrate their impact, Figure 2.8
depicts a scenario where a passenger wants to travel between Barcelona and Brussels, where a ban
prevents direct flights between the two cities.
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Figure 2.8: Route options for a passenger travelling between Barcelona and Brussels when a ban on short-haul flights is in
effect

Figure 2.8 shows that the route options for this passenger have been reduced. The direct option and
transfers are no longer available, and the Air-Rail network is also excluded. This leaves the passenger
with only two options for travel between Barcelona and Brussels. The first option is to take a direct train
connection between the two cities. This is a desirable choice for the effectiveness of the policy, as it
ensures that the passenger no longer uses a plane and travels to their final destination by a cleaner
mode of transport.

The second option is a transfer at Heathrow. This presents a major problem because this route involves
two flights. As a result, if the passenger initially wanted to fly directly, they are now forced to reroute.
This increases the journey’s CO2 emissions, which is undesirable as it contributes to aviation pollution.
The extent of this effect is difficult to predict and will depend on the speed of the two alternatives. If the
train is faster than the two flights, only a small proportion of passengers may choose to fly this route.
However, if it is quicker to fly via Heathrow, a larger group of passengers may opt for this option, leading
to an increase in aviation CO2 emissions(Roman & Martin (2014)).

2.4.2. Impact of the ban on the hub-and-spoke network
For airlines operating more direct routes, the ban will likely have a greater impact than on others. This
is because point-to-point airlines are less equipped to handle transfer passengers. Additionally, these
operators often focus on shorter distances, which may be affected by the ban. This is likely to have a
similar effect as seen in Finland (Baumeister & Leung (2020)), where most direct passengers shifted
to using trains.

In Europe, most smaller airports serve airlines that use a point-to-point travel strategy. At these air-
ports, transfers are rare, occurring mainly at hub airports. In Finland, researchers found that when
short-haul flights are banned, people switch to other forms of transportation. This trend is likely among
those using point-to-point airlines, as they may choose trains over planes. Therefore, while the focus
on smaller airports is less important for this study, it’s important to note that a ban will negatively affect
their relevance in Europe.

For hub-and-spoke operators, the situation is likely to be different. When a passenger uses the hub-
and-spoke network, this typically involves a journey longer than 1,500 km, meaning these passengers
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will not be equally affected by the ban. However, this changes when a passenger switches to a short-
haul flight, in which case the ban does impact the passenger. As is shown in Figure 2.7. Here can be
seen that the short-haul flight ban will influence passengers using the hub-and-spoke network.

Numerous hubs exist worldwide, with nearly every country having one. This provides passengers with
various alternatives to bypass the ban. When a hub ceases to offer routes to a final destination, pas-
sengers are likely to select other routes through different hubs. Thus, it is crucial for the ban to be
enforced in all countries in Europe. However, as explained in subsection 2.3.1, this is unlikely to occur.
Consequently, hubs within EU member states may face unfair competition from those outside the EU.
To strengthen EU hubs, promoting Air-Rail cooperation, as detailed in subsection 2.3.3, is beneficial.
This will enable passengers to continue travelling through European hubs, helping to maintain the hub-
and-spoke network within EU member states.

European hubs will be impacted by the ban on short-haul flights. The key question is whether this
impact will be significant enough to cause several hubs to disappear. This relates to Givoni & Banister
(2006) proposed alternative, which advocates for air-rail cooperation. However, current literature lacks
information on whether the ban will encourage air-rail cooperation. Therefore, it remains uncertain if
the hubs can continue to exist in EU member states when a ban on short-haul flights is implemented.

2.4.3. Impact of the ban on the rail sector
For rail operators, the impact of the ban is still difficult to assess. It is expected that the ban on short-
haul flights will lead many passengers to choose high-speed rail (HSR), as those affected by the ban
have limited alternatives. Consequently, these passengers are likely to opt for train travel, which could
benefit train operators.
To provide a viable alternative to air travel, it is important that the infrastructuremust be in place. Without
it, passengers may resort to multiple flights to circumvent the ban. As shown in Figure 2.5, significant
investment is still needed in Europe’s infrastructure. Therefore, it remains uncertain whether HSR can
serve as a suitable alternative.

If passengers wish to travel beyond the distance restricted by the ban, trains can accommodate them
through effective cooperation with airlines. It is crucial that passengers can transfer to trains at airports;
however, this is not currently possible at many major hubs in Europe, which may limit the utilization of
the Air-Rail network. Furthermore, the network’s usage is expected to decline due to the ban. Figure 2.8
illustrates this: if a passenger wants to travel between Barcelona and Brussels, they can currently still
use the Air-Rail network. However, with the ban in place, the first flight they intended to take is no
longer available, forcing them to seek other options. This results in lower frequency of use of the Air-
Rail network than anticipated.

For train operators, the ban may lead to increased train usage. However, it could also result in reduced
use of the Air-Rail network, ultimately decreasing the total number of passengers traveling by train.

2.5. Global overview of the impact of the short-haul flight ban
The aim of the ban on short-haul flights is to encourage the use of the HSR. Figure 2.7 and 2.8 indi-
cate that passengers will still have the option to use HSR in both travel wishes shown in the figure. It is
therefore expected that this study will demonstrate an increase in HSR usage following the introduction
of the ban. For direct HSR connections, usage is likely to rise as the ban does not affect direct train
journeys. This option is unlikely to lose passengers and may only see an increase. For the Air-Rail
alternative, it remains to be seen whether the ban will lead to increased use of the Air-Rail network.
Indeed, considering the route between New York and Brussels, the ban suggests that the Air-Rail net-
work remains a viable option for passengers, potentially increasing the number of people travelling on
it. However, when a passenger wishes to travel a distance shorter than the ban, the Air-Rail network
option is no longer available. The question, therefore, is whether the use of the Air-Rail network will
rise or fall.

There are also several expectations for aviation. For instance, the number of passengers wishing to
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take direct flights is likely to decrease. This is because the study primarily focuses on hub-and-spoke
traffic, which is designed with few direct flights available, primarily towards the hubs. It is therefore
expected that direct passenger numbers will decline, while transfer passenger numbers may increase.
This is because the ban cannot eliminate all flights within Europe, leaving the option for passengers
to fly around the ban. This could result in longer distances travelled by plane, leading to greater CO2
emissions. Several hubs within Europe will still be able to accommodate a large number of passengers
as a result. However, hubs located outside EU countries are expected to experience growth, as they
do not lose routes due to the ban, unlike those in EU countries.

Thus, it appears that the ban on short-haul flights could lead to a reduction in CO2 emissions, provided
that the growth in HSR usage compensates for passengers flying around the ban. To assess the
feasibility of this, this research will examine the choices passengers make while the ban on short-haul
flights is in effect. This will involve assigning passengers to different routes and using the number of
passengers on a route to calculate the average emissions from aviation sector when a ban is applied.
This approach will also allow us to determine how many passengers choose to travel through specific
hubs and which hubs will see an increase in passenger numbers due to the ban.



3
Methodology

The aim of this research is to calculate the indicators and their changes following the implementation of
a ban on short-haul flights. This study will calculate different indicators based on the algorithm outlined
in this chapter. The primary input data comes from Eurostat (2025), which provides information on the
number of passengers flying between various airports worldwide in 2023.

The first step of this method is to calculate a base scenario in which no ban on short-haul flights exists.
In this scenario, passengers are assigned to different desired destinations and locations they depart
from. The routes taken to reach these destinations are then determined. Different ban scenarios are
applied to this network to illustrate the effects on passenger choice behavior and other indicators.

This chapter begins by explaining the need for the base scenario and how it was created. After this
introduction of the method, the different steps of the algorithm are discussed in detail. It then discusses
the implementation of the ban within the algorithm.

3.1. Base alternative
Models are generally never error-free. This is because they cannot fully capture the world’s complexity.
To correct the model’s errors, existing data should be transformed into a scenario where the ban on
short-haul flights has not yet been implemented. This allows for comparisons with the base scenario
to assess the ban’s impact on the previously mentioned indicators. Thus, this section first discusses
the development of this base scenario.

3.1.1. Global overview of creating the base scenario
This research aims to assign passengers to their intended routes. Which means passengers are as-
signed to edges, where an edge is a route between two nodes. However, before going deeper into the
methods, it is important to understand what constitutes a network and the terms associated with it.

To illustrate a network, an example has been created in Figure 3.1. It features five different nodes (A, B,
C, D, E). Lines represent the connections between the nodes; these lines are called edges. The matrix
adjacent to the network indicates which nodes are connected. In this matrix, 1 signifies that they are
connected, while 0 indicates that they are not connected. The aim of the method is to eventually assign
a quantity of passengers to each of the different edges, indicating their desire to travel over them.

16
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Figure 3.1: Example of a network, that exsists out of node and edges

Several steps are required to assign passengers to their new edges. To illustrate the necessary steps
to make the algorithm, a brief overview of the various stages is presented in Figure 3.2. Each step in
this figure comprises several additional steps, that will be explained later in this chapter. Keep in mind
in this base scenario there isn’t implemented a ban on short-haul flights.

Figure 3.2: Main steps of the research

As illustrated in Figure 3.2, there are three different inputs necessary for the research. The first is Origin-
Destination (OD) data between airports, this is the main input. Flight frequency is also necessary, and
a rail network is necessary as a possible alternative input. The first step (block 1.0) aims to transform
the data into a usable format. This is necessary because the data arrives in different formats. It is also
important to estimate some of the data. Based on this, the network will be built. The choices made in
this step are therefore relevant to consider.

The model’s outcomes will be generated through a series of steps divided into two distinct routes. The
route through blocks 2.0 and 3.0 calculates demand between various cities, while block 4.0 focuses
on network development. Both routes converge in block 5.0, where the results are combined to assign
passengers to different edges. This result can then be analyzed in block 6.0.

At the beginning of this chapter, it was indicated that the data used for this model is from Eurostat
(2025) and consists solely of passengers traveling between two different airports. To adjust this data
to a format suitable for passengers wishing to travel between two different cities, two steps are nec-
essary. The first step, indicated in block 2.0, is required because the original data does not account
for transfer passengers. As a result, passengers taking multiple flights are counted twice. To ensure
that each passenger is counted only once in the model, the Frequency-based reallocation method was
used. This newly developed method is specifically designed for this study because no existing method
was found in the literature that could straightforwardly reallocate transfer passengers to their original
origin and destination in an OD matrix.

When the data is adjusted for transfer passengers, it still doesn’t indicate the origin or destination of a
passenger. In block 3.0, an attempt will be made to assign different passengers to two cities between
which they wish to travel. The city-to-city method is based on previous research by Grolle (2020). The
result of this step is an OD matrix in which passengers are assigned to their desired travel cities.

The initial step in developing the infrastructure begins with establishing the network (block 4.0). In this
block, the rail and air networks will merge into a single connected system. This network will consist of
various nodes and edges. The nodes represent airports and cities, while the edges represent possible
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rail or air routes.The value of these edges represents the travel time that is needed to complete a spe-
cific edge. Not all nodes are interconnected; therefore, a car network is included to represent, in some
cases, the final leg of travel between a city and an airport. The study focuses on trains and planes,
which is why cars are only used to connect cities and airports. While passengers can travel between
two cities in Europe by car, it is unlikely they would fly from New York to Schiphol and then drive to
Barcelona. For this reason and to simplify the model, car travel is not included on a large scale but is
considered only as a means of reaching the airport.

With these networks established, it is time to calculate the likelihood that passengers will choose specific
routes. This calculation is conducted in the block entitled Passenger route assignment (5.0).
The first step in block 5.0, is to determine the different routes passengers can take. The routes are
based on travel time, as airfare costs are difficult to estimate. A shortest path algorithm identifies the
fastest route between different cities. From these routes, a top 5 will be created, which will then be
compared with one another. In this comparison, a probability is assigned to each route, the probability
will be calculated using the Random Regret method (RRm). This probability will then be multiplied by
the number of passengers wishing to travel between the cities, allowing us to add the passengers to
the different edges they travel.

Once passengers are assigned to their edges, the network can be analyzed (block 6.0). The purpose
of this analysis is to determine the values of various indicators. This will involve calculating CO2 emis-
sions and examining the number of passengers travelling through each hub to ultimately provide advice
to airports. Additionally, it will assess the difference in emissions generated per ban.

3.2. The preparation of the data needed for the algorithm
This study requires various data to calculate different aspects. The data fed into the model must first
be prepared to ensure it is in the correct format for the algorithm’s calculations. Additional information
must also be extracted from the data, which is necessary for the algorithm’s use. Figure 3.3 illustrates
the steps to prepare the data. The upper flow represents the collection of aeronautical information,
while the lower flow pertains to railway data.

Figure 3.3: Block diagram (1.0): Data collection

The primary data for this study is the OD airport data, from included hubs in this study. The data consists
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of the number of passengers transported from the hub to another airport. Several adjustments were
made to simplify the dataset. First, the data is from the year 2023, obtained from Eurostat (2025). A key
adjustment is the removal of smaller airports that are not relevant to this study. Deletions may occur
for various reasons; for example, an airport may only offer routes to less significant airports. Chapter
4 will explain these reasons in more detail. This chapter will also explain which hubs are selected for
this study.

Because the data was only obtained from the hubs, several assumptions were made. One assumption
is that the same number of passengers depart from the hub as arrive. This means that if the data
indicates that hub A receives 100 passengers from airport B, then 100 passengers also travel from hub
A to airport B.

The frequency of flights was obtained from Eurostat (2025) and approached in the same manner as
the passenger OD matrix. The data consists of actual flights operated in 2023, except for the data from
the Uk this is from 2019. The reason for this difference will be explained in chapter 4

What Taxi
Time

Stop Time
Train

Average
speed plane

Average
speed train

Tolerance
level

Tolerance level
non-EU

Value 15
min

15 min 700 km/h 220 km/h 50 km 100 km

Table 3.1: Parameters

In the OD data, several trips between different airports were indicated. To know how long a journey
takes between two airports, an average speed was used. To use this speed, the distance between two
flights was first calculated. These calculations were done using the haversine method. This distance
was then divided by the average speed. To finally get a total time, the average taxi time was added to
this. In the end, two different matrices emerge from this. The first is a matrix with distances between
different airports. The second is a matrix with travel times between different airports.

For the train, the input data consists of several aspects. The primary component is the HSR network,
which includes connections between different cities. The train connections are based on data from
Grolle (2020) and from Interrail-Eurail (2024). Along with the locations of the stations, the distances
and travel times between them can be determined. This is derived in the same manner as flights, ex-
cept that instead of taxi time, a stop time has been included. This stop time accounts for the need to
change trains and for trains stopping at different stations. The stop time train value can be found in
Table 3.1

Several methods were used to estimate the parameters in Table 3.1. For the average speeds, previous
reports by Donners (2016) were considered. To arrive at the average taxi time, the average taxi times
for Schiphol Airport, Munich Airport, Madrid/Barajas Airport, and Heathrow were taken into account.
These average taxi times were obtained from Eurocontrol (2022).

The tolerance area indicates that airports situated within the city centre’s radius belong to that specific
city. The outer tolerance was selected to ensure all airports are linked to major cities, within the same
country. This decision was made by analysing the map and adjusting the value until it provided a re-
alistic representation. In Europe, the tolerance is smaller due to the proximity of cities. This value is
derived from desk research (Google (2025)).

The stopping time of the train is determined by two components. The first is that the train must stop
for a time at each station to allow passengers to board and alight. This stop takes about 5 minutes,
which includes opening and closing the doors. In this study, specific lines will not be considered, as it
is common for passengers to change trains. Therefore, an additional 10 minutes has been added per
station to account for possible transfers. Combining these factors, a total of 15 minutes is added for
each segment of the HSR.
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3.3. The methods for the demand estimation
The demand is estimated in two different steps, these two steps are discussed below. The first step
explains the development of the frequency-based reallocation method. The allocation of airport data
to various cities is then addressed.

3.3.1. Frequency-based reallocation method
The data obtained for this study doesn’t account for transfer passengers. To rectify this data, the
Frequency-based reallocation method was developed to transform the data. This subsection will de-
scribe the Frequency-based reallocation method. This will be achieved by first outlining the method
and then illustrating it with a small example.

The issue addressed by this method is that passengers with transfers are double counted in the current
data. If this is not corrected, it will result in an overestimation later in the study. The aim of this method is
to assign passengers in the ODmatrix to their airport of departure and likely their actual final destination.
The rescheduling is based on the likelihood that a passenger has a subsequent destination. This
likelihood is determined by the airport outflow. For example, if 70 people fly from airport A to airport
B and 30 people fly from airport A to airport C, the probability of a passenger flying to airport B from
airport A would be 70%. The formulas of this method can be found in Equation 3.1, 3.2 and 3.3.

Frequency-based demand correction method

Nij + Tij = Dij ∀i, j ∈ N (3.1)
Xij ∗ (1− (transj ∗Hubj)) = Nij ∀i, j ∈ N (3.2)∑
n∈N

Xin ∗ transn ∗Hubn ∗ ( Xn,j

(
∑

m∈N Xnm ∗ Flyi,n,j)−Xin
)) ∗ Flyi,n,j = Tij ∀i, j ∈ N (3.3)

Where:

Variable Meaning
N Sets of airports where: n, j, i ∈ N
Dij Demand between city i and j
Tij Passeners with a transfer traveling between city i and j
Nij passengers traveling without a transfer between city i and j
transi Transfer rate at airport i
Hubi 1 if airport i is a hub zero otherwise
Flyi,j,n 1 if a passenger can transfer towards route n to j, after traveling on route i,n. Zero otherwise

The basic formula of this method is Equation 3.1. It states that each box in the OD matrix consists
of a group of passengers who have flown directly to the destination (Nij) and a group of passengers
who have travelled via transfer between cities (Tij). Nij is calculated by subtracting the number of
transferring passengers from the total already assigned to this spot in the OD matrix (Equation 3.2).
The number of transferring passengers is calculated by multiplying the hub’s transfer rate by whether
location j is a hub. This value is then subtracted by 1 and multiplied by the total number of passengers
already assigned to a specific spot in the old OD matrix.

The proportion of passengers making a transfer will be reallocated to a new position in the OD matrix.
Equation 3.3 illustrates how this reallocation occurs. This calculation consists of two parts. The first
part determines the number of passengers wishing to transfer, while the second part assesses the
probability of the potential final destination.

The probability is calculated by dividing the number of passengers on each route by the total number of
passengers leaving the airport. Before the probability can be calculated, the total must first be checked
for two aspects. First, it will be verified whether the transfer is a logical one. For example, if someone
flies to Schiphol from Africa, it should not be assigned to a flight back to Africa. To prevent this, areas
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are marked as prohibited, which vary depending on the departure point of the first flight and are defined
as corner-based. If a passenger can transfer to a specific airport is calculated by using the Dynamic
Restricted Area method. Appendix C provides a detailed explanation of how this Dynamic Restricted
Area method works. The second aspect to consider is that the outbound flight is not included in the
total, as this flight does not affect the choice of transfer. In summary, the total number of passengers
leaving the airport is adjusted for unrealistic flights and the first flight.

After calculating Tij and Nij , these values can be summed for all airport combinations, yielding the
number of passengers traveling between the two airports. To ensure that Dij and Dji are equal, the
average of these two values is included in the OD matrix. This results in an OD matrix of the airport
data that accounts for transfer passengers.

Example Frequency-based reallocation method
Figure 3.4 presents a small example that illustrates how the data is adjusted for transfer passengers.
In this example, node C is a hub with a transfer rate of 0.4. The example aims to calculate how many
passengers travel between airports A and E.

Figure 3.4: Example: Frequency-based reallocation method

3.3.2. City to City assignment
After correcting the airport data, it is still important to link airports to cities. This correction ensures
that passengers ultimately have a final destination. The idea behind this transformation is that each
airport has its own service area, meaning that an airport can serve several cities, or a city can be
served by several airports. The methodology used is based on the study Grolle (2020), with a few
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minor modifications. This section will briefly discuss the design of the method and the choices made.
The formulas of the different steps can be found in Appendix B. The steps to transform the data into
city to city data are shown in Figure 3.5.

Figure 3.5: Steps of the City to City transformation method

The initial steps were organised to collect the final data. Block 3.1, for instance, examined the locations
of the airports and the continents on which they are located. This data is important for estimating car
routes and for designing the ban.

The determination of car routes is based on the continent where the airport is located. Specifically,
airports in Europe are assessed using the information form HeiGIT (2024) (block 3.4), which algorithm
calculates travel time between two points, similar to a navigation system. When an airport can be
reached within 2.5 hours from the city centre, the two are linked, indicating that the city can be served
by passengers from the connected airport.

For airports outside Europe, this connection is established by drawing a 100 km radius around the city
centre (blocks 3.2 and 3.3). When an airport falls within this radius, the travel time between the city
and the airport is estimated by dividing the distance by an average car speed, adjusted for detours.
Within Europe, open borders facilitate easier access for passengers to board flights in other countries.
Outside Europe, this is often not the case, making it unlikely for people to travel to other countries to
catch a flight. Therefore, it was decided to link airports outside Europe only to cities located within the
same country.

The final step in collecting the data is finding all the routes a passenger can take between two cities
by plane. This was accomplished using a Depth-First Search (DFS) function to determine all possible
flight routes. However, to narrow down the results, two criteria were added to the algorithm. The first
is a maximum number of transfers, and the second is that the transfers must be logical. The maximum
number of transfers was set on a maximum of two transfers on one route. The logic of the transfers was
determined using the Dynamic Restricted Area method, as explained in Appendix C. The outcome of
this method is a list of possible flight routes between two cities. To prevent infinite searches for possible
routes, a maximum of 10,000 iterations was selected.

The first step of the city-city transformation method is to calculate the probability of a passenger taking a
specific air route (block 3.6), between different cities. The probability is calculated using an MNL model.
Where several indicators are used, to calculate the probability of a passenger taking a particular route.
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The utility is based on three different aspects, the access and egress time, the Displace Schedule Time
with transfers and whether they have to cross the border. After calculating the Utility, this can be con-
verted to a probability of taking a specific route. The formulas for this step are Equation 3.4 and 3.5

Utility function

Ufp
i,x,y,j = α1 ·

(
tacsi,x + tacsi,x ·BBi,x

)
+ α2 ·

(
tegry,j + tegry,j ·BBy,j

)
+ α3 · tDST

x,y , ∀ r ∈ R (3.4)

p(m) =
e−Ufp

i,x,y,j∑
l∈R e−Ufp

i,x,y,j

, ∀ r ∈ R (3.5)

Where:

Variable Meaning
tacsi,x Access time between vi and apx,
tegry,j Egress time between apy and vj ,

BBi,x Border barrier between vi and apx; (0 if same country, else 1),
BBy,j Border barrier between apy and vj ; (0 if same country, else 1),
tDST
x,y Displaced schedule time for route between apx and apy;

(
1
4 of headway hx,y

)
.

p(m) Change that route m is chosen

Travelling between two cities can be accomplished by various transport modes. For this study, three
transport types were selected for passenger travel: car, train, or plane. In the block modal split (block
3.7), the probability of a passenger using a specific transport type will be calculated. This calculation
has been performed using a RandomRegret method, as it considers the alternatives that the passenger
did not choose. The calculations are based on one attribute: travel time. Within this study, a constraint
has been added to the modal split, as people are unlikely to travel between different continents by car
or train. It was decided to allow train and car travel only if the trip is between two cities within Europe;
in all other cases, the entire transport choice is allocated to air travel. The travel time for rail, is found
by using a Dijkstra shortest path method. The travel time by car is determined using data from Grolle
(2020). The formulas used for this step are Equation 3.6 and 3.7

Random regret equations

Rr =
∑
n ̸=r

∑
TT

ln
(
1 + eγTT ·(αnTT xnTT−xrTT )

)
− ln(2), ∀ r ∈ Reu (3.6)

P (m) =
e−Rr∑
l∈R e−Rl

, ∀ r ∈ R (3.7)

Where:

Variable Meaning
Rr Regret value for route option r
γTT Sensitivity parameter for the travel time attribute
αnTT Coefficient associated with travel time attribute TT
xnTT Attribute value of travel time for route n
xmTT Attribute value of travel time for route m
Reu Set of all available route options that start and end in Europe
P (m) Change that route m is chosen

With the probability of a specific route and the likelihood of someone choosing to fly, there can be started
to assess the potential for travel between two different cities using a specific route. To calculate this
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potential, the gravity model formulated by Donners (2016) will be employed. The potency represents
the relative share of passengers wishing to travel between cities X and Y on a specific flight route. The
formulas used for this step are Equation 3.8 and 3.9

Line Potential Determination

MSair, est
i,j = P (m) (3.8)

Potentiali,x,y,j = MSair, est
i,j ·

(
vpopi · vpopj

DSroad
i,j /fdetourcar

)
· p(m) (3.9)

Where:

Variable Meaning
Potentiali,x,y,j Represents a relative number of passengers that would like to take the flight from apx to apy

When travelling between cities vi and vj
MSair,est

i,j Indicates the change of passengers that would opt for a flying option
vpopi Population of city i
DSroad

i,j Distance between city i and city j
fdetour
car Detour factor car

Now that the proportion of passengers wishing to travel between two cities is known, it is important to
translate this to the specific routes. This allows for the calculation of market share on each flight route
between the two cities. The calculation is done by summing the potentials of the different routes on
a specific leg. The potential of each route is then divided by the total potential, resulting in a market
share for that specific route. Thus, the market share of passengers on a leg, wishing to travel between
the two specific cities is known. The formula for this step is Equation 3.10.

Marketshare calculation

Marketsharei,x,y,j =
Potentiali,x,y,j∑

i∈V 2.5

∑
j∈V 2.5 (Potentiali,x,y,j)

(3.10)

City city demand calculation

DMair
i,j =

∑
x

∑
y

(
Marketsharei,x,y,j ×Npax

x,y

)
∀ x, y ∈ AP (3.11)

Where:

DMair
i,j The amount of passengers traveling between city i and j

Marketsharei,x,y,j The market share on route i,x,y,h
Npax

x,y The amount of passengers travelling on edge x and y
AP Set of flight paths

Ultimately, the market share for each leg will be multiplied by the number of passengers travelling on
that leg, as shown in Equation 3.11. For each combination of cities, these routes will be summed to
determine the number of passengers flying between different cities. This gives a OD-matrix, that rep-
resents the demand between different cities.

The algorithm developed by Grolle (2020) accounts for other possible modes of transport; however,
this study chose not to do so, as it focuses on transfer passengers in the air market. Consequently,
passengers using other forms of transport are not relevant for this study.
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3.4. Network development
Determining which routes passengers choose requires a network. This section briefly explains how to
build this network, aiming to develop a closed system. It will first describe the different nodes, followed
by an explanation of how to construct the edges.

The network will consist of three different types of transport modes, which can travel through two types
of locations. These locations, as explained earlier, are represented by nodes. The nodes in the system
can represent two things. The first is a city centre, which can be seen later in the model as a passen-
ger’s starting or ending point. This node also represents an HSR station in the middle of the centre.
The second type of node is an airport; the airport cannot be characterised as a starting or ending point,
meaning that it functions solely as a transit node.

The edges represent the possible routes between different nodes. These edges can indicate an air
route or a train route. In some cases, they may represent a car route if a train option is not available
for a journey to the city center.

Each edge is assigned a unique value. To select a route, a passenger aims to navigate the system
while keeping this value as low as possible. Determining what this value should represent is com-
plex. Flodén et al. (2017) found through a literature review that travel cost is the most significant factor
influencing people’s mobility. However, calculating travel costs for flights is challenging due to the
numerous providers and different sellers of the same tickets, making price prediction difficult. Other
factors suggested by Flodén et al. (2017) include travel time and comfort. A study by Roman & Martin
(2014) found that travel time is the most important factor for passengers regarding Air-Rail integration.
Therefore, travel time has been chosen as the main variable. This means the value of edges represents
the travel time between nodes, considering the specific transport mode used. Comfort is also factored
into travel time, but this will be discussed later.

The network comprises an air network and a rail network. Since not all airports are connected by trains,
in some cases, cars are also included to connect all nodes in the network. The travel time by car is
calculated in the same way as in the city-to-city transformation method.

The result of this network development. Is that there are now different nodes between them edges with
travel times. In the next step will this travel time be used to find the fastest routes between two cities.

3.5. Route assignment
With the networks created, it is possible to assign passengers to the various edges. This means that
each edge is allocated a quantity of passengers to travel over it. This allocation will be carried out in
several steps, as illustrated in Figure 3.6. This section will explain what occurs at each step and the
decisions made during them. The passenger route allocation process is divided into three steps.

Figure 3.6: Block diagram: Passenger route assignment

The first step involves the system searching for different routes. This search will be conducted for
all possible city combinations. The method employed is based on Dijkstra’s shortest path algorithm,
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specifically the k-shortest paths method. The idea is that when the fastest route is identified, it is stored
and cannot be traversed again. After saving the shortest path, a new shortest path is sought. This
process is repeated until k amount of routes are found. For this study, the researcher chose a k value
of five. This means that five routes are searched for each combination of cities.

To prevent the algorithm from getting stuck, a maximum number of iterations has been set at 1500
iterations. Once this maximum is reached, the algorithm will proceed to the next combination of cities.
This also ensures that not all city combinations will have exactly five routes, as this can vary due to the
maximum number of iterations.

The network only uses travel times between cities. The issue with relying solely on these times is that a
passenger also experiences other forms of travel time. Consequently, several penalties have been in-
corporated into the k-shortest path algorithm. These penalties ensure that when a route passes through
specific combinations of nodes, extra time is added to the total travel time. Table 3.2 summarises the
different penalties that are applied.

No. Reason for the penalty Between Penalty
Time

1 If an airport isn’t a hub Airport-Airport +2 hours
2 If a taxi ride is taken to a city that isn’t the city

of the airport, and isn’t the final destination
Airport-City-City (where the air-
port is)

+10 hours

3 Access time airport with train City-Airport (with HSR station) +2 hours
4 Access time airport with car City-Airport (without HSR sta-

tion)
+3 hours

5 Egress time airport with train Airport (with HSR station)-City +1.25 hours
6 Egress time airport with car Airport (without HSR station)-

City
+0.75 hours

7 Air-Rail transfer on an airport without HSR sta-
tion

Plane-Taxi-HSR +1.5 hours

8 Air-Air transfer Airport-Airport-Airport +1 hour

Table 3.2: Different penalties in the model

Penalty 1 is based on the fact that at smaller airports, it is more complicated for passengers to transfer.
This requires a passenger to leave the airside first and then check in again. Therefore, it was decided
to grant all airports that do not have a hub function an extra 2 hours of transfer time.

Penalty 2 has been introduced to prevent the creation of unrealistic routes. This correction means
that if someone lands at an airport connected to a city, such as Amsterdam, then travels by taxi to
another city, such as Utrecht, and subsequently takes the HSR back to Amsterdam. What a odd trans-
fer choice is, but what is possible due to the algorithm’s structure. To prevent this from happening, a
10-hour penalty has been applied if this scenario occurs. This adjustment is necessary because such
a switch is illogical and can make the results not realistic.

Penalties 3, 4, 5, 6, 7, and 8 are based on the times that are needed to switch between different trans-
port modes in a node. The reason these values are chosen are discussed in Appendix F.

With the routes determined and penalties added, there are ultimately five fastest routes for passengers,
to travel between two specific cities. Now that the possible options are known, it’s time to calculate
the mode choice using the Random Regret method (RRm). This method is not widely used in similar
research, though it is sometimes employed by consultants. Its advantage lies in accounting for the
regret passengers feel about unchosen options, unlike the MNL model, which evaluates each route
independently without considering other choices. Additionally, the MNL model is challenging to apply
when different route options are similar, making the RRm model more effective. Another benefit of this
method is that it bases regret solely on the travel time required to complete the route, simplifying its
application while accurately estimating the probability of someone choosing a specific route. The used
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formulas to calculate the RRm are shown in Equation 3.12 and 3.13. The only attribute included is the
travel time, which is assigned a beta of 0.01. This beta is taken from the study of Grolle (2020), which
used this beta for his City-to-City demand estimation.

Random Regret formulas

Rr =
∑
n ̸=r

∑
TT

ln
(
1 + eγTT ·(αnTT xnTT−xrTT )

)
− ln(2), ∀ r ∈ R (3.12)

P (r) =
e−Rr∑
l∈R e−Rl

, ∀ r ∈ R (3.13)

Where:

Variable Meaning
Rr Regret value for route option r
γTT Sensitivity parameter for the travel time attribute
αnTT Coefficient associated with travel time attribute TT
xnTT Attribute value of travel time for route n
xmTT Attribute value of travel time for route m
R Set of all available route options
P (r) Change that route r is chosen

With the probabilities for the different routes calculated, the final step of the mode choice is to assign
passengers to the appropriate edge using Equation 3.14. At this stage, the probability of a passen-
ger taking the route is multiplied by the number of passengers travelling between the two cities. The
number of passengers for each route will then be allocated to the various edges it takes, and this will
be done for all the routes. In the end, the number of people travelling over each specific edge will be
known. The formula for this step is shown in Equation 3.14

Allocation of passengers to different edges formula

f(e) =
∑

R∈Re

Pr ·ODi,j , ∀ i, j ∈ I, (3.14)

Where:

Variable Meaning
R A specific route
Re Set of routes that pass through edge e
Pr Probability of selecting route R
ODi,j Number of passengers wanting to travel between city i and j
e An edge in the network
f(e) Total passenger flow assigned to edge e
I Set of cities

Once all passengers are assigned to different edges, this part of the algorithm is complete. From these
calculations, a Link LoadMatrix is generated, which can then be used to calculate the various indicators,
in the policy analysis. This Link Load matrix consists of the amount passengers travelling on edges
between different nodes within the network.
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3.6. Policy analysis
The final step in creating the base scenario is the policy analysis. In this phase, the various indicators
identified in chapter 2 are calculated using the Link Load Matrix. The three indicators are calculated
differently, and each is discussed below.

The first indicator calculated by this algorithm is CO2 emissions from aviation in Europe. Equation B.25
was used to compute these emissions. This formula checks for passengers on each air route. If there
are passengers, their number is multiplied by the distance of the route, and this result is then multiplied
by an environmental constant representing the average emissions per passenger per kilometre. The
CO2 emissions from all flight routes are summed to produce a total.

Formula to calculate the CO2 emission of the aviation market

TE =
∑
e∈Eair

f(e) ∗AEair (3.15)

Where:

Variable Meaning
TE Total emissions of airplanes in Europe
AEair Average emissions per passenger per flight km
Eair Set of edges that represent flight routes

To calculate the number of passengers using a hub, the total number of passengers departing from it
is counted. This total reflects the frequency with which passengers travel through the hub. To assess
the choice of transport mode, each route was examined individually. Once a passenger was assigned
to a specific route, the number of passengers using that transport mode was also recorded. The used
formulas for these steps are Equation 3.16 and 3.17

Formula to calculate departing passengers

Nout
i =

∑
j∈J

DP
i,j , ∀ i ∈ H (3.16)

Variable Meaning
Nout

i Total number of passengers departing via hub i
DP

i,j Passengerstravellingbetweenairportiandj
H Set of all hubs
J Set of all possible airports

Formula to calculate number of passengers using a specific transport mode

MT =
∑
r∈R

Pr ·ODi,j , ∀ t ∈ T (3.17)

Variable Meaning
MT Total number of passengers using transport mode T
Pr Probability of selecting route r
ODi,j Number of passengers wanting to travel between city i and j
I Set of cities
R Set of routes
T Set of all transport modes: {Train, Plane, Plane+Transfer, Air-Rail}

The results of these calculations are different values of the indicators that can be used for comparison
with other scenarios. The latter calculations established the base scenario. Calculating the prohibition
scenarios requires adjustments to the network design, which will be addressed in the next section.
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3.7. Ban on short-haul flights
With the base scenario in mind, work can begin on designing the scenario’s for the ban on short-haul
flights. As mentioned earlier, this study will examine two approaches to banning short-haul flights. Both
versions require different calculations to determine the banned routes. This section will discuss how
the ban is implemented in the model. Figure 3.7 provides an overview of the changes made to the
algorithm to calculate a scenario in which a ban on short-haul flights is implemented.

Figure 3.7: Global overview of the algorithm were a ban on short-haul flights is implemented

The same algorithm as in the base scenario is used to assess the effect of the ban. However, adjust-
ments are made in the network design step to incorporate the ban. Several travel times in the network
are set to zero to implement the ban, preventing the k-shortest path algorithm from using these edges.
This section explains how, for each type of ban, it is determined whether the travel time of an edge is
set to zero.

3.7.1. Distance based ban on short-haul flights
The distance-based ban is straightforward, which also makes it easy to implement. Section 3.2 dis-
cussed how different data was prepared. From this preparation, a matrix of distances between airports
was calculated. This matrix forms the basis for this method. The used formula can be seen in Equa-
tion 3.18

Distance-based ban calculations

TTAB = ((disAB/AV E
planespeed
ab ) + Ttaxi) ∗Banab (3.18)

Banab =

{
1, if disAB >= Disban

0, otherwist
(3.19)

Where:

Variable Meaning
TTAB Total flight time between airport A and Airport B in hours
disAB Distance between airport A and airport B in km
Disban Distance based ban value in km
AV E

planespeed
ab Average speed plane in km/hour

Ttaxi Taxi time plane
Banab 1 if there is not a ban on the flight, 0 otherwise

The formula consists of two parts. The first part, as explained earlier in the basic formula, calculates
the travel time between two airports. The second part determines whether the specific flight is subject
to a ban. This is assessed by examining the distance between the two airports.

3.7.2. Time based ban on short-haul flights
The time-based ban is more complicated to calculate. This is because the ban depends on a potential
train route. Therefore, to determine the ban, possible alternatives must first be considered. This will be
done using the Dijkstra shortest path method to find the fastest route through the HSR network. This
will only be applied when a flight departs from a city within the EU and arrives in another city within the
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EU.

Earlier in this report, the discussion focused on airports with HSR stations and those without. Theoreti-
cally, a passenger departing from an airport without an HSR station would have no access to the HSR
network. This situation puts airports with HSR stations at a disadvantage compared to those without.
To mitigate this issue, a decision was made to link airports within 50 km of the city centre. This means
the shortest path method will be calculated from one city centre to another.

Time-based ban calculations

TTPlane
AB = ((dAB/AV E

planespeed
AB ) + Ttaxi) ∗Banab (3.20)

aAX = sin2
(
∆ϕ

2

)
+ cos(ϕA) · cos(ϕX) · sin2

(
∆λ

2

)
(3.21)

aBY = sin2
(
∆ϕ

2

)
+ cos(ϕB) · cos(ϕY ) · sin2

(
∆λ

2

)
(3.22)

dAX = 2r · arcsin
(√

a
)

(3.23)

dBY = 2r · arcsin
(√

a
)

(3.24)

disAX =

{
1, if dAX <= 50
0, otherwise

(3.25)

disBY =

{
1, if dBY <= 50
0, otherwise

(3.26)

BanAB =

{
1, if TTHSR

XAYB
>= Tban

1− (dAX ∗ dBY ), otherwist
(3.27)

Where:

Variable Meaning
TTPlane

AB Total flight time between airport A and Airport B in hours
TTHSR

XAYB
Travel time between connected city x to airport A and connected city y to airport B

disAX 1 if city X is in the service area of airport A
Tban Time based ban value in hours
AV E

planespeed
ab Average speed plane in km/hour

Ttaxi Taxi time plane
Banab 1 if there is not a ban on the flight, 0 otherwise
ϕ1, ϕ2 Latitudes of the two points (in radians)
∆ϕ ϕ2 − ϕ1, difference in latitudes
∆λ λ2 − λ1, difference in longitudes
r Radius of the sphere (e.g., Earth’s radius)
aax Intermediate value in the Haversine formula between airport a and city x
dax Great-circle distance between airport a and city x

To calculate the new times between airports, it is first necessary to identify which airports and cities
are associated. This is done using the Haversine formula (Equation 3.21,3.23,3.22 and 3.24). After
calculating the distances, it is necessary to verify whether the airport and the city are linked. This step is
addressed in Equation 3.25 and 3.26. Once these steps are completed, it is possible to check whether
a ban is in force on the specific route. The variable BanAB is determined by first calculating the vari-
able TTHSR

AXBY
using the Dijkstra shortest path method. If the fastest time between cities exceeds the

ban, the variable BanAB will be set to 1. If the time is shorter than the ban, it will check whether the
airports are connected to the cities. If both airports are connected, BanAB will have a value of 0; if a
combination of city and airport is not connected, this value will be 1.



4
Specification of Model Inputs and

Parameters

Chapter 3 explained the methodology for this study. To run the algorithm, various data are needed.
Some parameters have already been briefly covered, while others are still missing. This chapter will
discuss the different data required for the study and its sources. The structure of this chapter begins
with a list of the hubs considered for this research, followed by information about the data related to
the hubs. Next, the parameters for demand estimation will be discussed. This will be followed by an
explanation of the input data that is removed from the study and a brief description of how the HSR
network is structured. The chapter will conclude with the different scenarios of the ban on short-haul
flights that will be researched in this study.

4.1. The study's hubs and their data
This section will first briefly discuss the selected hubs for this study and then explain the data collected
on them.

4.1.1. The selected hubs in this study
Arround of Europe there are a lot of different airports, The policy of the flight ban will be performed by
the European union, that means that all Eurean union members will be impacted by this policy. To get
a good idea of what effect the ban will have around Europe, it is important to give all European union
members a big hub. For this reason there is chosen to include the biggest airport of all the different
European Union countries.

For the selection of the different hubs, one of the two requirements for determining if an airport is a hub
was considered, namely connectivity. This was assessed using ACI (2024) report, which ranks the top
20 airports with the best connectivity in Europe. The report includes several lists, including one for hub
connectivity, distinguishing between large, medium, and small hubs. From each list, the airport with
the highest connectivity in each country was selected, regardless of whether it serves as a home base
for an airline.

The report revealed that more than one major airports are located in some European countries, which
are recognized as hubs with good connectivity. Since these hubs are significant to the study, they were
included. Spain has two hubs: one in Barcelona and one in Madrid. Germany also has two hubs, in
Munich and Frankfurt. Additionally, the UK has three hubs: London Heathrow, London Gatwick, and
London Stansted. Notably, no major airline has a home base at London Stansted; however, it was
included in the report because other airports with worse scores were also considered.

In addition to the list of hubs, their locations were verified using Google (2025). To provide a clear
picture of the different hubs, a map has been created in Figure 4.1, which also indicates whether a hub
has an HSR station. Each hub was individually checked for an HSR station using Google (2025) and
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Interrail-Eurail (2024). The figure shows that Budapest Airport has an HSR station, which is located
just outside the airport. However, since there is a 24/7 shuttle to the HSR station, it was noted that
Budapest Airport has an HSR station. This isn’t done for other airports because HSR stations are often
located much farther from the airport. Also Athens has a HSR station in this study. In reality, only
regular trains depart from Athens airport. However, as the study extended an HSR line to Athens, it
was decided to also assign the airport an HSR station since they are already connected on the same
line.

Figure 4.1: An overview of the different hub locations and their HSR station availability

4.1.2. The specific data that is needed from the different hubs
Above is explained which hubs have been selected for this study. Different forms of information are
needed for the various hubs, comprising three elements. The first is the transfer percentage; this
information is required to adjust the airport data for transfer passengers. The transfer rate is presented
as a percentage, representing the average number of passengers making a transfer at the specific
hub. The second relevant form of data is whether an airport has an HSR station. This was investigated
using Interrail-Eurail (2024). The map was used to determine which airports have a station or are in the
process of constructing one. The last required form of information is the transfer time between trains
and planes. This data is based on the transfer times explained in Appendix F. The different data for
each hub can be found in Table 4.1 and Table 4.2.

City Airport code Transfer
rate

Train
sta-
tion

Transfer-
time train
and plane

Source transfer-ratings

Amsterdam (Schiphol) EHAM 36.3% Yes 75 min Schiphol Airport (2024)
Brussels EBBR 14% Yes 75 min Brussels Airport (2023)
Munich EDDM 45% No 90 min Munchen Airport (2024)
Sofia LBSF 0.9% No 90 min Sofia Airport (2023)
Zagreb LDZA 0.9% No 90 min Based on Sofia airport
Vienna LOWW 22.41% Yes 75 min Flughafen Wien (2024)
Prague LKPR 0.9% No 90 min Based on Sofia
Copenhagen EKCH 21.67% Yes 75 min Copenhagen Airport (2024)
Helsinki (Finavia) EFHK 10.92% No 90 min Finavia (2024)
Paris (Charles de
Gaulle)

LFPG 20% Yes 75 min Groupe ADP (2024)

Frankfurt (Fraport) EDDF 50% Yes 75 min Fraport (2024)
Athens (Athens Intl) LGAV 18.6% Yes 75 min Athens International Airport

(2024)
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City Airport code Transfer
rate

Train
sta-
tion

Transfer-
time train
and plane

Source

Budapest (Ferenc
Liszt)

LHBP 0.4% Yes 75 min Based on NACO

Reykjavik-Keflavik BIKF 27% No 90 min Isavia (2024)
Dublin EIDW 3.4% No 90 min DAAgroup (2024)
Rome-Fiumicino LIRF 22.41% Yes 75 min Based on Flughafen Wien

(2024)
Riga EVRA 0.9% Yes 75 min Based on Sofia
Luxembourg ELLX 0.9% No 90 min Based on Sofia
Warsaw-Chopin EPWA 26% No 90 min Warsaw Chopin Airport

(2024)
Lisbon LPPT 20% No 90 min ACI (2024) based on Rome

and Athens airport
Bucharest-Henri
Coandă

LROP 0.9% No 90 min Based on Sofia

Ljubljana LJLJ 0% No 90 min Based on the possible
routes and airlines

Madrid LEMD 33% No 90 min Based on NACO
Stockholm-Arlanda ESSA 7% Yes 75 min Based on 0.5 * Brussels air-

port
Barcelona LEBL 4.9% No 90 min Based on NACO

Table 4.1: Information about major hubs in the European Union

City Airport code Transfer
rate

Train
sta-
tion

Transfer-
time train
and plane

Source

Istanbul LTFM 58.1% No 90 min Based on NACO
Oslo ENGM 13% Yes 75 min Based on NACO
Zurich LSZH 29.7% No 90 min Zurich Airport (2024)
London Gatwick EGKK 14% No 90 min Based on Brussels
London Heathrow EGLL 24.6% No 90 min Based on NACO
London Stansted EGSS 7% No 90 min Based on Stockholm airport

Table 4.2: Information about major hubs outside the European Union (highligted numbers are estimated)

Searching for the data was quite easy for several airports. The problem was that not all airports made their transfer
data public. Therefore, some data were estimated. The estimated data are bolded in Table 4.1 and 4.2.

The estimated transfer times are estimated based on other airport types. The first one is for Small type of airports
with a lot of low-cost carriers. These airports aren’t having much destinations and doesn’t have a big carrier that
use the hub and spoke principle stationed at the airport. They have one till five long-haul routes arriving at the
airport. These airports are based on Sofia airport, because Sofia airport is very much alike the other airports and
had published their transfer ratings. Because this The airports based on these estimations are:

• Riga
• Luxembourg
• Zagreb
• Bucharest-Henn Coand
• Prague

The smallest airport in this study is Ljubljana Airport. This airport has only a few routes, including one intercon-
tinental flight. Additionally, there is no airline with a hub-and-spoke strategy that operates at Ljubljana Airport.
Therefore, it is decided that this airport is a hub, even when there are currently no passengers transferring at this
airport. The decision to make this airport a hub is based on the need for each EU country to have a hub, and this
is the largest airport in Slovenia.

Medium airports are similar to small airports, but they differ in that they have a home carrier that is part of an
alliance that includes major airlines. They often serve a few intercontinental destinations operated by hub carriers
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from other hubs. The hub is also among the top 20 for hub connectivity in Europe ACI (2024). While there was
already a lot of data available, the only issue was with Stockholm-Arlanda airport. For this reason, the transfer
rating for this airport is based on Brussels. Because the routes of these two airports are very similar, the transfer
rate will also likely be very similar.

The major hubs around of Europe are harder to estimate what transfer-rate they have. Take for example the
difference between Paris (Charles de Gaulle) and Frankfurt airport. In theory they are both major hubs and are
both the home base of a major airline in Europe. However there can be seen in Paris (Charles de Gaulle) much
less transfer passengers than in Frankfurt. One possible explanation could be that Frankfurt isn’t a destination that
has a high attraction rate. Where Paris is a major city in Europe that has a big tourism market. This could result
that Paris is a final destination for a lot of people. The problem this poses is that it makes it difficult to provide an
accurate estimate of the number of passengers. Therefore, an analysis was conducted by NACO on the number
of transfer passengers.

4.2. Parameters for the demand estimation
In demand forecasting, several variables are essential for accurately estimating demand. Some have already been
addressed in this chapter and chapter 3, but important elements are still missing. This section will first discuss the
final parameters required for reallocating airport data, followed by a brief overview of the additional data needed
for city-to-city reallocation.

4.2.1. Parameters for the Dynamic Restricted Area method
The Dynamic Restricted Area method is necessary to identify illogical interchanges for passengers. After a pas-
senger selects a route, circles are utilized to pinpoint these illogical interchanges. Table 4.3 offers an overview of
the various degrees used in this study. The table first displays the type of flight the passenger took to the hub,
followed by the possible transfer flight types the passenger can take. This combination yields a specific degree
that indicates the size of the prohibited area deemed unrealistic for transfers. Appendix C provides an example of
how to read and apply this table.

Before transfer type of flight After transfer type of flight θrestrictedi,n,j

Long-haul Long-haul 90
Medium-haul 60
Short-haul 0

Medium-haul Long-haul 90
Medium-haul 120
Short-haul 0

Short-haul Long-haul 0
Medium-haul 120
Short-haul 360

Table 4.3: Restricted areas after different flights

Besides consulting with experts, the world map was used to assess the impact of his circle on routes. Several
examples were considered, such as a flight from South Africa to the Netherlands. After this flight, it is reasonable
to assume that the passenger will not fly back to Central and Southern Africa. However, for medium-haul flights, it
remains logical that the passenger might continue from the Netherlands to Dubai. In the case of short-haul flights,
everything aligns, as a short flight following a long one does not significantly affect the passenger. This reasoning
was applied repeatedly from different options. By doing this several times, the values of the circles could be verified
to ensure they did not produce unusual results.

4.2.2. Final parameters for the City-to-City allocation
The first step of the City-to-City allocation method was to determine the utility of different flight paths. This step
comprised four elements. The first was the average waiting time for a passenger, which was approximated by
considering the frequency of aircraft across different routes. To calculate this waiting time the displaced scheduled
time was used. For the transfer waiting time is also the displace schedule time used. The displaced scheduled
time was calculated using Equation 4.1.

DPi =
1

4
× 365 ∗ 24

Fi
(4.1)
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Variable Meaning
DPij Displaced schedule time for a passenger that wants to fly between airport i and j
Fij Annual frequency of flights between airports i and j

In addition to the displaced schedule time, access and egress times were also considered; these values are de-
rived from the travel time between the airport and the city, which are based on the times explained in Appendix F.
The final parameter required for the utility function is the determination of whether a passenger must cross an
international border. The data regarding the cities and airports indicate the country in which each is located.

The alphas used for the MNL model, shown in Table 4.4, are based on Grolle (2020) study. These alphas are
relevant to this study because the studies share similar objectives. Moreover, the same variables are used in this
study and that of Grolle (2020).

Alpha Acces and Agress time Alpha border crossing Alpha Displaced schedule time Max iterations
-0.4 -0.04 -0.56 10,000

Table 4.4: Parameters City-City transformation

The final key data for the model pertains to various cities. This information was partly sourced from Grolle (2020)
and supplemented through desk research (Google (2025)). The population of a city takes into account both its
size and the area it serves, reflecting the entire urban area rather than just the city center. The data is available in
Appendix G.

The remainder of the demand estimation relies on data generated by the model. The location of the different cities
can also be found in Appendix G and is found by desk research (Google (2025))

4.3. The correction of input data
The study used large data files from Eurostat (2025), which contain passengers carried on the routes flown from
major hubs in Europe. The issue with the data is its size, leading to long calculation times. Therefore, unnecessary
data was removed from the model for several reasons. The list of removed airports can be found in Appendix D.

The first reason airports have been removed is the small flights between Turkish cities. These airports only had
flights departing to Turkey. As the study focuses on the impact on the European Union, data from these flights
are not relevant. Additionally, the ban will have no impact on these trips, making no difference in the final data.
Therefore, it was decided to remove these domestic flights. This decision was also made for international flights
from airports that only travelled to Turkey, as they are irrelevant for the same reason.

The issue with the data from the UK is that it dates back to 2019, while the rest is from 2023. This is due to the UK
leaving the European Union in 2020, which meant it was no longer required to share this data. Additionally, there
were routes that exclusively departed from UK airports. These flights, like those to Turkey, will have no impact.
Consequently, it was decided to exclude these flights from the study, leading to the removal of several airports.
The same is for airports in Finland that are only used for domestic flights.

The study chose not to include all cities in Europe. Including them would make the model too large, and it is ques-
tionable whether this would significantly affect the results. Consequently, some airports are not linked to cities. To
avoid losing passengers as a result, the decision was made to remove the airports that could not be linked from
the network. These airports are often located on islands or near cities that do not yet have an HSR station.

Finally, there was an issue with Soekarno-Hatta International Airport in Indonesia. After reviewing the data, it was
found to be incorrect. A comparison with other airlines revealed that there were more flights arriving from different
cities to this airport, while the data indicated only a flight from Turkey. Therefore, it was decided to remove this
airport, as its inclusion would distort the results, and removing it will have no impact on the findings.

4.4. Emission parameter
To calculate average emissions per passenger, several choices were made. First, an average figure for all flight
types was used. chapter 1 shows that long-haul flights emit more than short-haul flights. However, the number of
passengers on short-haul flights is expected to fluctuate significantly, while this effect will remain small for long-haul
flights. This study primarily focuses on the impact of the ban rather than on precise predictions of the outcomes
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if the ban is implemented. Therefore, an average number of CO2 emissions per passenger per kilometre was
chosen.

The average emissions per passenger per kilometre are based on the emissions of a Boeing 737-400, the most
common aircraft type in 2008. This year was chosen due to the availability of data. This narrow-body aircraft has
smaller engines and is primarily used for short-haul travel. The selected emission value is 115 g/passenger/km
(Carbon Independent (2025)). Note that current aircraft are much cleaner due to innovations in recent years. But
this study does not aim to determine an exact emissions figure and focuses solely on comparing CO2 emissions
from aviation, after a ban is implemented. Therefore, the value of this data is not crucial for the conclusions.

4.5. The design of the HSR network
Looking at Figure 2.5 from chapter 2, it is noticeable that the European HSR network is not yet fully complete.
Additionally, several important connections remain unestablished. Including this network in the study is therefore
complicated. This situation necessitates examining the current state of each line and its future prospects.

To maintain an optimal HSR network, it was decided to assign HSR stations to all cities in Europe that were
included in the model. The cities included in this study are listed in Appendix G. To design a realistic future HSR
infrastructure, the developed HSR network from Grolle (2020) was adopted. Grolle (2020) study examined how to
optimally roll out the HSR network in Europe to effectively connect European cities. However, Grolle (2020) study
did not consider HSR stations at airports. Therefore, Interrail-Eurail (2024) was consulted to determine which
airports are accessible by some form of train. If an airport has a station, but no HSR trains currently run on it,
the study opted to upgrade the lines and classify them as HSR stations. More cities have been included in this
study than in Grolle (2020) work to ensure they have HSR connections. Interrail-Eurail (2024) was referenced
to identify which cities are connected by train; if there is a connection, it is considered an HSR connection in the
model. Figure 4.2 shows the network used in this study. Cities are indicated in blue, and stations at airports in red.

Figure 4.2: The HSR network that is used in the Algorithm

4.6. Scenario's of the ban on short-haul flights
Currently, several companies and countries have implemented bans on short-haul flights. It is particularly striking
that countries impose relatively small bans, while companies opt for more drastic measures (Wikipedia (2025)).
The choice of different policy scenarios is based on the current actions taken by companies or countries. The
chosen policy scenarios can be found in Table 4.5. The aim is to make both types of bans roughly equal. This has
been done to ultimately compare which type of ban will be the most effective.

Policy scenario’s Low Middle High
Time-based 2.5 hours 6 hours 14 hours
Distance-based 250 km 750 km 1500 km

Table 4.5: Different policy scenarios
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Starting with the high scenario, the aim is to significantly intervene in the aviation market. This scenario proposes
a complete ban on short-haul flights for both types of bans. Figure 1.2 noted that short-haul flights account for
about 24% of total CO2 emissions. A complete ban on short-haul flights with the current HSR network should
theoretically reduce emissions by at least 20%. This scenario allows to assess what impact a full ban has on the
base scenario, where a full functional HSR network is implemented. With a time-based ban, CO2 reductions will
properly be slightly lower than with a distance-based ban, as more routes are permitted under the time-based ban
to consider possible alternatives.

For the middle scenario, its based on the study of Adler et al. (2010). According to a study by Adler et al. (2010), his
research found that trains are faster than planes till a distance of 750 km. This distance is therefore an interesting
benchmark. According to the theory that people always choose the fastest route, this suggests that at this point
people should chose 50/50 between air or rail. The question then arises as to whether this holds true if passengers
can also fly around the ban. So their can be expected that this scenario is one of the most optimal formats for the
ban. The time-based ban will also represent a distance of 750 km. As this means that it would take approximately
6 hours for a person to cover 750 km. The six hours is found by desk research (Google (2025)) different routes,
and look how long this takes.

The last and lowest scenario is based on the current policy in France (de Weert (2022)). France has enacted a law,
approved by the EU, that bans flights within 2.5 hours of train travel. The purpose of this ban is to eliminate flights
within an EU country, as these can be easily replaced by other modes of transport. According to Adler et al. (2010),
high-speed rail (HSR) should be significantly faster over this distance. However, the ban can be relatively easy
to circumvent. Therefore, it will be interesting to investigate whether this ban will ultimately achieve its intended
effect. Desk research indicates that the distance-based ban in this scenario should be 250 km Google (2025).
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Validation and verification of the

model
Now that the algorithm has been developed and the necessary data had been explained, it is time to assess the
effectiveness of this model. This chapter will explore this verification process in detail. It will begin with a theoretical
evaluation of the algorithm. Next, a small case study will be executed to verify if the algorithm works, and also to
get some insides in the working of some variables. These two points will be used to discus the algorithms strengths
and weaknesses.

5.1. Theoretical evaluation of the algorithm
This research has presented an algorithm with different methods, some are based on proprietary literature. This
section will discuss the evidence from previous studies and explain why these methods are also effective in this
study.

5.1.1. Theoretical working of the demand estimation
The demand estimation algorithm is divided into two parts. The first part addresses the reallocation of passengers
in the Eurostat data. Previous literature did not provide a method for this. Consequently, a new method was
developed to explain, in a straightforward manner, passengers’ transfer choices. Due to these choices, it is not
possible to validate this method through existing theory. The same problem arises when checking the degrees for
the Dynamic Restricted Area method. Since this method is new and does not appear in older literature, the values
cannot be derived from previous sources. There was a discussion within RHDHV regarding the numerical data;
however, the experts also encountered challenges in logically validating these figures. The long- and short-haul
flights seemed reasonably accurate, but the medium-haul flights proved difficult. In conclusion, validating the cor-
rection of Eurostat data cannot be based on theory. It will therefore have to rely on the results obtained from the
model.

After correcting the Eurostat data, an attempt was made to transform the Airport data to City-to-City data. This
was based on Grolle (2020) research, which also draws on other studies. Because the method is used in previous
studies, it can theoretically be said that the theory used should be effective, although several adjustments were
made in the implementation of the method. This research included transfer passengers, and the method was
also applied to cities outside Europe. Ultimately, however, the model’s functionality has not changed; only different
choices have beenmade. Thus, it can be assumed that this part of the method is representative of reality. However,
it is still a model, and a model is generally incorrect.

5.1.2. Theoretical working of the passenger assignment
The passenger assignment consisted of two parts. The first part focuses on creating the network, which the sec-
ond part uses to find routes. In this phase, various travel time choices were made for completing a route. Average
speeds were determined from existing literature, but their impact on the model is hard to predict due to the differing
sources of these values. Therefore, later in this research, a case study will be used to better understand the effects
of this data.

When the ban is implemented in this step, it can be done in two ways. The first type of ban is distance-based and
is straightforward, requiring no additional parameters. Validation is not relevant for this part; however, verification
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is important and will be addressed later in the chapter.

However, for the time-based ban, it is crucial to ensure that everything functions correctly. This is because the
operation of this ban is based on city centres, which are linked to airports. This complicates the process of verifying
whether the tolerance level is adequate and meets expectations. There can also be significant differences when
comparing various airports and their distances to city centres. For instance, Amsterdam and Schiphol Airport are
only 18 km apart, while London is 64 km from London Stansted. To check if the ban is working a verification is
needed, this will be done by running a small case study.

In passenger route assignment, the key parameter is the number of iterations the k shortest path algorithm can
utilize. Theoretical information on a specific value for this purpose is limited. Therefore, the case study is used to
demonstrate whether the chosen value yields the desired results.

In the k shortest path method, several penalties have been added to enhance realism. These penalties involve
various assumptions that may differ from one airport or situation to another. Consequently, it is theoretically chal-
lenging to demonstrate that these figures accurately represent reality and meet expectations. However, ultimately
the numbers are based on real-world data. To ensure that the penalties align with expectations, further investiga-
tion will be conducted in the small model.

Using the routes, the probability of someone choosing a specific option is considered. This is calculated using the
Random Regret method from Donners (2016) study. He also uses the betas included in this study; therefore, it
can be theoretically established that this method and the numbers should give a realistic result.

5.2. Case study
Broadly speaking, the method can be validated through the literature. However, this is often trickier with the differ-
ent numbers used. Additionally, there are new elements that have not been previously described. To verify and
validate these elements, a small case study was developed, as the real model is too large to run multiple tests
on. Several experiments can be conducted with this case study to gain a better understanding of how the model
functions.

The case study’s detailed explanation can be found in Appendix E. In Table E.1 is a list of the different routes
that were used in the case study, this is in the same format as the input data form Eurostat (2025). But only a
select group of airport combinations is chosen to implement in the case study. Additionally, all cities included in
the large model have been added. One effect of this is that there will be a lot more train travel because a lot of
the destinations do not have an airport. As a result, relative to Airport and city data, many passengers will be lost.
This is not an issue for validation, as the city-to-city method will not be validated with this small run.

Using this case study, various aspects will be assessed. The evaluation will focus on two primary areas: the
operational functionality of the model and the extent to which its outputs accurately reflect real-world conditions.
The validation and verification process will examine the following components. Initially, it will look at the Dynamic
Restricted Area and Frequency-based reallocation method. After it will verify whether the ban is implemented
correctly. Subsequently, the base scenario’s results generated by the model will be presented to determine their
alignment with anticipated outcomes. Following this, various penalties will be verified. Next, the effect of the num-
ber of iterations will be validated. Also an analysis of the k-value will be undertaken to assess its appropriateness
in the context of the model. Lastly, there will be looked at the HSR network and how good this represents the
real-world.

5.2.1. Verification of the airport reallocation method
A new method has been designed to correct the input data form Eurostat (2025). Important variables from this
method are the degrees from Table 4.3, which are used for the Dynamic Restricted Area. By adjusting various
variables, the impact on different routes is examined to determine whether it is justified. The routes were selected
between Abu Dhabi and London City because these airports are not considered hubs by the model. In addition,
the route from Schiphol to Abu Dhabi is also considered; because, Schiphol is considered as a hub within the
study. Furthermore, Abu Dhabi is an airport outside Europe. The expectation of this test is that the number of
passengers wishing to travel between two non-hubs will be significantly influenced by changes in the prohibited
area indicators. Additionally, to verify the effectiveness of the frequency-based reallocation method, the direction
of routes to the hub must always be negative relative to the input. If this occurs, it indicates that the method is
functioning as intended. The results of this verification are shown in Table 5.1.
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Scenario Abu Dhabi Inter-
national Airport →
London City

% Difference with
Output

Abu Dhabi Inter-
national Airport →
Schiphol

% Difference
with Input

Input 0 - 197310.00 -
Output 13264.80 - 166508.01 -15.61%
After longhaul flight
transfer to short-haul
flight 100°

13726.45 +3.48% 166508.00 -15.61%

After longhaul flight
transfer to short-haul
flight 360°

11898.84 -10.30% 164442.70 -16.66%

After medium flight
transfer to short-haul
flight 100°

13726.45 +3.48% 166508.00 -15.61%

After shorthaul flight
transfer to shorthaul
flight 0°

2764.97 -79.15% 164953.30 -16.40%

After shorthaul flight
transfer to longhaul
flight 360°

1365.962315 -89.70% 163563.5915 -17.10%

Table 5.1: Sensitivity analysis: Restricted area algorithm

As expected, Table 5.1 shows significant changes in the route between the two non-hub airports. The results
indicate that the number of passengers is greatly influenced by changes in the prohibited area. This illustrates that
the size of the prohibited area can significantly impact the results of this method. It is difficult to determine whether
the chosen values reflect reality, given the results and the fact that not all routes were included in the case study.

Examining the route between Schiphol and Abu Dhabi, it is evident that all values relative to the input are negative.
This indicates that fewer people travel on this route, reallocating to other routes. This suggests that the method is
functioning as intended. In conclusion, the Frequency-based reallocation method performs as expected, but the
Dynamic Restricted Area significantly affects the outcomes.

5.2.2. Verification of the ban on short-haul flights
This section will try to verify if ban is correct implemented in the model as in reality. To do this, several routes were
examined within the small network to determine if these flights were banned. The results of this validation can be
found in Table 5.2. Five different routes were plotted in the table; for each route, desk research (Google (2025))
was conducted to ascertain whether it was likely to be banned. It was then verified whether these routes were
banned in the model. Table 5.2 shows that the model banned the routes identified for prohibition. This indicates
that the algorithm accurately assigns bans to different routes.

Route Type of
ban

Algorithm distance
or travel time

Ban in re-
ality

Ban in
model

Schiphol Airport - Brussel
Airport

250km 157.66 km Yes Yes

Schiphol Airport - Brussel
Airport

2.5
hours

1.51 hour Yes Yes

Schiphol Airport - Josep Tar-
radellas Barcelona–El Prat
Airport

250 km 1241.13km No No

Schiphol Airport - London
Heathrow

14
hours

3.17 No No

Table 5.2: Validation of the ban algoritme

5.2.3. Results from the case study
The following briefly discusses the case study results to evaluate the algorithm’s results and their alignment with
expectations. These results will also be used to verify if the penalties applied in the k shortest path method, are
working as expected. Two indicators are considered: the first relates to CO2 emissions of the alternatives, and
the second focuses on passengers’ transport choices in the different scenarios.
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Figure 5.1 illustrates CO2 emissions from aviation from the case study. The analysis of the routes in the case
study primarily focused on a few different routes. As could be expected the ban wouldn’t influence much of these
results. The changes in CO2 emissions are very small but show that the ban will effect the results of the model.
Also the scenario’s of the distance-based ban shown the same type of results in each scenario. There are no
significant deviations in CO2 emissions across the scenarios with distance-based bans. The model indicates that
the time-based ban more effectively reduces CO2 emissions, as expected, since it is more targeted. Additionally,
the case study has limited options for rerouting, which explains the substantial difference in emissions changes
between the distance-based and time-based bans.

Figure 5.1: Result small validation: CO2 emissions for each scenario

The included routes, primarily consisting of European connections, were is expected to attract a significant share
of passengers to rail travel. The algorithm was designed to utilize an efficient HSR network to capture a portion of
these passengers, as many in the case study aimed to travel within Europe. It can be anticipated that the number
of passengers choosing the rail alternative will be substantial. As the ban increases, it is expected that the number
of passengers using HSR is going to rise, the results align with the expectations. However, it is noteworthy that
there are few passengers with transfers, likely due to the limited number of available flights. As expected in the
conceptualization, the increase in the ban will lead to a drop in the number of direct flights, while other alternatives
will grow. This effect can be seen in the results shown in Figure 5.2. In conclusion, the algorithm does not produce
any unexpected results, indicating that it is functioning as intended.

Figure 5.2: Result small validation: Distribution of passengers on transport modes

5.2.4. Verification of the different penalties
Themodel opted to use various penalties, implemented by adding different time penalties to specific choices during
route design. To evaluate the effectiveness of these penalties, two were selected for assessment. This decision
was made because the penalties are interrelated. The penalties that will be checked are the transfer penalties
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between two planes and the travel time by train to an airport. To check if the penalties are working, the results will
be compared with Figure 5.2.

Penalty for transfers on airports
To test whether the transfer penalty between two planes functions correctly, a small change was made to the
code. If a passenger made a transfer, the time would decrease by 100 hours. Consequently, a significantly higher
number of transfers should be evident in the results. However, due to the structure of the small case study, this
will not reach 100%, as transfers are not possible for every route.

Figure 5.3: Proof of the effectiveness of the transfer penalty, if compared with Figure 5.2

Comparing Figure 5.2 and 5.3, Figure 5.3 shows that the number of passengers making a transfer increases when
the penalty for a transfer is reduced by 100 hours, also the Air-Rail network is the biggest of the four alternative.
This is because in the Air-Rail network there are properly also passengers with multiple flights. However, this
increase is lower than expected, which can be attributed to the construction of the smaller model. Interestingly,
the transfer passengers are those who have previously taken a direct flight or used a train. Overall, it can be
concluded that this type of penalty functions as intended.

Acces airport
To check whether entering airports is penalised with a waiting penalty, the penalty for passengers entering the
airport after using the aircraft was examined. This penalty was increased from 3 hours to 20 hours. Due to this
extreme effect, it is to be expected that passengers are less likely to want to enter an airport, resulting in them
using the HSR more. Figure 5.4 shows the result of this research.

Figure 5.4: Proof of the effectiveness of the Rail-access penalty, if compared with Figure 5.2

When Figure 5.2 and 5.4 are compared, it is evident that the number of passengers using rail has increased
significantly. This aligns with previously outlined expectations. This effect can be attributed to the fact that many
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trips start and end within the EU, making trains a viable option for shorter distances. These results indicate that
the penalty for train use is effective.

5.2.5. Validation of the number of iterations
Several algorithms are used in this study. Because the shortest path algorithms can get stuck or repeat themselves,
a maximum number of iterations was introduced. This allows for a maximum of x steps per route to find a faster
option. The maximum is set at 1500 iterations in the base model, meaning that after 1500 steps, the model
will proceed to the next route. To verify this number, runs with 500, 1000, 1500, 2000 and 2500 iterations were
conducted in the smaller model to analyse sensitivity, the values from the base scenario are compared.

Figure 5.5: Increasing routes that are found by a higher
number of iterations

Figure 5.6: Stabilising number of passengers assigned to
different edges with a greater number of iterations.

After running the model, the results of the first scenario, when no ban is active, were analysed. Two elements
were extracted from these results. The first is the total number of routes identified by the algorithm. The second
is the number of passengers assigned to the different edges. These results are shown in Figure 5.5 and 5.6 The
number of passengers assigned to the edges exceeds the number of passengers included in the model because
passengers are assigned multiple times to different edges.

With a higher number of iterations, the algorithm can identify multiple complex routes, ensuring an increase in
passenger numbers across edges. This effect is clearly illustrated in Figure 5.6, which shows that between 500
and 1000 iterations, the number of passengers travelling across different edges rises dramatically. This indicates
that more complex routes, consisting of multiple edges, are being found. However, from 1500 iterations onwards,
the increase in passengers declines sharply. It becomes evident that new routes are still being discovered, but
they are likely much slower than the existing routes. This is because the number of passengers across several
edges no longer rises sharply, even though these routes are expected to be relatively complex. In conclusion,
increasing the number of iterations reveals that, beyond 1500 iterations, new routes are still found in the network,
but the number of passengers using these routes hardly increases.

The issue with the number of iterations is that as it increases, the time required for the model to run rises rapidly.
It is therefore important to select an iteration number that estimates as much as possible without significantly in-
creasing the algorithm’s computation time. Figure 5.5 and 5.6 show that the number of new faster routes does
not increase significantly beyond 1500 iterations. A choice can be made to continue increasing the number of
iterations until the number of passengers found no longer rises, indicating that all the fastest routes have been
identified. However, this may lead to excessively long search times for minimal improvements that lack significant
impact. Thus, continuing to increase the number of iterations adds little value.

To further demonstrate that increasing the number of iterations has little impact, the effect of iterations on average
speed is examined. The formula for this is presented in Equation 5.1. It consists of two parts. First, the average
travel time between the two cities is calculated for each possible city combination by multiplying the travel time
by the probability of choosing that route. Then, the distance between the two cities is divided by the average
travel time. This process is repeated for all possible city combinations, and the average is taken to calculate the
average speed between the two cities. This value can help determine whether faster routes are identified with more
iterations. Figure 5.7 illustrates the different results. Despite continued increases in the number of iterations, the
average speed between city pairs stabilizes around 1500 iterations, indicating that the fastest and most relevant
routes have largely been identified by this point. It shows a local minimum at 1000 iterations.
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v̄ =
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∑

(i,j)∈C
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dij∑rij
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k
ij · ttkij
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(5.1)

Variable Meaning
v̄ Average speed across all city pairs
C Set of all connected city pairs (i, j)
|C| Total number of connected city pairs
rij Number of route options between city i and city j

pkij Probability of using route option k between city i and j

ttkij Travel time of route option k between city i and j
dij Fixed distance between city i and j (independent of k)

Figure 5.7: Stabilising average speed with a higher number of iterations.

In conclusion, with a limited number of iterations, not all possible solutions can be found. Increasing the iterations
beyond 2500 will enhance the number of routes identified, allowing the model to better predict complex routes.
Regarding passenger allocation, it is evident that after 1500 iterations, relatively fewer passengers are found than
before. When compared with the average travel time between cities, there is little improvement after 1500 iterations.
This suggests that 1500 iterations may be a viable value to use in the study.

5.2.6. Validation of the k value
Within the algorithm, various routes are considered. In chapter 3, there was chosen to examine up to five different
routes between cities. The question now is how significant the effect of these chosen routes is on the results. To
assess this, different values for k and the total number of passengers assigned to the various edges are analysed.

Figure 5.8: Validation of k-value with the number of assigned passengers

Looking at Figure 5.8, there is a noticeable difference between a k-value of 1 and 5. This indicates that significantly
more complex routes are found, which is not necessarily a drawback. Comparing the k-values of 5 and 10, it can
be observed that the increase in routes stabilises. While more routes are identified, this has little effect on the
outcomes. Between k=10 and k=5, there is hardly any impact on the results. When the value of k is increased,
the results may even decline. This can be attributed to the fact that more routes are selected, causing them to
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compete for the same passengers. As there is a maximum number of passengers that can be distributed among
the different routes, an increase in the number of routes also leads to the selection of longer routes. These longer
routes compete with one another for passengers, resulting in a total decrease and making the outcomes appear
less reliable. Thus, choosing a k-value of five is not inappropriate.

5.3. Verification of the HSR network
As an alternative to the aircraft, this model has opted to implement an HSR. The HSR network used for this purpose
has been optimised by the model. In addition to this optimisation, it has been decided not to use lines on the HSR
network. This ensures that the model is not restricted to specific routes and passengers can make free choices
about which directions they want to travel by train. The question now is what effect this has on the model and
whether it can be considered reliable. This question was addressed by searching Google Maps (Google (2025))
for the fastest public transport route between cities. The algorithm was then used to determine the predicted travel
time for the route. The results of this study can be found in Table 5.3.

HSR-Route Real time (hour) Model time (hour) Percentage difference
Amsterdam-Brussel 2.3 1.88 -18.26%
Amsterdam-Barcelona 11.43 9.05 -20.82%
Rome-Barcelona No train option (17.41 bus option) 7.21 -58.59%
London-Amsterdam 4.75 3.96 -16.63%
Paris-Lille 1.03 1.26 +22.33%
Paris-Amsterdam 3.38 3.76 +11.24%

Table 5.3: HSR travel times real vs model outcomes (Google (2025))

Looking at Table 5.3, it is evident that the algorithm estimates routes between different cities is not the same as in
reality. In Western Europe, where better connections between countries often already exist, the HSR is estimated
quicker or slower depending on the route. This variation in speeds can be explained by how Europe has built its
railways, as each country is individually responsible for its infrastructure. Furthermore, this model does not account
for the differing layouts of train lines. From a passenger perspective, several factors contribute to different journey
times in the model compared to reality. Specifically, the model includes an average waiting time at each edge to
account for train braking and transfers. However, this does not always reflect real-life experiences. Passengers
often need to change trains more frequently and for longer durations. Additionally, in Paris, passengers regularly
have to switch between stations before continuing their journey. Consequently, this results in different journey
times than the model suggests.

The model does not estimate the routes 100 per cent accurately, which is an important aspect to consider in the
results. The number of routes that are faster in reality than those estimated by themodel is relatively low. Therefore,
it is expected that more people will ultimately prefer trains in the final results. This is because the HSR network
considered in this study operates relatively optimally, enabling trains to compete more effectively with air travel
than in reality. As a result, more people are allocated to the HSR than would be the case in reality.



6
Results

This chapter will present the study’s results. It will begin with an explanation of the base alternative results. Fol-
lowed by an explaination of the passenger choices, what result in an impact by each scenario on CO2 emissions.
Finally the impact of the different hubs will be explained.

6.1. Results of the base scenario
Due to the absence of reference data, a base case was developed. This scenario can be compared with various
scenarios where a ban on short-haul flights is in effect. It can also be used to evaluate the impact of model choices.
The assessment of the base scenario considers the mode choices made by passengers found by the model, with
results shown in Figure 6.1. The mode choices are divided in three possible options: train, plane or Air-Rail.

Figure 6.1: The choices of the passengers in the base scenario were no ban is applied.

Looking at Figure 6.1, the most important fact is that a group of passengers is already attributed to the HSR, which
is remarkable because the input data consists of 100% air passengers. As discussed earlier, this can be explained
because this study uses a well-functioning HSR infrastructure. Suggesting that with a full functional HSR infras-
tructure a large group of people will already obt for a HSR alternative.

The model did not include all forms of travel. For instance, it excluded passengers traveling from outside Europe
to another destination outside Europe who currently use a European hub. The proportion shown in Figure 6.1 con-
sists solely of passengers traveling to or from a European destination. Consequently, this study did not compare
CO2 emissions from aviation between reality and the baseline scenario. With the rise of high-speed trains (HSR),
it can be suggested that CO2 emissions from aviation will be lower in the baseline scenario than in reality. This
should be considered when comparing the ban with the baseline.

The high share of HSR use may also be attributed to the model’s focus on travel time and some comfort, with-
out factoring in travel costs, which could influence the results. Since travel costs were not analysed, it is unclear
whether HSR use is overestimated or underestimated in the baseline scenario with a fully functioning HSR net-
work. If the travel costs for both modes of transport are equal it wouldn’t influence the results very much, but this
research didn’t look at the different costs for transport

46
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With the improved HSR network, a significant number of passengers are already choosing the Air-Rail network.
The results provides insight into the Air-Rail network’s impact and demonstrates its competitiveness with air travel,
given a strong HSR infrastructure. But travel costs are not included in the model, and these could change the
results of the base scenario.

6.2. Passenger choices compared to the base scenario
The study compared six different bans on short-haul flights with the base scenario, investigating their impact on
passenger behaviour. In each scenario, the ban is implemented alongside a well-functioning HSR infrastructure in
Europe. The results focus on overall modal choice and the effects on direct and transfer passengers, as illustrated
in Figure 6.2 and 6.3. All scenarios will be analysed individually using these two figures to evaluate what choices
passengers made compared to the base scenario.

Figure 6.2: The difference between people choosing to travel directly or via transfer to their final destination, compared to the
no-ban alternative.

Figure 6.3: The difference in transport choices by alternative compared to the scenario where no ban applies.

In the 250 km distance-based ban, only minor behavioral changes are observed. A small group of passengers
switches from air travel to rail, and there is a slight decrease in transfer passengers and direct passengers. In this
scenario, many passengers have likely already switched to the HSR or Air-Rail alternative. This means that the
250 km ban shows little difference from the base scenario, except that the remaining passengers on really short
flights are now forced to travel by HSR or take a direct flight. Also there is a small increase in Air-Rail passengers.
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Under the 2.5-hour time-based ban, a clearer shift is visible. The number of passengers using high-speed rail
(HSR) slightly increases, direct flights decrease, and transfer flights become more common. The number of Air-
Rail passengers is slightly decreasing. Importantly, the use of planes decreases by 5% compared to the base
scenario. This indicates that the 2.5-hour ban results in a small decrease in plane passengers and an increase
in HSR use. However, only the direct use of HSR is growing, not the number of passengers using the Air-Rail
network. It implies that passengers are not choosing the Air-Rail option but rather travelling around the ban. This
is notable because the use of the Air-Rail network is declining, while the number of transfer passengers is rapidly
increasing. The decline in Air-Rail use may be due to the existing fully functional HSR network, leading many pas-
sengers with the option of Air-Rail to choose this route already in the base scenario. When the ban has eliminated
some routes in this scenario, is it logical that some passengers disappear.

Comparing the 250 km and 2.5-hour bans, it is evident that the 2.5-hour ban had a larger impact on mode choices
than the 250 km ban. This effect is also observable when comparing the 750 km and 6-hour bans. In this case,
the distance-based ban does not influence passenger choices, while the time-based ban has a larger impact on
passenger mode choices.

Overall, the direction of the effects of all four scenarios is the same regarding mode choice. In all scenarios, the
use of aircraft decreases while the use of HSR increases. Only the Air-Rail alternative shows differences; notably,
the distance-based ban increases Air-Rail use, whereas the time-based ban decreases it. This may be because
re-routing is more complicated under the distance-based ban, as there are fewer routes available. Consequently,
it is likely faster for a passenger to take the HSR after a flight than to fly around the ban. So it seems that the flying
distance of the detour influences passengers’ choice behaviour. However, the average distance passengers have
to detour was not determined in this study.

With the 750 km ban, passenger behaviour shifts different than the time-based alternatives. There is a reduction
in transfers within Europe and increased HSR usage. Also the usage of Air-Rail is increasing slightly, but this is
very limited. The 6-hour ban shows further growth in HSR usage, as seen in the 2.5-hour scenario. Additionally,
the number of transfer passengers is increasing, with a small reduction in direct passengers. This indicates that
some passengers are attempting to fly around the ban. This is likely easier in the 6-hour scenario than in the 750
km scenario because more flight paths remain available in the 6-hour scenario. In the 750 km scenario, there was
a decrease in transfer passengers, indicating that it is more challenging to travel around the ban in that scenario.

The results of the 1500 km and 14-hour bans look very similar. Both show a decrease in direct passengers and an
increase in transfer passengers. However, the time-based ban has a larger impact on passenger choices than the
distance-based ban. This differs when examining mode choices, as the number of HSR passengers grows slightly
more under the distance-based ban than under the time-based ban. Notably, the use of the Air-Rail network in
both types of scenarios decreases by more than 5%, indicating that a ban on short-haul flights will reduce the use
of the Air-Rail network, while passenger choices seem to be shifting toward the direct HSR alternative.

6.3. The impact of the ban on CO2 emissions
To say something about the CO2 emissions of aviation after the introduction of a ban on short-haul flights, the
average difference compared to the base scenario was considered. Using these results, an attempt is made to
illustrate the impact of various scenarios of the ban on CO2 emissions in the aviation market. Figure 6.4 shows
the different result about the CO2 emissions.
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Figure 6.4: The difference in CO2 emissions based on the No Ban scenario, where no ban on short-haul flights is in place.

The first thing to notice is that when the ban is set at 250 km or 750 km, CO2 emissions do not decrease; in fact,
they slightly increase compared to the base scenario. Examining passenger mode choices reveals that these two
scenarios have little impact on mode selection. However, when comparing mode choices with CO2 emissions,
it is evident that the group flying now takes larger detours, resulting in increased CO2 emissions. This is likely
due to the design of the ban, as it does not consider possible HSR routes. As a result, a passenger may need
to travel around the ban, likely increasing the flight distance they must cover. This suggests that a passenger’s
detour distance impacts CO2 emissions.

In the time-based scenarios, particularly the 2.5-hour and 6-hour bans, there is a slight decrease in aviation CO2
emissions. Notably, the 2.5-hour ban results in a greater reduction in CO2 than the 6-hour ban. In both time-based
scenarios, the number of HSR passengers is increasing, suggesting that removing plane options on competitive
HSR routes leads to a reduction in CO2 emissions. It is important to note that in the base scenario, a fully functional
HSR network is used, so the train competes with planes on more routes than in reality.

Considering the two extreme alternatives, the 1500 km and 14-hour bans effectively eliminate short-haul flights.
The reduction in CO2 emissions from aviation due to these bans is modest compared to the base scenario, yield-
ing a maximum reduction of only 4% for the 14-hour ban, while the 1500 km scenario shows a reduction of 2%.
This indicates that even with a fully functional HSR infrastructure, a complete ban has a limited impact on CO2
emissions. However, it may be that much of the CO2 emissions have already been reduced by the base case;
as a result, the emission reductions due to the ban are relatively low. This indicates that, once a fully functioning
HSR network is available in Europe, a ban on short-haul flights has a minimal effect on further reduction of CO2
emissions from aviation.

Revisiting the structure of both types of bans in the complete ban scenario, it can be observed that the time-based
ban restricts fewer routes. Consequently, there are more flight options available to passengers, resulting in a
shorter distance for rerouting. This is in contrast to the distance-based ban, which has a higher average detour
distance and fewer transfer passengers. Since the time-based ban leads to a greater reduction in CO2 emissions,
it is evident that a balance must be struck between the extent of the ban and the average detour distance for
passengers. This variable is likely to have a more significant impact on CO2 reduction than the number of transfer
passengers. The variable of average detour distance was not examined in this study.

6.4. The impact of the ban on different hubs
Besides the overall picture of CO2, this study also tried to map the impact of the ban on different airports in Europe,
with a focus on hubs. To assess this impact, four different figures were designed. Each figure shows different hubs.
For each hub, the total number of passengers leaving the hub by plane was considered. This number was then
compared to the base. The numbers can be found in Appendix H. Figure 6.5, 6.6, 6.7, 6.8, 6.9 and 6.10 illustrate
how each scenario will impact different hubs based on the numbers that can be found in Appendix H. The figures
represents different scenario’s were each scenario is compared to the base scenario.

Ultimately, the different scenario’s are compared to provide each hub with an average effect, this result is shown
in Figure 6.11. First, the overall effect of each scenario on different hubs will be addressed; then the overall impact
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of the different scenario’s on various hubs will be examined.

Figure 6.5: The impact of a ban of 250 km on passengers departing from airports around Europe

The results on the hubs of a 250-km ban are shown in Figure 6.5. This ban has little impact on the various hubs.
As had been seen in the passenger choices were in this scenario no big changes in passenger behaviour were
noted. This is probably because there is already a full functioning HSR infrastructure that assigns passengers
towards the HSR. So, it appears that in the base scenario at distances of 250 km, a large proportion of passen-
gers have switched to trains, suggesting that this particular ban has little impact on passenger travel behaviour.
Consequently, there are minimal changes compared to the base case for the different hubs.

Notably, Dublin Airport loses a significant number of passengers, probably because it is close towards the UK, and
Dublin airport is the only hub in Great Britten that is affected by the ban. So maybe it is better for passengers to
chose routes using airports in the UK, what could explain the lost in passengers by Dublin.

It can also be observed that a few smaller airports, such as Oslo airport, Riga airport, London Stansted, and
Sofia airport, will see a slight increase in passenger numbers. This can be the case because small hubs have
a low proportion of passengers in the input data, so a small increase will have a larger impact on these airports.
Furthermore, these locations are noteworthy as the small airports experiencing this increase are located more
towards the edges of Europe.
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Figure 6.6: The impact of a ban of 2.5 hours on passengers departing from airports around Europe

The first thing that needs to be addressed from Figure 6.6, is that there are much more changes in passenger
choices in this scenario, than in the scenario of 250km. This is remarkable because the scenario’s should have
more or less the same impact on passenger choices.

Remarkably, the larger hubs in Western Europe experience slight growth in passenger numbers in this scenario
compared to the baseline. In contrast, smaller hubs in Eastern Europe and other EU member states show a small
decline in passenger numbers. This may be due to larger hubs having more routes available; when shorter routes
are lost, they can compensate with other options. In contrast, smaller airports have a more limited route supply,
so the loss of routes will more quickly impact their passenger numbers.

A clear winner is Ljubljana Airport, which gains a substantial group of passengers. This effect is likely pronounced
because Ljubljana Airport is the smallest hub in the study, so even a small change can have a significant impact.
But still is this a very striking result. It may be that routes through this hub may now be the only logical choice for
passengers, as other hubs in the area are experiencing a loss of passengers in some cases. This may mean that
these hubs lose routes that Ljubljana can operate, leading to Ljubljana taking over some of these passengers.

A few losers also emerge in this scenario. For instance, airports in northern Europe, eastern Europe, as well as
Rome-Fiumicino Airport and Athens Airport, experience passenger losses. A possible explanation is that, due to
their locations, they are losing passengers. It is interesting to notice that hubs in the western side of Europe, are
gaining passengers while the eastern side has a lot of hubs that are losing passengers. It is also noteworthy that
London Heathrow loses a small share of its passengers in this scenario.
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Figure 6.7: The impact of a ban of 750 km on passengers departing from airports around Europe

Figure 6.7 shows the effect of a 750 km ban on various hubs. The results show that hubs that are close to each
other, that one of the hubs often experience an increase in passengers, particularly the larger ones. For example,
Schiphol Airport has seen growth in passenger numbers, while Brussels Airport and Luxembourg Airport have
experienced a decline. This suggests that larger hubs in a region are less impacted by the ban, likely because
they can offset the loss of routes with other routes available at these airports.

Additionally, some hubs located towards the edges of Europe are experiencing growth. For instance, Oslo Airport’s
passenger numbers are increasing sharply, whereas they were previously declining; this suggests that passengers
using Oslo may still be able to fly around the ban, which accounts for the increase. It is also noteworthy that all
airports not located in EU member states are experiencing growth. With hubs growing in passenger numbers
located more on the outskirts of Europe or in non-EU member states, this indicates that despite a larger ban,
passengers are still attempting to circumvent it by using more remote hubs.

Figure 6.8: The impact of a ban of 6 hours on passengers departing from airports around Europe

Figure 6.8 shows the impact of a 6-hour ban. In this scenario, it seems that the hubs are divided into groups
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that lay more or less in the same region. This means that one of several hubs in close proximity experiences
growth while the others shrink. This indicates that a nearby hub can still accommodate a share of passengers,
while the others are negatively affected by the ban. Thus, growth depends on the location of the hub. It is also
noticeable that primarily the larger hubs with more connections experience an increase, while smaller hubs decline.

It is clear that location plays a major role; for instance, hubs in northern Europe all suffer a loss of passengers. Ad-
ditionally, Roma-Fiumicino airport is notably affected. Interestingly, airports in Spain and Portugal see an increase
in passengers. This may be due to their convenient locations in relation to viable route options, allowing these
airports to retain many routes. Consequently, more passengers are choosing these airports.

Figure 6.9: The impact of a ban of 1500 km on passengers departing from airports around Europe

Figure 6.9 presents the 1,500-km ban. It reveals that nearly all hubs within the EU member states experience a
decline in passenger numbers. Strikingly, however, airports in Spain and Portugal see an increase in passengers,
and Charles de Gaulle in Paris also sees a growth. This indicates that the location of an airport influences the
impact of the ban. Paris is particularly notable as it is more centrally located than airports in Spain and Portugal.
It is therefore surprising that this airport shows an increase.
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Figure 6.10: The impact of a ban of 14 hours on passengers departing from airports around Europe

Figure 6.10 illustrates the 14-hour ban, which exhibits the same effect as Figure 6.9. A significant difference is
that, under this ban, Charles de Gaulle Airport (Paris) also experiences a loss of passengers, unlike the 1,500 km
ban. Consequently, with this ban, Paris is no longer a viable transfer location.

Now each scenario is explained individuel, it is time to combine them in one map, to look at how the hubs are
overall impacted by the ban. This overview can be seen in Figure 6.11. Under the figure the text will explain a few
hubs and how they are effected.

Figure 6.11: The average effect of the ban on different hubs around Europe.

Looking at the size of the airports, it appears that smaller airports (Brussel, Sofia, Prague, Baudapest, Dublin,
Riga, Kopenhagen and Wenen) in particular are hit hard by the ban on short-haul flights. For instance, in Prague,
a 250 km ban seems to have little impact on passenger numbers. However, this changes dramatically with other
alternatives. The number of passengers flying over Prague can drop by as much as 50% in extreme cases. Sim-
ilarly, at other small airports like Riga, a 250 km ban results in a slight increase in passengers, but this quickly
turns negative in other scenarios. Notably, Riga has an HSR station. The airport was anticipated to attract more
passengers with a time-based ban, but the results don’t show this effect.
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At larger airports like Schiphol, Frankfurt airport and Munich airport, a different picture emerges. Notably, with the
250 km and 2.5-hour ban for both airports, there is an increase in passenger numbers. This may be due to their
excellent global connections, allowing passengers who transfer at Schiphol or Munich to bypass the ban. However,
with the 6-hour ban, even these major hubs experience a decline in passenger numbers, and this effect intensifies
in extreme scenarios.

Looking at the various airports, it is noticeable that most airports are losing passengers, but, there are exceptions.
For instance, Barcelona Airport is seeing an increase in passengers despite the bans. This can be attributed to
its location in Spain, on the edge of Europe, which results in fewer banned routes. As a result, passengers have
more options, making Barcelona an appealing transfer airport. A similar effect is observed at Madrid airport. This
effect can also be seen at Zagreb airport, but it only occurs when extreme bans are introduced.
Airports such as Finavia Airport, Stockholm-Arlanda and Rome Fiumicino will lose many travellers by introducing
a ban on short-haul flights. These three airports are the biggest losers in such a ban. Probably because they lose
more routes due to the ban. Because they are laying more central in Europe.

When looking at Ljubljana Airport, one striking effect stands out. This airport is located centrally in Europe, it is the
smallest hub in this study. Notably, under various ban scenarios, the airport sees a growth in passenger numbers,
with a decline only observed at the 750 km and 14-hour bans. At the 250 km ban, changes are minimal. This may
be because, in the base scenario, a small proportion of passengers use this airport due to its limited connections.
Consequently, the introduction of a new route can significantly impact passenger numbers. It may be coincidental
that the removal of specific routes results in an increase in passengers at Ljubljana Airport, but it could also be
because of the routes Ljublana offers to passengers which makes it more interesting to use this airport.

An interesting airport is Reykjavik-Keflavik, as it is hardly affected by the ban. This may be because there are few
banned flights at the airport and transfers from other routes do not take place, resulting in an unchanged number
of passengers. Moreover, the airport is not strategically located enough to attract other passengers. This may be
due to the fact that transfers take longer than direct flights, and Reykjavik’s location is halfway across the Atlantic
Ocean. This crossing is offered direct by many airlines. Therefore, it makes sense that hardly any passengers
would leave or gain when a ban is introduced.

Chapter 2 discussed several countries within and outside the European Union. This chapter highlighted the ex-
pectation that airports in England and Turkey would benefit significantly from the ban on short-haul flights, as they
are not subject to EU regulations. Airports within the EU generally face passenger losses, while London Stansted
shows growth in passenger numbers. The results suggests the potential for these airports to accommodate some
of the passengers if in the EU a ban on short-haul flights is implemented. At London Heathrow and Istanbul Air-
port, a increase occurs when a large ban is implemented in Europe. Interestingly, these airports experience a
slight decline in passengers during a small ban. For London Heathrow and Gatwick, this may be due to London
Stansted, which attracts many passengers and thus impacts Heathrow and Gatwick. For Istanbul, the decline is
harder to explain. One possibility is that EU airports provide sufficient alternatives for passengers during a ban, or
that travellers prefer direct flights, as transfers to Istanbul are maybe less appealing.

Compared to the base scenario, it is evident that implementing a ban leads to a loss of passengers at several hubs
within EU countries. On its own, this is not an issue, as the aim of the policy is to encourage more passengers
to choose HSR. What is striking is that with any kind of ban, the EU can be divided into regions where one hub
experiences an increase in passenger numbers while other hubs in the area lose passengers. This suggests that
the location of a hub plays a significant role in the impact of the ban. If a hub’s location allows it to maintain more
flight routes, it tends to attract more passengers. The study did not examine how many routes a hub retains after
the introduction of a ban, but it is noteworthy that hubs that have high connectivity in the base scenario in particular,
experience an increase in some scenarios.



7
Conclusion

This chapter will discuss the conclusions drawn from this research. It will first address the various sub-questions,
after which the main question will be answered based on these sub-questions. A discussion will then follow on
the different conclusions and previous literature, followed with a discussion about the limitations of the model.
Followed by suggestions for possible future research, and the report will conclude with a brief recommendation for
the European Union.

7.1. Conclussion of the research questions
Several research questions were drawn up at the beginning of this study. After presenting the results, it is now time
to discuss these questions and draw conclusions. This will be done by first answering the various sub-questions.
These answers will then be used to answer the main question.

Before addressing the different conclusions, there are a few assumptions in the results that are important to men-
tion. The first significant assumption is that the various scenarios have been compared to a baseline scenario,
which assumes that Europe has an optimal HSR network. This implies that the CO2 changes resulting from the
different scenarios have not been compared with reality but with aviation emissions in the baseline case. Addi-
tionally, this study has utilised self-developed demand based on 2019 and 2023 flight data. This means that the
findings will not fully predict the future but will provide insights into what might occur if Europe has an optimal HSR
network and the EU chooses to implement a ban on short-haul flights.

7.1.1. Conclusions of the different sub-research questions
1. How can a ban on short-haul flights be designed, and what indicators could affect its impact?

This study outlines two ways to implement a ban on short-haul flights. First, a distance-based ban can be es-
tablished, assessing flight distance to determine prohibition. The second method is a time-based ban, which
considers whether the HSR can connect two cities within a specific timeframe; if it can, flights between those cities
are banned. In the results can be seen that a ban based on time results in a lower CO2 emission by aviation,
than a ban based on distance. The 14 hours alternative results in the lowest CO2 emissions by planes in Europe,
compared to the base scenario.

The main difference between these two types of bans is that the time-based ban considers potential alternatives.
This is a significant disadvantage of the distance-based ban, as it may reduce the accessibility of cities in Europe.
The time-based ban accounts for possible HSR alternatives, maintaining the accessibility of European cities. How-
ever, the disadvantage of the time-based ban lies in its challenging implementation. When implementing this ban,
the speed of travel between European cities must first be assessed. Then, it must be determined which airports will
be connected to cities to identify which short-haul flights will be banned. While implementing the distance-based
ban is straightforward, it results in reduced accessibility for European cities. In contrast, although the time-based
ban preserves the accessibility of European cities, it is considerably more complex to enact.

The results show that implementing both types of ban leads to more passengers choosing an HSR alternative.
However, it is evident that transfer passengers influence the effectiveness of the ban. This is particularly clear
with the 250-km ban, where hardly any changes are observed in passengers’ transport choices. The use of direct
flights and the number of transfer passengers both decrease. In this scenario, compared to the base case, CO2
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emissions increase. Since direct flights produce fewer emissions than multiple flights, and the share of passen-
gers flying direct decreases, the number of transfer passengers also declines. This indicates that the rise in CO2
emissions is not due to direct passengers; the only alternative is that transfer passengers travel longer distances
on average. Based on the results, the primary indicator of the ban’s impact appears not to be the number of
transfer passengers, but rather the average extra distance a transfer passenger must travel due to the ban. The
effectiveness of the ban also relies on other factors, but from this study’s findings, the average flight distance of a
transfer passenger seems to be the most significant indicator. This study did not examine how this value varies
between a ban based on time and distance; future research may find it worthwhile to explore this variable and its
impact on CO2 emissions.

2. How can a base scenario be developed to research the effects of the ban on short-haul flights?

A base scenario was developed to address limitations in the input data and the inherent inaccuracies of modelling
real-world systems. Since the original dataset only included airport-based information, the origins of passengers
were unknown, making the creation of a base scenario necessary. To account for unrepresented transfer passen-
gers, a frequency-based reallocation method was introduced. While this method aligns with expected outcomes, it
cannot fully replicate reality due to the simplified assumptions in the model. Nevertheless, for analysing passenger
choice behaviour, this limitation is deemed acceptable. However, the method is not suitable for producing precise
passenger forecasts. To enhance the method’s effectiveness, airlines could be more actively involved. Currently,
it is considered solely from the passengers’ perspective, while the airlines at airports decide which routes they
serve. Examining the hub-and-spoke network, the choices made by these airlines and their alliances can also
shed light on the behaviour of transfer passengers. This has not yet been addressed in this study, as the research
has focused on establishing the method’s foundation.

The base scenario revealed that a significant share of passengers would opt for HSR, despite the input data being
derived from air travel. This suggests that with a fully functional HSR network in Europe, a large group of pas-
sengers would likely choose HSR over air travel. This research did not examine the effect of this shift on CO2
emissions from aviation, but it can be inferred that there will be some impact. Therefore, it can be concluded that
a well-functioning HSR network can attract more passengers to an integrated Air-Rail network and the direct HSR
network. However, the real-world implications of this shift require further research on CO2 emission differences
to fully understand how a well-functioning HSR network will affect the current situation.

3. How will passenger mode choice affect CO2 emissions in the aviation sector for each type of ban on
short-haul flights?

The results show that the time-based ban strongly influences passengers’ mode choices. This effect is less pro-
nounced for the distance-based ban. However, in both types of bans, the share of passengers opting for the HSR
continues to rise. This was observed while comparing the different scenarios with a base scenario featuring a
well-functioning HSR network. Therefore, the ban on short-haul flights can still lead to an increase in the share of
passengers choosing the HSR, after a HSR network is fully optimized.

Notably, the share of transfer passengers increases in most scenarios; this does not occur in the 250 km and 750
km scenarios. However, because fewer flight routes are prohibited under the time-based ban, this result suggests
that passengers will opt to travel around the ban if possible. There appears to be a connection between the routes
that are removed and passengers’ choice to take multiple flights. This indicates that at a certain point, direct flights
in Europe are so limited that passengers have no choice but to use transfer flights, or there are to much flights
available so they chose to use multiple flights. It may be interesting to research the availability of flights and how
this influences passenger choices, to gain a better understanding of why a small distance-based ban leads to a
decrease in transfer passengers, whereas a time-based ban of the same kind results in an increase in transfer
passengers.

It is noteworthy that in the time-based ban, the share of transfer passengers increases while CO2 emissions de-
crease. This indicates that a larger increase in transfer passengers does not necessarily lead to a significant rise
in CO2 emissions; rather, other factors influencing transfer passengers affect CO2 emissions. For example as
mentioned before the average detour distance of a transfer passenger.

Examining the results, the reduction in CO2 emissions is, at best, around 4%. However, since there was no com-
parison with the current HSR network, it is difficult to determine whether this impact is significant or negligible.
What can be concluded is that if there is a well-functioning HSR network in Europe, a ban on short-haul flights can
still lead to a modest reduction in CO2 emissions. However, this only applies to a ban based on time; for a ban
based on distance, it is only feasible if a ban of 1500 km is implemented.
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4. Does the ban on short-haul flights promote the use of the Air-Rail network?

The results indicate that with a fully functional HSR infrastructure, a significant proportion of passengers opt for the
Air-Rail option. When HSR is operating optimally, a ban does little to encourage the use of the Air-Rail network
and may even hinder it. Only with a ban of 250 km and 750 km is there an increase in Air-Rail passengers, likely
because the other options are very limited. This may occur if a passenger wants to travel a short distance and then
use the train, as this route disappears due to the ban. It remains easy for passengers travelling longer distances
to reach other hubs and take a second flight from there. This conclusion is supported by the growth in departing
passenger numbers at different hubs. It can be seen that hubs located on the edge of Europe experience slight
growth due to the ban. This suggests that a passenger travelling from, for example, South America to Brussels
and taking multiple flights is more likely to choose to fly via Barcelona to bypass the ban rather than opting for
the Air-Rail network. Additionally, it could be that passengers wishing to use the Air-Rail network have already
been directed to these alternatives by the well-functioning HSR network. The results therefore show that a ban on
short-haul flights, with an optimal HSR network, does not further promote the use of the Air-Rail network.

5: How will a ban on short-haul flights change the competitive position of hubs across Europe?

In the expectations of this study, it was assumed that the hubs in Europe would lose passengers as a result of the
ban. This study did not investigate this in detail, but it is possible that by optimising the HSR infrastructure, the
hubs are already experiencing a loss of passengers. The results were therefore compared from this starting point.
Examining the results, it can be seen that various hubs are still feeling the effects of the disappearance of routes
following the ban. The findings indicated that the impact of the ban depends on two key factors: the location and
the size of the hub before the ban was introduced.

The results show that the most significant factor is the location of a hub. It is notable that in certain scenarios,
hubs located at the edge of Europe experience growth. For example, Barcelona Airport shows growth despite the
750 km ban. This could be because the hub is situated on the edge of Europe. In contrast, Rome-Fiumicino loses
departing passengers in this scenario. Being more centrally located, Rome-Fiumicino loses more routes due to
the presence of airports to the west, north, and east of the hub from which routes are removed. In comparison,
for Barcelona, the removal of routes mainly affects the north and east. To the west of Barcelona, there are routes
for domestic flights, which were likely already served by the optimal HSR network. When the ban was introduced,
these routes were already less significant for the airport. Because Barcelona Airport’s location is more advanta-
geous than that of Rome-Fiumicino, the number of routes removed is likely lower for Barcelona than for Rome. As
a result, the connectivity of Barcelona Airport will be higher than that of Rome-Fiumicino, making it more attractive
for transfer passengers. Consequently, the findings indicate that a hub will experience an increase in passengers.

The second factor is the size of the hubs, which plays an important role in their impact. If a hub could offer a large
number of routes before the ban was introduced, it is likely that this remains the case even as routes are removed
due to the ban. This is particularly evident in the 750 km scenario, where many routes have already been banned.
However, it is still noticeable that major hubs in Europe experience passenger growth, while smaller hubs are
already shrinking.

In conclusion, at the beginning of the study, it was indicated that an important characteristic of a hub is its connec-
tivity. This study did not examine how many routes per airport were banned in each scenario, but the results imply
that connectivity enhances the attractiveness of a hub within the hub-and-spoke network. Therefore, the results
show that if a hub is favourably located, resulting in fewer routes being removed, or if a hub already had a large
network and is therefore less affected by the ban, these hubs will experience a lesser impact from the effects of
the ban, or even a growth due to the ban.

7.1.2. The response to the primary research question
The aim of this study was to investigate how passenger mode choices would influence the impact of a ban on
short-haul flights, assuming that the European HSR network is fully developed and functioning effectively. Pre-
vious research primarily focused on short trips and individuals wishing to travel within the distance of the ban.
Therefore, this study also examined whether transfer passengers influence the impact of the ban and how hubs in
Europe are affected by it. Finally, it investigated how the ban affects CO2 emissions from aviation in Europe. All
of this was based on the following research question.

How will a ban on short-haul flights impact the utilisation of hub airports and CO2 emissions in Europe,
considering transfer passengers and a fully developed high-speed rail infrastructure?
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The study compared the ban with a baseline scenario in which a fully functional HSR network was constructed.
This baseline scenario produced interesting results. The input data consisted entirely of airline passengers. The
results showed that by optimising the HSR route, some passengers were already willing to use HSR as a mode
of transport instead of aircraft. The proportion of passengers using the Air-Rail network also increased. There-
fore, the results indicate that by improving the HSR network, some passengers would choose not to use an aircraft.
However, this does not mean that the proportion willing to choose the optimised HSR network would actually make
that choice. The study based passenger choices solely on travel time with minimal consideration for comfort; travel
costs were not included. Furthermore, the effect of this optimisation on CO2 emissions compared to reality was
not examined. The only conclusion that this research can draw in this area is that by optimising the HSR network,
there is a good chance that a proportion of passengers will be prepared to use the HSR instead of the plane.

The ban on short-haul flights has been developed in two different ways in this research: a ban based on time and
a ban based on distance. The results show that only the time-based ban results in a reduction in CO2 across all
scenarios. With the distance-based ban, this only occurs with a complete ban on short-haul flights. This indicates
that when there is a well-functioning HSR network in Europe, a time-based ban can still lead to a reduction in CO2
emissions from aviation. However, it has not been investigated whether this is also the case if the current HSR
network is applied in the research.

Previous research paid little attention to the effect of transfer passengers on the impact of the ban on CO2 emis-
sions. This research shows that these transfer passengers do influence the impact of the ban, particularly evident
in the 250 km scenario. In this scenario, there is little change in passengers’ choice behaviour, yet CO2 emissions
from aviation still increase. As HSR use increases and direct passengers decrease, the results show that the
increase in CO2 must be due by transfer passengers.

Examining the differences in behavioural choices of passengers under a time-based ban versus a distance-based
ban reveals that a time-based ban leads to a faster growth in transfer passengers, while this is not the case with a
distance-based ban. The research demonstrates that transfer passengers influence the impact of the ban on CO2
emissions from aviation, but this does not depend on the number of passengers, rather on the average distance a
transfer passenger must cover due to the ban.

For the Air-Rail network, this research shows that by optimising the HSR network, utilisation of this network in-
creases significantly. The study cannot confirm whether this is due to HSR stations at airports, but it is likely that
this plays a role. At the time the ban is implemented, there will be little increase in passengers on the Air-Rail
network. It is more likely that there will be a decrease in Air-Rail use. This does not have to be detrimental; if
passengers switch to HSR, it can still lead to a reduction in CO2 emissions.

The impact of the ban varies among different hubs and depends on specific scenarios. Notably, the impact de-
pends on the location and size of the airport before the ban is implemented. These two factors influence the
connectivity of a hub when a ban on short-haul flights is enacted; a hub with high connectivity after the implemen-
tation of the ban has a greater chance of experiencing an increase in passenger numbers. This research cannot
say whether the hubs will disappear due to the ban, but it does indicate that the impact on some hubs could be
significant.

In conclusion, this study shows that when Europe has a well-functioning HSR network, a time-based ban on short-
haul flights can still lead to a small reduction in CO2. The impact of this ban is influenced by the route choices of
transfer passengers and the distances they must detour. Air-Rail use will not significantly increase when the ban
is implemented if a good HSR network is already in place, it is more likely to decrease. Additionally, the ban will
have a considerable negative impact on passenger numbers in several smaller hubs within EU member states,
but whether these hubs will also disappear remains uncertain. Thus, a ban on short-haul flights will affect the EU,
but it is questionable whether this impact is desirable.

7.2. Discussion
Now that the conclusions have been drawn from this research, there will be a discussion of the findings. The
discussion will first focus on the practical implications of the conclusions. Then, the conclusions will be compared
to previous literature. The limitations of this research will also be briefly addressed. Based on the discussion and
conclusion, potential areas for future research will be discussed.

7.2.1. Discussion
This study is the first to use this method to predict passengers’ behavioral choices during a ban on short-haul
flights. The method primarily focused on passengers’ transfer times, excluding travel costs. The findings indi-
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cate that when a well-functioning high-speed rail (HSR) network exists in Europe, some passengers are willing to
choose HSR. However, it remains uncertain whether this holds true when travel costs are factored in. In order to
get a good picture of the effects of the ban on Europe in the presence of a well-functioning HSR network, it remains
therefore still relevant to examine how travel costs influence passenger choices.

This study assumes that a well-functioning HSR network is being developed in Europe. Using a baseline sce-
nario in which this network has been established, different scenarios have been compared. Previous research
by Baumeister & Leung (2020) indicated that a study in Finland, where a ban was implemented, would result in
a 95% reduction in CO2 emissions in the transport sector. In Baumeister & Leung (2020) study, the possible
alternatives for passenger transport consisted of the existing national train network. When comparing this study
with Baumeister & Leung (2020) findings, it can be argued that a ban on short-haul flights would reduce CO2
emissions in the aviation sector in Europe. However, this will be influenced by transfer passengers, which could
result in an increase in CO2 emissions due to the ban. While Baumeister & Leung (2020) study suggests that a
ban on short-haul flights could significantly affect CO2 emissions in the transport sector, this study indicates that,
if the ban is implemented at a European level, transfer passengers may negatively affect CO2 emissions. As this
study does not utilise the current HSR or train network, it remains unclear how the reduction in CO2 emissions
would be. It may therefore be worthwhile to repeat this study using the existing HSR network in Europe.

The study shows that transfer passengers influence the effectiveness of the ban on short-haul flights. To determine
which type or size of ban will positively impact Europe, the study revealed that this depends not on the number of
transfer passengers but on the average distance they must detour. While the number of transfer passengers may
still play a role, it is less significant than distance. This study identified a connection between these two variables
and the overall CO2 reduction resulting from the ban. The results are considered logical and do not indicate to
come from an error in the model. Therefore, it can be expected that the average detour distance of transfer pas-
sengers will also play a role in reality. It may still be worthwhile to explore the relationship between the average
detour distance of transfer passengers and the number of transfer passengers in a potential follow-up study. This
could help identify which type and size of the ban would lead to a reduction in CO2 emissions in Europe. The
expectation is that if these two variables are balanced, a scenario can be found that maximises CO2 reduction if
a ban on short-haul flights is implemented in Europe.

In Europe, the ban appears to redistribute passengers, particularly affecting smaller hubs. The study indicates
that fewer passengers will travel from various European hubs, leading to decreased turnover at these hubs and
raising concerns about the potential disappearance of some. It is clear that the ban will impact hubs, and future
research should examine how this will affect different regions connectivity and economical.

7.2.2. The limitations of the model
The study had two major limitations that could have affected the results. The first was the lack of available data on
passenger demand between different cities. To estimate how many passengers wanted to travel between cities,
data from Eurostat (2025) was used, indicating the number of passengers who travelled between two airports in
2023. The issue with this data is that it does not account for transfer passengers, leading to double counting. To
allocate these transfer passengers to their original departure and destination, the Frequency-based reallocation
method was employed. This method was specifically developed for this study and has not been used before in
existing literature. However, it only considers departing passengers and potential illogical transfers, neglecting
other possible factors. For instance, passengers may choose specific airlines or alliances. If an airline operates
a hub-and-spoke strategy, the likelihood that a passenger will fly to the airline’s home hub is significantly higher
than on the largest route departing from a specific airport. Therefore, it would be beneficial for future research to
explore whether these airlines or alliances can influence the frequency-based reallocation method to better explain
passenger travel behaviour.

Another major limitation of this study was the computing power used to calculate the algorithm. To minimise
computing time, a maximum number of iterations was set for the k-shortest path algorithm. Consequently, the
algorithm could not calculate all possible route options. As a result, some more complicated routes for passengers
may not have been identified, leading to an overestimation of the number of passengers using certain routes. When
interpreting the data, it is important to recognise that this model did not predict a future scenario that corresponds
100 per cent to reality.

7.2.3. Future research
Based on the discussion and conclusion, several suggestions have been identified that may be worth investigating
in future research. Below is a list of the various suggestions for future research arising from this study.



7.3. Recommendation for policy makers 61

• What is the average detour distance for transfer passengers when a ban on short-haul flights is implemented
in Europe?

• How will the ban on short-haul flights impact CO2 emissions in aviation, assuming the current HSR infras-
tructure is used as an alternative?

• How will travel costs influence passenger choices when the HSR infrastructure is optimally developed?
• What are the economic consequences for hub regions when a ban on short-haul flights is implemented in
Europe?

• How can airline routes be incorporated into the frequency-based reallocation method?

7.3. Recommendation for policy makers
This study is the first to investigate the effect of a ban on short-haul flights in Europe, considering transfer passen-
gers and a fully operational HSR network. It aims to provide insights into the impact of this ban on various hubs
in Europe and the CO2 emissions from aviation. The findings indicate that it is crucial to assess the effect of the
ban on transfer passengers, as this group influences its impact on CO2 emissions.

According to the report, it is challenging to determine whether a ban should be implemented in Europe. Before
any ban is enacted, further research is necessary to understand its economic effects on various hubs. Addition-
ally, comparing the current HSR network in Europe with the potential impacts of the ban would be beneficial. The
results suggest that investing in a good HSR network could lead to a significant reduction in CO2 emissions from
the transport sector, although this conclusion cannot be fully supported by the study’s results.

Therefore, the recommendation to the European Union is to conduct further research on the ban’s impact on hubs
and CO2 emissions with the current European HSR network. The results of this study suggest that a ban on
short-haul flights could lead to a reduction in aviation CO2 emissions. If a strong HSR network exists in Europe, it
would be sensible for the EU to implement a ban based on travel time within Europe. The value of this ban should
depend on its impact on the accessibility of regions and the economy in different areas.
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The impact of a ban on short-haul flights on transfer

passengers and CO2 emissions

B.J. Schermer

Faculty of Transport, Infrastructure and Logistics, Delft University of Technology

Abstract

This study investigates the impact of a ban on short-haul flights in Europe on transfer passengers and
CO2 emissions, focusing on both time-based and distance-based bans. Employing a route assignment
analysis of a base scenario of Europe with an optimal High-Speed Rail (HSR) netwerk, compared with
various scenario’s of a ban. Results reveal that the impact of the ban on CO2 emissions is influenced by
transfer passengers, primarily due to their average detour distance. The effects on different European
hubs vary based on their geographical and operational characteristics. The findings suggest that a time-
based ban could contribute to CO2 emission reductions, but more research is needed on the effects of
the ban within the current HSR network in Europe. It is clear that the ban will impact hubs, and future
research should examine how this will affect connectivity and economies in different regions.

Keywords: Short-haul flight ban, Transfer passengers, High-speed rail (HSR), Air-Rail integration and
Hub & Spoke network

I. Introduction

The environmental impact of aviation has become
increasingly prominent in policy discussions, espe-
cially following the Paris Agreement. In response,
the European Union (EU) wants to implement var-
ious initiatives aimed at reducing CO2 emissions in
the transport sector, with a focus on reducing plane
use. The aviation sector leaves a substantial ecolog-
ical footprint due to the high frequency and energy
demands of flights.

At this moment, air travel is the dominant mode
of transport for long-distance journeys in Europe.
This long-distance air travel can be divided into three
types of flights: short-haul, medium-haul, and long-
haul. Short-haul flights cover a maximum distance of
1,500 km and are mainly operated by low-cost and
regional carriers. These flights are also an important
type of flight in the hub-and-spoke network known as
feeder flights. Short-haul flights are the most com-
monly used in Europe, accounting for 74.2% of all
flights Dobravsky (2021). In Europe, these flights
are responsible for 24.9% of total aviation CO2 emis-

sions, as shown in Figure 1.

Figure 1: CO2 Short vs Medium vs Long distace
flights (Dobravsky (2021))

To mitigate these environmental impacts, a proposed
strategy is to integrate High Speed Rail (HSR) into
the hub-and-spoke network (Givoni and Banister
(2006)). This is because HSR produces less CO2 than
planes (Prussi and Laura (2018)). Previous studies
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have demonstrated the feasibility and environmen-
tal benefits of HSR as a substitute for short-haul
air travel-particularly for distances under 750 km,
where rail is often faster or equally competitive in
travel time (Adler et al. (2010)). The effectiveness
of this integration is hindered by competition on the
same routes between air and rail (Xia and Zhang
(2017)). Additionally, many passengers still opt for
short-haul flights within the hub-and-spoke network.
To promote the use of HSR for shorter distances,
the EU could implement a ban on short-haul flights.
This would grant HSR a monopoly on certain routes,
leading to an increase in passengers on HSR services.
Since HSR emissions are lower than those of planes
(Prussi and Laura (2018)), this should result in an
overall reduction in CO2 emissions in the transport
sector.

Despite these prospects, current literature presents
mixed findings on the effectiveness of a short-haul
flight ban. National case studie from Finland, show
a reduction of 95% in Finland due to a ban on short-
haul flights (Baumeister and Leung (2020)). A study
by de Bortoli and Féraille (2024) shows also a im-
provement of the HSR average emissions, because
more passengers choice the HSR.

There is little research in the current literature on
how the ban on short-haul flights will affect the hub-
and-spoke network. In particular, the impact of the
ban on transfer passengers has not been considered.
Transfer passengers originate from the hub-and-spoke
network and use multiple flights to reach their final
destination. Additionally, the effect of the ban on
hubs in Europe has been understudied, as these hubs
are central to the network and provide good accessi-
bility to European cities, boosting the local economy
(Volkhausen (2022)). It is important to examine how
the ban will affect passenger flows through the vari-
ous hubs. Furthermore, while a possible goal of the
ban is to increase air-rail use in Europe, the effects
of the ban on air-rail usage remain under explored.

By better understanding these passenger choices, it
is possible to form a clearer picture of the ban’s im-

pact on aviation CO2 emissions. As the HSR network
in Europe is currently not optimally developed and
is considered in this study as the main alternative
for short-haul flights, this study has chosen to opti-
mise the HSR network in Europe to create a fully
functioning HSR network in Europe. This research
provides an opportunity to assess the effect of the
ban on short-haul flights in Europe, provided that a
well-functioning HSR network is in place, which also
ensures an effective Air-Rail network. This research
was conducted using the following research question
and sub-questions.

How will a ban on short-haul flights impact
the utilisation of hub airports and CO2
emissions in Europe, considering transfer

passengers and a fully developed high-speed
rail infrastructure?

Sub-questions:

• How can a ban on short-haul flights be de-
signed, and what indicators could affect its im-
pact?

• How can a base scenario be developed to re-
search the effects of the ban on short-haul
flights?

• How will passenger mode choice affect CO2
emissions in the aviation sector for each type
of ban on short-haul flights?

• Does the ban on short-haul flights promote the
use of the Air-Rail network?

• How will a ban on short-haul flights change the
competitive position of hubs across Europe?

The rest of this paper will first discusses the indica-
tors affecting the ban’s effectiveness. Next, it outlines
the methodology used in the study, followed by a dis-
cussion of various model parameters. This is followed
by validation and verification of the model, leading
to the results and conclusions. Finally, the paper dis-
cusses the findings and offers suggestions for future
research.

II. Ban on short-haul flights

This chapter will examine the implications of the ban
on short-haul flights and its effects. It will begin with
explaining the current state. After it will explain the
design of the ban and how this will effect passenger
choices. The chapter will conclude with the different
expectations of the results.

A. Origins of transfer passengers

In the aviation sector, passengers either travel di-
rectly or transfer through hubs, depending on air-
line strategies. Point-to-point carriers prioritise di-
rect routes, often operating as low-cost carriers. In
contrast, hub-and-spoke carriers use central hubs to
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connect regional feeders with long-haul flights, max-
imising aircraft occupancy and expanding service ar-
eas with fewer routes, as illustrated in Figure 2. For
this reason, hubs have high connectivity with the
world and provide economic benefits to the region
around the hub(Volkhausen (2022)). Because trans-
fer passengers must use multiple flights, the routes
they travel often cover large flight distances and lead
to high CO2 emissions. A key characteristic of such
hubs is that they have high global connectivity and
serve as a home base for a carrier that employs the
hub-and-spoke strategy.

Figure 2: Point to point en hub and spoke design
(Kuroki and Matsui (2024))

B. The passenger choices in the current state

When a passenger wants to travel between two cities,
they can choose from several transport options. To
give an idea of the options a passenger has, there is
made an example of a passenger that wants to travel
between New York and Brussels. The various options
for a passenger wishing to travel between New York
and Brussels are shown in Figure 3

In this example, there are three possible routes a
passenger can choose. The first option is a direct
flight from New York to Brussels, which is a long-haul
flight. The other two options involve transfers. In the
first of these, the passenger takes a long-haul flight to
Schiphol Airport and then transfers to a short-haul
flight to reach the final destination. The last option
is a long-haul flight to Heathrow in London, followed
by a transfer to a short-haul flight to Brussels.

Figure 3: Three options for a passenger to travel between New York and Brussels

C. Conceptual design of a ban on short-haul
flights

A conceptual ban on short-haul flights can be ap-
proached in two main ways: a distance-based ban
and a time-based ban. The distance-based ban pro-
hibits flights between airports that fall below a spec-
ified minimum distance threshold. Its key advantage
is simplicity, making it easy for policymakers and
airlines to implement. However, this approach fails
to account for geographical and infrastructural con-
straints, potentially limiting city-to-city connectivity
when viable transport alternatives, such as rail or
road, are unavailable. This could result in significant
travel detours and increased emissions, undermining
environmental objectives.

The second approach is a time-based ban that con-
siders the availability and efficiency of high-speed rail
(HSR) as an alternative. Flights are prohibited only
if a train journey between two cities can be com-
pleted within a specified time limit. This method
incorporates a component that links airports within
a 50 km radius of a city, ensuring that policies are
more context-sensitive and tailored to actual passen-
ger options. This approach better addresses natural
barriers and aims to maintain accessibility while re-
ducing unnecessary short-haul flights.

Despite its benefits, the time-based ban presents im-
plementation challenges. Its complexity requires de-
tailed transport data and accurate assessment mech-
anisms, increasing the risk of administrative errors.
Moreover, it may discourage investment in rail infras-
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tructure, as cities might avoid improving HSR con-
nections to maintain air route viability. Thus, while
more equitable and efficient, the time-based ban de-
mands careful governance to balance environmental
goals with regional development and transport equity.

D. Aspects affecting the effectiveness of the
ban

The effectiveness of a ban on short-haul flights within
Europe is influenced by several factors. Firstly, coun-
tries outside the EU pose a challenge, as the EU can-
not enforce such a ban in non-member states.These
non-EU members fall into three categories: EU candi-
date countries, Schengen-associated states, and non-
EU members. While candidate countries may eventu-
ally adopt the ban through EU accession, Schengen-
associated states would require individual negotia-
tions but are also likely to implement the ban eventu-
ally. Therefore, the countries are considered as those
that would implement the ban. Countries like the UK
and Turkey, which are not members of the EU, are
unlikely to comply, potentially creating opportunities
for passengers to detour through hubs in the UK and
Turkey. Figure 4 shows the different European coun-
tries and the category to which they belong.

Figure 4: Members of the European Union and Non-
EU members

Secondly, the availability and quality of HSR infras-
tructure play a role in providing viable alternatives
to short-haul flights. HSR can effectively replace air
travel on routes up to 750 km, but its current cov-
erage in Europe is limited and uneven. High-speed

lines require dedicated infrastructure capable of sup-
porting speeds up to 300 km/h, yet many routes
still operate on conventional tracks, limiting average
speeds and accessibility. As such, a uniform ban
without adequate rail alternatives could reduce con-
nectivity for certain regions. For this reason, a fully
constructed HSR network in Europe was selected for
this study.

Finally, the integration of HSR into the existing air
transport system through Air-Rail networks is essen-
tial. Seamless transfers between air and rail are facil-
itated by airport HSR stations, which reduce transit
times and improve passenger convenience. When an
airport has an HSR station, it is easier for a passen-
ger to transfer from a flight to a train. However, not
all major airports in Europe offer such connections.
In their absence, passengers must rely on less efficient
ground transport, such as taxis, to reach city rail sta-
tions, which may discourage the choice of the Air-Rail
network. As noted in prior studies, effective Air-
Rail integration is key to preserving hub-and-spoke
connectivity while promoting sustainable transport
modes. It also probably increases the likelihood that
a passenger will choose an Air-Rail alternative. This
study has therefore linked airports with a train sta-
tion to the HSR network, despite the current absence
of HSR train services at these stations.

E. Expected effects of a ban on short-haul
flights on a passenger

The implementation of a short-haul flight ban in Eu-
rope is expected to produce significant shifts in pas-
senger behaviour and transport dynamics. Most no-
tably, the ban will alter route choices for passengers.
Figure 5 shows the impact of this ban on the previ-
ously mentioned example of a passenger wishing to
travel between New York and Brussels. Due to the
ban, this passenger can still take a direct flight be-
tween New York and Brussels; however, the transfer
at Schiphol Airport is no longer available. Passengers
can now choose to travel through London Heathrow,
which is in the UK and not affected by the ban. This
option is not beneficial because the distance the pas-
senger travels will likely increase, leading to higher
CO2 emissions. The alternative is to fly to Schiphol
Airport and transfer to the HSR, which takes the pas-
senger to Brussels. This means the passenger travels
the same distance as before, but by choosing the HSR
to reach Brussels, they will produce lower CO2 emis-
sions than taking two flights.
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Figure 5: Route options for a passenger travelling between New York and Brussels when a ban on short-haul
flights is in effect

A second example illustrates the impact on route
choices for a passenger wishing to travel within the
limits of the ban. The options for this passenger are
shown in Figure 6, which depicts examples of route
options between Barcelona and Brussels. As the fig-
ure shows, the passenger has a limited set of options
available. Due to the ban, the direct flight and trans-
fer flight through Schiphol are no longer viable. Ad-
ditionally, the Air-Rail alternative is also unavailable

for this passenger. Two options remain; the first is to
take a flight to Heathrow Airport and transfer to a
flight to Brussels. This will result in a high distance
travelled by plane, leading to significant CO2 emis-
sions. A cleaner alternative is for the passenger to
take a direct train between Brussels and Barcelona,
which will have lower CO2 emissions than the trans-
fer option.

Figure 6: Route options for a passenger travelling between Barcelona and Brussels when a ban on short-haul
flights is in effect

F. The expected global effects of the ban on
short-haul flights

The primary objective of the short-haul flight ban
is reduce CO2 emissions, by promoting high-speed
rail (HSR) usage. Based on Figure 5 and 6, HSR

remains a viable option for both long-distance and
some transfer journeys, suggesting a likely increase
in HSR usage, particularly for direct connections.
However, the impact on the Air-Rail network is less
certain. While it may benefit long-distance travelers,
it becomes unavailable for routes shorter than the
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ban threshold, potentially limiting its growth.

In aviation, the ban is expected to reduce direct
intra-European flights, especially within the hub-
and-spoke system where direct options are limited.
This may lead to an increase in transfer passengers,
including those rerouting through non-EU hubs un-
affected by the ban, potentially increasing overall
travel distances and associated CO2 emissions. So it
is expected that the transfer passengers will influence
the impact of the ban on CO2 emissions.

Thus, it can be suggested that the ban on short-haul
flights could lead to a reduction in CO2 emissions,
provided that the growth in HSR usage compensates
for passengers flying around the ban. To assess the
feasibility of this, The study has modelled passen-
ger choices under the ban, estimating route selection,
hub usage, and resulting aviation emissions to evalu-
ate the policy’s overall impact. Thereby, it is assumed
that a fully functioning HSR network is in place in
Europe.

III. Method

This section discusses the method used in this study.
To calculate passengers’ mode choice, several steps
were taken, each step consisting of different meth-
ods that contribute to the calculations. Since no
data on passengers’ current mode choices was avail-
able, a base scenario was developed first. This sec-
tion explains how the base scenario was created and
the adjustments needed to calculate different scenar-
ios where a ban is implemented. It will also briefly
discuss two key methods used in this study: the
Frequency-based reallocation method and the ran-
dom regret method.

A. Global steps of the base scenario

To calculate the baseline scenario, several steps were
taken, as shown in Figure 7. The figure illustrates

two distinct calculation streams. The first flow in-
volves calculating demand between cities, which is
necessary because the input data comprises flight in-
formation between various hubs in Europe. Since the
HSR starts and ends in cities, the data must be con-
verted to trips between these locations. Additionally,
the input data does not account for transfer passen-
gers, so it is essential to predict the airports between
which these passengers intend to travel. This flow is
represented by blocks 2 and 3. The second flow in-
volves developing a network, which consists of nodes
and edges. Nodes are points where passengers wish
to travel; in the model, a node can be either an air-
port or a city. The edges represent the routes passen-
gers take, and each edge will eventually be assigned
a number representing the number of passengers on
that route. This flow consists of blocks 4 and 5.

Figure 7: Different steps that the method of this study uses

The input data for this study is sourced from Euro-
stat (2025) and includes passenger numbers between
different hubs for the year 2023. This does not in-
clude data for passengers from the UK, which is from
2019, potentially introducing slight bias for UK trav-
elers. However, due to a lack of alternatives, this
year was chosen. In addition to passenger numbers,
the annual volume of flights between airports is also
included, sourced from Eurostat (2025). The final
input data consists of an HSR network optimized to

connect all cities, with HSR stations added at air-
ports. The HSR connections are based on the study
by Grolle (2020) and current infrastructure plans
published by Interrail-Eurail (2024).

The first step in developing the base scenario involves
calculating various required data, as not all informa-
tion is available. Therefore, some values are calcu-
lated from other accessible data. This includes cal-
culating travel time between two cities by using the
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haversine method to determine distance and dividing
that by the average speed of the respective transport
mode. Each travel time also includes constants such
as taxi time or transfer time. For HSR, this accounts
for potential passenger transfers, while for aircraft,
the average taxi time is added to the travel time.
The constants used are listed in Table 1. In addi-
tion, a list was made of the different hubs that exist
in Europe, for each hub there was looked at what the
average transfer rates. This data can be found in Ap-
pendix A. A hub was selected for each EU country
based on accessibility scores from ACI (2024). Some
countries were assigned two hubs due to having two
major airports.

What Value

Taxi Time 15 min

Stop Time Train 15 min

Average speed plane 700 km/h

Average speed train 220 km/h

Tolerance level 50 km

Tolerance level non-EU 100 km

Table 1: Parameters

At the beginning of this chapter, it was indicated that
the data used for this model is from Eurostat (2025)
and consists solely of passengers traveling between
two different airports. To adjust this data to a for-
mat suitable for passengers wishing to travel between
two different cities, two steps are necessary. The first
step, indicated in block 2.0, is required because the
original data does not account for transfer passen-
gers. As a result, passengers taking multiple flights
are counted twice. To ensure that each passenger is
counted only once in the model, the Frequency-based
reallocation method was used. This newly developed
method is specifically designed for this study because
no existing method was found in the literature that
could straightforwardly reallocate transfer passen-
gers to their original origin and destination in an OD
matrix.

When the data is adjusted for transfer passengers,
it still doesn’t indicate the origin or destination of
a passenger. In block 3.0, an attempt will be made
to assign different passengers to two cities between
which they wish to travel. The city-to-city method is
from previous research by Grolle (2020). The study
by Grolle (2020), which uses the same data format,
examines the allocation of passengers to cities. Since
both studies are similar, this method can be applied
to the current research. However, this study in-
cludes passengers traveling from outside Europe. As

an adaptation to the original method, these passen-
gers were allocated solely to air travel in the modal
split. Additionally, the final step applied by Grolle
(2020) was skipped, as including passengers from
other transport modes is unnecessary for this study.
The same parameters from his study are included in
this study. The result of this step is an OD matrix in
which passengers are assigned to their desired travel
cities.

The initial step in developing the infrastructure be-
gins with establishing the network (block 4.0). In
this block, the rail and air networks will merge into
a single connected system. This network will consist
of various nodes and edges. The nodes represent air-
ports and cities, while the edges represent possible
rail or air routes. The value of these edges represents
the travel time that is needed to complete a spe-
cific edge. Research from Flodén et al. (2017) found
that travel costs, travel time, and comfort are the
most important factors for passenger route choices.
However, because travel costs for plane transport are
difficult to estimate, only travel time and a small
aspect of comfort were included in this research.

Not all nodes are interconnected; therefore, a car
network is included to represent, in some cases, the
final leg of travel between a city and an airport. The
study focuses on trains and planes, which is why cars
are only used to connect cities and airports. While
passengers can travel between two cities in Europe
by car, it is unlikely they would fly from New York
to Schiphol and then drive to Barcelona. For this
reason and to simplify the model, car travel is not
included on a large scale but is considered only as a
means of reaching the airport.

With these networks established, it is time to calcu-
late the likelihood that passengers will choose specific
routes. This calculation is conducted in the block en-
titled Passenger route assignment (5.0).

The first step in block 5.0, is to determine the dif-
ferent routes passengers can take. These routes are
searched by using the k-shortest path algorithm,
during the search different penalties are added in
the algorithm. These penaltie are needed to add re-
alism in the model, a time penalty is added to the
total travel time if a passenger makes a specific travel
choice in his shortest path. The penalties and their
reason can be found in Table 2.

From these routes, a top 5 will be created, which will
then be compared with one another. In this com-
parison, a probability is assigned to each route. The
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probability is calculated by using the Random Regret
method. This probability will then be multiplied by
the number of passengers wishing to travel between
the cities, allowing us to add the passengers to the
different edges they travel.

No. Reason for
the penalty

Between Penalty
Time

1 If an airport
isn’t a hub

Airport–
Airport

+2

2 If a taxi ride
is taken to
a city that
isn’t the
city of the
airport, and
isn’t the final
destination

Airport–
City – City

+10

3 Access time
airport with
train

City–Airport
(with HSR)

+2

4 Access time
airport with
car

City–Airport
(no HSR)

+3

5 Egress time
airport with
train

Airport
(with
HSR)–City

+1.25

6 Egress time
airport with
car

Airport (no
HSR)–City

+0.75

7 Air–Rail
transfer at
airport (no
HSR)

Plane–
Taxi–HSR

+1.5

8 Air–Air
transfer

Airport–
Air-
port–Airport

+1

Table 2: Different penalties in the model

Once passengers are assigned to their edges, the net-
work can be analyzed (block 6.0). The purpose of
this analysis is to determine the values of various in-
dicators. This will involve calculating CO2 emissions
and examining the number of passengers travelling
through each hub to ultimately provide advice to air-
ports. Additionally, it will assess the difference in
emissions generated per ban. After completing these
steps, the base scenario is created. This base scenario
can than be used to compare, with different scenario’s
in which the ban is implemented.

B. Frequency-based reallocation method

The passenger data from Eurostat (2025) does not
account for transfer passengers, leading to potential
double counting in the OD matrix. To make sure the
data accounts for transfer passengers, the Frequency-
Based Reallocation Method was used. The method
reallocates passengers based on the likelihood of
transfers, aligning demand with actual origins and
destinations.

The method is based on the following idea: If 70 pas-
sengers travel from hub A to hub B and 30 passengers
travel from hub A to hub C, the probability of a pas-
senger choosing the route to hub B is 70%, while the
route to hub C is 30%. This reasoning is based on
the principle that routes with more passengers are
more attractive, as opposed to those with fewer. Ad-
ditionally, higher passenger numbers often indicate
greater supply. The main purpose of the method is
to provide quick and easy insights into the choices of
transfer passengers to estimate passenger flows. How-
ever, it is not suitable for precise predictions of trans-
port flows. The formulas of the method are shown in
Equation 1, 2, and 3.

Frequency-based demand correction method

Nij + Tij = Dij , ∀i, j ∈ N (1)

Xij ∗ (1− (transj ∗Hubj)) = Nij ,∀i, j ∈ N (2)

Tij =
∑
n∈N

Xin · transn ·Hubn · Flyinj ·(
Xnj∑

m∈N Xnm · Flyinj −Xin

)
, ∀i, j ∈ N (3)

Where:

Variable Meaning

N Sets of airports where: n, j, i ∈ N

Dij Demand between city i and j

Tij Passeners with a transfer traveling between

city i and j

Nij passengers traveling without a transfer between

city i and j

transi Transfer rate at airport i

Hubi 1 if airport i is a hub zero otherwise

Flyi,j,n 1 if a passenger can transfer towards route n to j

, after traveling on route i,n. Zero otherwise

Formula Equation 1 expresses total demand Dij as
the sum of direct passengers (Nij) and transfers (Tij).
Direct demand is computed by removing transfers
from the original OD entry (Equation 2). Transfers
are estimated using hub status and transfer rates.
Transfer passengers are reallocated based on the
probability of continuing to another destination, as
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shown in Equation 3. This probability is the share of
passengers on a given route relative to all outbound
passengers—adjusted by two factors: (1) the feasi-
bility of the transfer, using the Dynamic Restricted
Area method (Appendix B), and (2) exclusion of the
inbound flight from the probability base. The areas
that are prohibit by the Dynamic Restricted Area
method can be found in Table 3.

Before transfer
type of flight

After trans-
fer type of
flight

θrestrictedi,n,j

Long-haul Long-haul 90

Medium-haul 60

Short-haul 0

Medium-haul Long-haul 90

Medium-haul 120

Short-haul 0

Short-haul Long-haul 0

Medium-haul 120

Short-haul 360

Table 3: Restricted areas after different flights

After calculating Nij and Tij , the values are summed
for each OD pair to obtain the Dij . To maintain sym-
metry, the average of Dij and Dji together is used,
resulting in an OD matrix that correctly accounts for
transfer passengers. Figure 8 presents a small ex-
ample that illustrates how the data is adjusted for
transfer passengers. In this example, node C is a hub
with a transfer rate of 0.4. The example aims to cal-
culate how many passengers travel between airports
A and E.

Figure 8: Example: Frequency-based reallocation method

9 of 28

B.J.Schermer — Thesis — Delft University of Technology



C. Random Regret method

When the routes are determined and penalties added,
there are ultimately five fastest routes for passengers,
to travel between two specific cities. With these pos-
sible options, it’s time to calculate the mode choice
using the Random Regret method (RRm). This
method is not widely used in similar research, though
it is sometimes employed by consultants. Its ad-
vantage lies in accounting for the regret passengers
feel about unchosen options, unlike the MNL model,
which evaluates each route independently without
considering other choices. Additionally, the MNL
model is challenging to apply when different route op-
tions are similar, making the RRm model more effec-
tive. Another benefit of this method is that it bases
regret solely on the travel time required to complete
the route, simplifying its application while accurately
estimating the probability of someone choosing a spe-
cific route. The used formulas to calculate the RRm
are shown in Equation 4 and 5. The only attribute
included is the travel time, which is assigned a beta
of 0.01. This beta is taken from the study of Grolle
(2020), which used this beta for his City-to-City de-
mand estimation.

Random Regret formulas

Rr =
∑
n ̸=r

∑
TT

ln
(
1 + eγTT ·(αnTT xnTT−xrTT )

)
− ln(2), ∀r ∈ R (4)

P (r) =
e−Rr∑
l∈R e−Rl

, ∀ r ∈ R (5)

Where:

Variable Meaning

Rr Regret value for route option r

γTT Sensitivity parameter for the travel

time attribute

αnTT Coefficient associated with travel

time attribute TT

xnTT Attribute value of travel time for route n

xmTT Attribute value of travel time for route m

R Set of all available route options

P (r) Change that route r is chosen

After the probabilities are calculated with the RRm,
the passengers can be assigned towards the specific
edges they are travelling on. The formula for as-
signing passengers is shown in Equation 6. At this
stage, the probability of a passenger taking the route
is multiplied by the number of passengers travelling
between the two cities. The number of passengers for
each route will then be allocated to the various edges
it takes, and this will be done for all the routes. In

the end, the number of people travelling over each
specific edge will be known. The formula for this step
is shown in Equation 6

Allocation of passengers to different edges formula

f(e) =
∑

R∈Re

Pr ·ODi,j , ∀ i, j ∈ I, (6)

Where:

Variable Meaning

R A specific route

Re Set of routes that pass through edge e

Pr Probability of selecting route R

ODi,j Number of passengers wanting to travel

between city i and j

e An edge in the network

f(e) Total passenger flow assigned to edge e

I Set of cities

Once all passengers are assigned to different edges,
this part of the algorithm is complete. From these
calculations, a Link Load Matrix is generated, which
can then be used to calculate the various indicators,
in the policy analysis. This Link Load matrix consists
of the amount passengers travelling on edges between
different nodes within the network.

D. Implementing the ban on short-haul
flights

This study examines two methods for implementing
a ban on short-haul flights: one based on the distance
between airports and one based on the travel time
compared to High-Speed Rail (HSR). The different
scenario’s for the ban are calculated using the same
steps as the base scenario. Only in the network de-
sign (block 4.0 in Figure 7) are adjustments made to
calculate the impact of the ban. In this step differ-
ent travel times of prohibit routes is set to zere. So
the k-shortest path algorithm doesn’t consider these
paths because they aren’t there.

The distance-based ban is implemented using a pre-
computed distance matrix between airports, that is
made using the haversine method (block 1.0 in figure
Figure 7). A flight is only permitted if the distance
between the origin and destination exceeds a speci-
fied threshold Disban. The total travel time TTAB

is calculated as shown in Equation 7, and the ban
indicator Banab determines whether a connection is
allowed, as shown in the following equations:

Distance-based ban calculations

TTAB =

 disAB

AV E
planespeed
ab

+ Ttaxi

 ·Banab (7)
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Banab =

1, if disAB ≥ Disban

0, otherwise
(8)

Where:

Variable Meaning

TTAB Total flight time between airport

A and Airport B in hours

disAB Distance between airport

A and airport B in km

Disban Distance based ban value in km

AV E
planespeed
ab Average speed plane in km/hour

Ttaxi Taxi time plane

Banab 1 if there is not a ban on the flight,

0 otherwise

The time-based ban compares the flight time to the
fastest available HSR route between the city cen-
ters associated with the airports. Only EU-internal
flights are considered. To allow fair comparison, air-
ports are linked to nearby cities (within 50 km) us-
ing the Haversine formula (Equation 10–13). The
model checks whether both airports are within range
of cities that have HSR connections, using the con-
ditions in Equation 14 and Equation 15. If the HSR
journey time TTHSR

XAYB
is shorter than a given thresh-

old Tban, the corresponding flight is banned. Oth-
erwise, the flight is allowed or excluded based on
the presence of nearby HSR-linked cities, as shown
in Equation 16. The full formulation is as follows:

Time-based ban calculations

TTPlane
AB =

 dAB

AV E
planespeed
AB

+ Ttaxi

 ·Banab (9)

aAX = sin2
(
∆ϕ

2

)
+ cos(ϕA) · cos(ϕX) · sin2

(
∆λ

2

)
(10)

aBY = sin2
(
∆ϕ

2

)
+ cos(ϕB) · cos(ϕY ) · sin2

(
∆λ

2

)
(11)

dAX = 2r · arcsin (
√
aAX) (12)

dBY = 2r · arcsin (
√
aBY ) (13)

disAX =

1, if dAX ≤ 50

0, otherwise
(14)

disBY =

1, if dBY ≤ 50

0, otherwise
(15)

BanAB =

1, if TTHSR
XAYB

≥ Tban

1− (disAX · disBY ), otherwise
(16)

Where:

Variable Meaning

TTPlane
AB Total flight time between airport A and

Airport B in hours

TTHSR
XAYB

Travel time between connected city x

to airport A and connected city y to airport B

disAX 1 if city X is in the service area of airport A

Tban Time based ban value in hours

AV E
planespeed
ab Average speed plane in km/hour

Ttaxi Taxi time plane

Banab 1 if there is not a ban on the flight

, 0 otherwise

ϕ1, ϕ2 Latitudes of the two points (in radians)

∆ϕ ϕ2 − ϕ1, difference in latitudes

∆λ λ2 − λ1, difference in longitudes

r Radius of the sphere (e.g., Earth’s radius)

aax Intermediate value in the Haversine formula

between airport a and city x

dax Great-circle distance between airport a and city x

IV. Policy scenario’s and input data

section III has already discussed some of the assump-
tions of this study, but these are not all the assump-
tions. This chapter will address the last larger as-
sumptions made in this study. The section will also
discuss the different experimental scenarios that are
compared with the base scenario.

A. The correction of input data

The study used large data files from Eurostat (2025),
which contain passengers carried on the routes flown
from major hubs in Europe. The issue with the data
is its size, leading to long calculation times. There-
fore, unnecessary data was removed from the model
for several reasons.

The first reason airports have been removed is the
small flights between Turkish cities. These airports

only had flights departing to Turkey. As the study
focuses on the impact on the European Union, data
from these flights are not relevant. Additionally, the
ban will have no impact on these trips, making no
difference in the final data. Therefore, it was decided
to remove these domestic flights. This decision was
also made for international flights from airports that
only travelled to Turkey, as they are irrelevant for
the same reason.

The dataset used in the study had several limita-
tions and adjustments. Data from the UK dated
back to 2019, while the rest was from 2023, due
to the UK’s departure from the EU in 2020, which
ended its obligation to share such data. Unneces-
sary data was removed from the model, including
airports with only flights to the UK and Turkey, as
well as some Finnish airports used solely for domestic
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flights. The study also excluded some European cities
to avoid complicating the model without improving
the results. Consequently, airports that could not
be linked to cities—often located on islands or in ar-
eas without high-speed rail stations—were removed
to maintain passenger data integrity. Additionally,
Soekarno-Hatta International Airport in Indonesia
was excluded due to inaccurate data, which showed
only one incoming flight when other sources indicated
many more, potentially distorting the results.

B. Emission parameter

To calculate average emissions per passenger, several
choices were made. First, an average figure for all
flight types was used. Figure 1 shows that long-haul
flights emit more than short-haul flights. However,
the number of passengers on short-haul flights is ex-
pected to fluctuate significantly, while this effect will
remain small for long-haul flights. This study pri-
marily focuses on the impact of the ban rather than
on precise predictions of the outcomes if the ban is
implemented. Therefore, an average number of CO2
emissions per passenger per kilometre was chosen.

The average emissions per passenger per kilometre
are based on the emissions of a Boeing 737-400, from
a study performed in 2008. This year was chosen due
to the availability of data. This narrow-body aircraft
has smaller engines and is primarily used for short-
haul travel. The selected emission value is 115 g/pas-
senger/km (Carbon Independent (2025)). Note that
current aircraft are much cleaner due to innovations
in recent years. But this study does not aim to deter-
mine an exact emissions figure and focuses solely on
comparing CO2 emissions from aviation, after a ban
is implemented. Therefore, the value of this data is
not crucial for the conclusions.

C. The design of the HSR infrastructure

Looking at Figure 9, it is noticeable that the Euro-
pean HSR network is not yet fully complete. Ad-
ditionally, several important connections remain un-
established. Including this network in the study is
therefore complicated. This situation necessitates ex-
amining the current state of each line and its future
prospects.

To maintain simplicity in the study, it will be as-
sumed that the HSR pathway is complete in Europe,
this complete HSR network is based on the study of
Grolle (2020) that tried to optimize the HSR network
in Europe. Furthermore, airports with HSR stations
that are not depicted in Figure 9 will also be included.

The missing lines and connections between cities are
based on the overview of Interrail-Eurail (2024)

Figure 9: Current HSR network in Europe (Mijs
(nd))

The HSR infrastructure used in this study is com-
plete, meaning that all cities in Europe can be
reached via HSR, though this does not apply to all
airports. Additionally, the study does not consider
timetables of train operators; therefore, the travel
time of the HSR in the model is sometimes faster
than in reality. While this is not true for all routes,
it is a common aspect.

D. Scenario’s of the ban on short-haul flights

Currently, several companies and countries have im-
plemented bans on short-haul flights (Wikipedia
(2025)). The choice of different policy scenarios is
based on the current actions taken by companies or
countries. The chosen policy scenarios can be found
in Table 4. The aim is to make both types of bans
roughly equal. This has been done to ultimately com-
pare which type of ban will be the most effective.

Scenario Time-based Distance-based

Low 2.5 hours 250 km

Middle 6 hours 750 km

High 14 hours 1500 km

Table 4: Different policy scenarios

Starting with the high scenario, the aim is to signifi-
cantly intervene in the aviation market. This scenario
proposes a complete ban on short-haul flights for both
types of bans. Figure 1 noted that short-haul flights
account for about 24% of total CO2 emissions. A
complete ban on short-haul flights with the current
HSR network should theoretically reduce emissions
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by at least 20%. This scenario allows to assess what
impact a full ban has on the base scenario, where a
full functional HSR network is implemented. With
a time-based ban, CO2 reductions will properly be
slightly lower than with a distance-based ban, as
more routes are permitted under the time-based ban
to consider possible alternatives.

For the middle scenario, its based on the study of
Adler et al. (2010). According to a study by Adler
et al. (2010), his research found that trains are faster
than planes till a distance of 750 km. This distance
is therefore an interesting benchmark. According
to the theory that people always choose the fastest
route, this suggests that at this point people should
chose 50/50 between air or rail. The question then
arises as to whether this holds true if passengers can
also fly around the ban. So their can be expected
that this scenario is one of the most optimal formats
for the ban. The time-based ban will also represent

a distance of 750 km. As this means that it would
take approximately 6 hours for a person to cover 750
km. The six hours is found by desk research (Google
(2025)) different routes, and look how long this takes.

The last and lowest scenario is based on the current
policy in France (de Weert (2022)). France has en-
acted a law, approved by the EU, that bans flights
within 2.5 hours of train travel. The purpose of this
ban is to eliminate flights within an EU country, as
these can be easily replaced by other modes of trans-
port. According to Adler et al. (2010), high-speed
rail (HSR) should be significantly faster over this
distance. However, the ban can be relatively easy
to circumvent. Therefore, it will be interesting to
investigate whether this ban will ultimately achieve
its intended effect. Desk research indicates that the
distance-based ban in this scenario should be 250 km
Google (2025).

V. Verification & validation

This section addresses the verification and validation
of the model through a case study using a smaller
dataset of transported passengers, as the original
model takes too long to run multiple tests. The
parameters and track infrastructure are identical to
those in the original model. The data used can be
found in Appendix C.

Based on the case study results, this section verifies
several aspects: the effect of the optimal HSR net-
work, the performance of the reallocation method,
and the effectiveness of the ban. It also validates
the number of iterations used in the k-shortest path
method and the influence of the value of k within this
method.

A. Verification of the HSR network

The model replaces air travel with a High-Speed Rail
(HSR) network optimized to provide passengers with
unrestricted route choices instead of relying on fixed
train lines. This flexibility allows the model to sim-
ulate a fully functioning network. Verification was
conducted using Google (2025) to compare real public
transport times with the model’s predictions, which
are shown in Table 5. The comparison revealed that
the model can predict quicker travel times in some
cases, especially in Western Europe. These differ-
ences arise because the model does not account for
real-world HSR infrastructure complexities, such as
the absence of built infrastructure, train speeds, and
HSR lines.

Although the model does not fully capture the nu-
ances of real travel behavior, such as long transfer
times or inter-station changes in cities like Paris, it
generally predicts more favorable travel times for rail
compared to reality. Consequently, the model overes-
timates the attractiveness of HSR, leading to a higher
allocation of passengers to trains than would realisti-
cally occur. While this enhances the model’s compet-
itive positioning of rail over air travel, it also raises
concerns about reliability of the model, as the pre-
dicted modal shifts are based on an idealized version
of the network rather than actual infrastructure con-
straints.

HSR-Route Real time
(hour)

Model
time
(hour)

Percentage
differ-
ence

Amsterdam-
Brussel

2.3 1.88 -18.26%

Amsterdam-
Barcelona

11.43 9.05 -20.82%

Rome-
Barcelona

No train op-
tion (17.41
bus option)

7.21 -58.59%

London-
Amsterdam

4.75 3.96 -16.63%

Paris-Lille 1.03 1.26 +22.33%

Paris-
Amsterdam

3.38 3.76 +11.24%

Table 5: HSR travel times real vs model outcomes
(Google (2025))
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B. Verification of the airport reallocation
method

A new method has been designed to correct the input
data form Eurostat (2025). Important variables from
this method are the degrees from Table 3, which are
used for the Dynamic Restricted Area. By adjust-
ing various variables, the impact on different routes
is examined to determine whether it is justified. The

expectation of this test is that the number of passen-
gers wishing to travel between two non-hubs will be
significantly influenced by changes in the prohibited
area indicators. Additionally, to verify the effective-
ness of the frequency-based reallocation method, the
direction of routes to the hub must always be negative
relative to the input. If this occurs, it indicates that
the method is functioning as intended. The results of
this verification are shown in Table 6.

Scenario Abu Dhabi Inter-
national Airport →
London City

% Difference with
Output

Abu Dhabi Inter-
national Airport →
Schiphol

% Difference
with Input

Input 0 - 197310.00 -

Output 13264.80 - 166508.01 -15.61%

After longhaul flight
transfer to short-haul
flight 100°

13726.45 +3.48% 166508.00 -15.61%

After longhaul flight
transfer to short-haul
flight 360°

11898.84 -10.30% 164442.70 -16.66%

After medium flight
transfer to short-haul
flight 100°

13726.45 +3.48% 166508.00 -15.61%

After shorthaul flight
transfer to shorthaul
flight 0°

2764.97 -79.15% 164953.30 -16.40%

After shorthaul flight
transfer to longhaul
flight 360°

1365.962315 -89.70% 163563.5915 -17.10%

Table 6: Sensitivity analysis: Restricted area algorithm

As expected, Table 6 shows significant changes in the
route between the two non-hub airports. The results
indicate that the number of passengers is greatly
influenced by changes in the prohibited area. This
illustrates that the size of the prohibited area can
significantly impact the results of this method. It
is difficult to determine whether the chosen values
reflect reality, given the results and the fact that not
all routes were included in the case study.

Examining the route between Schiphol and Abu
Dhabi, it is evident that all values relative to the
input are negative. This indicates that fewer peo-
ple travel on this route, reallocating to other routes.
This suggests that the method is functioning as in-
tended. In conclusion, the Frequency-based realloca-
tion method performs as expected, but the Dynamic
Restricted Area significantly affects the outcomes.

C. Validation the number of iterations

Several algorithms are used in this study. Because
the shortest path algorithms can get stuck or repeat
themselves, a maximum number of iterations was in-

troduced. This allows for a maximum of x steps per
route to find a faster option. The maximum is set
at 1500 iterations in the base model, meaning that
after 1500 steps, the model will proceed to the next
route. To verify this number, runs with 500, 1000,
1500, 2000 and 2500 iterations were conducted in the
smaller model to analyse sensitivity, the values from
the base scenario are compared.

Figure 10: Increasing routes that are found by a
higher number of iterations
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Figure 11: Stabilising number of passengers assigned
to different edges with a greater number of iterations.

The issue with the number of iterations is that as
it increases, the time required for the model to run
rises sharply. Therefore, it is important to select an
iteration number that maximizes estimates without
significantly increasing the algorithm’s computation
time. Figure 10 shows that the number of new faster
routes does not increase significantly beyond 1500 it-
erations, although it still rises after that point. This
indicates that complex routes can still be found by
the model after 1500 iterations. If these routes are se-
lected, the total number of allocated passengers will
increase sharply. However, Figure 11 shows that after
1500 iterations, there are not many additional pas-
sengers identified by the model. This suggests that
while new routes can still be found after 1500 itera-
tions, their usage is very low.

Figure 12: Stabilising average speed with a higher
number of iterations.

Further validation using average travel speed was
conducted to determine if the model was stuck in a
local minimum. The results of this validation are
shown in Figure 12. Despite continued increases in
the number of iterations, the average speed between
city pairs stabilizes around 1500 iterations, indicat-
ing that the fastest and most relevant routes have
largely been identified by this point. It shows a local
minimum at 1000 iterations.

In conclusion, with a limited number of iterations,
not all possible solutions can be found. Increasing
the iterations beyond 2500 will enhance the num-
ber of routes identified, allowing the model to better
predict complex routes. After 1500 iterations, only
a small group of people are assigned to the newly
discovered routes, and hardly any faster routes are
found. Therefore, 1500 iterations is sufficient for this
study.

D. Validation of the k value

Within the algorithm, various routes are considered.
In the method, there was chosen to examine up to
five different routes between cities. The question now
is how significant the effect of these chosen routes is
on the results. To assess this, different values for k
and the total number of passengers assigned to the
various edges are analysed.

Figure 13: Validation of k-value with the number of
assigned passengers

Looking at Figure 13, there is a noticeable difference
between a k-value of 1 and 5. This indicates that
significantly more complex routes are found, which is
not necessarily a drawback. Comparing the k-values
of 5 and 10, it can be observed that the increase in
routes stabilises. While more routes are identified,
this has little effect on the outcomes. Between k=10
and k=5, there is hardly any impact on the results.
When k is increased, the results may even decline.
This can be attributed to the fact that more routes
are selected, causing them to compete for the same
passengers. As there is a maximum number of pas-
sengers that can be distributed among the different
routes, an increase in the number of routes also leads
to the selection of longer routes. These longer routes
compete with one another for passengers, resulting
in a total decrease and making the outcomes appear
less reliable. Thus, choosing a k-value of five is not
inappropriate.

VI. Results
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This chapter presents the model’s results. First, it
examines passenger choices in the base case. Next,
it compares the results of different scenarios with the
base case, focusing on passenger choices for each sce-
nario. It then discusses the impact of these choices
on aviation CO2 emissions. Finally, it addresses the
effects of the ban on various hubs.

A. Results of the base scenario

Due to the absence of reference data, a base case was
developed. This scenario can be compared with var-
ious scenarios where a ban on short-haul flights is in
effect. The assessment of the base scenario considers
the mode choices made by passengers found by the
model, with results shown in Figure 14.

Figure 14: The choices of the passengers in the refer-
ence alternative were no ban is applied.

Looking at Figure 14, the key observation is that
a group of passengers is already attributed to the
HSR, which is noteworthy since the input data con-
sists entirely of air passengers. As discussed earlier,
one possible explanation is that this increase results
from the presence of a well-functioning HSR infras-
tructure. This suggests that if the network performs
optimally, a significant proportion of passengers trav-
eling within Europe will choose the HSR. Addition-
ally, the Air-Rail network is around 40% in the base
scenario, indicating that a well-functioning HSR net-
work can lead to an increase in Air-Rail passengers.

B. Passenger mode choice with a ban on
short-haul flights

The study compared six different bans on short-haul
flights with the basescenario, investigating their im-
pact on passenger behavior. In each scenario, the ban
is implemented alongside a well-functioning HSR in-
frastructure in Europe. The results focus on overall
modal choice and the effects on direct and transfer
passengers, as illustrated in Figure 15 and 16.

Figure 15: The difference between people choosing to travel directly or via transfer to their final destination,
compared to the no-ban alternative.
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Figure 16: The difference in transport choices by alternative compared to the scenario where no ban applies.

In the 250 km distance-based ban, only minor be-
havioral changes are observed. A small group of
passengers switches from air travel to rail, and there
is a slight decrease in transfer passengers and direct
passengers. In this scenario, many passengers have
likely already switched to the HSR or Air-Rail al-
ternative. This means that the 250 km ban shows
little difference from the base scenario, except that
the remaining passengers on really short flights are
now forced to travel by HSR or take a direct flight.
Also there is a small increase in Air-Rail passengers.

Under the 2.5-hour time-based ban, a clearer shift
is visible. The number of passengers using high-
speed rail (HSR) slightly increases, direct flights de-
crease, and transfer flights become more common.
The number of Air-Rail passengers is slightly de-
creasing. Importantly, the use of planes decreases by
5% compared to the base scenario. This indicates
that the 2.5-hour ban results in a small decrease in
plane passengers and an increase in HSR use. How-
ever, only the direct use of HSR is growing, not the
number of passengers using the Air-Rail network. It
implies that passengers are not choosing the Air-Rail
option but rather traveling around the ban. This is
notable because the use of the Air-Rail network is
declining, while the number of transfer passengers is
rapidly increasing. The decline in Air-Rail use may
be due to the existing fully functional HSR network,
leading many passengers with the option of Air-Rail
to choose this route already in the base scenario.
When the ban has eliminated some routes in this
scenario, is it logical that some passengers disappear.

Comparing the 250 km and 2.5-hour bans, it is ev-
ident that the 2.5-hour ban had a larger impact on
mode choices than the 250 km ban. This effect is also
observable when comparing the 750 km and 6-hour
bans. In this case, the distance-based ban does not

influence passenger choices, while the time-based ban
has a larger impact on passenger mode choices.

Overall, the direction of the effects of all four sce-
narios is the same regarding mode choice. In all
scenarios, the use of aircraft decreases while the
use of HSR increases. Only the Air-Rail alternative
shows differences; notably, the distance-based ban
increases Air-Rail use, whereas the time-based ban
decreases it. This may be because re-routing is more
complicated under the distance-based ban, as there
are fewer routes available. Consequently, it is likely
faster for a passenger to take the HSR after a flight
than to fly around the ban. So it seems that the flying
distance of the detour influences passengers’ choice
behaviour. However, the average distance passengers
have to detour was not determined in this study.

With the 750 km ban, passenger behaviour shifts
different than the time-based alternatives. There is
a reduction in transfers within Europe and increased
HSR usage. Also the usage of Air-Rail is increasing
slightly, but this is very limited. The 6-hour ban
shows further growth in HSR usage, as seen in the
2.5-hour scenario. Additionally, the number of trans-
fer passengers is increasing, with a small reduction
in direct passengers. This indicates that some pas-
sengers are attempting to fly around the ban. This is
likely easier in the 6-hour scenario than in the 750 km
scenario because more flight paths remain available
in the 6-hour scenario. In the 750 km scenario, there
is a decrease in transfer passengers, indicating that it
is more challenging to travel around the ban in that
scenario.

The results of the 1500 km and 14-hour bans look
very similar. Both show a decrease in direct passen-
gers and an increase in transfer passengers. However,
the time-based ban has a larger impact on passen-
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ger choices than the distance-based ban. This differs
when examining mode choices, as the number of HSR
passengers grows slightly more under the distance-
based ban than under the time-based ban. Notably,
the use of the Air-Rail network in both types of sce-
narios decreases by more than 5%, indicating that a
ban on short-haul flights will reduce the use of the
Air-Rail network, while passenger choices seem to be
shifting toward the direct HSR alternative.

C. The impact on CO2 emissions

To say something about the CO2 emissions of avi-
ation after the introduction of a ban on short-haul
flights, the average difference compared to the refer-
ence alternative was considered. Using these results,
an attempt is made to illustrate the impact of var-
ious scenarios of the ban on CO2 emissions in the
aviation market. Figure 17 shows the different result
about the CO2 emissions.

Figure 17: The difference in CO2 emissions based
on the No Ban scenario, where no ban on short-haul
flights is in place.

The first thing to notice is that when the ban is set
at 250 km or 750 km, CO2 emissions do not decrease;
in fact, they slightly increase compared to the base
scenario. Examining passenger mode choices reveals
that these two scenarios have little impact on mode
selection. However, when comparing mode choices
with CO2 emissions, it is evident that the group fly-
ing now takes larger detours, resulting in increased
CO2 emissions. This is likely due to the design of the
ban, as it does not consider possible HSR routes. As
a result, a passenger may need to travel around the
ban, likely increasing the flight distance they must
cover. This suggests that a passenger’s detour dis-
tance impacts CO2 emissions.

In the time-based scenarios, particularly the 2.5-hour
and 6-hour bans, there is a slight decrease in aviation

CO2 emissions. Notably, the 2.5-hour ban results in
a greater reduction in CO2 than the 6-hour ban. In
both time-based scenarios, the number of HSR pas-
sengers is increasing, suggesting that removing plane
options on competitive HSR routes leads to a reduc-
tion in CO2 emissions. It is important to note that
in the base scenario, a fully functional HSR network
is used, so the train competes with planes on more
routes than in reality.

Considering the two extreme alternatives, the 1500
km and 14-hour bans effectively eliminate short-haul
flights. The reduction in CO2 emissions from avi-
ation due to these bans is modest compared to the
base scenario, yielding a maximum reduction of only
4% for the 14-hour ban, while the 1500 km scenario
shows a reduction of 2%. This indicates that even
with a fully functional HSR infrastructure, a com-
plete ban has a limited impact on CO2 emissions.
However, it may be that much of the CO2 emissions
have already been reduced by the base case; as a
result, the emission reductions due to the ban are
relatively low. This indicates that, once a fully func-
tioning HSR network is available in Europe, a ban
on short-haul flights has a minimal effect on further
reduction of CO2 emissions from aviation.

Revisiting the structure of both types of bans in the
complete ban scenario, it can be observed that the
time-based ban restricts fewer routes. Consequently,
there are more flight options available to passengers,
resulting in a shorter distance for rerouting. This
is in contrast to the distance-based ban, which has a
higher average detour distance and fewer transfer pas-
sengers. Since the time-based ban leads to a greater
reduction in CO2 emissions, it is evident that a bal-
ance must be struck between the extent of the ban
and the average detour distance for passengers. This
variable is likely to have a more significant impact on
CO2 reduction than the number of transfer passen-
gers. The variable of average detour distance was not
examined in this study.

D. Impact of the ban on the different hubs

In addition to the overall CO2 picture, this study
aimed to map the impact of the ban on various Eu-
ropean airports, focusing on hubs. This was achieved
by comparing the total departing passengers from the
hubs in each scenario with the number from the base
scenario. The effect on each hub was analyzed for
each scenario, resulting in a global overview. This
overview is illustrated in Figure 18, which displays
the ban’s effect on the different hubs.
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Figure 18: The average effect of the ban on different
hubs around Europe.

The effects of various short-haul flight bans on air-
port hubs reveal significant variation compared to
the base scenario. Smaller airports—such as Prague,
Riga, Sofia, and Budapest—experience the most no-
table declines in passenger numbers under larger ban
scenarios. While changes are minimal under a 250
km ban, greater distance- or time-based restrictions
can lead to reductions in passenger volumes of up
to 50% in some cases. These effects are especially
evident at airports with limited intercontinental con-
nections or smaller hubs.

In contrast, Ljubljana, another smaller airport, shows
moderate passenger increases under specific scenar-
ios but also significant decreases under certain time-
based scenarios. This is likely due to the small in-
put data, which increases the impact on this hub.
Reykjavik-Keflavik remains largely unaffected across

all scenarios, reflecting its geographic isolation and
minimal exposure to short-haul traffic.

Larger hubs such as Schiphol, Frankfurt, and Munich
initially experience growth in passenger numbers un-
der moderate bans (250 km or 2.5-hour), likely due
to their robust intercontinental networks and their
role as transfer nodes, allowing passengers to bypass
affected short-haul routes. However, with more ex-
tensive bans (e.g., 6-hour or 1,500 km), even these
airports show declines compared to the base case.
Regional context and geographic location also influ-
ence outcomes: southern airports like Barcelona and
Madrid exhibit growth under most scenarios, pos-
sibly due to their peripheral location, which limits
the number of affected routes. Non-EU hubs in Lon-
don and Istanbul see moderate increases in passenger
numbers compared to the base scenario. Overall, the
analysis underscores that hub responses to short-haul
bans are highly sensitive to location and previous con-
nectivity prior to the ban.
Compared to the base scenario, it is evident that im-
plementing a ban leads to a loss of passengers at sev-
eral hubs within EU countries. On its own, this is
not an issue, as the aim of the policy is to encourage
more passengers to choose HSR. What is striking is
that with any kind of ban, the EU can be divided into
regions where one hub experiences an increase in pas-
senger numbers while other hubs in the area lose pas-
sengers. This suggests that the location of a hub plays
a significant role in the impact of the ban. If a hub’s
location allows it to maintain more flight routes, it
tends to attract more passengers. The study did not
examine how many routes a hub retains after the in-
troduction of a ban, but it is noteworthy that hubs
that have high connectivity in the base scenario in
particular, experience an increase in some scenarios.

VII. Conclusion

The aim of this study was to investigate how passen-
ger mode choices would influence the impact of a ban
on short-haul flights, assuming that the European
HSR network is fully developed and functioning ef-
fectively. Previous research primarily focused on
short trips and individuals wishing to travel within
the distance of the ban. Therefore, this study also
examined whether transfer passengers influence the
impact of the ban and how hubs in Europe are af-
fected by it. Finally, it investigated how the ban
affects CO2 emissions from aviation in Europe. All
of this was based on the following research question.

How will a ban on short-haul flights impact

the utilisation of hub airports and CO2 emis-
sions in Europe, considering transfer passen-
gers and a fully developed high-speed rail in-
frastructure?

The study compared the ban with a baseline sce-
nario in which a fully functional HSR network was
constructed. This baseline scenario produced inter-
esting results. The input data consisted entirely of
airline passengers. The results showed that by opti-
mising the HSR route, some passengers were already
willing to use HSR as a mode of transport instead of
aircraft. The proportion of passengers using the Air-
Rail network also increased. Therefore, the results
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indicate that by improving the HSR network, some
passengers would choose not to use an aircraft. How-
ever, this does not mean that the proportion willing
to choose the optimised HSR network would actu-
ally make that choice. The study based passenger
choices solely on travel time with minimal consid-
eration for comfort; travel costs were not included.
Furthermore, the effect of this optimisation on CO2
emissions compared to reality was not examined. The
only conclusion that this research can draw in this
area is that by optimising the HSR network, there is
a good chance that a proportion of passengers will
be prepared to use the HSR instead of the plane.

The ban on short-haul flights has been developed in
two different ways in this research: a ban based on
time and a ban based on distance. The results show
that only the time-based ban results in a reduction
in CO2 across all scenarios. With the distance-based
ban, this only occurs with a complete ban on short-
haul flights. This indicates that when there is a well-
functioning HSR network in Europe, a time-based
ban can still lead to a reduction in CO2 emissions
from aviation. However, it has not been investigated
whether this is also the case if the current HSR net-
work is applied in the research.

Previous research paid little attention to the effect of
transfer passengers on the impact of the ban on CO2
emissions. This research shows that these transfer
passengers do influence the impact of the ban, par-
ticularly evident in the 250 km scenario. In this
scenario, there is little change in passengers’ choice
behaviour, yet CO2 emissions from aviation still in-
crease. As HSR use increases and direct passengers
decrease, the results show that the increase in CO2
must be due by transfer passengers.

Examining the differences in behavioural choices of
passengers under a time-based ban versus a distance-
based ban reveals that a time-based ban leads to a
faster growth in transfer passengers, while this is not
the case with a distance-based ban. The research
demonstrates that transfer passengers influence the
impact of the ban on CO2 emissions from aviation,

but this does not depend on the number of pas-
sengers, rather on the average distance a transfer
passenger must cover due to the ban.

For the Air-Rail network, this research shows that
by optimising the HSR network, utilisation of this
network increases significantly. The study cannot
confirm whether this is due to HSR stations at air-
ports, but it is likely that this plays a role. At the
time the ban is implemented, there will be little in-
crease in passengers on the Air-Rail network. It is
more likely that there will be a decrease in Air-Rail
use. This does not have to be detrimental; if passen-
gers switch to HSR, it can still lead to a reduction in
CO2 emissions.

The impact of the ban varies among different hubs
and depends on specific scenarios. Notably, the im-
pact depends on the location and size of the airport
before the ban is implemented. These two factors
influence the connectivity of a hub when a ban on
short-haul flights is enacted; a hub with high con-
nectivity after the implementation of the ban has a
greater chance of experiencing an increase in pas-
senger numbers. This research cannot say whether
the hubs will disappear due to the ban, but it does
indicate that the impact on some hubs could be sig-
nificant.

In conclusion, this study shows that when Europe has
a well-functioning HSR network, a time-based ban
on short-haul flights can still lead to a small reduc-
tion in CO2. The impact of this ban is influenced
by the route choices of transfer passengers and the
distances they must detour. Air-Rail use will not sig-
nificantly increase when the ban is implemented if a
good HSR network is already in place, it is more likely
to decrease. Additionally, the ban will have a con-
siderable negative impact on passenger numbers in
several smaller hubs within EU member states, but
whether these hubs will also disappear remains un-
certain. Thus, a ban on short-haul flights will affect
the EU, but it is questionable whether this impact is
desirable.

VIII. Discussion & Future research

This study is the first to use this method to pre-
dict passengers’ behavioral choices during a ban on
short-haul flights. The method primarily focused
on passengers’ transfer times, excluding travel costs.
The findings indicate that when a well-functioning
high-speed rail (HSR) network exists in Europe, some

passengers are willing to choose HSR. However, it re-
mains uncertain whether this holds true when travel
costs are factored in. In order to get a good picture
of the effects of the ban on Europe in the presence of
a well-functioning HSR network, it remains therefore
still relevant to examine how travel costs influence
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passenger choices.

This study assumes that a well-functioning HSR net-
work is being developed in Europe. Using a baseline
scenario in which this network has been established,
different scenarios have been compared. Previous
research by Baumeister and Leung (2020) indicated
that a study in Finland, where a ban was imple-
mented, would result in a 95% reduction in CO2
emissions in the transport sector. In Baumeister and
Leung (2020) study, the possible alternatives for pas-
senger transport consisted of the existing national
train network. When comparing this study with
Baumeister and Leung (2020) findings, it can be ar-
gued that a ban on short-haul flights would reduce
CO2 emissions in the aviation sector in Europe. How-
ever, this will be influenced by transfer passengers,
which could result in an increase in CO2 emissions
due to the ban. While Baumeister and Leung (2020)
study suggests that a ban on short-haul flights could
significantly affect CO2 emissions in the transport
sector, this study indicates that, if the ban is im-
plemented at a European level, transfer passengers
may negatively affect CO2 emissions. As this study
does not utilise the current HSR or train network, it
remains unclear how the reduction in CO2 emissions
would be. It may therefore be worthwhile to repeat
this study using the existing HSR network in Europe.

The study shows that transfer passengers influence
the effectiveness of the ban on short-haul flights. To
determine which type or size of ban will positively
impact Europe, the study revealed that this depends
not on the number of transfer passengers but on the
average distance they must detour. While the num-
ber of transfer passengers may still play a role, it is
less significant than distance. This study identified
a connection between these two variables and the
overall CO2 reduction resulting from the ban. The
results are considered logical and do not indicate to
come from an error in the model. Therefore, it can be
expected that the average detour distance of transfer
passengers will also play a role in reality. It may still
be worthwhile to explore the relationship between
the average detour distance of transfer passengers
and the number of transfer passengers in a potential
follow-up study. This could help identify which type
and size of the ban would lead to a reduction in CO2
emissions in Europe. The expectation is that if these
two variables are balanced, a scenario can be found
that maximises CO2 reduction if a ban on short-haul
flights is implemented in Europe.

In Europe, the ban appears to redistribute passen-
gers, particularly affecting smaller hubs. The study

indicates that fewer passengers will travel from vari-
ous European hubs, leading to decreased turnover at
these hubs and raising concerns about the potential
disappearance of some. It is clear that the ban will
impact hubs, and future research should examine
how this will affect different regions connectivity and
economical.

A. The limitations of the model

The study had two major limitations that could have
affected the results. The first was the lack of avail-
able data on passenger demand between different
cities. To estimate how many passengers wanted
to travel between cities, data from Eurostat (2025)
was used, indicating the number of passengers who
travelled between two airports in 2023. The issue
with this data is that it does not account for transfer
passengers, leading to double counting. To allocate
these transfer passengers to their original departure
and destination, the Frequency-based reallocation
method was employed.

The Frequency-base reallocation method was specifi-
cally developed for this study and has not been used
before in existing literature. However, it only consid-
ers departing passengers and potential illogical trans-
fers, neglecting other possible factors. For instance,
passengers may choose specific airlines or alliances.
If an airline operates a hub-and-spoke strategy, the
likelihood that a passenger will fly to the airline’s
home hub is significantly higher than on the largest
route departing from a specific airport. Therefore,
it would be beneficial for future research to explore
whether these airlines or alliances can influence the
frequency-based reallocation method to better ex-
plain passenger travel behaviour.

Another major limitation of this study was the com-
puting power used to calculate the algorithm. To
minimise computing time, a maximum number of it-
erations was set for the k-shortest path algorithm.
Consequently, the algorithm could not calculate all
possible route options. As a result, some more com-
plicated routes for passengers may not have been
identified, leading to an overestimation of the number
of passengers using certain routes. When interpreting
the data, it is important to recognise that this model
did not predict a future scenario that corresponds 100
per cent to reality.

B. Future research

Based on the discussion and conclusion, several sug-
gestions have been identified that may be worth in-
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vestigating in future research. Below is a list of the
various suggestions for future research arising from
this study.

• What is the average detour distance for trans-
fer passengers when a ban on short-haul flights
is implemented in Europe?

• How will the ban on short-haul flights impact
CO2 emissions in aviation, assuming the cur-
rent HSR infrastructure is used as an alterna-
tive?

• How will travel costs influence passenger choices
when the HSR infrastructure is optimally devel-
oped?

• What are the economic consequences for hub
regions when a ban on short-haul flights is im-
plemented in Europe?

• How can airline routes be incorporated into the
frequency-based reallocation method?

References

ACI (2024). Airport industry connectivity report
2024. Technical report, ACI Europe.

Adler, N., Nash, C., and Pels, E. (2010). High-
speed rail and air Transport competition: Game
engineering as tool for cost-benefit analysis.
Transportation Research Part B: Methodological,
44(7):812–833.

Athens International Airport (2024). Annual sus-
tainability report.

Baumeister, S. and Leung, A. (2020). The emis-
sions reduction potential of substituting short-haul
flights with non-high-speed rail (nhsr): The case of
finland. Case studies on transport policy.

Brussels Airport (2023). 19 million passengers at
Brussels Airport in 2022, twice as many as in 2021.

Carbon Independent (2025). Aviation emissions.

Copenhagen Airport (2024). Copenhagen Airport
gaining strength as an international hub.

DAAgroup (2024). A world to connect, a future to
protect.
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Appendix A Hub information

City Airport code Transfer
rate

Train
sta-
tion

Transfer-
time train
and plane

Source transfer-ratings

Amsterdam (Schiphol) EHAM 36.3% Yes 75 min Schiphol Airport (2024)

Brussels EBBR 14% Yes 75 min Brussels Airport (2023)

Munich EDDM 45% No 90 min Munchen Airport (2024)

Sofia LBSF 0.9% No 90 min Sofia Airport (2023)

Zagreb LDZA 0.9% No 90 min Based on Sofia airport

Vienna LOWW 22.41% Yes 75 min Flughafen Wien (2024)

Prague LKPR 0.9% No 90 min Based on Sofia

Copenhagen EKCH 21.67% Yes 75 min Copenhagen Airport (2024)

Helsinki (Finavia) EFHK 10.92% No 90 min Finavia (2024)

Paris (Charles de
Gaulle)

LFPG 20% Yes 75 min Groupe ADP (2024)

Frankfurt (Fraport) EDDF 50% Yes 75 min Fraport (2024)

Athens (Athens Intl) LGAV 18.6% Yes 75 min Athens International Airport
(2024)

Budapest (Ferenc
Liszt)

LHBP 0.4% Yes 75 min Based on NACO

Reykjavik-Keflavik BIKF 27% No 90 min Isavia (2024)

Dublin EIDW 3.4% No 90 min DAAgroup (2024)

Rome-Fiumicino LIRF 22.41% Yes 75 min Based on Flughafen Wien
(2024)

Riga EVRA 0.9% Yes 75 min Based on Sofia

Luxembourg ELLX 0.9% No 90 min Based on Sofia

Warsaw-Chopin EPWA 26% No 90 min Warsaw Chopin Airport
(2024)

Lisbon LPPT 20% No 90 min ACI (2024) based on Rome
and Athens airport

Bucharest-Henri
Coandă

LROP 0.9% No 90 min Based on Sofia

Ljubljana LJLJ 0% No 90 min Based on the possible routes
and airlines

Madrid LEMD 33% No 90 min Based on NACO

Stockholm-Arlanda ESSA 7% Yes 75 min Based on 0.5 * Brussels air-
port

Barcelona LEBL 4.9% No 90 min Based on NACO

Table 7: Information about major hubs in the European Union
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City Airport code Transfer
rate

Train
sta-
tion

Transfer-
time train
and plane

Source

Istanbul LTFM 58.1% No 90 min Based on NACO

Oslo ENGM 13% Yes 75 min Based on NACO

Zurich LSZH 29.7% No 90 min Zurich Airport (2024)

London Gatwick EGKK 14% No 90 min Based on Brussels

London Heathrow EGLL 24.6% No 90 min Based on NACO

London Stansted EGSS 7% No 90 min Based on Stockholm airport

Table 8: Information about major hubs outside the European Union (highligted numbers are estimated)

Appendix B Dynamic Restricted Area

This study uses a Frequency-based reallocation method, which examines the probability that a person will switch to
another route. To make this method more realistic, a control is needed that checks whether a switch is logical. The
Dynamic Restricted Area method is used for this purpose. This appendix provides a detailed explanation of how this
method works, illustrated with an example. The formulas for this method can be found in ??.

A Example

To explain the method, an example will be used. This example involves a passenger who just arrived at Schiphol
Airport after a flight from Athens. The passenger wants to transfer to a new flight, and the question is which route
is available for the transfer. From Schiphol, the passenger has three possible options: Abu Dhabi, London, and New
York. The coordinates (latitude and longitude) of these locations are listed in Table 9.

Airport Latitiude Longitude

Schiphol 52.3086 4.76389

Eleftherios Venizelos International Airport 37.93640137 23.94449997

John F Kennedy International Airport 40.6398 -73.7789

Sharjah International Airport 24.433 54.6511

London Heathrow Airport 51.4706 -0.19028

Table 9: Locations of the different airports for the example

The first step to check which transfers make sense is to evaluate the distance the passenger has already traveled and
the distance to any new locations. This information helps determine whether the flight is long-haul, medium-haul,
or short-haul, which is crucial for the next step. The distance is calculated using the Haversine formula. After
calculating the distances,the flights are categorized.

From To Distance (km) Type of flight

Athens (Eleftherios Venizelos) Schiphol 2176 Medium-haul flight

Schiphol JFK (John F. Kennedy) 5857 Long-haul flight

Schiphol Sharjah 5161 Long-haul flight

Schiphol London Heathrow 370 Short-haul flight

Table 10: Type of flights and distances between the airports

After calculating the distance and labelling the flights, it is time to examine the specific routes and the size of the
area that prohibits passengers from transferring. In the study, this was achieved by assigning specific circle sizes to
flight sequence types. Table 11 provides a small example of how this table should be interpreted. First, the flight
that the passenger took to reach the hub is considered. In this example, the passenger arrived at Schiphol after
departing from Athens, which is classified as a medium-haul flight. A possible option for the passenger is to transfer
to JFK. Table 10 indicates that the flight from Schiphol to JFK is a long-haul flight. Adding these two flight types
together, Table 11 shows that the variable θrestrictedi,n,j takes the value of 90. This means that the prohibited area is
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90 degrees wide, making it illogical for the passenger to transfer to a flight within a 90-degree radius of the flight
between Schiphol and Athens.

Before transfer type of flight After transfer type of
flight

θrestrictedi,n,j

Long-haul Long-haul 90

Medium-haul 60

Short-haul 0

Medium-haul Long-haul 90

Medium-haul 120

Short-haul 0

Short-haul Long-haul 0

Medium-haul 120

Short-haul 360

Table 11: Example of how to read the table for route Athens → Schiphol → JFK

In addition to the transfer to JFK, this example also offers the option of transferring to Sharjah. For this flight, the
variable θrestrictedi,n,j is identical to that for the transfer to JFK. However, the transfer to Heathrow is different. The
flight between Schiphol and London is a short-haul flight, while the other is a long-haul flight. Consequently, the
variable θrestrictedi,n,j must assume a different value. This value can be found in Table 12, resulting in a final value of
zero for the variable θrestrictedi,n,j .

Before transfer type of flight After transfer type of
flight

θrestrictedi,n,j

Long-haul Long-haul 90

Medium-haul 60

Short-haul 0

Medium-haul Long-haul 90

Medium-haul 120

Short-haul 0

Short-haul Long-haul 0

Medium-haul 120

Short-haul 360

Table 12: Example of how to read the table for route Athens → Schiphol → Heathrow

The final step of the preparation is to calculate the direction of the various routes. This direction is determined using
the Azimuth formula. When applied to the example, the results shown in Table 13 and 14.

From To θi,n(°)
Athens (Eleftherios Venizelos) Schiphol 322

Table 13: Direction of the route between Athens and Schiphol

From To θn,j(°) θrestrictedi,n,j (°)
Schiphol JFK (John F. Kennedy) 292 90

Schiphol Sharjah 118 90

Schiphol London Heathrow 250 0

Table 14: Direction and the restricted area for possible transfers after the flight from Athens to Schiphol is
taken
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The ultimate goal of this method is to assign the variable Flyi,n,j a value of 1 or 0. This value can be used in
the Frequency-based demand correction method. To determine whether Flyi,n,j should be 1 or 0, the area where
the passenger is not allowed to transfer must first be calculated. Equation 17, 18, 19, 20 and 21 are used for this
calculation.

Formulas Dynamic restricted area calculations:

Flyi,n,j =


1, if θstart restiction

i,n,j ≤ θn,j ≤ θend restriction
i,n,j , when : θstart restiction

i,n,j ≤ θend restriction
i,n,j

1, if θstart restiction
i,n,j ≥ θn,j ≥ θend restriction

i,n,j , when : θstart restiction
i,n,j ≥ θend restriction

i,n,j

0, otherwist

(17)

θmargin
i,n,j =

θrestrictedi,n,j

2
(18)

θcorrectioni,n = (θi,n − 180) mod 360 (19)

θstart restiction
i,n,j = (θcorrectioni,n − θmargin

i,n,j ) mod 360 (20)

θend restriction
i,n,j = (θcorrectioni,n + θmargin

i,n,j ) mod 360 (21)

Where:

Variable Meaning

θi,n Flying direction between airport i and n

θstart restiction
i,n,j Start of the restriction for route i,n,j

θend restriction
i,n,j End of the restriction for route i,n,j

θrestrictedi,n,j The size of the restricted area for route i,n,j

The formulas first calculate the size of the margin in 18, which is used to determine the start and end points of
the ban. Equation 19 then examines the opposite direction of the first flight, as it is necessary to ensure that the
passenger does not travel back along their original route. Once this is established, the start and end points of the
ban can be calculated using Equation 20 and 21 by adding and subtracting the margin from the corrected direction
of travel of the first flight. Equation 17 first checks whether the start point is smaller than the end point. This is
essential because the calculations are based on a circular system; if the value exceeds 360 degrees, the count restarts
at 0 degrees. When the end point exceeds 360 degrees, the start and end points must be interpreted differently.
Once all this is completed, one can check whether the direction θn,j of the potential transfer route falls within the
forbidden area. If it does, the variable Flyi,n,j is assigned the value zero; otherwise, it is assigned the value one.

To complete the example illustrated in this Appendix, the following calculations need to be made, as shown below.
For the route Athens → Schiphol → JFK, Figure 19 has been created to clarify the calculations.

Dynamic restricted area calculations for Athens → Schiphol → JFK and Athens → Schiphol → Sharjah

θmargin
Athens,Schiphol,Sharjah = θmargin

Athens,Schiphol,JFK =
90

2
= 45

θcorrectionAthens,Schiphol = 322− 180 = 142

θstart restiction
Athens,Schiphol,Sharjah = θstart restiction

Athens,Schiphol,JFK = 142− 45 = 97

θend restriction
Athens,Schiphol,Sharjah = θend restriction

Athens,Schiphol,JFK = 142 + 45 = 187

FlyAthens,Schiphol,JFK =

1, if 97 ≤ θSchiphol,JFK ≤ 187

0, otherwist
= 1

FlyAthens,Schiphol,Sharjah =

1, if 97 ≤ θSchiphol,Sharjah ≤ 187

0, otherwist
= 0
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Figure 19: Example illustration if the transfer to the routes Schiphol → JFK and Schiphol → Sharjah is
possible

Dynamic restricted area calculations for Athens → Schiphol → Heathrow

θhalf restricted
Athens,Schiphol,Heathrow =

0

2
= 0

θcorrection angle
Athens,Schiphol = 322− 180 = 142

θstart restiction
Athens,Schiphol,Heathrow = 142− 0 = 142

θend restriction
Athens,Schiphol,Heathrow = 142 + 0 = 142

FlyAthens,Schiphol,Heathrow =

1, if 142 ≤ θSchiphol,Heathrow ≤ 142

0, otherwist
= 1

Finally, if the calculations for the Dynamic Restricted Area are complete, it means that a passenger arriving from
Athens and wishing to transfer at Schiphol would logically transfer to London Heathrow or JFK. A transfer to Sharjah
does not make sense and will therefore not be possible.

Appendix C Information about the case study

This appendix is about the case study performed in the
validation and verification section. In the appendix dif-
ferent information about the case study will be given.
The case study is designed to be completely identical to
the main study. This means that all steps and parame-
ters are the same, with the only difference being the input
data. A small selection of different routes has been incor-
porated into the system, as detailed in Table 15. The
choice of routes is based on the premise that various as-

pects can be investigated and tested. For instance, routes
to Istanbul and London have been included, as well as
routes to more remote areas of Europe. As shown in the
table, the centre of the routes is at Schiphol and Frank-
furt. This allows for a close examination of the reac-
tions of hubs when processing the algorithm. Routes to
countries outside the EU have also been added to assess
whether passengers can utilise the hub and spoke network.
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Table 15: Arrival and Departure Airports in the small model used to validate the algoritme

Departure Airport Arrival Airport

AMSTERDAM/SCHIPHOL airport ABU DHABI INTERNATIONAL airport

AMSTERDAM/SCHIPHOL airport BARCELONA/EL PRAT airport

AMSTERDAM/SCHIPHOL airport BOLOGNA/BORGO PANIGALE airport

AMSTERDAM/SCHIPHOL airport BRUSSELS airport

AMSTERDAM/SCHIPHOL airport BUDAPEST/LISZT FERENC INTERNATIONAL airport

AMSTERDAM/SCHIPHOL airport DUBLIN airport

AMSTERDAM/SCHIPHOL airport FRANKFURT/MAIN airport

AMSTERDAM/SCHIPHOL airport KOBENHAVN/KASTRUP airport

AMSTERDAM/SCHIPHOL airport LONDON GATWICK airport

AMSTERDAM/SCHIPHOL airport LONDON HEATHROW airport

AMSTERDAM/SCHIPHOL airport LONDON/CITY airport

AMSTERDAM/SCHIPHOL airport LUXEMBOURG airport

AMSTERDAM/SCHIPHOL airport NEW YORK/JOHN F. KENNEDY INTERNATIONAL, NY. airport

AMSTERDAM/SCHIPHOL airport PARIS-CHARLES DE GAULLE airport

AMSTERDAM/SCHIPHOL airport ROMA/FIUMICINO airport

AMSTERDAM/SCHIPHOL airport SINGAPORE/CHANGI airport

AMSTERDAM/SCHIPHOL airport STOCKHOLM/ARLANDA airport

AMSTERDAM/SCHIPHOL airport VALENCIA airport

AMSTERDAM/SCHIPHOL airport VENEZIA/TESSERA airport

BARCELONA/EL PRAT airport LONDON GATWICK airport

BARCELONA/EL PRAT airport LONDON HEATHROW airport

BARCELONA/EL PRAT airport PARIS-CHARLES DE GAULLE airport

BARCELONA/EL PRAT airport ROMA/FIUMICINO airport

BRUSSELS airport ABU DHABI INTERNATIONAL airport

BRUSSELS airport ATHINAI/ELEFTHERIOS VENIZELOS airport

BRUSSELS airport DUBLIN airport

BRUSSELS airport ISTANBUL/SABIHA GOKCEN airport

BRUSSELS airport OSLO/GARDERMOEN airport

DUBLIN airport LONDON HEATHROW airport

FRANKFURT/MAIN airport BOLOGNA/BORGO PANIGALE airport

FRANKFURT/MAIN airport DUBLIN airport

FRANKFURT/MAIN airport ISTANBUL/SABIHA GOKCEN airport

FRANKFURT/MAIN airport LONDON GATWICK airport

FRANKFURT/MAIN airport LONDON HEATHROW airport

FRANKFURT/MAIN airport LONDON/CITY airport

FRANKFURT/MAIN airport ROMA/FIUMICINO airport

FRANKFURT/MAIN airport TRIESTE/RONCHI DEI LEGIONARI airport

FRANKFURT/MAIN airport VENEZIA/TESSERA airport

FRANKFURT/MAIN airport VERONA/VILLAFRANCA airport

ISTANBUL/SABIHA GOKCEN airport ABU DHABI INTERNATIONAL airport

MUENCHEN airport AMSTERDAM/SCHIPHOL airport

MUENCHEN airport NAPOLI/CAPODICHINO airport

MUENCHEN airport PARIS-CHARLES DE GAULLE airport

MUENCHEN airport RIGA airport

MUENCHEN airport SINGAPORE/CHANGI airport

MUENCHEN airport WIEN-SCHWECHAT airport

NEW YORK/JOHN F. KENNEDY INTERNA-
TIONAL, NY. Airport

LONDON HEATHROW airport

ROMA/FIUMICINO airport DUBLIN airport

ROMA/FIUMICINO airport ISTANBUL/SABIHA GOKCEN airport
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B
Formula sheet

This appendix presents the various formulas used in this research, displayed in the order they were developed in
the algorithm.

B.1. Airport data correction for transfer passengers formulas
Frequency-based demand correction method

Nij + Tij = Dij ∀i, j ∈ N (B.1)
Xij ∗ (1− (transj ∗Hubj)) = Nij ∀i, j ∈ N (B.2)∑
n∈N

Xin ∗ transn ∗Hubn ∗ ( Xn,j

(
∑

m∈N Xnm ∗ Flyi,n,j)−Xin
)) ∗ Flyi,n,j = Tij ∀i, j ∈ N (B.3)

Where:

Variable Meaning
N Sets of airports where: n, j, i ∈ N
Dij Demand between city i and j
Tij Passeners with a transfer traveling between city i and j
Nij passengers traveling without a transfer between city i and j
transi Transfer rate at airport i
Hubi 1 if airport i is a hub zero otherwise
Flyi,j,n 1 if a passenger can transfer towards route n to j, after traveling on route i,n. Zero otherwise

Haversine formula
a = sin2

(
∆ϕ

2

)
+ cos(ϕ1) · cos(ϕ2) · sin2

(
∆λ

2

)
d = 2r · arcsin

(√
a
)

Azimuth formula

θin = arctan 2 (sin(∆λ) · cos(ϕ2), cos(ϕ1) · sin(ϕ2)− sin(ϕ1) · cos(ϕ2) · cos(∆λ))

Dynamic restricted area formula

Flyi,n,j =


1, if θstart_restictioni,n,j ≤ θnj ≤ θend_restriction

i,n,j , when : θstart_restictioni,n,j ≤ θend_restriction
i,n,j

1, if θstart_restictioni,n,j ≥ θnj ≥ θend_restriction
i,n,j , when : θstart_restictioni,n,j ≥ θend_restriction

i,n,j

0, otherwist

θhalf_restrictedi,n,j =
θrestrictedi,n,j

2

θcorrection_angle
i,n = (θi,n − 180) mod 360

θstart_restictioni,n,j = (θcorrection_angle
i,n − θhalf_restrictedi,n,j ) mod 360

94
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θend_restriction
i,n,j = (θcorrection_angle

i,n + θhalf_restrictedi,n,j ) mod 360

Where:

Variable Meaning
ϕ1, ϕ2 Latitudes of the two points (in radians)
λ1, λ2 Longitudes of the two points (in radians)
∆ϕ ϕ2 − ϕ1, difference in latitudes
∆λ λ2 − λ1, difference in longitudes
r Radius of the sphere (e.g., Earth’s radius)
a Intermediate value in the Haversine formula
d Great-circle distance between the two points
θi,n Flying direction between airport i and n
θstart_restictioni,n,j Start of the restriction for route i,n,j
θend_restriction
i,n,j End of the restriction for route i,n,j
θrestrictedi,n,j The size of the restricted area for route i,n,j

B.2. City to City demand estimation formulas
Utility function

Ufp
i,x,y,j = α1 ·

(
tacsi,x + tacsi,x ·BBi,x

)
+ α2 ·

(
tegry,j + tegry,j ·BBy,j

)
+ α3 · tDST

x,y (B.4)

p(m) =
e−U

fp
i,x,y,j∑

l∈R e−U
fp
i,x,y,j

, ∀ r ∈ R (B.5)

Where:

Variable Meaning
tacsi,x Access time between vi and apx,
tegry,j Egress time between apy and vj ,

BBi,x Border barrier between vi and apx; (0 if same country, else 1),
BBy,j Border barrier between apy and vj ; (0 if same country, else 1),
tDST
x,y Displaced schedule time for route between apx and apy;

(
1
4
of headway hx,y

)
.

p(m) Change that route m is chosen

Random regret equations

Rr =
∑
n ̸=r

∑
TT

ln
(
1 + eγTT ·(αnTT xnTT −xrTT )

)
− ln(2), ∀ r ∈ Reu (B.6)

P (m) =
e−Rr∑
l∈R e−Rl

, ∀ r ∈ Reu (B.7)

Where:

Variable Meaning
Rr Regret value for route option r
γTT Sensitivity parameter for the travel time attribute
αnTT Coefficient associated with travel time attribute TT
xnTT Attribute value of travel time for route n
xmTT Attribute value of travel time for route m
Reu Set of all available route options that start and end in Europe
P (m) Change that route m is chosen

Line Potential Determination

MSair, est
i,j = P (m) (B.8)

Potentiali,x,y,j = MSair, est
i,j ·

(
vpopi · vpopj

DSroad
i,j /fdetourcar

)
· p(m) (B.9)
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Where:

Variable Meaning
Potentiali,x,y,j Represents a relative number of passengers that would like to take the flight from apx to apy

When travelling between cities vi and vj
MSair,est

i,j Indicates the change of passengers that would opt for a flying option
vpopi Population of city i

DSroad
i,j Distance between city i and city j

fdetour
car Detour factor car

Marketshare calculation

Marketsharei,x,y,j =
Potentiali,x,y,j∑

i∈V 2.5

∑
j∈V 2.5 (Potentiali,x,y,j)

(B.10)

City city demand calculation

DMair
i,j =

∑
x

∑
y

(
Marketsharei,x,y,j ×Npax

x,y

)
∀ x, y ∈ AP (B.11)

Where:

DMair
i,j The amount of passengers traveling between city i and j

Marketsharei,x,y,j The market share on route i,x,y,h
Npax

x,y The amount of passengers travelling on edge x and y

B.3. The formulas used to build the ban on short-haul flights
Distance-based ban calculations

TTAB = ((disAB/AV E
planespeed
ab ) + Ttaxi) ∗Banab (B.12)

Banab =

{
1, if disAB >= Disban

0, otherwist
(B.13)

Where:

Variable Meaning
TTAB Total flight time between airport A and Airport B in hours
disAB Distance between airport A and airport B in km
Disban Distance based ban value in km
AV E

planespeed
ab Average speed plane in km/hour

Ttaxi Taxi time plane
Banab 1 if there is not a ban on the flight, 0 otherwise

Time-based ban calculations

TTPlane
AB = ((dAB/AV E

planespeed
AB ) + Ttaxi) ∗Banab (B.14)

aAX = sin2

(
∆ϕ

2

)
+ cos(ϕA) · cos(ϕX) · sin2

(
∆λ

2

)
(B.15)

aBY = sin2

(
∆ϕ

2

)
+ cos(ϕB) · cos(ϕY ) · sin2

(
∆λ

2

)
(B.16)

dAX = 2r · arcsin
(√

a
)

(B.17)
dBY = 2r · arcsin

(√
a
)

(B.18)

disAX =

{
1, if dAX <= 50
0, otherwise

(B.19)

disBY =

{
1, if dBY <= 50
0, otherwise

(B.20)
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BanAB =

{
1, if TTHSR

XAYB
>= Tban

1− (dAX ∗ dBY ), otherwist
(B.21)

Where:

Variable Meaning
TTPlane

AB Total flight time between airport A and Airport B in hours
TTHSR

XAYB
Travel time between connected city x to airport A and connected city y to airport B

disAX 1 if city X is in the service area of airport A
Tban Time based ban value in hours
AV E

planespeed
ab Average speed plane in km/hour

Ttaxi Taxi time plane
Banab 1 if there is not a ban on the flight, 0 otherwise
ϕ1, ϕ2 Latitudes of the two points (in radians)
∆ϕ ϕ2 − ϕ1, difference in latitudes
∆λ λ2 − λ1, difference in longitudes
r Radius of the sphere (e.g., Earth’s radius)
aax Intermediate value in the Haversine formula between airport a and city x
dax Great-circle distance between airport a and city x

Random Regret formula

Rr =
∑
n ̸=r

∑
TT

ln
(
1 + eγTT ·(αnTT xnTT −xrTT )

)
− ln(2), ∀ r ∈ R (B.22)

P (m) =
e−Rr∑
l∈R e−Rl

, ∀ r ∈ R (B.23)

Where:

Variable Meaning
Rr Regret value for route option r
γTT Sensitivity parameter for the travel time attribute
αnTT Coefficient associated with travel time attribute TT
xnTT Attribute value of travel time for route n
xmTT Attribute value of travel time for route m
R Set of all available route options
P (m) Change that route m is chosen

Assignment of passengers towards there specific edge

f(e) =
∑

R∈Re

Pr ·ODi,j , ∀ i, j ∈ I (B.24)

Where:

Variable Meaning
R a route
Re set of routes that pass through edge e
Pr probability of selecting route R
ODi,j number of passengers wanting to travel between city i and j
e an edge in the network
f(e) total passenger flow assigned to edge e
I Set of cities

B.4. Formulas for policy analysis
Formula to calculate the CO2 emissions

TEq =
∑

e∈E⊣⟩∇

fe ∗AEair, ∀ q ∈ Q (B.25)

Where:
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Variable Meaning
Q Set of different scenarios
TE Total emissions of airplanes in Europe
AEair Average emissions per passenger per flight km



C
Dynamic Restricted Area

This study uses a Frequency-based reallocation method, which examines the probability that a person will switch
to another route. To make this method more realistic, a control is needed that checks whether a switch is logical.
The Dynamic Restricted Area method is used for this purpose. This appendix provides a detailed explanation of
how this method works, illustrated with an example. The formulas for this method can be found in Appendix B.

C.1. Example
To explain the method, an example will be used. This example involves a passenger who just arrived at Schiphol
Airport after a flight from Athens. The passenger wants to transfer to a new flight, and the question is which route
is available for the transfer. From Schiphol, the passenger has three possible options: Abu Dhabi, London, and
New York. The coordinates (latitude and longitude) of these locations are listed in Table C.1.

Airport Latitiude Longitude
Schiphol 52.3086 4.76389
Eleftherios Venizelos International Airport 37.93640137 23.94449997
John F Kennedy International Airport 40.6398 -73.7789
Sharjah International Airport 24.433 54.6511
London Heathrow Airport 51.4706 -0.19028

Table C.1: Locations of the different airports for the example

The first step to check which transfers make sense is to evaluate the distance the passenger has already traveled
and the distance to any new locations. This information helps determine whether the flight is long-haul, medium-
haul, or short-haul, which is crucial for the next step. The distance is calculated using the Haversine formula. After
calculating the distances, Table 1.1 is used to categorise the different routes as specific types of flights.

From To Distance (km) Type of flight
Athens (Eleftherios Venizelos) Schiphol 2176 Medium-haul flight
Schiphol JFK (John F. Kennedy) 5857 Long-haul flight
Schiphol Sharjah 5161 Long-haul flight
Schiphol London Heathrow 370 Short-haul flight

Table C.2: Type of flights and distances between the airports

After calculating the distance and labelling the flights, it is time to examine the specific routes and the size of the
area that prohibits passengers from transferring. In the study, this was achieved by assigning specific circle sizes
to flight sequence types. Table C.3 provides a small example of how this table should be interpreted. First, the
flight that the passenger took to reach the hub is considered. In this example, the passenger arrived at Schiphol
after departing from Athens, which is classified as a medium-haul flight. A possible option for the passenger is to
transfer to JFK. Table C.2 indicates that the flight from Schiphol to JFK is a long-haul flight. Adding these two flight
types together, Table C.3 shows that the variable θrestrictedi,n,j takes the value of 90. This means that the prohibited
area is 90 degrees wide, making it illogical for the passenger to transfer to a flight within a 90-degree radius of the
flight between Schiphol and Athens.
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Before transfer type of flight After transfer type of flight θrestrictedi,n,j

Long-haul Long-haul 90
Medium-haul 60
Short-haul 0

Medium-haul Long-haul 90
Medium-haul 120
Short-haul 0

Short-haul Long-haul 0
Medium-haul 120
Short-haul 360

Table C.3: Example of how to read the table for route Athens → Schiphol → JFK

In addition to the transfer to JFK, this example also offers the option of transferring to Sharjah. For this flight, the
variable θrestrictedi,n,j is identical to that for the transfer to JFK. However, the transfer to Heathrow is different. The
flight between Schiphol and London is a short-haul flight, while the other is a long-haul flight. Consequently, the
variable θrestrictedi,n,j must assume a different value. This value can be found in Table C.4, resulting in a final value
of zero for the variable θrestrictedi,n,j .

Before transfer type of flight After transfer type of flight θrestrictedi,n,j

Long-haul Long-haul 90
Medium-haul 60
Short-haul 0

Medium-haul Long-haul 90
Medium-haul 120
Short-haul 0

Short-haul Long-haul 0
Medium-haul 120
Short-haul 360

Table C.4: Example of how to read the table for route Athens → Schiphol → Heathrow

The final step of the preparation is to calculate the direction of the various routes. This direction is determined
using the Azimuth formula. When applied to the example, the results shown in Table C.5 and C.6.

From To θi,n(°)
Athens (Eleftherios Venizelos) Schiphol 322

Table C.5: Direction of the route between Athens and Schiphol

From To θn,j(°) θrestrictedi,n,j (°)
Schiphol JFK (John F. Kennedy) 292 90
Schiphol Sharjah 118 90
Schiphol London Heathrow 250 0

Table C.6: Direction and the restricted area for possible transfers after the flight from Athens to Schiphol is taken

The ultimate goal of this method is to assign the variable Flyi,n,j a value of 1 or 0. This value can be used in the
Frequency-based demand correction method. To determine whether Flyi,n,j should be 1 or 0, the area where the
passenger is not allowed to transfer must first be calculated. Equation C.1, C.2, C.3, C.4 and C.5 are used for this
calculation.

Formulas Dynamic restricted area calculations:

Flyi,n,j =


1, if θstart_restictioni,n,j ≤ θn,j ≤ θend_restriction

i,n,j , when : θstart_restictioni,n,j ≤ θend_restriction
i,n,j

1, if θstart_restictioni,n,j ≥ θn,j ≥ θend_restriction
i,n,j , when : θstart_restictioni,n,j ≥ θend_restriction

i,n,j

0, otherwist
(C.1)

θmargin
i,n,j =

θrestrictedi,n,j

2
(C.2)
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θcorrectioni,n = (θi,n − 180) mod 360 (C.3)

θstart_restictioni,n,j = (θcorrectioni,n − θmargin
i,n,j ) mod 360 (C.4)

θend_restriction
i,n,j = (θcorrectioni,n + θmargin

i,n,j ) mod 360 (C.5)
Where:

Variable Meaning
θi,n Flying direction between airport i and n
θstart_restictioni,n,j Start of the restriction for route i,n,j
θend_restriction
i,n,j End of the restriction for route i,n,j
θrestrictedi,n,j The size of the restricted area for route i,n,j

The formulas first calculate the size of the margin in C.2, which is used to determine the start and end points of
the ban. Equation C.3 then examines the opposite direction of the first flight, as it is necessary to ensure that the
passenger does not travel back along their original route. Once this is established, the start and end points of
the ban can be calculated using Equation C.4 and C.5 by adding and subtracting the margin from the corrected
direction of travel of the first flight. Equation C.1 first checks whether the start point is smaller than the end point.
This is essential because the calculations are based on a circular system; if the value exceeds 360 degrees, the
count restarts at 0 degrees. When the end point exceeds 360 degrees, the start and end points must be interpreted
differently. Once all this is completed, one can check whether the direction θn,j of the potential transfer route falls
within the forbidden area. If it does, the variable Flyi,n,j is assigned the value zero; otherwise, it is assigned the
value one.

To complete the example illustrated in this Appendix, the following calculations need to be made, as shown below.
For the route Athens → Schiphol → JFK, Figure C.1 has been created to clarify the calculations.

Dynamic restricted area calculations for Athens → Schiphol → JFK and Athens → Schiphol → Sharjah

θmargin
Athens,Schiphol,Sharjah = θmargin

Athens,Schiphol,JFK =
90

2
= 45

θcorrectionAthens,Schiphol = 322− 180 = 142

θstart_restictionAthens,Schiphol,Sharjah = θstart_restictionAthens,Schiphol,JFK = 142− 45 = 97

θend_restriction
Athens,Schiphol,Sharjah = θend_restriction

Athens,Schiphol,JFK = 142 + 45 = 187

FlyAthens,Schiphol,JFK =

{
1, if 97 ≤ θSchiphol,JFK ≤ 187

0, otherwist
= 1

FlyAthens,Schiphol,Sharjah =

{
1, if 97 ≤ θSchiphol,Sharjah ≤ 187

0, otherwist
= 0
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Figure C.1: Example illustration if the transfer to the routes Schiphol → JFK and Schiphol → Sharjah is possible

Dynamic restricted area calculations for Athens → Schiphol → Heathrow

θhalf_restrictedAthens,Schiphol,Heathrow =
0

2
= 0

θcorrection_angle
Athens,Schiphol = 322− 180 = 142

θstart_restictionAthens,Schiphol,Heathrow = 142− 0 = 142

θend_restriction
Athens,Schiphol,Heathrow = 142 + 0 = 142

FlyAthens,Schiphol,Heathrow =

{
1, if 142 ≤ θSchiphol,Heathrow ≤ 142

0, otherwist
= 1

Finally, if the calculations for the Dynamic Restricted Area are complete, it means that a passenger arriving from
Athens and wishing to transfer at Schiphol would logically transfer to London Heathrow or JFK. A transfer to Sharjah
does not make sense and will therefore not be possible.



D
Removed airports

This appendix provides an overview of the removed data for this study. The data comes from Eurostat (2025) and
consists of information on passengers departing from a hub to all other airports. The data is from 2023, except
for that of the United Kingdom, which is from 2019. This is because data from England is no longer updated in
Eurostat since the UK has left the EU. Several airports and their associated routes have been removed from the
data for various reasons.

Domestic Flights in Turkey to Small Cities
This is a list of airports in Turkey that only have routes to Istanbul. Since this falls outside EU legislation, these
data are not relevant to the study. Therefore, it was decided to remove it.

• LTFO – Afyon Airport
• LTFH – Samsun-Çarşamba Airport
• LTFG – Gazipaşa-Alanya Airport
• LTFE – Milas–Bodrum Airport
• LTFD – Balıkesir Airport
• LTDA – Iğdır Airport
• LTCW – Siirt Airport
• LTCV – Şırnak Airport
• LTCU – Muş Airport
• LTCT – Batman Airport
• LTCS – Mardin Airport
• LTCR – Şanlıurfa GAP Airport
• LTCP – Adıyaman Airport
• LTCO – Erzincan Airport
• LTCN – Kahramanmaraş Airport
• LTCM – Sinop Airport
• LTCK – Kars Harakani Airport
• LTCJ – Ağrı Airport
• LTCI – Van Ferit Melen Airport
• LTCG – Ordu–Giresun Airport
• LTCF – Elazığ Airport
• LTCE – Erzurum Airport
• LTCD – Malatya Erhaç Airport
• LTCC – Diyarbakır Airport
• LTCB – Bingöl Airport
• LTCA – Uşak Airport
• LTAZ – Nevşehir Kapadokya Airport
• LTAY – Denizli Çardak Airport
• LTAW – Tokat Airport
• LTAT – Afyon Airport
• LTAP – Amasya Merzifon Airport

103



104

Flights Only via Istanbul
This is a list of airports that had routes to Istanbul. The list includes airports outside of Turkey, but since Turkey is
not a member of the EU, this does not affect the final result. Therefore, it was decided to remove these airports.

• URMM – Mineralnye Vody Airport, Russia
• UTDD – Dushanbe International Airport, Tajikistan
• RPLL – Ninoy Aquino International Airport, Philippines
• OAKB – Kabul International Airport, Afghanistan
• OPKZ – Peshawar International Airport, Pakistan
• OISS – Shiraz International Airport, Iran
• OIMM – Mashhad International Airport, Iran
• OITT – Tabriz International Airport, Iran
• ORER – Erbil International Airport, Iraq
• ORBI – Baghdad International Airport, Iraq
• ORMM – Basra International Airport, Iraq
• UTAA – Ashgabat International Airport, Turkmenistan
• OEMA – Medina Airport, Saudi Arabia
• OEDF – King Fahd International Airport, Saudi Arabia
• OMSJ – Sharjah International Airport, UAE
• VNKT – Tribhuvan International Airport, Nepal
• VGHS – Hazrat Shahjalal International Airport, Bangladesh
• ZMCK – Chinggis Khaan International Airport, Mongolia
• HEBA – Borg El Arab Airport, Egypt
• HTDA – Julius Nyerere International Airport, Tanzania

Flights Only via London
This list comprises airports that exclusively operate routes to London. Given that London is located in the United
Kingdom, which is no longer a member of the European Union, it has been determined that these airports with the
specified routes should be excluded, as their removal will not significantly affect the results.

• VAAH – Sardar Vallabhbhai Patel International Airport, India
• VOHS – Rajiv Gandhi International Airport, India
• VCBI – Bandaranaike International Airport, Sri Lanka
• VGZR – Hazrat Shahjalal International Airport, Bangladesh
• WBSB – Brunei International Airport, Brunei
• YPPH – Perth Airport, Australia
• YSSY – Sydney Kingsford Smith Airport, Australia
• GVBA – Nelson Mandela International Airport, Cape Verde
• TBPB – Grantley Adams International Airport, Barbados
• TLPL – Hewanorra International Airport, St. Lucia
• TAPA – V. C. Bird International Airport, Antigua
• MKJS – Sangster International Airport, Jamaica
• MKJP – Norman Manley International Airport, Jamaica
• KAUS – Austin–Bergstrom International Airport, USA
• KMSY – Louis Armstrong New Orleans International Airport, USA
• EGJJ – Jersey Airport, UK
• EGJB – Guernsey Airport, UK
• EIKN – Ireland West Airport Knock, Ireland

Only Domestic Flights Without Alternatives
This list comprises airports that focus exclusively on domestic flights. There are no alternatives to these airports,
and no nearby cities are included in the study. Therefore, it was decided to exclude these airports from the study.

• EFRO – Rovaniemi Airport, Finland
• EFIV – Ivalo Airport, Finland
• EFKT – Kittilä Airport, Finland
• EFKU – Kuopio Airport, Finland



105

No Nearby Cities in Study
This is a list of airports not connected to a city in the study, as not all cities were included. Since passengers do
not have a final destination, it was decided to exclude these airports from the study.

• LEAS – Asturias Airport, Spain
• LECO – A Coruña Airport, Spain
• LEST – Santiago de Compostela Airport, Spain
• LXGB – Gibraltar International Airport, Gibraltar
• LEAM – Almería Airport, Spain
• LGKR – Corfu International Airport, Greece
• LGPZ – Aktion National Airport, Greece
• LICR – Reggio Calabria Airport, Italy
• LICA – Lamezia Terme International Airport, Italy
• EKRN – Bornholm Airport, Denmark
• EPCY – Częstochowa-Rudniki Airport, Poland
• EPBY – Bydgoszcz Ignacy Jan Paderewski Airport, Poland
• EFVA – Vaasa Airport, Finland
• EYKA – Kaunas Airport, Lithuania
• LRSV – Suceava Airport, Romania
• LRTR – Timi�oara Traian Vuia International Airport, Romania
• LROD – Oradea International Airport, Romania
• LGMK – Mykonos Airport, Greece
• LGSA – Chania International Airport, Greece
• LBWN – Varna Airport, Bulgaria
• LEMG – Málaga Airport, Spain
• BGSF – Kangerlussuaq Airport, Greenland

Special Case
This last airport was removed because the data towards this airport was incomplete. Therefore it could not be
included in this research.

• WIII – Soekarno–Hatta International Airport, Indonesia



E
Information about the case study

This appendix is about the case study performed in chapter 5. In the appendix different information about the case
study will be given.
The case study is designed to be completely identical to the main study. This means that all steps and parameters
are the same, with the only difference being the input data. A small selection of different routes has been incorpo-
rated into the system, as detailed in Table E.1. The choice of routes is based on the premise that various aspects
can be investigated and tested. For instance, routes to Istanbul and London have been included, as well as routes
to more remote areas of Europe. As shown in the table, the centre of the routes is at Schiphol and Frankfurt. This
allows for a close examination of the reactions of hubs when processing the algorithm. Routes to countries outside
the EU have also been added to assess whether passengers can utilise the hub and spoke network.
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Departure Airport Arrival Airport
AMSTERDAM/SCHIPHOL airport ABU DHABI INTERNATIONAL airport
AMSTERDAM/SCHIPHOL airport BARCELONA/EL PRAT airport
AMSTERDAM/SCHIPHOL airport BOLOGNA/BORGO PANIGALE airport
AMSTERDAM/SCHIPHOL airport BRUSSELS airport
AMSTERDAM/SCHIPHOL airport BUDAPEST/LISZT FERENC INTERNATIONAL airport
AMSTERDAM/SCHIPHOL airport DUBLIN airport
AMSTERDAM/SCHIPHOL airport FRANKFURT/MAIN airport
AMSTERDAM/SCHIPHOL airport KOBENHAVN/KASTRUP airport
AMSTERDAM/SCHIPHOL airport LONDON GATWICK airport
AMSTERDAM/SCHIPHOL airport LONDON HEATHROW airport
AMSTERDAM/SCHIPHOL airport LONDON/CITY airport
AMSTERDAM/SCHIPHOL airport LUXEMBOURG airport
AMSTERDAM/SCHIPHOL airport NEW YORK/JOHN F. KENNEDY INTERNATIONAL, NY. air-

port
AMSTERDAM/SCHIPHOL airport PARIS-CHARLES DE GAULLE airport
AMSTERDAM/SCHIPHOL airport ROMA/FIUMICINO airport
AMSTERDAM/SCHIPHOL airport SINGAPORE/CHANGI airport
AMSTERDAM/SCHIPHOL airport STOCKHOLM/ARLANDA airport
AMSTERDAM/SCHIPHOL airport VALENCIA airport
AMSTERDAM/SCHIPHOL airport VENEZIA/TESSERA airport
BARCELONA/EL PRAT airport LONDON GATWICK airport
BARCELONA/EL PRAT airport LONDON HEATHROW airport
BARCELONA/EL PRAT airport PARIS-CHARLES DE GAULLE airport
BARCELONA/EL PRAT airport ROMA/FIUMICINO airport
BRUSSELS airport ABU DHABI INTERNATIONAL airport
BRUSSELS airport ATHINAI/ELEFTHERIOS VENIZELOS airport
BRUSSELS airport DUBLIN airport
BRUSSELS airport ISTANBUL/SABIHA GOKCEN airport
BRUSSELS airport OSLO/GARDERMOEN airport
DUBLIN airport LONDON HEATHROW airport
FRANKFURT/MAIN airport BOLOGNA/BORGO PANIGALE airport
FRANKFURT/MAIN airport DUBLIN airport
FRANKFURT/MAIN airport ISTANBUL/SABIHA GOKCEN airport
FRANKFURT/MAIN airport LONDON GATWICK airport
FRANKFURT/MAIN airport LONDON HEATHROW airport
FRANKFURT/MAIN airport LONDON/CITY airport
FRANKFURT/MAIN airport ROMA/FIUMICINO airport
FRANKFURT/MAIN airport TRIESTE/RONCHI DEI LEGIONARI airport
FRANKFURT/MAIN airport VENEZIA/TESSERA airport
FRANKFURT/MAIN airport VERONA/VILLAFRANCA airport
ISTANBUL/SABIHA GOKCEN airport ABU DHABI INTERNATIONAL airport
MUENCHEN airport AMSTERDAM/SCHIPHOL airport
MUENCHEN airport NAPOLI/CAPODICHINO airport
MUENCHEN airport PARIS-CHARLES DE GAULLE airport
MUENCHEN airport RIGA airport
MUENCHEN airport SINGAPORE/CHANGI airport
MUENCHEN airport WIEN-SCHWECHAT airport
NEW YORK/JOHN F. KENNEDY INTER-
NATIONAL, NY. Airport

LONDON HEATHROW airport

ROMA/FIUMICINO airport DUBLIN airport
ROMA/FIUMICINO airport ISTANBUL/SABIHA GOKCEN airport

Table E.1: Arrival and Departure Airports in the small model used to validate the algoritme



F
Benefits of a HSR station at the airport
To promote the Air-Rail use the study sugested that it is necessary for airports to have a HSR station. This will
stimulate the use of the HSR network. However, what benefits does an HSR station in an airport offer passengers?
To understand this, it is important to consider the average time required between arrival and departure. As an air-
port is often a hub of multiple mobilities, arrival can occur through various options. To understand the influence
of an HSR station, a few examples will be discussed below regarding the time it takes to enter and leave an airport.

F.0.1. Arriving by car
Figure F.1 provides a brief overview of what arriving at an airport by car might entail. At Schiphol and other airports,
individuals are advised to arrive three hours before departure when driving. This is due to the often complicated
nature of parking, which can be crowded and make finding a spot challenging. Additionally, parking spaces at
large airports are frequently spacious but located further from the terminal, resulting in long walking distances for
passengers. Upon arriving at the terminal, a standard process begins that all types of passengers must go through.
This will not differ for those arriving with different mobility needs. In total arriving by car will approximately take 180
minutes.

Figure F.1: Arriving by car

F.0.2. Departing without an HSR station
After an aircraft lands at the airport, the passenger has two options: either leave the airport and transfer to another
mode of transport or transfer to another aircraft. Switching to another mode of transport includes options such as
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a bus or taxi. To provide clarity, the high-speed rail (HSR) will also be compared to a car. Additionally, transferring
to another flight will be considered, as this study ultimately focuses on two options for the passenger: a transfer
between two planes or a transfer to a train.

Figure F.2 shows a simplified representation of the different steps a passenger must go through when arriving at
an airport and changing to another mode of transport. The initial steps are the same for all passengers, regardless
of whether they transfer to a bus or a car. Note that when a passenger has a transfer between two aircraft, this
process differs.

The process begins with leaving the aircraft. Once the passenger has disembarked, they must go through pass-
port control. For passengers arriving from Europe, this will be quicker than for those who need to apply for a
visa. However, the difference in processing times is offset by the luggage. This is because the luggage arrives
simultaneously and must be unloaded from the aircraft first, which can take some time. Therefore, it will ultimately
take all passengers about 40 minutes to exit the airside of the airport.

The moment passengers leave the airside, the process varies for each mobility option. For a passenger using a
car, the first step is to head to the parking garage to retrieve the vehicle. According to Schiphol, this walk should
take about five minutes (Schiphol Airport (2024)). Once at the car, the passenger simply needs to get in and drive
away. This means that when a passenger uses a car, it will take approximately 45 minutes after leaving the plane
before they are completely gone.

Figure F.2: Leaving the airport by car

The moment a passenger transfers between two aircraft, the process differs from when a passenger changes mo-
bility. Figure F.3 illustrates a scenario where a passenger transfers between two flights within the Schengen area.
In the figure, two different flows are highlighted; the first is the process the passenger must follow to reach the new
gate, which takes only 15 minutes. This changes when an airport is not a hub, as the passenger must leave the
airside and check in again. If this occurs, it will cost the passenger at least an extra 60 minutes of transfer time.

When the passenger arrives at the gate, he must wait until the flight departs. This is where the bottleneck in the
transfer occurs. The reason the passenger must wait for his next flight is that the luggage is still on the previous
aircraft and needs to be moved to the next one, as shown in Figure F.3. This process takes longer than the
time required for the passenger to switch between gates. Therefore, a passenger’s transfer time depends on the
luggage. According to various airports, including Schiphol and Frankfurt, this process takes around 60 minutes.
Thus, the time to transfer between two flights is approximately 60 minutes.
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Figure F.3: Transfer between two different planes

In this study, in addition to the effect of the ban. The impact of a High-Speed Rail (HSR) station on an airport
will also be examined during periods when the airport’s ban is in effect. When a ban is in place and a passenger
wishes to transfer from an airport to another long-distance transport option, one of the few alternatives to flying is
to use the HSR. If an airport lacks an HSR option, the passenger must travel to the station using another mode of
transport. The steps a passenger must take in this situation are illustrated in Figure F.4.

To leave the airside, the passenger must follow the same procedures as other systems to switch between different
mobility options. Once outside the airport, the passenger will need to find a taxi, which are often parked in front of
the airport. This allows the passenger to immediately get into the taxi and head to the train station. The ride will
take approximately 15 minutes, though it may be longer or shorter depending on the location of the airport and the
station. Upon arrival at the station, the passenger will exit the taxi and enter the station.

Upon arriving at the station, the passenger must wait for the train. This waiting time can vary for each passenger,
as they may arrive at different times. Generally, it is expected that the HSR will run once an hour. While this may
not be the case everywhere, this research assumes that there will always be an HSR departing from the station
every hour, resulting in an average wait of 30 minutes for the train. Overall, it will take about 90 minutes for a
passenger to transfer to an HSR when it is not at the station. This can be increased by a longer taxi ride.
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Figure F.4: Transfer between air and rail when there isn’t a HSR station at the airport

F.0.3. Airports with HSR stations
When an airport has an HSR station, the transfer and arrival times of passengers differ from those of arriving by
car. To provide a clearer picture, two scenarios will be considered. The first is a passenger arriving by train at the
airport, and the second is a transfer where a passenger connects to a HSR train at the airport station.

To begin, the process of arriving at an airport via train will be examined. The process a passenger must go through
is shown in Figure F.5. In comparison to the car depicted in Figure F.1, the first point to note is that the process
starting from check-in is the same, providing little advantage or disadvantage for the passenger. What significantly
affects travel time is the absence of parking time for train passengers. This greatly reduces the time needed to
enter the airport. Additionally, the train station is often located below the airport, which further contributes to the
speed of arriving by train compared to by car. According to Schiphol’s advice, it is noteworthy that they recommend
passengers arriving by train only need to be present two hours in advance, while those arriving by car are advised
to arrive three hours in advance.
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Figure F.5: Arriving by train

When a passenger wants to transfer from an aircraft to the HSR, there are two options. The first option, where an
airport does not own an HSR station, is illustrated in Figure F.4. If an airport does own an HSR station, it will have
a different impact on the passenger. Figure F.6 provides a brief overview of this scenario.

The moment an airport owns an HSR station, it also impacts passenger transfers. In the initial phase of the transfer,
nothing will actually change. Passengers must still leave the airport’s airside first, which takes about 40 minutes.
Once they have exited airside, they can begin walking towards the station. The station is often located beneath
the airport itself and is easily accessible from the terminal. According to Schiphol’s site(Schiphol Airport (2024)),
this walk will take about 5 minutes. Upon reaching the station, passengers should account for waiting time. As
noted earlier, this study assumes that one HSR train runs every hour, resulting in an average waiting time of 30
minutes.

Figure F.6: Transfer between air and rail when there is a HSR station at the airport

In the end, the passenger always has to wait at the station for the train. The key difference lies primarily in the
travel time between the airport and the station. Additionally, a taxi ride between two long-distance locations can
cause significant stress for the passenger. Therefore, it can be expected that a passenger will be less inclined to
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use the HSR if it is not available at the station.

Within this study, passengers also have the option to transfer to a new flight. When comparing this type of transfer
with an Air-Rail transfer, it is evident that the Air-Air transfer is faster overall. This can be attributed to the relatively
high average waiting time on the HSR. If a passenger plans their journey more effectively, this waiting time may
decrease. However, the results still indicate that passengers are more likely to choose a transfer to a new flight
than to an HSR.



G
Data of the different cities used in this

stuy

114



115

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

Ti
ra
na

TI
R
A

41
.3
26
87
33

19
.8
18
79
13

T
89
5,
16
0

Al
ba
ni
a

AL
EU

Li
nz

LI
N
Z

48
.3
05
90
78

14
.2
86
19
8

L
80
1,
08
5

Au
st
ria

AT
EU

Vi
en
na

VI
EN

48
.2
08
35
37

16
.3
72
50
42

V
2,
85
3,
90
3

Au
st
ria

AT
EU

M
in
sk

M
IN
S

53
.9
02
33
4

27
.5
61
87
91

M
2,
64
5,
50
0

Be
la
ru
s

BY
EU

An
tw
er
pe
n

AN
TW

51
.2
21
10
97

4.
39
97
08
1

A
1,
05
3,
03
3

Be
lg
iu
m

BE
EU

Br
us
se
ls

BR
U
S

50
.8
46
55
73

4.
35
16
97

B
2,
54
8,
94
1

Be
lg
iu
m

BE
EU

G
en
t

G
EN

T
51
.0
53
82
86

3.
72
50
12
1

G
64
6,
06
8

Be
lg
iu
m

BE
EU

Li
eg
e

LI
EG

50
.6
45
13
81

5.
57
34
20
3

L
70
8,
12
5

Be
lg
iu
m

BE
EU

Sa
ra
je
vo

SA
R
A

43
.8
51
97
74

18
.3
86
68
68

S
55
5,
21
0

Bo
sn
ia

an
d

H
er
ze
-

go
vi
na

BA
EU

Pl
ov
di
v

PL
O
V

42
.1
41
85
41

24
.7
49
92
97

P
66
8,
33
4

Bu
lg
ar
ia

BG
EU

So
fia

SO
FI

42
.6
97
86
34

23
.3
22
17
89

S
1,
67
8,
04
1

Bu
lg
ar
ia

BG
EU

Za
gr
eb

ZA
G
R

45
.8
13
17
7

15
.9
77
04
8

Z
1,
24
0,
43
3

C
ro
at
ia

H
R

EU
Br
no

BR
N
O

49
.1
92
24
43

16
.6
11
33
82

B
1,
18
7,
66
7

C
ze
ch

R
ep
ub
lic

C
Z

EU
O
st
ra
va

O
ST

R
49
.8
34
91
39

18
.2
82
00
84

O
1,
20
3,
29
9

C
ze
ch

R
ep
ub
lic

C
Z

EU
Pr
ag
ue

PR
AG

50
.0
87
46
54

14
.4
21
25
35

P
2,
67
7,
96
4

C
ze
ch

R
ep
ub
lic

C
Z

EU
Ar
hu
s

AR
H
U

56
.1
49
62
78

10
.2
13
40
46

A
89
0,
56
7

D
en
m
ar
k

D
K

EU
C
op
en
ha
ge
n

C
O
PE

55
.6
86
72
43

12
.5
70
07
24

C
2,
04
5,
25
9

D
en
m
ar
k

D
K

EU
Ta
llin

n
TA

LL
59
.4
37
21
55

24
.7
45
36
88

T
59
9,
47
8

Es
to
ni
a

EE
EU

H
el
si
nk
i

H
EL

S
60
.1
67
40
98

24
.9
42
57
69

H
1,
67
1,
02
4

Fi
nl
an
d

FI
EU

Ta
m
pe
re

TA
M
P

61
.4
98
02
14

23
.7
60
31
18

T
51
5,
09
5

Fi
nl
an
d

FI
EU

Bo
rd
ea
ux

BO
R
D

44
.8
41
22
5

-0
.5
80
03
64

B
1,
61
7,
18
9

Fr
an
ce

FR
EU

G
re
no
bl
e

G
R
EN

45
.1
87
56
02

5.
73
57
81
9

G
1,
26
3,
35
1

Fr
an
ce

FR
EU

Li
lle

LI
LL

50
.6
36
56
54

3.
06
35
28
2

L
2,
59
4,
45
6

Fr
an
ce

FR
EU

Ly
on

LY
O
N

45
.7
57
81
37

4.
83
20
11
4

L
1,
86
5,
53
4

Fr
an
ce

FR
EU

M
ar
se
ille

M
AR

S
43
.2
96
17
43

5.
36
99
52
5

M
3,
10
0,
32
9

Fr
an
ce

FR
EU

M
on
tp
el
lie
r

M
O
N
T

43
.6
11
24
22

3.
87
67
33
7

M
1,
16
6,
07
0

Fr
an
ce

FR
EU

N
an
te
s

N
AN

T
47
.2
18
63
71

-1
.5
54
13
62

N
1,
42
3,
36
5

Fr
an
ce

FR
EU

N
ic
e

N
IC
E

43
.7
00
93
58

7.
26
83
91
2

N
1,
08
0,
81
5

Fr
an
ce

FR
EU

Pa
ris

PA
R
I

48
.8
56
69
69

2.
35
14
61
6

P
12
,2
44
,8
07

Fr
an
ce

FR
EU

R
en
ne
s

R
EN

N
48
.1
11
33
87

-1
.6
80
01
98

R
1,
07
4,
84
1

Fr
an
ce

FR
EU

R
ou
en

R
O
U
E

49
.4
40
45
91

1.
09
39
65
8

R
1,
24
7,
45
2

Fr
an
ce

FR
EU



116

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

St
ra
sb
ou
rg

ST
R
A

48
.5
84
61
4

7.
75
07
12
7

S
1,
13
0,
37
0

Fr
an
ce

FR
EU

To
ul
on

TO
U
N

43
.1
25
73
11

5.
93
04
91
9

T
57
9,
00
0

Fr
an
ce

FR
EU

To
ul
ou
se

TO
U
S

43
.6
04
46
22

1.
44
42
46
9

T
1,
38
8,
44
7

Fr
an
ce

FR
EU

Aa
ch
en

AA
C
H

50
.7
76
35
1

6.
08
38
62

A
55
5,
46
5

G
er
m
an
y

D
E

EU
Be

rli
n

BE
R
L

52
.5
17
03
65

13
.3
88
85
99

B
5,
30
3,
84
6

G
er
m
an
y

D
E

EU
Br
em

en
BR

EM
53
.0
75
81
96

8.
80
71
64
6

B
1,
27
7,
60
9

G
er
m
an
y

D
E

EU
D
re
sd
en

D
R
ES

51
.0
49
32
86

13
.7
38
14
37

D
1,
34
3,
30
5

G
er
m
an
y

D
E

EU
D
us
se
ld
or
f

D
U
SS

51
.2
25
40
18

6.
77
63
13
7

D
1,
55
5,
98
5

G
er
m
an
y

D
E

EU
Fr
an
kf
ur
t

Am
M
ai
n

FR
AN

50
.1
10
64
44

8.
68
20
91
7

F
2,
35
6,
03
5

G
er
m
an
y

D
E

EU

H
am

bu
rg

H
AM

B
53
.5
43
76
6

10
.0
09
91
5

H
3,
32
7,
94
0

G
er
m
an
y

D
E

EU
H
an
no
ve
r

H
AN

N
52
.3
79
09
7

9.
74
29
82

H
1,
31
5,
40
5

G
er
m
an
y

D
E

EU
Ka

rls
ru
he

KA
R
L

49
.0
06
87
25

8.
40
34
75

K
75
7,
32
4

G
er
m
an
y

D
E

EU
Ki
el

KI
EL

54
.3
22
70
85

10
.1
35
55
5

K
64
8,
97
0

G
er
m
an
y

D
E

EU
C
ol
og
ne

C
O
LO

50
.9
38
36
1

6.
95
99
74

C
2,
00
3,
04
6

G
er
m
an
y

D
E

EU
Le
ip
zi
g

LE
IP

51
.3
40
63
21

12
.3
74
73
29

L
1,
04
3,
29
3

G
er
m
an
y

D
E

EU
M
an
nh
ei
m

M
AN

N
49
.4
89
59
1

8.
46
72
36

M
1,
18
9,
07
3

G
er
m
an
y

D
E

EU
M
un
ic
h

M
U
N
I

48
.1
37
10
79

11
.5
75
38
22

M
2,
90
8,
66
4

G
er
m
an
y

D
E

EU
R
uh
rg
eb
ie
t

(E
s-

se
n)

R
U
H
R

51
.4
11
87
42

7.
02
56
98

R
5,
11
1,
53
0

G
er
m
an
y

D
E

EU

Sa
ar
br
uc
ke
n

SA
AR

49
.2
34
36
2

6.
99
63
79

S
79
9,
74
6

G
er
m
an
y

D
E

EU
St
ut
tg
ar
t

ST
U
T

48
.7
78
44
85

9.
18
00
13
2

S
2,
78
7,
72
4

G
er
m
an
y

D
E

EU
At
he
ns

AT
H
E

37
.9
83
94
12

23
.7
28
30
52

A
3,
56
1,
75
0

G
re
ec
e

EL
EU

Th
es
sa
lo
ni
ki

TH
ES

40
.6
40
31
67

22
.9
35
27
16

T
1,
10
4,
69
0

G
re
ec
e

EL
EU

Bu
da
pe
st

BU
D
A

47
.4
98
38
15

19
.0
40
47
07

B
3,
03
1,
16
0

H
un
ga
ry

H
U

EU
D
ub
lin

D
U
BL

53
.3
49
76
45

-6
.2
60
27
32

D
2,
10
7,
74
9

Ire
la
nd

IE
EU

Ba
ri

BA
R
I

41
.1
25
78
43

16
.8
62
02
93

B
1,
25
1,
99
4

Ita
ly

IT
EU

Bo
lo
gn
a

BO
LO

44
.4
93
67
14

11
.3
43
03
47

B
1,
01
4,
61
9

Ita
ly

IT
EU

Br
es
ci
a

BR
ES

45
.5
39
84
1

10
.2
22
96

B
1,
26
5,
95
4

Ita
ly

IT
EU

C
at
an
ia

C
AT
A

37
.5
02
23
55

15
.0
87
38

C
1,
10
7,
70
2

Ita
ly

IT
EU

Fl
or
en
ce

FL
O
R

43
.7
69
87
12

11
.2
55
57
57

F
1,
01
1,
34
9

Ita
ly

IT
EU

G
en
oa

G
EN

O
44
.4
07
26

8.
93
38
62
4

G
84
1,
18
0

Ita
ly

IT
EU



117

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

M
ila
no

M
IL
A

45
.4
66
8

9.
19
05

M
4,
35
4,
44
8

Ita
ly

IT
EU

N
ap
ol
i

N
AP

O
40
.8
35
93
36

14
.2
48
78
26

N
3,
08
4,
89
0

Ita
ly

IT
EU

Pa
le
rm
o

PA
LE

38
.1
11
22
68

13
.3
52
44
34

P
1,
25
2,
58
8

Ita
ly

IT
EU

R
om

e
R
O
M
E

41
.8
93
32
03

12
.4
82
93
21

R
4,
34
2,
21
2

Ita
ly

IT
EU

Tu
rin

TU
R
I

45
.0
67
75
51

7.
68
24
89
2

T
2,
25
9,
52
3

Ita
ly

IT
EU

Ve
ni
ce

VE
N
I

45
.4
38
76

12
.3
27
14
5

V
85
3,
33
8

Ita
ly

IT
EU

Ve
ro
na

VE
R
O

45
.4
38
49
58

10
.9
92
41
22

V
92
6,
49
7

Ita
ly

IT
EU

Pr
is
tin
a

PR
IS

42
.6
63
87
71

21
.1
64
08
49

P
49
3,
05
8

Ko
so
vo

XK
EU

R
ig
a

R
IG
A

56
.9
49
39
77

24
.1
05
18
46

R
1,
00
3,
20
3

La
tv
ia

LV
EU

Vi
ln
iu
s

VI
LN

54
.6
81
99
15
5

25
.2
56
25
72
8

V
81
0,
53
8

La
tv
ia

LV
EU

Lu
xe
m
bo
ur
g

LU
XE

49
.8
15
86
83

6.
12
96
75
1

L
61
3,
89
4

Lu
xe
m
bo
ur
g

LU
EU

Sk
op
je

SK
O
P

41
.9
96
09
24

21
.4
31
64
95

S
63
0,
81
7

R
ep
ub
lic

of
N
or
th

M
ac
ed
on
ia

M
K

EU

C
hi
si
na
u

C
H
IS

47
.0
24
47
07

28
.8
32
25
34

C
2,
86
3,
70
0

M
ol
do
va

M
D

EU
Po

dg
or
ic
a

PO
D
G

42
.4
41
52
38

19
.2
62
10
81

P
20
1,
63
1

M
on
te
ne
gr
o

M
E

EU
Be

rg
en

BE
R
G

60
.3
94
30
55

5.
32
59
19
2

B
1,
00
0,
14
9

N
or
w
ay

N
O

EU
O
sl
o

O
SL

O
59
.9
13
33
01

10
.7
38
97
01

O
1,
30
5,
12
2

N
or
w
ay

N
O

EU
G
da
ns
k

G
D
AN

54
.3
47
62
9

18
.6
45
23
24

G
3,
19
9,
84
3

Po
la
nd

PO
EU

Ka
to
w
ic
e

KA
TO

50
.2
59
89
87

19
.0
21
58
52

K
82
3,
65
5

Po
la
nd

PO
EU

Kr
ak
ow

KR
AK

50
.0
61
94
74

19
.9
36
85
64

K
1,
49
1,
81
1

Po
la
nd

PO
EU

Lo
dz

LO
D
Z

51
.7
68
73
23

19
.4
56
99
11

L
1,
07
0,
54
4

Po
la
nd

PO
EU

Lu
bl
in

LU
BL

51
.2
18
19
45

22
.5
54
67
75
7

L
70
9,
99
3

Po
la
nd

PO
EU

Po
zn
an

PO
ZN

52
.4
00
63
21
5

16
.9
19
78
69
4

P
1,
19
4,
45
4

Po
la
nd

PO
EU

R
ze
sz
ow

R
ZE

S
50
.0
07
15
12
5

22
.0
09
91
15
3

R
63
1,
39
9

Po
la
nd

PO
EU

W
ar
sa
w

W
AR

S
52
.2
31
95
81

21
.0
06
72
49

W
3,
05
3,
10
4

Po
la
nd

PO
EU

W
ro
cl
aw

W
R
O
C

51
.1
26
31
06

16
.9
78
19
63
3

W
63
8,
65
9

Po
la
nd

PO
EU

Li
sb
on

LI
SB

38
.7
07
75
07

-9
.1
36
59
19

L
2,
84
6,
33
2

Po
rtu
ga
l

PT
EU

Po
rto

PO
R
T

41
.1
49
45
12

-8
.6
10
78
84

P
1,
72
2,
37
4

Po
rtu
ga
l

PT
EU

Bu
ch
ar
es
t

BU
C
H

44
.4
36
14
14

26
.1
02
72
02

B
2,
31
5,
17
3

R
om

an
ia

R
O

EU
C
lu
j-N

ap
oc
a

C
LU

J
46
.7
69
37
9

23
.5
89
95
42

C
70
6,
90
5

R
om

an
ia

R
O

EU
Ia
si

IA
SI

47
.1
61
53
41

27
.5
83
61
42

I
79
3,
55
9

R
om

an
ia

R
O

EU
Ka

lin
in
gr
ad

KA
LI

54
.7
10
12
8

20
.5
10
58
38

K
48
2,
44
3

R
us
si
a

R
U

EU



118

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

M
os
co
w

M
O
SC

55
.7
50
44
61

37
.6
17
49
43

M
12
,4
32
,5
31

R
us
si
a

R
U

EU
M
ac
ha
ts
jk
al
a

M
AC

H
42
.9
72
83
44

47
.4
93
68
09

M
57
7,
99
0

R
us
si
a

R
U

AS
I

Ka
za
n

KA
ZA

55
.7
88
7

49
.1
22
1

K
1,
25
1,
96
9

R
us
si
a

R
U

AS
I

So
ts
ji

SO
TS

43
.5
99
17

39
.7
25
69

S
34
3,
28
5

R
us
si
a

R
U

AS
I

St
.P

et
er
sb
ur
g

ST
PE

59
.9
38
48

30
.3
12
48
1

S
5,
38
3,
89
0

R
us
si
a

R
U

EU
Be

lg
ra
de

BE
LG

44
.8
17
81
31

20
.4
56
89
74

B
1,
69
1,
91
9

Se
rb
ia

R
S

EU
Br
at
is
la
va

BR
AT

48
.1
51
69
88

17
.1
09
30
63

B
65
9,
59
8

Sl
ov
ak
ia

SK
EU

Ko
si
ce

KO
SI

48
.7
17
22
72

21
.2
49
67
74

K
80
0,
41
4

Sl
ov
ak
ia

SK
EU

Lj
ub
lja
na

LJ
U
B

46
.0
49
98
03

14
.5
06
86
02

L
54
9,
17
1

Sl
ov
en
ia

SI
EU

Ba
rc
el
on
a

BA
R
C

41
.3
82
89
39

2.
17
74
32
2

B
5,
57
5,
20
4

Sp
ai
n

ES
EU

Bi
lb
ao

BI
LB

43
.2
63
00
51

-2
.9
34
99
15

B
1,
13
7,
19
1

Sp
ai
n

ES
EU

M
ad
rid

M
AD

R
40
.4
16
70
47

-3
.7
03
58
25

M
6,
64
1,
64
9

Sp
ai
n

ES
EU

Se
vi
lla

SE
VI

37
.3
88
63
03

-5
.9
95
34
03

S
1,
94
9,
64
0

Sp
ai
n

ES
EU

Va
le
nc
ia

VA
LE

39
.4
66
66
7

-0
.3
75

V
2,
54
0,
58
8

Sp
ai
n

ES
EU

Za
ra
go
za

ZA
R
A

41
.6
52
13
42

-0
.8
80
94
28

Z
96
8,
04
9

Sp
ai
n

ES
EU

G
ot
he
nb
ur
g

G
O
TH

57
.7
07
23
26

11
.9
67
01
71

G
1,
70
9,
81
4

Sw
ed
en

SE
EU

St
oc
kh
ol
m

ST
O
C

59
.3
25
11
72

18
.0
71
09
35

S
2,
34
4,
12
4

Sw
ed
en

SE
EU

Ba
se
l

BA
SE

47
.5
58
10
77

7.
58
78
26
1

B
71
1,
53
7

Sw
itz
er
la
nd

C
H

EU
G
en
ev
a

G
EN

E
46
.2
01
75
59

6.
14
66
01
4

G
49
9,
48
0

Sw
itz
er
la
nd

C
H

EU
Zu
ric
h

ZU
R
I

47
.3
72
39
41

8.
54
23
32
8

Z
1,
52
0,
96
8

Sw
itz
er
la
nd

C
H

EU
Am

st
er
da
m

AM
ST

52
.3
74
54
03

4.
89
79
75
50
6

A
3,
26
9,
90
5

N
et
he
rla
nd
s

N
L

EU
Ei
nd
ho
ve
n

EI
N
D

51
.4
48
55
69
5

5.
45
01
22
52
2

E
77
3,
20
3

N
et
he
rla
nd
s

N
L

EU
G
ro
ni
ng
en

G
R
O
N

53
.2
19
06
52

6.
56
80
07
7

G
43
7,
18
7

N
et
he
rla
nd
s

N
L

EU
R
ot
te
rd
am

R
O
TT

51
.9
22
89
58

4.
46
31
72
7

R
1,
84
6,
93
3

N
et
he
rla
nd
s

N
L

EU
U
tre
ch
t

U
TR

E
52
.0
94
97
53

5.
10
97
08

U
1,
30
6,
91
2

N
et
he
rla
nd
s

N
L

EU
An

ka
ra

AN
KA

39
.9
20
77
74

32
.8
54
06
7

A
5,
50
3,
98
5

Tu
rk
ey

TR
AS

I
Is
ta
nb
ul

IS
TA

41
.0
09
63
34

28
.9
65
16
46

I
15
,0
67
,7
24

Tu
rk
ey

TR
AS

I
Ki
ev

KI
EV

50
.4
50
03
36

30
.5
24
13
61

K
2,
95
0,
81
9

U
kr
ai
ne

U
A

EU
Bi
rm
in
gh
am

BI
R
M

52
.4
79
69
92

-1
.9
02
69
11

B
1,
14
8,
86
2

U
ni
te
d
Ki
ng
do
m

U
K

EU
Ed

in
bu
rg
h

ED
IN

55
.9
53
34
56

-3
.1
88
37
49

E
90
1,
45
5

U
ni
te
d
Ki
ng
do
m

U
K

EU
G
la
sg
ow

G
LA

S
55
.8
60
98
25

-4
.2
48
87
87

G
1,
86
1,
31
5

U
ni
te
d
Ki
ng
do
m

U
K

EU
Le
ed
s

LE
ED

53
.7
97
41
85

-1
.5
43
79
41

L
1,
75
0,
27
6

U
ni
te
d
Ki
ng
do
m

U
K

EU



119

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

Li
ve
rp
oo
l

LI
VE

53
.4
07
15
4

-2
.9
91
66
5

L
1,
78
4,
47
5

U
ni
te
d
Ki
ng
do
m

U
K

EU
Lo
nd
on

LO
N
D

51
.5
07
32
19

-0
.1
27
64
74

L
14
,3
72
,5
96

U
ni
te
d
Ki
ng
do
m

U
K

EU
M
an
ch
es
te
r

M
AN

C
53
.4
79
48
92

-2
.2
45
11
48

M
3,
71
2,
99
7

U
ni
te
d
Ki
ng
do
m

U
K

EU
N
ew

ca
st
le

U
po
n

Ty
ne

N
EW

C
54
.9
73
84
74

-1
.6
13
15
72

N
1,
17
7,
70
4

U
ni
te
d
Ki
ng
do
m

U
K

EU

Ab
u
D
ha
bi

AB
U
D

24
.4
66
66
7

54
.3
66
66
9

A
1,
51
2,
00
0

U
ni
te
d
Ar
ab

Em
ira
te
s

AE
M
iE

D
ub
ai

D
U
BA

25
.2
66
67

55
.3
16
67

D
3,
63
8,
00
0

U
ni
te
d
Ar
ab

Em
ira
te
s

AE
M
iE

Si
ng
ap
or
e

SI
N
G

1.
29
02
7

10
3.
85
19
59

S
5,
91
8,
00
0

Si
ng
ap
or
e

SG
AS

I
C
as
tle
is
la
nd

C
AS

T
52
.2
35
32
34

-9
.4
68
29
8

C
2,
53
6

Ire
la
nd

IE
EU

Be
lfa
st

BE
LF

54
.6
07
86
8

-5
.9
26
43
7

B
34
8,
00
5

U
ni
te
d
Ki
ng
do
m

U
K

EU
Br
is
to
l

BR
IS

51
.4
54
51
4

-2
.5
87
91

B
16
,8
07

U
ni
te
d
Ki
ng
do
m

U
K

EU
Tr
on
dh
ei
m

TR
O
N

63
.4
46
82
7

10
.4
21
90
6

T
21
2,
66
0

N
or
w
ay

N
O

EU
U
m
ea

U
M
EA

63
.8
25
84
8

20
.2
63
03
5

U
13
00
00

Sw
ed
en

SE
EU

Lu
le
å

LU
LE

65
.5
84
81
6

22
.1
56
70
4

L
43
,5
74

Sw
ed
en

SE
EU

O
ul
u

O
U
LU

65
.0
21
54
5

25
.4
69
88
5

O
20
7,
32
7

Fi
nl
an
d

FI
EU

R
ey
kj
av
ik

R
EY

K
64
.0
51
30
6

-2
1.
99
32
8

R
13
9,
87
5

Ic
el
an
d

IS
EU

İz
m
ir

IZ
M
I

38
.4
23
73
3

27
.1
42
82
6

T
3,
20
9,
17
9

Tu
rk
ey

TR
AS

I
Es
ki
şe
hi
r

ES
KI

39
.7
66
19
3

30
.5
26
71
4

O
79
7,
70
8

Tu
rk
ey

TR
AS

I
Ad

an
a

AD
AN

37
.0
0

35
.3
21
33
5

A
2,
26
3,
00
0

Tu
rk
ey

TR
AS

I
D
al
am

an
D
AL

A
36
.8
21
22
65

28
.9
20
68
86
9

D
16
,1
62

Tu
rk
ey

TR
AS

I
An

ta
ly
a

AN
TA

36
.9
00
96
41

30
.6
95
48
46

A
2,
61
9,
83
2

Tu
rk
ey

TR
AS

I
Ko

ny
a

KO
N
Y

37
.8
71
35

32
.4
84
64

K
2,
32
0,
00
0

Tu
rk
ey

TR
AS

I
Ka

ys
er
i

KA
YS

38
.7
32
22

35
.4
85
28

K
1,
44
2,
00
0

Tu
rk
ey

TR
AS

I
Si
va
s

SI
VA

39
.7
50
54
5

37
.0
15
02
17

S
38
1,
32
5

Tu
rk
ey

TR
AS

I
G
az
ia
nt
ep

G
AZ

I
37
.0
66
66
6

37
.3
83
33
1

G
2,
13
0,
00
0

Tu
rk
ey

TR
AS

I
Aq

ta
u

AQ
TA

43
.6
48
06

51
.1
72
22

A
27
6,
79
2

Ka
za
ch
st
an

KZ
AS

I
As
ta
na

AS
TA

51
.1
69
39
2

71
.4
49
07
4

A
1,
55
0,
00
0

Ka
za
ch
st
an

KZ
AS

I
Al
m
a-
At
a

AL
M
A

43
.2
38
94
9

76
.8
89
70
9

A
2,
19
5,
00
0

Ka
za
ch
st
an

KZ
AS

I
Je
re
va
n

JE
R
E

40
.1
77
2

44
.5
03
49

T
1,
09
8,
00
0

Ar
m
en
ië

AM
AS

I
Ba

ku
BA

KU
40
.4
09
26
4

49
.8
67
09
2

B
2,
67
5,
00
0

Az
er
be
id
zj
an

AZ
AS

I
Ti
bi
lis
i

TI
BI

41
.6
97
51

44
.8
27
1

T
1,
25
9,
00
0

G
eo
rg
ië

G
E

AS
I

Ko
et
ai
si

KO
ET

42
.2
67
91

42
.6
94
59

K
12
5,
58
9

G
eo
rg
ië

G
E

AS
I



120

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

Ba
to
em

i
BA

TO
41
.6
42
88

41
.6
33
92

B
18
3,
18
1

G
eo
rg
ië

G
E

AS
I

Ta
sj
ke
nt

TA
SJ

41
.3
45
57

69
.2
84
59
9

T
3,
09
5,
49
8

U
zb
ek
is
ta
n

U
Z

AS
I

Sa
m
ar
ka
nd

SA
M
A

39
.6
52
45
1

66
.9
70
13
9

S
95
0,
00
0

U
zb
ek
is
ta
n

U
Z

AS
I

Bi
sj
ke
k

BI
SJ

42
.8
82
00
4

74
.5
82
74
8

B
1,
13
8,
00
0

Ky
rg
yz
st
an

KG
AS

I
La
ho
re

LA
H
O

31
.5
82
04
5

74
.3
29
37
6

L
11
,1
26
,2
85

Pa
ki
st
an

PK
AS

I
Is
la
m
ab
ad

IS
LA

33
.7
38
04
5

73
.0
84
48
8

I
2,
36
3,
86
3

Pa
ki
st
an

PK
AS

I
Te
he
ra
n

TE
H
E

35
.7
15
29
8

51
.4
04
34
3

T
15
,8
00
,0
00

Ira
n

IR
M
iE

Ko
ew

ei
t-s
ta
d

KO
EW

29
.3
11
66

47
.4
81
76
6

K
2,
38
0,
00
0

Ko
ew

ei
t

KW
M
iE

N
ic
os
ia

N
IC
O

35
.1
85
56
6

33
.3
82
27
5

N
27
6,
41
0

C
yp
ru
s

C
Y

M
iE

Be
iro
et

BE
IR

33
.8
88
94

35
.4
94
42

B
2,
06
0,
36
3

Li
ba
no
n

LB
M
iE

Te
lA
vi
v

TE
LA

32
.0
85
3

34
.7
80
57

T
4,
15
6,
90
0

Is
ra
el

IL
M
iE

Am
m
an

AM
M
A

31
.9
63
15
8

35
.9
30
35
9

A
4,
30
0,
00
0

Jo
rd
an
ië

JO
M
iE

D
je
dd
a

D
JE
D

21
.5
42
38

39
.1
97
97

D
3,
71
3,
00
0

Sa
ud
iA
ra
bi
a

SA
M
iE

R
iy
ad

R
IY
A

24
.6
87
73

46
.7
21
85

R
7,
00
9,
00
0

Sa
ud
iA
ra
bi
a

SA
M
iE

M
an
am

a
M
AN

A
26
.2
01

50
.6
06
99
8

M
29
7,
50
2

Ba
hr
ei
n

BH
M
iE

D
oh
a

D
O
H
A

25
.2
86
10
6

51
.5
34
81
7

D
79
6,
94
7

Q
at
ar

Q
A

M
iE

M
as
qa
t

M
AS

Q
23
.5
92
30
6

58
.2
86
16

M
1,
31
0,
18
1

O
m
an

O
M

M
iE

N
ew

D
el
hi

N
EW

D
28
.6
44
8

77
.2
16
72
1

N
27
,2
80
,0
00

In
di
a

IN
AS

I
M
um

ba
i

M
U
M
B

18
.9
38
77
11

72
.8
35
33
55

M
19
,9
80
,0
00

In
di
a

IN
AS

I
Ba

ng
al
ur
u

BA
N
G

12
.9
71
59
9

77
.5
94
56
6

B
8,
42
5,
97
0

In
di
a

IN
AS

I
C
he
nn
ai

C
H
EN

13
.0
67
43
9

80
.2
37
61
7

C
8,
69
6,
01
0

In
di
a

IN
AS

I
M
al
é

M
AL

E
4.
17
52
1

73
.3
99
65
8

M
10
4,
00
0

M
al
ad
iv
en

M
V

AS
I

Be
ijin

g
BE

IJ
39
.9
16
66
8

11
6.
38
33
31

B
22
,3
66
,5
47

C
hi
na

C
N

AS
I

Sh
an
gh
ai

SH
AN

31
.2
24
36
1

12
1.
46
91
7

S
40
,0
00
,0
00

C
hi
na

C
N

AS
I

Xi
am

en
XI
AM

24
.4
79
79

11
8.
08
18
7

X
13
,2
23
,6
81

C
hi
na

C
N

AS
I

G
ua
ng
zh
ou

G
U
AN

23
.1
28
99
4

11
3.
25
32
5

G
68
,5
00
,0
00

C
hi
na

C
N

AS
I

H
on
g
Ko

ng
H
O
N
G

22
.3
02
71
1

11
4.
17
72
16

H
7,
53
6,
00
0

H
on
g
Ko

ng
H
K

AS
I

H
an
oi

H
AN

O
21
.0
28
51
1

10
5.
80
48
17

H
8,
58
7,
00
0

Vi
et
na
m

VN
AS

I
H
o
C
hi
M
in
h

H
O
C
H
I

10
.8
23
02

10
6.
62
96
5

H
8,
90
0,
00
0

Vi
et
na
m

VN
AS

I
Ba

ng
ko
k

BA
N
G
K

13
.7
36
71
7

10
0.
52
31
86

B
17
,4
00
,0
00

Th
ai
la
nd

TH
AS

I
Ph

uk
et

PH
U
K

7.
87
89
78

98
.3
98
39
2

P
25
0,
47
4

Th
ai
la
nd

TH
AS

I
Ku

al
a
lu
m
pu
r

KU
AL

3.
14
08
53

10
1.
69
32
07

K
7,
56
4,
00
0

M
al
ei
si
ë

M
Y

AS
I



121

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

D
en
pa
sa
r

D
EN

P
-8
.6
5

11
5.
21
66
67

D
1,
78
5,
80
0

In
do
ne
si
ë

ID
AS

I
N
ew

Ta
ip
ei

N
EW

T
25
.1
05
49
7

12
1.
59
73
66

N
4,
00
4,
38
7

Ta
iw
an

TW
AS

I
Se

ou
l

SE
O
U

37
.5
32
6

12
7.
02
46
12

S
9,
41
1,
00
0

Zu
id
-k
or
ea

KR
AS

I
O
sa
ka

O
SA

K
34
.6
72
31
4

13
5.
48
48
02

O
2,
75
0,
81
2

Ja
pa
n

JP
AS

I
To
ky
o

TO
KY

35
.6
28
32

13
9.
83
94
78

T
14
,2
00
,3
31

Ja
pa
n

JP
AS

I
Po

rt
Lo
ui
s

PO
R
TL

-2
0.
16
19
4

57
.4
98
89

P
12
0,
37
6

M
au
rit
iu
s

M
U

AF
R

Sa
in
t-D

en
ni
s

D
EN

N
-2
0.
87
89
01

55
.4
48
10
1

S
15
6,
14
9

R
éu
ni
on

R
E

AF
R

An
ta
na
na
riv
o

AN
TA

N
-1
8.
91
37

47
.5
36
1

A
2,
20
0,
00
0

M
ad
ag
as
ka
r

M
G

AF
R

Pa
m
an
dz
i

PA
M
A

-1
2.
80
96
45

45
.1
30
74
1

P
11
,4
42

M
ay
ot
te

YT
AF

R
M
ap
ut
o

M
AP

U
-2
5.
95
37
24

32
.5
88
71
1

M
1,
76
6,
82
3

M
oz
am

bi
qu
e

M
Z

AF
R

Jo
ha
nn
es
bu
rg

JO
H
A

-2
6.
19
52
46

28
.0
34
08
8

J
4,
80
3,
26
2

Zu
id
-a
fri
ka

ZA
AF

R
C
ap
e
To
w
n

C
AP

E
-3
3.
91
88
61

18
.4
23
3

C
4,
77
3,
00
0

Zu
id
-a
fri
ka

ZA
AF

R
W
in
dh
oe
k

W
IN
D

-2
2.
55
94
1

17
.0
83
23

W
32
2,
50
0

N
am

ib
ië

N
A

AF
R

Lu
an
da

LU
AN

-8
.8
38
33
3

13
.2
34
44
4

L
9,
08
0,
00
0

An
go
la

AO
AF

R
Br
az
za
vi
lle

BR
AZ

-4
.2
67
77
8

15
.2
91
94
4

B
2,
14
6,
00
0

C
on
go

C
G

AF
R

Li
br
ev
ille

LI
BR

E
0.
39
01

9.
45
44

L
70
3,
93
9

G
ab
on

G
A

AF
R

Sa
o
To
m
e

SA
O
T

0.
25
54
36

6.
60
27
81

S
23
1,
85
6

Sa
o

To
m
e

en
Pr
in
ci
pe

ST
AF

R

D
ou
al
a

D
O
U
A

4.
06
15
36

9.
78
60
72

D
1,
90
6,
96
2

Ka
m
er
oe
n

C
M

AF
R

Ya
ou
nd
é

YA
O
U

3.
84
41
19

11
.5
01
34
6

Y
1,
81
7,
52
4

Ka
m
er
oe
n

C
M

AF
R

Ab
uj
a

AB
U
J

9.
07
22
64

7.
49
13
02

A
6,
00
0,
00
0

N
ig
er
ia

N
G

AF
R

La
go
s

LA
G
O

6.
45
50
57
5

3.
39
41
79
5

L
14
,8
60
,0
00

N
ig
er
ia

N
G

AF
R

Po
rto
-N
ov
o

PO
R
TN

6.
49
64
6

2.
60
35
9

P
26
4,
32
0

Be
ni
n

BJ
AF

R
Lo
m
é

LO
M
É

6.
13
66
29

1.
22
21
86

L
1,
50
0,
00
0

To
go

TG
AF

R
Ac
cr
a

AC
C
R

5.
61
48
18

-0
.2
05
87
4

A
5,
45
5,
69
2

G
ha
na

G
H

AF
R

Ab
id
ja
n

AB
ID

5.
34
53
17

-4
.0
24
42
9

A
4,
70
7,
00
0

Iv
oo
rk
us
t

C
I

AF
R

C
on
ak
ry

C
O
N
A

9.
50
91
67

-1
3.
71
22
22

C
1,
82
6,
01
9

G
ui
ne
e

G
N

AF
R

Ba
m
ak
o

BA
M
A

12
.6
35
89
8

-7
.9
71
54
7

B
1,
81
0,
36
6

M
al
i

M
L

AF
R

D
ak
ar

D
AK

A
14
.7
16
67
7

-1
7.
46
76
86

D
3,
89
6,
56
4

Se
ne
ga
l

SN
AF

R
Es
pa
rg
os

ES
PA

R
16
.7
56
04
69

-2
2.
93
86
47
2

E
24
,5
00

Ka
ap
ve
rd
ië

C
V

AF
R

Pr
ai
a

PR
AI

14
.9
31
52

-2
3.
51
25
4

P
14
2,
00
9

Ka
ap
ve
rd
ië

C
V

AF
R

M
in
de
lo

M
IN
D

16
.8
90
14

-2
4.
98
04
2

M
70
,4
68

Ka
ap
ve
rd
ië

C
V

AF
R



122

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

Sa
nt
a
C
ru
z
de

La
Pa

lm
a

C
R
U
ZP

28
.6
81
89
01

-1
7.
76
63
35
4

S
15
,7
11

Sp
ai
n

ES
AF

R

Sa
nt
a

C
ru
z

de
Te
ne
rif
e

SA
N
T

28
.4
68
24

-1
6.
25
46
2

S
20
8,
10
3

Sp
ai
n

ES
AF

R

La
s

Pa
lm
as

de
G
ra
n
C
an
ar
ia

LA
SP

28
.1
5

-1
5.
41
66
67

L
37
8,
99
8

Sp
ai
n

ES
AF

R

Pe
ur
to

de
l

R
os
ar
io

PE
U
R

28
.5
00
4

-1
3.
86
27

P
38
,1
26

Sp
ai
n

ES
AF

R

Ar
re
ci
fe

AR
R
E

28
.9
63
02

-1
3.
54
76
9

A
58
,5
37

Sp
ai
n

ES
AF

R
Fu
nc
ha
l

FU
N
C

32
.6
33
33

-1
6.
9

F
10
5,
70
1

Po
rtu
ga
l

PT
AF

R
Vi
la
Ba

le
ira

VI
LA

B
33
.0
66
7

-1
6.
33
3

V
5,
15
8

Po
rtu
ga
l

PT
AF

R
Po

nt
a
D
el
ga
da

PO
N
TA

37
.7
42
82
8

-2
5.
68
05
88

P
64
,4
97

Po
rtu
ga
l

PT
AF

R
An

gr
a

do
H
er
oí
sm

e
AN

G
R
A

38
.6
55
8

-2
7.
21
53

A
21
,0
00

Po
rtu
ga
l

PT
AF

R

H
or
ta

H
O
R
TA

38
.5
37
37

-2
8.
62
61
5

H
15
,3
43

Po
rtu
ga
l

PT
AF

R
Ag

ad
ir

AG
AD

30
.4
27
75
5

-9
.5
98
10
7

A
50
4,
76
8

M
ar
oc
co

M
A

AF
R

M
ar
ra
ke
ch

M
AR

R
31
.6
28
67
4

-7
.9
92
04
7

M
1,
01
4,
81
3

M
ar
oc
co

M
A

AF
R

C
as
ab
la
nc
a

C
AS

AB
33
.5
89
88
6

-7
.6
03
86
9

C
3,
21
8,
03
6

M
ar
oc
co

M
A

AF
R

R
ab
at

R
AB

AT
34
.0
20
88
2

-6
.8
41
65

R
1,
93
2,
00
0

M
ar
oc
co

M
A

AF
R

Ta
ng
er

TA
N
G

35
.7
59
46
51

-5
.8
33
95
43

T
1,
31
4,
00
0

M
ar
oc
co

M
A

AF
R

Fe
s

FE
S

34
.0
37
15

-4
.9
99
8

F
1,
18
2,
96
3

M
ar
oc
co

M
A

AF
R

N
ad
or

N
AD

O
35
.1
68
13

-2
.9
33
52

N
15
8,
20
2

M
ar
oc
co

M
A

AF
R

O
ra
n

O
R
AN

35
.6
91
11

-0
.6
41
67

O
1,
57
0,
00
0

Al
ge
rij
e

D
Z

AF
R

Al
ge
r

AL
G
ER

36
.7
37
23
2

3.
08
64
72

A
2,
48
1,
78
8

Al
ge
rij
e

D
Z

AF
R

C
on
st
an
tin
e

C
O
N
ST

36
.3
65

6.
61
47

C
46
2,
18
7

Al
ge
rij
e

D
Z

AF
R

Tu
ni
s

TU
N
IS

36
.8
06
38
9

10
.1
81
66
7

T
59
9,
36
8

Tu
ne
si
ë

TN
AF

R
So

us
se

SO
U
S

35
.8
21
43

10
.6
34
42
2

S
31
4,
07
1

Tu
ne
si
ë

TN
AF

R
H
ou
m
tS

ou
k

H
O
U
M
T

33
.8
75
76

10
.8
57
45

H
44
,5
55

Tu
ne
si
ë

TN
AF

R
Tr
ip
ol
i

TR
IP
O

32
.8
85
35
3

13
.1
80
16
1

T
2,
20
0,
00
0

Li
bi
ë

LY
AF

R
C
aï
ro

C
AI
R
O

30
.0
33
33
33

31
.2
33
33
4

C
22
,1
83
,0
00

Eg
yp
te

EG
AF

R
H
ur
gh
ad
a

H
U
R
G

27
.2
57
38

33
.8
12
91

H
16
0,
74
6

Eg
yp
te

EG
AF

R
Sh

ar
m
-e
l-S

he
ik
h

SH
AR

M
27
.9
15
81
7

34
.3
29
94
8

S
13
,5
61

Eg
yp
te

EG
AF

R
Lu
xo
r

LU
XO

R
25
.6
87
24
3

32
.6
39
63
7

L
43
0,
00
0

Eg
yp
te

EG
AF

R



123

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

Ad
di
s
Ab

eb
a

AD
D
IS

9.
00
54
01

38
.7
63
61
1

A
5,
70
4,
00
0

Et
hi
op
ia

ET
AF

R
Ka

m
pa
la

KA
M
P

0.
34
75
96

32
.5
82
52

K
6,
70
9,
90
0

U
ga
nd
a

U
G

AF
R

N
ai
ro
bi

N
AI
R
O

-1
.2
86
38
9

36
.8
17
22
3

N
3,
36
3,
00
0

Ke
ny
a

KE
AF

R
Ar
us
ha

AR
U
SH

-3
.3
86
92
5

36
.6
82
99
5

A
27
0,
48
5

Ta
nz
an
ia

TZ
AF

R
M
om

ba
sa

M
O
M
BA

-4
.0
43
74

39
.6
58
87
1

M
1,
20
8,
33
3

Ke
ny
a

KE
AF

R
Bu

en
os
-A
ire
s

BU
EN

O
S

-3
4.
60
37
22

-5
8.
38
15
92

B
15
,3
70
,0
00

Ar
ge
nt
in
ië

AR
Zo
A

C
ór
do
ba

C
O
R
D
O

-3
1.
41
66
68

-6
4.
18
33
34

C
32
2,
32
7

Ar
ge
nt
in
ië

AR
Zo
A

Sa
nt
ia
go

SA
N
TI
A

-3
3.
44
74
87

-7
0.
67
36
76

S
5,
22
0,
16
1

C
hi
le

C
L

Zo
A

Li
m
a

LI
M
A

-1
2.
04
63
74

-7
7.
04
27
93

L
11
,2
83
,7
87

Pe
ru

PE
Zo
A

M
on
te
vi
de
o

M
O
N
TE

-3
4.
90
11
12

-5
6.
16
45
32

M
1,
38
4,
00
0

U
ru
gu
ay

U
Y

Zo
A

Po
rto

Al
gr
e

AL
EG

R
E

-3
0.
03
30
56

-5
1.
23

P
1,
33
2,
57
0

Br
az
ilië

BR
Zo
A

Sa
o
Pa

ul
o

SA
U
P

-2
3.
53
37
73
3

-4
6.
62
52
9

S
11
,4
50
,0
00

Br
az
ilië

BR
Zo
A

R
io
de

Ja
ne
iro

R
IO

-2
2.
90
83
33

-4
3.
19
63
88

R
6,
21
1,
00
0

Br
az
ilië

BR
Zo
A

Be
lo
H
or
iz
on
te

BE
LO

-1
9.
91
29
98

-4
3.
94
09
33

B
6,
00
6,
88
7

Br
az
ilië

BR
Zo
A

Br
as
ilia

BR
AS

I
-1
5.
79
38
89

-4
7.
88
27
79

B
2,
81
7,
00
0

Br
az
ilië

BR
Zo
A

Sa
lv
ad
or

SA
LV
A

-1
2.
97
47
22

-3
8.
47
66
65

S
6,
36
5,
00
0

Br
az
ilië

BR
Zo
A

Jo
ao

Pe
ss
oa

JO
AO

-7
.1
15

-3
4.
86
30
6

J
1,
29
0,
22
3

Br
az
ilië

BR
Zo
A

N
at
al

N
AT
AL

-5
.8
12
75
7

-3
5.
25
51
27

N
75
1,
30
0

Br
az
ilië

BR
Zo
A

Fo
rta
le
za

FO
R
TA

-3
.7
31
86
2

-3
8.
52
66
69

F
2,
42
9,
00
0

Br
az
ilië

BR
Zo
A

Sa
nt
a
C
ru
z

SA
N
TA

-1
8.
41
8

-6
5.
34
5

S
2,
42
4,
12
0

Bo
liv
ia

BO
Zo
A

O
ra
nj
es
ta
d

O
R
AN

JE
12
.5
10
05
2

-7
0.
00
93
54

O
28
,2
94

Ar
ub
a

AW
Zo
A

W
ille

m
st
ad

W
IL
LE

M
12
.1
08
4

-6
8.
93
35
4

W
10
1,
71
1

C
ur
ac
au

AN
Zo
A

Kr
al
en
di
jk

KR
AL

EN
12
.1
47
17
41

-6
8.
27
40
78
3

K
19
,0
11

Bo
na
ire

AN
Zo
A

G
ua
ya
qu
il

G
U
AY

-2
.2
03
81
6

-7
9.
89
74
53

G
2,
65
0,
00
0

Ec
ua
do
r

EC
Zo
A

Q
ui
to

Q
U
IT
O

-0
.1
80
65
3

-7
8.
46
78
34

Q
1,
76
3,
00
0

Ec
ua
do
r

EC
Zo
A

C
al
i

C
AL

I
3.
42
05
56

-7
6.
52
22
24

S
2,
23
4,
00
0

C
ol
om

bi
a

C
O

Zo
A

M
ed
el
lin

M
ED

EL
6.
23
08
33

-7
5.
59
05
53

M
2,
40
0,
00
0

C
ol
om

bi
a

C
O

Zo
A

Bo
go
ta

BO
G
O

4.
62
43
35

-7
4.
06
36
44

B
7,
90
7,
00
0

C
ol
om

bi
a

C
O

Zo
A

Pa
ra
m
ar
ib
o

PA
R
A

5.
83
93
98

-5
5.
19
90
89

P
24
0,
92
4

Su
rin
am

e
SR

Zo
A

C
ar
ac
as

C
AR

AC
10
.5

-6
6.
91
66
64

C
3,
24
2,
00
0

Ve
ne
zu
el
a

VE
Zo
A

Fo
rt-
de
-F
ra
nc
e

FO
R
TF

14
.6
08
92

-6
1.
07
33
4

F
75
,1
65

Fr
an
ce

FR
Zo
A

Po
in
te
-a
-p
itr
e

PO
IN
TE

16
.2
41
3

-6
1.
53
61

P
14
,8
55

Fr
an
ce

FR
Zo
A



124

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

Ph
ilip

sb
ur
g

PH
IL
IP

18
.0
26

-6
3.
04
58
2

P
2,
71
0

Si
nt
-m
aa
rte
n

M
F

Zo
A

Sa
n
Ju
an

SA
N
J

18
.4
66
33
3

-6
6.
10
57
21

S
33
4,
77
6

Pu
er
to
R
ic
o

PR
Zo
A

Sa
nt
o
D
om

in
go

SA
N
TO

18
.4
83
40
2

-6
9.
92
96
11

S
1,
02
9,
00
0

D
om

in
ic
aa
ns
e

R
e-

pu
bl
ie
k

D
O

Zo
A

H
av
an
a

H
AV

AN
23
.1
13
59
2

-8
2.
36
65
92

H
2,
12
9,
56
1

C
ub
a

C
U

Zo
A

Pa
na
m
a-
st
ad

PA
N
AM

8.
98
33
33

-7
9.
51
66
7

P
1,
27
2,
67
2

Pa
na
m
a

PA
N
oA

Sa
n
Jo
sé

SA
N
JO

9.
93
47
39

-8
4.
08
75
02

S
2,
00
0,
46
8

C
os
ta
R
ic
a

C
R

N
oA

Sa
n
Sa

lv
ad
or

SA
N
S

13
.6
92
94
03

-8
9.
21
81
91
1

S
2,
17
7,
43
2

El
sa
lv
ad
or

SV
N
oA

G
ua
te
m
al
a-
st
ad

G
U
AT

14
.6
28
43
4

-9
0.
52
27
13

G
1,
22
2,
00
0

G
ua
te
m
al
a

G
T

N
oA

C
an
cú
n

C
AN

C
21
.1
74
29

-8
6.
84
65
6

C
88
8,
79
7

M
ex
ic
o

M
X

N
oA

M
ex
ic
o-
st
ad

M
EX

I
19
.4
32
60
77

-9
9.
13
32
08

M
9,
20
9,
94
4

M
ex
ic
o

M
X

N
oA

G
ua
da
la
ja
ra

G
U
AD

20
.6
59
69
8

-1
03
.3
49
60
9

G
1,
38
0,
62
1

M
ex
ic
o

M
X

N
oA

N
ew

Yo
rk

N
YC

40
.7
12
72
81

-7
4.
00
60
15
2

N
8,
25
8,
00
0

U
SA

U
S

N
oA

Lo
s
An

ge
le
s

LO
SA

34
.0
52
23
5

-1
18
.2
43
68
3

L
3,
82
1,
00
0

U
SA

U
S

N
oA

Sa
n
D
ie
go

SA
N
D

32
.7
15
73
6

-1
17
.1
61
08
7

S
3,
27
6,
20
8

U
SA

U
S

N
oA

Ph
oe
ni
x

PH
O
E

33
.4
48
37
6

-1
12
.0
74
03
6

P
4,
94
8,
20
3

U
SA

U
S

N
oA

D
al
la
s

D
AL

L
32
.7
79
16
7

-9
6.
80
88
91

D
1,
30
3,
00
0

U
SA

U
S

N
oA

H
ou
st
on

H
O
U
S

29
.7
49
90
7

-9
5.
35
84
21

H
2,
31
4,
00
0

U
SA

U
S

N
oA

M
ia
m
i

M
IA
M
I

25
.7
61
68
1

-8
0.
19
17
88

M
5,
50
0,
00
0

U
SA

U
S

N
oA

O
rla
nd
o

O
R
LA

N
28
.5
38
33
6

-8
1.
37
92
34

O
2,
26
7,
84
6

U
SA

U
S

N
oA

C
ha
rlo
tte

C
H
AR

35
.2
27
08
5

-8
0.
84
31
24

C
2,
80
5,
11
5

U
SA

U
S

N
oA

At
la
nt
a

AT
LA

33
.7
53
74
6

-8
4.
38
63
3

A
5,
61
8,
43
1

U
SA

U
S

N
oA

La
s
Ve

ga
s

LA
SV

36
.1
88
11

-1
15
.1
76
46
8

L
2,
22
7,
05
3

U
SA

U
S

N
oA

Sa
n
fra
nc
is
co

SA
N
F

37
.7
73
97
2

-1
22
.4
31
29
7

S
4,
60
0,
00
0

U
SA

U
S

N
oA

Sa
lt
la
ke

C
ity

SA
LT

40
.7
58
70
1

-1
11
.8
76
18
3

S
1,
25
7,
93
6

U
SA

U
S

N
oA

D
en
ve
r

D
EN

V
39
.7
42
04
3

-1
04
.9
91
53
1

D
71
6,
57
7

U
SA

U
S

N
oA

N
as
hv
ille

N
AS

H
36
.1
74
46
5

-8
6.
76
79
6

N
2,
07
2,
28
3

U
SA

U
S

N
oA

R
al
ei
gh

R
AL

E
35
.7
87
74
3

-7
8.
64
42
57

R
1,
50
9,
23
1

U
SA

U
S

N
oA

W
as
hi
ng
to
n

W
AS

H
38
.8
89
80
5

-7
7.
00
90
56

W
7,
81
3,
00
0

U
SA

U
S

N
oA

Bo
st
on

BO
ST

42
.3
61
14
5

-7
1.
05
70
83

B
4,
94
1,
63
2

U
SA

U
S

N
oA

D
et
ro
it

D
ET

R
42
.3
31
42
9

-8
3.
04
57
53

D
4,
36
5,
20
5

U
SA

U
S

N
oA

Sa
in
tP

au
l

SA
IN
T

44
.9
54
44
5

-9
3.
09
13
01

S
3,
69
0,
26
1

U
SA

U
S

N
oA



125

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

Po
rtl
an
d

PO
R
TL
A

45
.5
20
24
71

-1
22
.6
76
48
3

P
2,
51
2,
85
9

U
SA

U
S

N
oA

Ph
ila
de
lp
hi
a

PH
IL

39
.9
52
58
3

-7
5.
16
52
22

P
6,
24
5,
05
1

U
SA

U
S

N
oA

Se
at
tle

SE
AT

T
47
.6
03
83
21

-1
22
.3
30
06
24

S
4,
01
8,
76
2

U
SA

U
S

N
oA

Va
nc
ou
ve
r

VA
N
C

49
.2
46
29
2

-1
23
.1
16
22
6

V
2,
64
2,
82
5

C
an
ad
a

C
A

N
oA

C
al
ga
ry

C
AL

G
51
.0
49
99
9

-1
14
.0
66
66
6

C
1,
41
4,
00
0

C
an
ad
a

C
A

N
oA

Ed
m
on
to
n

ED
M
O
N

53
.6
31
61
1

-1
13
.3
23
97
5

E
1,
41
8,
11
8

C
an
ad
a

C
A

N
oA

To
ro
nt
o

TO
R
O
N

43
.6
51
07

-7
9.
34
70
15

T
6,
71
2,
00
0

C
an
ad
a

C
A

N
oA

M
on
tre
al

M
O
N
TR

45
.5
08
88
8

-7
3.
56
16
68

M
4,
29
2,
00
0

C
an
ad
a

C
A

N
oA

qu
eb
ec

Q
U
EB

EC
46
.8
29
85
3

-7
1.
25
40
28

Q
55
7,
39
0

C
an
ad
a

C
A

N
oA

Av
er
de
en

AV
ER

57
.1
49
65
1

-2
.0
99
07
5

A
22
7,
56
0

U
ni
te
d
Ki
ng
do
n

U
K

EU
Iv
er
ne
ss

IV
ER

N
57
.4
77
77
2

-4
.2
24
72
1

I
55
,0
00

U
ni
te
d
Ki
ng
do
m

U
K

EU
N
or
w
ic
h

N
O
R
W

52
.6
30
88
6

1.
29
73
55

N
14
1,
13
7

U
ni
te
d
Ki
ng
do
m

U
K

EU
Sa

nd
ne
s

SA
N
D
N

58
.8
53
26

5.
73
29
5

S
35
0,
00
0

N
or
w
ay

N
O

EU
Kr
is
tia
ns
an
d

KR
IS
TI

58
.1
46
71

7.
99
56

K
15
5,
64
8

N
or
w
ay

N
O

EU
Ö
st
er
su
nd

Ö
ST

E
63
.1
79
2

14
.6
35
66

O
49
,8
06

Sw
ed
en

SE
EU

N
or
kö
pi
ng

N
O
R
K

58
.5
88
45
5

16
.1
88
31
3

N
93
,7
65

Sw
ed
en

SE
EU

Ki
ru
na

KI
R
U
N
A

67
.8
55
72

20
.2
25
13

K
18
,1
54

Sw
ed
en

SE
EU

R
ov
an
ie
m
i

R
O
VA

66
.5
03
05
9

25
.7
26
96
7

R
64
,5
35

Fi
nl
an
d

FI
EU

Ku
op
io

KU
O
PI

62
.8
92
38

27
.6
77
03

K
12
2,
59
4

Fi
nl
an
d

FI
EU

C
ag
lia
ri

C
AG

LI
39
.2
27
77
9

9.
11
11
11

C
16
5,
00
0

Ita
ly

IT
EU

Sa
ss
ar
i

SA
SS

AR
I

40
.7
25
92
5

8.
55
56
83

S
12
2,
33
3

Ita
ly

IT
EU

M
ah
on

M
AO

39
.8
86
64
1

4.
25
33
36

M
29
,1
25

Sp
ai
n

ES
EU

Pa
lm
a

de
M
al
-

lo
rc
a

PA
LM

AM
39
.5
71
62
5

2.
65
05
44

P
42
4,
83
7

Sp
ai
n

ES
EU

Ei
vi
ss
a

EI
VI
SS

A
38
.9
06
98
6

1.
42
14
16

E
15
2,
82
0

Sp
ai
n

ES
EU

G
ra
na
da

G
R
AN

AD
A

37
.1
48
05
5

-3
.6
00
83
3

G
23
3,
68
0

Sp
ai
n

ES
EU

M
ur
ci
a

M
U
R
C
IA

37
.9
84
04
7

-1
.1
28
57
5

M
45
9,
77
8

Sp
ai
n

ES
EU

Br
es
t

BR
ES

T
48
.3
89
99
9

-4
.4
9

B
14
0,
99
3

Fr
an
ce

FR
EU

Za
ky
nt
ho
s

ZA
KY

N
37
.7
89
13
84
5

20
.7
90
08
95
7

Z
40
,6
50

G
re
ec
e

EL
EU

Ag
ro
st
ol
i

AG
R
O
ST

O
LI
38
.1
73
16
8

20
.4
89
97
3

A
12
,6
00

G
re
ec
e

EL
EU

Ira
kl
io
n

IR
AK

35
.3
41
84
6

25
.1
48
25
4

I
17
3,
45
0

G
re
ec
e

EL
EU

Pa
ro
s

PA
R
O
S

37
.0
85
64
4

25
.1
48
83
2

P
13
,7
10

G
re
ec
e

EL
EU



126

C
ity

A
bb

re
vi
at
io
nL

at
itu

de
(d
eg

)
Lo

ng
itu

de
(d
eg

)
Fi
rs
t

Le
tte

r
Po

pu
la
tio

n
C
ou

nt
ry

C
ou

nt
ry

(c
od

es
)

C
on

tin
en

t

Fi
ra

FI
R
A

36
.4
21
07

25
.4
30
87

F
2,
00
0

G
re
ec
e

EL
EU

Ko
s

KO
S

36
.8
93
33

27
.2
88
89

K
33
,0
00

G
re
ec
e

EL
EU

R
od
os

R
O
D
O
S

36
.1
72
62
99
5

27
.9
19
41
81
5

R
11
5,
00
0

G
re
ec
e

EL
EU

Pa
pe
’e
te

PA
PE

-1
7.
53
5

-1
49
.5
69
59
5

P
10
5,
12
8

Fr
an
s-
Po

ly
ne
si
ë

PF
Zo
A

M
al
ta

M
AL
TA

35
.9
17
97
3

14
.4
09
94
3

M
55
2,
74
7

M
al
ta

M
T

EU
Sp

lit
SP

LI
T

45
.5
08
13
3

16
.4
40
19
3

S
16
0,
57
7

C
ro
at
ia

H
R

EU

Ta
bl
e
G
.1
:C

ity
D
at
a
in
Al
go
rit
hm



H
Detailed results about the effects on

hubs
The study presented several maps illustrating the impact of the ban on hubs. These maps are based on the
figures shown below, which indicate the increase or decrease in the number of departing passengers for each hub
included in this study. These changes are compared to the base scenario and can be viewed for each scenario.

Figure H.1: Legend of passengers on hubs figures (Figure H.2, H.3, H.4 and H.5)

Figure H.2: Decreases/increases in departing passengers compared to a scenario without a ban on short-haul flights (Part 1).
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Figure H.3: Decreases/increases in departing passengers compared to a scenario without a ban on short-haul flights (Part 2).

Figure H.4: Decreases/increases in departing passengers compared to a scenario without a ban on short-haul flights (Part 3).
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Figure H.5: Decreases/increases in departing passengers compared to a scenario without a ban on short-haul flights (Part 4).



The impact of a ban on short-haul flights on transfer

passengers and CO2 emissions

B.J. Schermer

Faculty of Transport, Infrastructure and Logistics, Delft University of Technology

Abstract

This study investigates the impact of a ban on short-haul flights in Europe on transfer passengers and
CO2 emissions, focusing on both time-based and distance-based bans. Employing a route assignment
analysis of a base scenario of Europe with an optimal High-Speed Rail (HSR) netwerk, compared with
various scenario’s of a ban. Results reveal that the impact of the ban on CO2 emissions is influenced by
transfer passengers, primarily due to their average detour distance. The effects on different European
hubs vary based on their geographical and operational characteristics. The findings suggest that a time-
based ban could contribute to CO2 emission reductions, but more research is needed on the effects of
the ban within the current HSR network in Europe. It is clear that the ban will impact hubs, and future
research should examine how this will affect connectivity and economies in different regions.

Keywords: Short-haul flight ban, Transfer passengers, High-speed rail (HSR), Air-Rail integration and
Hub & Spoke network

I. Introduction

The environmental impact of aviation has become
increasingly prominent in policy discussions, espe-
cially following the Paris Agreement. In response,
the European Union (EU) wants to implement var-
ious initiatives aimed at reducing CO2 emissions in
the transport sector, with a focus on reducing plane
use. The aviation sector leaves a substantial ecolog-
ical footprint due to the high frequency and energy
demands of flights.

At this moment, air travel is the dominant mode
of transport for long-distance journeys in Europe.
This long-distance air travel can be divided into three
types of flights: short-haul, medium-haul, and long-
haul. Short-haul flights cover a maximum distance of
1,500 km and are mainly operated by low-cost and
regional carriers. These flights are also an important
type of flight in the hub-and-spoke network known as
feeder flights. Short-haul flights are the most com-
monly used in Europe, accounting for 74.2% of all
flights Dobravsky (2021). In Europe, these flights
are responsible for 24.9% of total aviation CO2 emis-

sions, as shown in Figure 1.

Figure 1: CO2 Short vs Medium vs Long distace
flights (Dobravsky (2021))

To mitigate these environmental impacts, a proposed
strategy is to integrate High Speed Rail (HSR) into
the hub-and-spoke network (Givoni and Banister
(2006)). This is because HSR produces less CO2 than
planes (Prussi and Laura (2018)). Previous studies
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have demonstrated the feasibility and environmen-
tal benefits of HSR as a substitute for short-haul
air travel-particularly for distances under 750 km,
where rail is often faster or equally competitive in
travel time (Adler et al. (2010)). The effectiveness
of this integration is hindered by competition on the
same routes between air and rail (Xia and Zhang
(2017)). Additionally, many passengers still opt for
short-haul flights within the hub-and-spoke network.
To promote the use of HSR for shorter distances,
the EU could implement a ban on short-haul flights.
This would grant HSR a monopoly on certain routes,
leading to an increase in passengers on HSR services.
Since HSR emissions are lower than those of planes
(Prussi and Laura (2018)), this should result in an
overall reduction in CO2 emissions in the transport
sector.

Despite these prospects, current literature presents
mixed findings on the effectiveness of a short-haul
flight ban. National case studie from Finland, show
a reduction of 95% in Finland due to a ban on short-
haul flights (Baumeister and Leung (2020)). A study
by de Bortoli and Féraille (2024) shows also a im-
provement of the HSR average emissions, because
more passengers choice the HSR.

There is little research in the current literature on
how the ban on short-haul flights will affect the hub-
and-spoke network. In particular, the impact of the
ban on transfer passengers has not been considered.
Transfer passengers originate from the hub-and-spoke
network and use multiple flights to reach their final
destination. Additionally, the effect of the ban on
hubs in Europe has been understudied, as these hubs
are central to the network and provide good accessi-
bility to European cities, boosting the local economy
(Volkhausen (2022)). It is important to examine how
the ban will affect passenger flows through the vari-
ous hubs. Furthermore, while a possible goal of the
ban is to increase air-rail use in Europe, the effects
of the ban on air-rail usage remain under explored.

By better understanding these passenger choices, it
is possible to form a clearer picture of the ban’s im-

pact on aviation CO2 emissions. As the HSR network
in Europe is currently not optimally developed and
is considered in this study as the main alternative
for short-haul flights, this study has chosen to opti-
mise the HSR network in Europe to create a fully
functioning HSR network in Europe. This research
provides an opportunity to assess the effect of the
ban on short-haul flights in Europe, provided that a
well-functioning HSR network is in place, which also
ensures an effective Air-Rail network. This research
was conducted using the following research question
and sub-questions.

How will a ban on short-haul flights impact
the utilisation of hub airports and CO2
emissions in Europe, considering transfer

passengers and a fully developed high-speed
rail infrastructure?

Sub-questions:

• How can a ban on short-haul flights be de-
signed, and what indicators could affect its im-
pact?

• How can a base scenario be developed to re-
search the effects of the ban on short-haul
flights?

• How will passenger mode choice affect CO2
emissions in the aviation sector for each type
of ban on short-haul flights?

• Does the ban on short-haul flights promote the
use of the Air-Rail network?

• How will a ban on short-haul flights change the
competitive position of hubs across Europe?

The rest of this paper will first discusses the indica-
tors affecting the ban’s effectiveness. Next, it outlines
the methodology used in the study, followed by a dis-
cussion of various model parameters. This is followed
by validation and verification of the model, leading
to the results and conclusions. Finally, the paper dis-
cusses the findings and offers suggestions for future
research.

II. Ban on short-haul flights

This chapter will examine the implications of the ban
on short-haul flights and its effects. It will begin with
explaining the current state. After it will explain the
design of the ban and how this will effect passenger
choices. The chapter will conclude with the different
expectations of the results.

A. Origins of transfer passengers

In the aviation sector, passengers either travel di-
rectly or transfer through hubs, depending on air-
line strategies. Point-to-point carriers prioritise di-
rect routes, often operating as low-cost carriers. In
contrast, hub-and-spoke carriers use central hubs to
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connect regional feeders with long-haul flights, max-
imising aircraft occupancy and expanding service ar-
eas with fewer routes, as illustrated in Figure 2. For
this reason, hubs have high connectivity with the
world and provide economic benefits to the region
around the hub(Volkhausen (2022)). Because trans-
fer passengers must use multiple flights, the routes
they travel often cover large flight distances and lead
to high CO2 emissions. A key characteristic of such
hubs is that they have high global connectivity and
serve as a home base for a carrier that employs the
hub-and-spoke strategy.

Figure 2: Point to point en hub and spoke design
(Kuroki and Matsui (2024))

B. The passenger choices in the current state

When a passenger wants to travel between two cities,
they can choose from several transport options. To
give an idea of the options a passenger has, there is
made an example of a passenger that wants to travel
between New York and Brussels. The various options
for a passenger wishing to travel between New York
and Brussels are shown in Figure 3

In this example, there are three possible routes a
passenger can choose. The first option is a direct
flight from New York to Brussels, which is a long-haul
flight. The other two options involve transfers. In the
first of these, the passenger takes a long-haul flight to
Schiphol Airport and then transfers to a short-haul
flight to reach the final destination. The last option
is a long-haul flight to Heathrow in London, followed
by a transfer to a short-haul flight to Brussels.

Figure 3: Three options for a passenger to travel between New York and Brussels

C. Conceptual design of a ban on short-haul
flights

A conceptual ban on short-haul flights can be ap-
proached in two main ways: a distance-based ban
and a time-based ban. The distance-based ban pro-
hibits flights between airports that fall below a spec-
ified minimum distance threshold. Its key advantage
is simplicity, making it easy for policymakers and
airlines to implement. However, this approach fails
to account for geographical and infrastructural con-
straints, potentially limiting city-to-city connectivity
when viable transport alternatives, such as rail or
road, are unavailable. This could result in significant
travel detours and increased emissions, undermining
environmental objectives.

The second approach is a time-based ban that con-
siders the availability and efficiency of high-speed rail
(HSR) as an alternative. Flights are prohibited only
if a train journey between two cities can be com-
pleted within a specified time limit. This method
incorporates a component that links airports within
a 50 km radius of a city, ensuring that policies are
more context-sensitive and tailored to actual passen-
ger options. This approach better addresses natural
barriers and aims to maintain accessibility while re-
ducing unnecessary short-haul flights.

Despite its benefits, the time-based ban presents im-
plementation challenges. Its complexity requires de-
tailed transport data and accurate assessment mech-
anisms, increasing the risk of administrative errors.
Moreover, it may discourage investment in rail infras-
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tructure, as cities might avoid improving HSR con-
nections to maintain air route viability. Thus, while
more equitable and efficient, the time-based ban de-
mands careful governance to balance environmental
goals with regional development and transport equity.

D. Aspects affecting the effectiveness of the
ban

The effectiveness of a ban on short-haul flights within
Europe is influenced by several factors. Firstly, coun-
tries outside the EU pose a challenge, as the EU can-
not enforce such a ban in non-member states.These
non-EU members fall into three categories: EU candi-
date countries, Schengen-associated states, and non-
EU members. While candidate countries may eventu-
ally adopt the ban through EU accession, Schengen-
associated states would require individual negotia-
tions but are also likely to implement the ban eventu-
ally. Therefore, the countries are considered as those
that would implement the ban. Countries like the UK
and Turkey, which are not members of the EU, are
unlikely to comply, potentially creating opportunities
for passengers to detour through hubs in the UK and
Turkey. Figure 4 shows the different European coun-
tries and the category to which they belong.

Figure 4: Members of the European Union and Non-
EU members

Secondly, the availability and quality of HSR infras-
tructure play a role in providing viable alternatives
to short-haul flights. HSR can effectively replace air
travel on routes up to 750 km, but its current cov-
erage in Europe is limited and uneven. High-speed

lines require dedicated infrastructure capable of sup-
porting speeds up to 300 km/h, yet many routes
still operate on conventional tracks, limiting average
speeds and accessibility. As such, a uniform ban
without adequate rail alternatives could reduce con-
nectivity for certain regions. For this reason, a fully
constructed HSR network in Europe was selected for
this study.

Finally, the integration of HSR into the existing air
transport system through Air-Rail networks is essen-
tial. Seamless transfers between air and rail are facil-
itated by airport HSR stations, which reduce transit
times and improve passenger convenience. When an
airport has an HSR station, it is easier for a passen-
ger to transfer from a flight to a train. However, not
all major airports in Europe offer such connections.
In their absence, passengers must rely on less efficient
ground transport, such as taxis, to reach city rail sta-
tions, which may discourage the choice of the Air-Rail
network. As noted in prior studies, effective Air-
Rail integration is key to preserving hub-and-spoke
connectivity while promoting sustainable transport
modes. It also probably increases the likelihood that
a passenger will choose an Air-Rail alternative. This
study has therefore linked airports with a train sta-
tion to the HSR network, despite the current absence
of HSR train services at these stations.

E. Expected effects of a ban on short-haul
flights on a passenger

The implementation of a short-haul flight ban in Eu-
rope is expected to produce significant shifts in pas-
senger behaviour and transport dynamics. Most no-
tably, the ban will alter route choices for passengers.
Figure 5 shows the impact of this ban on the previ-
ously mentioned example of a passenger wishing to
travel between New York and Brussels. Due to the
ban, this passenger can still take a direct flight be-
tween New York and Brussels; however, the transfer
at Schiphol Airport is no longer available. Passengers
can now choose to travel through London Heathrow,
which is in the UK and not affected by the ban. This
option is not beneficial because the distance the pas-
senger travels will likely increase, leading to higher
CO2 emissions. The alternative is to fly to Schiphol
Airport and transfer to the HSR, which takes the pas-
senger to Brussels. This means the passenger travels
the same distance as before, but by choosing the HSR
to reach Brussels, they will produce lower CO2 emis-
sions than taking two flights.
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Figure 5: Route options for a passenger travelling between New York and Brussels when a ban on short-haul
flights is in effect

A second example illustrates the impact on route
choices for a passenger wishing to travel within the
limits of the ban. The options for this passenger are
shown in Figure 6, which depicts examples of route
options between Barcelona and Brussels. As the fig-
ure shows, the passenger has a limited set of options
available. Due to the ban, the direct flight and trans-
fer flight through Schiphol are no longer viable. Ad-
ditionally, the Air-Rail alternative is also unavailable

for this passenger. Two options remain; the first is to
take a flight to Heathrow Airport and transfer to a
flight to Brussels. This will result in a high distance
travelled by plane, leading to significant CO2 emis-
sions. A cleaner alternative is for the passenger to
take a direct train between Brussels and Barcelona,
which will have lower CO2 emissions than the trans-
fer option.

Figure 6: Route options for a passenger travelling between Barcelona and Brussels when a ban on short-haul
flights is in effect

F. The expected global effects of the ban on
short-haul flights

The primary objective of the short-haul flight ban
is reduce CO2 emissions, by promoting high-speed
rail (HSR) usage. Based on Figure 5 and 6, HSR

remains a viable option for both long-distance and
some transfer journeys, suggesting a likely increase
in HSR usage, particularly for direct connections.
However, the impact on the Air-Rail network is less
certain. While it may benefit long-distance travelers,
it becomes unavailable for routes shorter than the
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ban threshold, potentially limiting its growth.

In aviation, the ban is expected to reduce direct
intra-European flights, especially within the hub-
and-spoke system where direct options are limited.
This may lead to an increase in transfer passengers,
including those rerouting through non-EU hubs un-
affected by the ban, potentially increasing overall
travel distances and associated CO2 emissions. So it
is expected that the transfer passengers will influence
the impact of the ban on CO2 emissions.

Thus, it can be suggested that the ban on short-haul
flights could lead to a reduction in CO2 emissions,
provided that the growth in HSR usage compensates
for passengers flying around the ban. To assess the
feasibility of this, The study has modelled passen-
ger choices under the ban, estimating route selection,
hub usage, and resulting aviation emissions to evalu-
ate the policy’s overall impact. Thereby, it is assumed
that a fully functioning HSR network is in place in
Europe.

III. Method

This section discusses the method used in this study.
To calculate passengers’ mode choice, several steps
were taken, each step consisting of different meth-
ods that contribute to the calculations. Since no
data on passengers’ current mode choices was avail-
able, a base scenario was developed first. This sec-
tion explains how the base scenario was created and
the adjustments needed to calculate different scenar-
ios where a ban is implemented. It will also briefly
discuss two key methods used in this study: the
Frequency-based reallocation method and the ran-
dom regret method.

A. Global steps of the base scenario

To calculate the baseline scenario, several steps were
taken, as shown in Figure 7. The figure illustrates

two distinct calculation streams. The first flow in-
volves calculating demand between cities, which is
necessary because the input data comprises flight in-
formation between various hubs in Europe. Since the
HSR starts and ends in cities, the data must be con-
verted to trips between these locations. Additionally,
the input data does not account for transfer passen-
gers, so it is essential to predict the airports between
which these passengers intend to travel. This flow is
represented by blocks 2 and 3. The second flow in-
volves developing a network, which consists of nodes
and edges. Nodes are points where passengers wish
to travel; in the model, a node can be either an air-
port or a city. The edges represent the routes passen-
gers take, and each edge will eventually be assigned
a number representing the number of passengers on
that route. This flow consists of blocks 4 and 5.

Figure 7: Different steps that the method of this study uses

The input data for this study is sourced from Euro-
stat (2025) and includes passenger numbers between
different hubs for the year 2023. This does not in-
clude data for passengers from the UK, which is from
2019, potentially introducing slight bias for UK trav-
elers. However, due to a lack of alternatives, this
year was chosen. In addition to passenger numbers,
the annual volume of flights between airports is also
included, sourced from Eurostat (2025). The final
input data consists of an HSR network optimized to

connect all cities, with HSR stations added at air-
ports. The HSR connections are based on the study
by Grolle (2020) and current infrastructure plans
published by Interrail-Eurail (2024).

The first step in developing the base scenario involves
calculating various required data, as not all informa-
tion is available. Therefore, some values are calcu-
lated from other accessible data. This includes cal-
culating travel time between two cities by using the
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haversine method to determine distance and dividing
that by the average speed of the respective transport
mode. Each travel time also includes constants such
as taxi time or transfer time. For HSR, this accounts
for potential passenger transfers, while for aircraft,
the average taxi time is added to the travel time.
The constants used are listed in Table 1. In addi-
tion, a list was made of the different hubs that exist
in Europe, for each hub there was looked at what the
average transfer rates. This data can be found in Ap-
pendix A. A hub was selected for each EU country
based on accessibility scores from ACI (2024). Some
countries were assigned two hubs due to having two
major airports.

What Value

Taxi Time 15 min

Stop Time Train 15 min

Average speed plane 700 km/h

Average speed train 220 km/h

Tolerance level 50 km

Tolerance level non-EU 100 km

Table 1: Parameters

At the beginning of this chapter, it was indicated that
the data used for this model is from Eurostat (2025)
and consists solely of passengers traveling between
two different airports. To adjust this data to a for-
mat suitable for passengers wishing to travel between
two different cities, two steps are necessary. The first
step, indicated in block 2.0, is required because the
original data does not account for transfer passen-
gers. As a result, passengers taking multiple flights
are counted twice. To ensure that each passenger is
counted only once in the model, the Frequency-based
reallocation method was used. This newly developed
method is specifically designed for this study because
no existing method was found in the literature that
could straightforwardly reallocate transfer passen-
gers to their original origin and destination in an OD
matrix.

When the data is adjusted for transfer passengers,
it still doesn’t indicate the origin or destination of
a passenger. In block 3.0, an attempt will be made
to assign different passengers to two cities between
which they wish to travel. The city-to-city method is
from previous research by Grolle (2020). The study
by Grolle (2020), which uses the same data format,
examines the allocation of passengers to cities. Since
both studies are similar, this method can be applied
to the current research. However, this study in-
cludes passengers traveling from outside Europe. As

an adaptation to the original method, these passen-
gers were allocated solely to air travel in the modal
split. Additionally, the final step applied by Grolle
(2020) was skipped, as including passengers from
other transport modes is unnecessary for this study.
The same parameters from his study are included in
this study. The result of this step is an OD matrix in
which passengers are assigned to their desired travel
cities.

The initial step in developing the infrastructure be-
gins with establishing the network (block 4.0). In
this block, the rail and air networks will merge into
a single connected system. This network will consist
of various nodes and edges. The nodes represent air-
ports and cities, while the edges represent possible
rail or air routes. The value of these edges represents
the travel time that is needed to complete a spe-
cific edge. Research from Flodén et al. (2017) found
that travel costs, travel time, and comfort are the
most important factors for passenger route choices.
However, because travel costs for plane transport are
difficult to estimate, only travel time and a small
aspect of comfort were included in this research.

Not all nodes are interconnected; therefore, a car
network is included to represent, in some cases, the
final leg of travel between a city and an airport. The
study focuses on trains and planes, which is why cars
are only used to connect cities and airports. While
passengers can travel between two cities in Europe
by car, it is unlikely they would fly from New York
to Schiphol and then drive to Barcelona. For this
reason and to simplify the model, car travel is not
included on a large scale but is considered only as a
means of reaching the airport.

With these networks established, it is time to calcu-
late the likelihood that passengers will choose specific
routes. This calculation is conducted in the block en-
titled Passenger route assignment (5.0).

The first step in block 5.0, is to determine the dif-
ferent routes passengers can take. These routes are
searched by using the k-shortest path algorithm,
during the search different penalties are added in
the algorithm. These penaltie are needed to add re-
alism in the model, a time penalty is added to the
total travel time if a passenger makes a specific travel
choice in his shortest path. The penalties and their
reason can be found in Table 2.

From these routes, a top 5 will be created, which will
then be compared with one another. In this com-
parison, a probability is assigned to each route. The
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probability is calculated by using the Random Regret
method. This probability will then be multiplied by
the number of passengers wishing to travel between
the cities, allowing us to add the passengers to the
different edges they travel.

No. Reason for
the penalty

Between Penalty
Time

1 If an airport
isn’t a hub

Airport–
Airport

+2

2 If a taxi ride
is taken to
a city that
isn’t the
city of the
airport, and
isn’t the final
destination

Airport–
City – City

+10

3 Access time
airport with
train

City–Airport
(with HSR)

+2

4 Access time
airport with
car

City–Airport
(no HSR)

+3

5 Egress time
airport with
train

Airport
(with
HSR)–City

+1.25

6 Egress time
airport with
car

Airport (no
HSR)–City

+0.75

7 Air–Rail
transfer at
airport (no
HSR)

Plane–
Taxi–HSR

+1.5

8 Air–Air
transfer

Airport–
Air-
port–Airport

+1

Table 2: Different penalties in the model

Once passengers are assigned to their edges, the net-
work can be analyzed (block 6.0). The purpose of
this analysis is to determine the values of various in-
dicators. This will involve calculating CO2 emissions
and examining the number of passengers travelling
through each hub to ultimately provide advice to air-
ports. Additionally, it will assess the difference in
emissions generated per ban. After completing these
steps, the base scenario is created. This base scenario
can than be used to compare, with different scenario’s
in which the ban is implemented.

B. Frequency-based reallocation method

The passenger data from Eurostat (2025) does not
account for transfer passengers, leading to potential
double counting in the OD matrix. To make sure the
data accounts for transfer passengers, the Frequency-
Based Reallocation Method was used. The method
reallocates passengers based on the likelihood of
transfers, aligning demand with actual origins and
destinations.

The method is based on the following idea: If 70 pas-
sengers travel from hub A to hub B and 30 passengers
travel from hub A to hub C, the probability of a pas-
senger choosing the route to hub B is 70%, while the
route to hub C is 30%. This reasoning is based on
the principle that routes with more passengers are
more attractive, as opposed to those with fewer. Ad-
ditionally, higher passenger numbers often indicate
greater supply. The main purpose of the method is
to provide quick and easy insights into the choices of
transfer passengers to estimate passenger flows. How-
ever, it is not suitable for precise predictions of trans-
port flows. The formulas of the method are shown in
Equation 1, 2, and 3.

Frequency-based demand correction method

Nij + Tij = Dij , ∀i, j ∈ N (1)

Xij ∗ (1− (transj ∗Hubj)) = Nij ,∀i, j ∈ N (2)

Tij =
∑
n∈N

Xin · transn ·Hubn · Flyinj ·(
Xnj∑

m∈N Xnm · Flyinj −Xin

)
, ∀i, j ∈ N (3)

Where:

Variable Meaning

N Sets of airports where: n, j, i ∈ N

Dij Demand between city i and j

Tij Passeners with a transfer traveling between

city i and j

Nij passengers traveling without a transfer between

city i and j

transi Transfer rate at airport i

Hubi 1 if airport i is a hub zero otherwise

Flyi,j,n 1 if a passenger can transfer towards route n to j

, after traveling on route i,n. Zero otherwise

Formula Equation 1 expresses total demand Dij as
the sum of direct passengers (Nij) and transfers (Tij).
Direct demand is computed by removing transfers
from the original OD entry (Equation 2). Transfers
are estimated using hub status and transfer rates.
Transfer passengers are reallocated based on the
probability of continuing to another destination, as
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shown in Equation 3. This probability is the share of
passengers on a given route relative to all outbound
passengers—adjusted by two factors: (1) the feasi-
bility of the transfer, using the Dynamic Restricted
Area method (Appendix B), and (2) exclusion of the
inbound flight from the probability base. The areas
that are prohibit by the Dynamic Restricted Area
method can be found in Table 3.

Before transfer
type of flight

After trans-
fer type of
flight

θrestrictedi,n,j

Long-haul Long-haul 90

Medium-haul 60

Short-haul 0

Medium-haul Long-haul 90

Medium-haul 120

Short-haul 0

Short-haul Long-haul 0

Medium-haul 120

Short-haul 360

Table 3: Restricted areas after different flights

After calculating Nij and Tij , the values are summed
for each OD pair to obtain the Dij . To maintain sym-
metry, the average of Dij and Dji together is used,
resulting in an OD matrix that correctly accounts for
transfer passengers. Figure 8 presents a small ex-
ample that illustrates how the data is adjusted for
transfer passengers. In this example, node C is a hub
with a transfer rate of 0.4. The example aims to cal-
culate how many passengers travel between airports
A and E.

Figure 8: Example: Frequency-based reallocation method
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C. Random Regret method

When the routes are determined and penalties added,
there are ultimately five fastest routes for passengers,
to travel between two specific cities. With these pos-
sible options, it’s time to calculate the mode choice
using the Random Regret method (RRm). This
method is not widely used in similar research, though
it is sometimes employed by consultants. Its ad-
vantage lies in accounting for the regret passengers
feel about unchosen options, unlike the MNL model,
which evaluates each route independently without
considering other choices. Additionally, the MNL
model is challenging to apply when different route op-
tions are similar, making the RRm model more effec-
tive. Another benefit of this method is that it bases
regret solely on the travel time required to complete
the route, simplifying its application while accurately
estimating the probability of someone choosing a spe-
cific route. The used formulas to calculate the RRm
are shown in Equation 4 and 5. The only attribute
included is the travel time, which is assigned a beta
of 0.01. This beta is taken from the study of Grolle
(2020), which used this beta for his City-to-City de-
mand estimation.

Random Regret formulas

Rr =
∑
n ̸=r

∑
TT

ln
(
1 + eγTT ·(αnTT xnTT−xrTT )

)
− ln(2), ∀r ∈ R (4)

P (r) =
e−Rr∑
l∈R e−Rl

, ∀ r ∈ R (5)

Where:

Variable Meaning

Rr Regret value for route option r

γTT Sensitivity parameter for the travel

time attribute

αnTT Coefficient associated with travel

time attribute TT

xnTT Attribute value of travel time for route n

xmTT Attribute value of travel time for route m

R Set of all available route options

P (r) Change that route r is chosen

After the probabilities are calculated with the RRm,
the passengers can be assigned towards the specific
edges they are travelling on. The formula for as-
signing passengers is shown in Equation 6. At this
stage, the probability of a passenger taking the route
is multiplied by the number of passengers travelling
between the two cities. The number of passengers for
each route will then be allocated to the various edges
it takes, and this will be done for all the routes. In

the end, the number of people travelling over each
specific edge will be known. The formula for this step
is shown in Equation 6

Allocation of passengers to different edges formula

f(e) =
∑

R∈Re

Pr ·ODi,j , ∀ i, j ∈ I, (6)

Where:

Variable Meaning

R A specific route

Re Set of routes that pass through edge e

Pr Probability of selecting route R

ODi,j Number of passengers wanting to travel

between city i and j

e An edge in the network

f(e) Total passenger flow assigned to edge e

I Set of cities

Once all passengers are assigned to different edges,
this part of the algorithm is complete. From these
calculations, a Link Load Matrix is generated, which
can then be used to calculate the various indicators,
in the policy analysis. This Link Load matrix consists
of the amount passengers travelling on edges between
different nodes within the network.

D. Implementing the ban on short-haul
flights

This study examines two methods for implementing
a ban on short-haul flights: one based on the distance
between airports and one based on the travel time
compared to High-Speed Rail (HSR). The different
scenario’s for the ban are calculated using the same
steps as the base scenario. Only in the network de-
sign (block 4.0 in Figure 7) are adjustments made to
calculate the impact of the ban. In this step differ-
ent travel times of prohibit routes is set to zere. So
the k-shortest path algorithm doesn’t consider these
paths because they aren’t there.

The distance-based ban is implemented using a pre-
computed distance matrix between airports, that is
made using the haversine method (block 1.0 in figure
Figure 7). A flight is only permitted if the distance
between the origin and destination exceeds a speci-
fied threshold Disban. The total travel time TTAB

is calculated as shown in Equation 7, and the ban
indicator Banab determines whether a connection is
allowed, as shown in the following equations:

Distance-based ban calculations

TTAB =

 disAB

AV E
planespeed
ab

+ Ttaxi

 ·Banab (7)
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Banab =

1, if disAB ≥ Disban

0, otherwise
(8)

Where:

Variable Meaning

TTAB Total flight time between airport

A and Airport B in hours

disAB Distance between airport

A and airport B in km

Disban Distance based ban value in km

AV E
planespeed
ab Average speed plane in km/hour

Ttaxi Taxi time plane

Banab 1 if there is not a ban on the flight,

0 otherwise

The time-based ban compares the flight time to the
fastest available HSR route between the city cen-
ters associated with the airports. Only EU-internal
flights are considered. To allow fair comparison, air-
ports are linked to nearby cities (within 50 km) us-
ing the Haversine formula (Equation 10–13). The
model checks whether both airports are within range
of cities that have HSR connections, using the con-
ditions in Equation 14 and Equation 15. If the HSR
journey time TTHSR

XAYB
is shorter than a given thresh-

old Tban, the corresponding flight is banned. Oth-
erwise, the flight is allowed or excluded based on
the presence of nearby HSR-linked cities, as shown
in Equation 16. The full formulation is as follows:

Time-based ban calculations

TTPlane
AB =

 dAB

AV E
planespeed
AB

+ Ttaxi

 ·Banab (9)

aAX = sin2
(
∆ϕ

2

)
+ cos(ϕA) · cos(ϕX) · sin2

(
∆λ

2

)
(10)

aBY = sin2
(
∆ϕ

2

)
+ cos(ϕB) · cos(ϕY ) · sin2

(
∆λ

2

)
(11)

dAX = 2r · arcsin (
√
aAX) (12)

dBY = 2r · arcsin (
√
aBY ) (13)

disAX =

1, if dAX ≤ 50

0, otherwise
(14)

disBY =

1, if dBY ≤ 50

0, otherwise
(15)

BanAB =

1, if TTHSR
XAYB

≥ Tban

1− (disAX · disBY ), otherwise
(16)

Where:

Variable Meaning

TTPlane
AB Total flight time between airport A and

Airport B in hours

TTHSR
XAYB

Travel time between connected city x

to airport A and connected city y to airport B

disAX 1 if city X is in the service area of airport A

Tban Time based ban value in hours

AV E
planespeed
ab Average speed plane in km/hour

Ttaxi Taxi time plane

Banab 1 if there is not a ban on the flight

, 0 otherwise

ϕ1, ϕ2 Latitudes of the two points (in radians)

∆ϕ ϕ2 − ϕ1, difference in latitudes

∆λ λ2 − λ1, difference in longitudes

r Radius of the sphere (e.g., Earth’s radius)

aax Intermediate value in the Haversine formula

between airport a and city x

dax Great-circle distance between airport a and city x

IV. Policy scenario’s and input data

section III has already discussed some of the assump-
tions of this study, but these are not all the assump-
tions. This chapter will address the last larger as-
sumptions made in this study. The section will also
discuss the different experimental scenarios that are
compared with the base scenario.

A. The correction of input data

The study used large data files from Eurostat (2025),
which contain passengers carried on the routes flown
from major hubs in Europe. The issue with the data
is its size, leading to long calculation times. There-
fore, unnecessary data was removed from the model
for several reasons.

The first reason airports have been removed is the
small flights between Turkish cities. These airports

only had flights departing to Turkey. As the study
focuses on the impact on the European Union, data
from these flights are not relevant. Additionally, the
ban will have no impact on these trips, making no
difference in the final data. Therefore, it was decided
to remove these domestic flights. This decision was
also made for international flights from airports that
only travelled to Turkey, as they are irrelevant for
the same reason.

The dataset used in the study had several limita-
tions and adjustments. Data from the UK dated
back to 2019, while the rest was from 2023, due
to the UK’s departure from the EU in 2020, which
ended its obligation to share such data. Unneces-
sary data was removed from the model, including
airports with only flights to the UK and Turkey, as
well as some Finnish airports used solely for domestic
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flights. The study also excluded some European cities
to avoid complicating the model without improving
the results. Consequently, airports that could not
be linked to cities—often located on islands or in ar-
eas without high-speed rail stations—were removed
to maintain passenger data integrity. Additionally,
Soekarno-Hatta International Airport in Indonesia
was excluded due to inaccurate data, which showed
only one incoming flight when other sources indicated
many more, potentially distorting the results.

B. Emission parameter

To calculate average emissions per passenger, several
choices were made. First, an average figure for all
flight types was used. Figure 1 shows that long-haul
flights emit more than short-haul flights. However,
the number of passengers on short-haul flights is ex-
pected to fluctuate significantly, while this effect will
remain small for long-haul flights. This study pri-
marily focuses on the impact of the ban rather than
on precise predictions of the outcomes if the ban is
implemented. Therefore, an average number of CO2
emissions per passenger per kilometre was chosen.

The average emissions per passenger per kilometre
are based on the emissions of a Boeing 737-400, from
a study performed in 2008. This year was chosen due
to the availability of data. This narrow-body aircraft
has smaller engines and is primarily used for short-
haul travel. The selected emission value is 115 g/pas-
senger/km (Carbon Independent (2025)). Note that
current aircraft are much cleaner due to innovations
in recent years. But this study does not aim to deter-
mine an exact emissions figure and focuses solely on
comparing CO2 emissions from aviation, after a ban
is implemented. Therefore, the value of this data is
not crucial for the conclusions.

C. The design of the HSR infrastructure

Looking at Figure 9, it is noticeable that the Euro-
pean HSR network is not yet fully complete. Ad-
ditionally, several important connections remain un-
established. Including this network in the study is
therefore complicated. This situation necessitates ex-
amining the current state of each line and its future
prospects.

To maintain simplicity in the study, it will be as-
sumed that the HSR pathway is complete in Europe,
this complete HSR network is based on the study of
Grolle (2020) that tried to optimize the HSR network
in Europe. Furthermore, airports with HSR stations
that are not depicted in Figure 9 will also be included.

The missing lines and connections between cities are
based on the overview of Interrail-Eurail (2024)

Figure 9: Current HSR network in Europe (Mijs
(nd))

The HSR infrastructure used in this study is com-
plete, meaning that all cities in Europe can be
reached via HSR, though this does not apply to all
airports. Additionally, the study does not consider
timetables of train operators; therefore, the travel
time of the HSR in the model is sometimes faster
than in reality. While this is not true for all routes,
it is a common aspect.

D. Scenario’s of the ban on short-haul flights

Currently, several companies and countries have im-
plemented bans on short-haul flights (Wikipedia
(2025)). The choice of different policy scenarios is
based on the current actions taken by companies or
countries. The chosen policy scenarios can be found
in Table 4. The aim is to make both types of bans
roughly equal. This has been done to ultimately com-
pare which type of ban will be the most effective.

Scenario Time-based Distance-based

Low 2.5 hours 250 km

Middle 6 hours 750 km

High 14 hours 1500 km

Table 4: Different policy scenarios

Starting with the high scenario, the aim is to signifi-
cantly intervene in the aviation market. This scenario
proposes a complete ban on short-haul flights for both
types of bans. Figure 1 noted that short-haul flights
account for about 24% of total CO2 emissions. A
complete ban on short-haul flights with the current
HSR network should theoretically reduce emissions
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by at least 20%. This scenario allows to assess what
impact a full ban has on the base scenario, where a
full functional HSR network is implemented. With
a time-based ban, CO2 reductions will properly be
slightly lower than with a distance-based ban, as
more routes are permitted under the time-based ban
to consider possible alternatives.

For the middle scenario, its based on the study of
Adler et al. (2010). According to a study by Adler
et al. (2010), his research found that trains are faster
than planes till a distance of 750 km. This distance
is therefore an interesting benchmark. According
to the theory that people always choose the fastest
route, this suggests that at this point people should
chose 50/50 between air or rail. The question then
arises as to whether this holds true if passengers can
also fly around the ban. So their can be expected
that this scenario is one of the most optimal formats
for the ban. The time-based ban will also represent

a distance of 750 km. As this means that it would
take approximately 6 hours for a person to cover 750
km. The six hours is found by desk research (Google
(2025)) different routes, and look how long this takes.

The last and lowest scenario is based on the current
policy in France (de Weert (2022)). France has en-
acted a law, approved by the EU, that bans flights
within 2.5 hours of train travel. The purpose of this
ban is to eliminate flights within an EU country, as
these can be easily replaced by other modes of trans-
port. According to Adler et al. (2010), high-speed
rail (HSR) should be significantly faster over this
distance. However, the ban can be relatively easy
to circumvent. Therefore, it will be interesting to
investigate whether this ban will ultimately achieve
its intended effect. Desk research indicates that the
distance-based ban in this scenario should be 250 km
Google (2025).

V. Verification & validation

This section addresses the verification and validation
of the model through a case study using a smaller
dataset of transported passengers, as the original
model takes too long to run multiple tests. The
parameters and track infrastructure are identical to
those in the original model. The data used can be
found in Appendix C.

Based on the case study results, this section verifies
several aspects: the effect of the optimal HSR net-
work, the performance of the reallocation method,
and the effectiveness of the ban. It also validates
the number of iterations used in the k-shortest path
method and the influence of the value of k within this
method.

A. Verification of the HSR network

The model replaces air travel with a High-Speed Rail
(HSR) network optimized to provide passengers with
unrestricted route choices instead of relying on fixed
train lines. This flexibility allows the model to sim-
ulate a fully functioning network. Verification was
conducted using Google (2025) to compare real public
transport times with the model’s predictions, which
are shown in Table 5. The comparison revealed that
the model can predict quicker travel times in some
cases, especially in Western Europe. These differ-
ences arise because the model does not account for
real-world HSR infrastructure complexities, such as
the absence of built infrastructure, train speeds, and
HSR lines.

Although the model does not fully capture the nu-
ances of real travel behavior, such as long transfer
times or inter-station changes in cities like Paris, it
generally predicts more favorable travel times for rail
compared to reality. Consequently, the model overes-
timates the attractiveness of HSR, leading to a higher
allocation of passengers to trains than would realisti-
cally occur. While this enhances the model’s compet-
itive positioning of rail over air travel, it also raises
concerns about reliability of the model, as the pre-
dicted modal shifts are based on an idealized version
of the network rather than actual infrastructure con-
straints.

HSR-Route Real time
(hour)

Model
time
(hour)

Percentage
differ-
ence

Amsterdam-
Brussel

2.3 1.88 -18.26%

Amsterdam-
Barcelona

11.43 9.05 -20.82%

Rome-
Barcelona

No train op-
tion (17.41
bus option)

7.21 -58.59%

London-
Amsterdam

4.75 3.96 -16.63%

Paris-Lille 1.03 1.26 +22.33%

Paris-
Amsterdam

3.38 3.76 +11.24%

Table 5: HSR travel times real vs model outcomes
(Google (2025))
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B. Verification of the airport reallocation
method

A new method has been designed to correct the input
data form Eurostat (2025). Important variables from
this method are the degrees from Table 3, which are
used for the Dynamic Restricted Area. By adjust-
ing various variables, the impact on different routes
is examined to determine whether it is justified. The

expectation of this test is that the number of passen-
gers wishing to travel between two non-hubs will be
significantly influenced by changes in the prohibited
area indicators. Additionally, to verify the effective-
ness of the frequency-based reallocation method, the
direction of routes to the hub must always be negative
relative to the input. If this occurs, it indicates that
the method is functioning as intended. The results of
this verification are shown in Table 6.

Scenario Abu Dhabi Inter-
national Airport →
London City

% Difference with
Output

Abu Dhabi Inter-
national Airport →
Schiphol

% Difference
with Input

Input 0 - 197310.00 -

Output 13264.80 - 166508.01 -15.61%

After longhaul flight
transfer to short-haul
flight 100°

13726.45 +3.48% 166508.00 -15.61%

After longhaul flight
transfer to short-haul
flight 360°

11898.84 -10.30% 164442.70 -16.66%

After medium flight
transfer to short-haul
flight 100°

13726.45 +3.48% 166508.00 -15.61%

After shorthaul flight
transfer to shorthaul
flight 0°

2764.97 -79.15% 164953.30 -16.40%

After shorthaul flight
transfer to longhaul
flight 360°

1365.962315 -89.70% 163563.5915 -17.10%

Table 6: Sensitivity analysis: Restricted area algorithm

As expected, Table 6 shows significant changes in the
route between the two non-hub airports. The results
indicate that the number of passengers is greatly
influenced by changes in the prohibited area. This
illustrates that the size of the prohibited area can
significantly impact the results of this method. It
is difficult to determine whether the chosen values
reflect reality, given the results and the fact that not
all routes were included in the case study.

Examining the route between Schiphol and Abu
Dhabi, it is evident that all values relative to the
input are negative. This indicates that fewer peo-
ple travel on this route, reallocating to other routes.
This suggests that the method is functioning as in-
tended. In conclusion, the Frequency-based realloca-
tion method performs as expected, but the Dynamic
Restricted Area significantly affects the outcomes.

C. Validation the number of iterations

Several algorithms are used in this study. Because
the shortest path algorithms can get stuck or repeat
themselves, a maximum number of iterations was in-

troduced. This allows for a maximum of x steps per
route to find a faster option. The maximum is set
at 1500 iterations in the base model, meaning that
after 1500 steps, the model will proceed to the next
route. To verify this number, runs with 500, 1000,
1500, 2000 and 2500 iterations were conducted in the
smaller model to analyse sensitivity, the values from
the base scenario are compared.

Figure 10: Increasing routes that are found by a
higher number of iterations
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Figure 11: Stabilising number of passengers assigned
to different edges with a greater number of iterations.

The issue with the number of iterations is that as
it increases, the time required for the model to run
rises sharply. Therefore, it is important to select an
iteration number that maximizes estimates without
significantly increasing the algorithm’s computation
time. Figure 10 shows that the number of new faster
routes does not increase significantly beyond 1500 it-
erations, although it still rises after that point. This
indicates that complex routes can still be found by
the model after 1500 iterations. If these routes are se-
lected, the total number of allocated passengers will
increase sharply. However, Figure 11 shows that after
1500 iterations, there are not many additional pas-
sengers identified by the model. This suggests that
while new routes can still be found after 1500 itera-
tions, their usage is very low.

Figure 12: Stabilising average speed with a higher
number of iterations.

Further validation using average travel speed was
conducted to determine if the model was stuck in a
local minimum. The results of this validation are
shown in Figure 12. Despite continued increases in
the number of iterations, the average speed between
city pairs stabilizes around 1500 iterations, indicat-
ing that the fastest and most relevant routes have
largely been identified by this point. It shows a local
minimum at 1000 iterations.

In conclusion, with a limited number of iterations,
not all possible solutions can be found. Increasing
the iterations beyond 2500 will enhance the num-
ber of routes identified, allowing the model to better
predict complex routes. After 1500 iterations, only
a small group of people are assigned to the newly
discovered routes, and hardly any faster routes are
found. Therefore, 1500 iterations is sufficient for this
study.

D. Validation of the k value

Within the algorithm, various routes are considered.
In the method, there was chosen to examine up to
five different routes between cities. The question now
is how significant the effect of these chosen routes is
on the results. To assess this, different values for k
and the total number of passengers assigned to the
various edges are analysed.

Figure 13: Validation of k-value with the number of
assigned passengers

Looking at Figure 13, there is a noticeable difference
between a k-value of 1 and 5. This indicates that
significantly more complex routes are found, which is
not necessarily a drawback. Comparing the k-values
of 5 and 10, it can be observed that the increase in
routes stabilises. While more routes are identified,
this has little effect on the outcomes. Between k=10
and k=5, there is hardly any impact on the results.
When k is increased, the results may even decline.
This can be attributed to the fact that more routes
are selected, causing them to compete for the same
passengers. As there is a maximum number of pas-
sengers that can be distributed among the different
routes, an increase in the number of routes also leads
to the selection of longer routes. These longer routes
compete with one another for passengers, resulting
in a total decrease and making the outcomes appear
less reliable. Thus, choosing a k-value of five is not
inappropriate.

VI. Results
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This chapter presents the model’s results. First, it
examines passenger choices in the base case. Next,
it compares the results of different scenarios with the
base case, focusing on passenger choices for each sce-
nario. It then discusses the impact of these choices
on aviation CO2 emissions. Finally, it addresses the
effects of the ban on various hubs.

A. Results of the base scenario

Due to the absence of reference data, a base case was
developed. This scenario can be compared with var-
ious scenarios where a ban on short-haul flights is in
effect. The assessment of the base scenario considers
the mode choices made by passengers found by the
model, with results shown in Figure 14.

Figure 14: The choices of the passengers in the refer-
ence alternative were no ban is applied.

Looking at Figure 14, the key observation is that
a group of passengers is already attributed to the
HSR, which is noteworthy since the input data con-
sists entirely of air passengers. As discussed earlier,
one possible explanation is that this increase results
from the presence of a well-functioning HSR infras-
tructure. This suggests that if the network performs
optimally, a significant proportion of passengers trav-
eling within Europe will choose the HSR. Addition-
ally, the Air-Rail network is around 40% in the base
scenario, indicating that a well-functioning HSR net-
work can lead to an increase in Air-Rail passengers.

B. Passenger mode choice with a ban on
short-haul flights

The study compared six different bans on short-haul
flights with the basescenario, investigating their im-
pact on passenger behavior. In each scenario, the ban
is implemented alongside a well-functioning HSR in-
frastructure in Europe. The results focus on overall
modal choice and the effects on direct and transfer
passengers, as illustrated in Figure 15 and 16.

Figure 15: The difference between people choosing to travel directly or via transfer to their final destination,
compared to the no-ban alternative.
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Figure 16: The difference in transport choices by alternative compared to the scenario where no ban applies.

In the 250 km distance-based ban, only minor be-
havioral changes are observed. A small group of
passengers switches from air travel to rail, and there
is a slight decrease in transfer passengers and direct
passengers. In this scenario, many passengers have
likely already switched to the HSR or Air-Rail al-
ternative. This means that the 250 km ban shows
little difference from the base scenario, except that
the remaining passengers on really short flights are
now forced to travel by HSR or take a direct flight.
Also there is a small increase in Air-Rail passengers.

Under the 2.5-hour time-based ban, a clearer shift
is visible. The number of passengers using high-
speed rail (HSR) slightly increases, direct flights de-
crease, and transfer flights become more common.
The number of Air-Rail passengers is slightly de-
creasing. Importantly, the use of planes decreases by
5% compared to the base scenario. This indicates
that the 2.5-hour ban results in a small decrease in
plane passengers and an increase in HSR use. How-
ever, only the direct use of HSR is growing, not the
number of passengers using the Air-Rail network. It
implies that passengers are not choosing the Air-Rail
option but rather traveling around the ban. This is
notable because the use of the Air-Rail network is
declining, while the number of transfer passengers is
rapidly increasing. The decline in Air-Rail use may
be due to the existing fully functional HSR network,
leading many passengers with the option of Air-Rail
to choose this route already in the base scenario.
When the ban has eliminated some routes in this
scenario, is it logical that some passengers disappear.

Comparing the 250 km and 2.5-hour bans, it is ev-
ident that the 2.5-hour ban had a larger impact on
mode choices than the 250 km ban. This effect is also
observable when comparing the 750 km and 6-hour
bans. In this case, the distance-based ban does not

influence passenger choices, while the time-based ban
has a larger impact on passenger mode choices.

Overall, the direction of the effects of all four sce-
narios is the same regarding mode choice. In all
scenarios, the use of aircraft decreases while the
use of HSR increases. Only the Air-Rail alternative
shows differences; notably, the distance-based ban
increases Air-Rail use, whereas the time-based ban
decreases it. This may be because re-routing is more
complicated under the distance-based ban, as there
are fewer routes available. Consequently, it is likely
faster for a passenger to take the HSR after a flight
than to fly around the ban. So it seems that the flying
distance of the detour influences passengers’ choice
behaviour. However, the average distance passengers
have to detour was not determined in this study.

With the 750 km ban, passenger behaviour shifts
different than the time-based alternatives. There is
a reduction in transfers within Europe and increased
HSR usage. Also the usage of Air-Rail is increasing
slightly, but this is very limited. The 6-hour ban
shows further growth in HSR usage, as seen in the
2.5-hour scenario. Additionally, the number of trans-
fer passengers is increasing, with a small reduction
in direct passengers. This indicates that some pas-
sengers are attempting to fly around the ban. This is
likely easier in the 6-hour scenario than in the 750 km
scenario because more flight paths remain available
in the 6-hour scenario. In the 750 km scenario, there
is a decrease in transfer passengers, indicating that it
is more challenging to travel around the ban in that
scenario.

The results of the 1500 km and 14-hour bans look
very similar. Both show a decrease in direct passen-
gers and an increase in transfer passengers. However,
the time-based ban has a larger impact on passen-
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ger choices than the distance-based ban. This differs
when examining mode choices, as the number of HSR
passengers grows slightly more under the distance-
based ban than under the time-based ban. Notably,
the use of the Air-Rail network in both types of sce-
narios decreases by more than 5%, indicating that a
ban on short-haul flights will reduce the use of the
Air-Rail network, while passenger choices seem to be
shifting toward the direct HSR alternative.

C. The impact on CO2 emissions

To say something about the CO2 emissions of avi-
ation after the introduction of a ban on short-haul
flights, the average difference compared to the refer-
ence alternative was considered. Using these results,
an attempt is made to illustrate the impact of var-
ious scenarios of the ban on CO2 emissions in the
aviation market. Figure 17 shows the different result
about the CO2 emissions.

Figure 17: The difference in CO2 emissions based
on the No Ban scenario, where no ban on short-haul
flights is in place.

The first thing to notice is that when the ban is set
at 250 km or 750 km, CO2 emissions do not decrease;
in fact, they slightly increase compared to the base
scenario. Examining passenger mode choices reveals
that these two scenarios have little impact on mode
selection. However, when comparing mode choices
with CO2 emissions, it is evident that the group fly-
ing now takes larger detours, resulting in increased
CO2 emissions. This is likely due to the design of the
ban, as it does not consider possible HSR routes. As
a result, a passenger may need to travel around the
ban, likely increasing the flight distance they must
cover. This suggests that a passenger’s detour dis-
tance impacts CO2 emissions.

In the time-based scenarios, particularly the 2.5-hour
and 6-hour bans, there is a slight decrease in aviation

CO2 emissions. Notably, the 2.5-hour ban results in
a greater reduction in CO2 than the 6-hour ban. In
both time-based scenarios, the number of HSR pas-
sengers is increasing, suggesting that removing plane
options on competitive HSR routes leads to a reduc-
tion in CO2 emissions. It is important to note that
in the base scenario, a fully functional HSR network
is used, so the train competes with planes on more
routes than in reality.

Considering the two extreme alternatives, the 1500
km and 14-hour bans effectively eliminate short-haul
flights. The reduction in CO2 emissions from avi-
ation due to these bans is modest compared to the
base scenario, yielding a maximum reduction of only
4% for the 14-hour ban, while the 1500 km scenario
shows a reduction of 2%. This indicates that even
with a fully functional HSR infrastructure, a com-
plete ban has a limited impact on CO2 emissions.
However, it may be that much of the CO2 emissions
have already been reduced by the base case; as a
result, the emission reductions due to the ban are
relatively low. This indicates that, once a fully func-
tioning HSR network is available in Europe, a ban
on short-haul flights has a minimal effect on further
reduction of CO2 emissions from aviation.

Revisiting the structure of both types of bans in the
complete ban scenario, it can be observed that the
time-based ban restricts fewer routes. Consequently,
there are more flight options available to passengers,
resulting in a shorter distance for rerouting. This
is in contrast to the distance-based ban, which has a
higher average detour distance and fewer transfer pas-
sengers. Since the time-based ban leads to a greater
reduction in CO2 emissions, it is evident that a bal-
ance must be struck between the extent of the ban
and the average detour distance for passengers. This
variable is likely to have a more significant impact on
CO2 reduction than the number of transfer passen-
gers. The variable of average detour distance was not
examined in this study.

D. Impact of the ban on the different hubs

In addition to the overall CO2 picture, this study
aimed to map the impact of the ban on various Eu-
ropean airports, focusing on hubs. This was achieved
by comparing the total departing passengers from the
hubs in each scenario with the number from the base
scenario. The effect on each hub was analyzed for
each scenario, resulting in a global overview. This
overview is illustrated in Figure 18, which displays
the ban’s effect on the different hubs.
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Figure 18: The average effect of the ban on different
hubs around Europe.

The effects of various short-haul flight bans on air-
port hubs reveal significant variation compared to
the base scenario. Smaller airports—such as Prague,
Riga, Sofia, and Budapest—experience the most no-
table declines in passenger numbers under larger ban
scenarios. While changes are minimal under a 250
km ban, greater distance- or time-based restrictions
can lead to reductions in passenger volumes of up
to 50% in some cases. These effects are especially
evident at airports with limited intercontinental con-
nections or smaller hubs.

In contrast, Ljubljana, another smaller airport, shows
moderate passenger increases under specific scenar-
ios but also significant decreases under certain time-
based scenarios. This is likely due to the small in-
put data, which increases the impact on this hub.
Reykjavik-Keflavik remains largely unaffected across

all scenarios, reflecting its geographic isolation and
minimal exposure to short-haul traffic.

Larger hubs such as Schiphol, Frankfurt, and Munich
initially experience growth in passenger numbers un-
der moderate bans (250 km or 2.5-hour), likely due
to their robust intercontinental networks and their
role as transfer nodes, allowing passengers to bypass
affected short-haul routes. However, with more ex-
tensive bans (e.g., 6-hour or 1,500 km), even these
airports show declines compared to the base case.
Regional context and geographic location also influ-
ence outcomes: southern airports like Barcelona and
Madrid exhibit growth under most scenarios, pos-
sibly due to their peripheral location, which limits
the number of affected routes. Non-EU hubs in Lon-
don and Istanbul see moderate increases in passenger
numbers compared to the base scenario. Overall, the
analysis underscores that hub responses to short-haul
bans are highly sensitive to location and previous con-
nectivity prior to the ban.
Compared to the base scenario, it is evident that im-
plementing a ban leads to a loss of passengers at sev-
eral hubs within EU countries. On its own, this is
not an issue, as the aim of the policy is to encourage
more passengers to choose HSR. What is striking is
that with any kind of ban, the EU can be divided into
regions where one hub experiences an increase in pas-
senger numbers while other hubs in the area lose pas-
sengers. This suggests that the location of a hub plays
a significant role in the impact of the ban. If a hub’s
location allows it to maintain more flight routes, it
tends to attract more passengers. The study did not
examine how many routes a hub retains after the in-
troduction of a ban, but it is noteworthy that hubs
that have high connectivity in the base scenario in
particular, experience an increase in some scenarios.

VII. Conclusion

The aim of this study was to investigate how passen-
ger mode choices would influence the impact of a ban
on short-haul flights, assuming that the European
HSR network is fully developed and functioning ef-
fectively. Previous research primarily focused on
short trips and individuals wishing to travel within
the distance of the ban. Therefore, this study also
examined whether transfer passengers influence the
impact of the ban and how hubs in Europe are af-
fected by it. Finally, it investigated how the ban
affects CO2 emissions from aviation in Europe. All
of this was based on the following research question.

How will a ban on short-haul flights impact

the utilisation of hub airports and CO2 emis-
sions in Europe, considering transfer passen-
gers and a fully developed high-speed rail in-
frastructure?

The study compared the ban with a baseline sce-
nario in which a fully functional HSR network was
constructed. This baseline scenario produced inter-
esting results. The input data consisted entirely of
airline passengers. The results showed that by opti-
mising the HSR route, some passengers were already
willing to use HSR as a mode of transport instead of
aircraft. The proportion of passengers using the Air-
Rail network also increased. Therefore, the results
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indicate that by improving the HSR network, some
passengers would choose not to use an aircraft. How-
ever, this does not mean that the proportion willing
to choose the optimised HSR network would actu-
ally make that choice. The study based passenger
choices solely on travel time with minimal consid-
eration for comfort; travel costs were not included.
Furthermore, the effect of this optimisation on CO2
emissions compared to reality was not examined. The
only conclusion that this research can draw in this
area is that by optimising the HSR network, there is
a good chance that a proportion of passengers will
be prepared to use the HSR instead of the plane.

The ban on short-haul flights has been developed in
two different ways in this research: a ban based on
time and a ban based on distance. The results show
that only the time-based ban results in a reduction
in CO2 across all scenarios. With the distance-based
ban, this only occurs with a complete ban on short-
haul flights. This indicates that when there is a well-
functioning HSR network in Europe, a time-based
ban can still lead to a reduction in CO2 emissions
from aviation. However, it has not been investigated
whether this is also the case if the current HSR net-
work is applied in the research.

Previous research paid little attention to the effect of
transfer passengers on the impact of the ban on CO2
emissions. This research shows that these transfer
passengers do influence the impact of the ban, par-
ticularly evident in the 250 km scenario. In this
scenario, there is little change in passengers’ choice
behaviour, yet CO2 emissions from aviation still in-
crease. As HSR use increases and direct passengers
decrease, the results show that the increase in CO2
must be due by transfer passengers.

Examining the differences in behavioural choices of
passengers under a time-based ban versus a distance-
based ban reveals that a time-based ban leads to a
faster growth in transfer passengers, while this is not
the case with a distance-based ban. The research
demonstrates that transfer passengers influence the
impact of the ban on CO2 emissions from aviation,

but this does not depend on the number of pas-
sengers, rather on the average distance a transfer
passenger must cover due to the ban.

For the Air-Rail network, this research shows that
by optimising the HSR network, utilisation of this
network increases significantly. The study cannot
confirm whether this is due to HSR stations at air-
ports, but it is likely that this plays a role. At the
time the ban is implemented, there will be little in-
crease in passengers on the Air-Rail network. It is
more likely that there will be a decrease in Air-Rail
use. This does not have to be detrimental; if passen-
gers switch to HSR, it can still lead to a reduction in
CO2 emissions.

The impact of the ban varies among different hubs
and depends on specific scenarios. Notably, the im-
pact depends on the location and size of the airport
before the ban is implemented. These two factors
influence the connectivity of a hub when a ban on
short-haul flights is enacted; a hub with high con-
nectivity after the implementation of the ban has a
greater chance of experiencing an increase in pas-
senger numbers. This research cannot say whether
the hubs will disappear due to the ban, but it does
indicate that the impact on some hubs could be sig-
nificant.

In conclusion, this study shows that when Europe has
a well-functioning HSR network, a time-based ban
on short-haul flights can still lead to a small reduc-
tion in CO2. The impact of this ban is influenced
by the route choices of transfer passengers and the
distances they must detour. Air-Rail use will not sig-
nificantly increase when the ban is implemented if a
good HSR network is already in place, it is more likely
to decrease. Additionally, the ban will have a con-
siderable negative impact on passenger numbers in
several smaller hubs within EU member states, but
whether these hubs will also disappear remains un-
certain. Thus, a ban on short-haul flights will affect
the EU, but it is questionable whether this impact is
desirable.

VIII. Discussion & Future research

This study is the first to use this method to pre-
dict passengers’ behavioral choices during a ban on
short-haul flights. The method primarily focused
on passengers’ transfer times, excluding travel costs.
The findings indicate that when a well-functioning
high-speed rail (HSR) network exists in Europe, some

passengers are willing to choose HSR. However, it re-
mains uncertain whether this holds true when travel
costs are factored in. In order to get a good picture
of the effects of the ban on Europe in the presence of
a well-functioning HSR network, it remains therefore
still relevant to examine how travel costs influence
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passenger choices.

This study assumes that a well-functioning HSR net-
work is being developed in Europe. Using a baseline
scenario in which this network has been established,
different scenarios have been compared. Previous
research by Baumeister and Leung (2020) indicated
that a study in Finland, where a ban was imple-
mented, would result in a 95% reduction in CO2
emissions in the transport sector. In Baumeister and
Leung (2020) study, the possible alternatives for pas-
senger transport consisted of the existing national
train network. When comparing this study with
Baumeister and Leung (2020) findings, it can be ar-
gued that a ban on short-haul flights would reduce
CO2 emissions in the aviation sector in Europe. How-
ever, this will be influenced by transfer passengers,
which could result in an increase in CO2 emissions
due to the ban. While Baumeister and Leung (2020)
study suggests that a ban on short-haul flights could
significantly affect CO2 emissions in the transport
sector, this study indicates that, if the ban is im-
plemented at a European level, transfer passengers
may negatively affect CO2 emissions. As this study
does not utilise the current HSR or train network, it
remains unclear how the reduction in CO2 emissions
would be. It may therefore be worthwhile to repeat
this study using the existing HSR network in Europe.

The study shows that transfer passengers influence
the effectiveness of the ban on short-haul flights. To
determine which type or size of ban will positively
impact Europe, the study revealed that this depends
not on the number of transfer passengers but on the
average distance they must detour. While the num-
ber of transfer passengers may still play a role, it is
less significant than distance. This study identified
a connection between these two variables and the
overall CO2 reduction resulting from the ban. The
results are considered logical and do not indicate to
come from an error in the model. Therefore, it can be
expected that the average detour distance of transfer
passengers will also play a role in reality. It may still
be worthwhile to explore the relationship between
the average detour distance of transfer passengers
and the number of transfer passengers in a potential
follow-up study. This could help identify which type
and size of the ban would lead to a reduction in CO2
emissions in Europe. The expectation is that if these
two variables are balanced, a scenario can be found
that maximises CO2 reduction if a ban on short-haul
flights is implemented in Europe.

In Europe, the ban appears to redistribute passen-
gers, particularly affecting smaller hubs. The study

indicates that fewer passengers will travel from vari-
ous European hubs, leading to decreased turnover at
these hubs and raising concerns about the potential
disappearance of some. It is clear that the ban will
impact hubs, and future research should examine
how this will affect different regions connectivity and
economical.

A. The limitations of the model

The study had two major limitations that could have
affected the results. The first was the lack of avail-
able data on passenger demand between different
cities. To estimate how many passengers wanted
to travel between cities, data from Eurostat (2025)
was used, indicating the number of passengers who
travelled between two airports in 2023. The issue
with this data is that it does not account for transfer
passengers, leading to double counting. To allocate
these transfer passengers to their original departure
and destination, the Frequency-based reallocation
method was employed.

The Frequency-base reallocation method was specifi-
cally developed for this study and has not been used
before in existing literature. However, it only consid-
ers departing passengers and potential illogical trans-
fers, neglecting other possible factors. For instance,
passengers may choose specific airlines or alliances.
If an airline operates a hub-and-spoke strategy, the
likelihood that a passenger will fly to the airline’s
home hub is significantly higher than on the largest
route departing from a specific airport. Therefore,
it would be beneficial for future research to explore
whether these airlines or alliances can influence the
frequency-based reallocation method to better ex-
plain passenger travel behaviour.

Another major limitation of this study was the com-
puting power used to calculate the algorithm. To
minimise computing time, a maximum number of it-
erations was set for the k-shortest path algorithm.
Consequently, the algorithm could not calculate all
possible route options. As a result, some more com-
plicated routes for passengers may not have been
identified, leading to an overestimation of the number
of passengers using certain routes. When interpreting
the data, it is important to recognise that this model
did not predict a future scenario that corresponds 100
per cent to reality.

B. Future research

Based on the discussion and conclusion, several sug-
gestions have been identified that may be worth in-
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vestigating in future research. Below is a list of the
various suggestions for future research arising from
this study.

• What is the average detour distance for trans-
fer passengers when a ban on short-haul flights
is implemented in Europe?

• How will the ban on short-haul flights impact
CO2 emissions in aviation, assuming the cur-
rent HSR infrastructure is used as an alterna-
tive?

• How will travel costs influence passenger choices
when the HSR infrastructure is optimally devel-
oped?

• What are the economic consequences for hub
regions when a ban on short-haul flights is im-
plemented in Europe?

• How can airline routes be incorporated into the
frequency-based reallocation method?
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Appendix A Hub information

City Airport code Transfer
rate

Train
sta-
tion

Transfer-
time train
and plane

Source transfer-ratings

Amsterdam (Schiphol) EHAM 36.3% Yes 75 min Schiphol Airport (2024)

Brussels EBBR 14% Yes 75 min Brussels Airport (2023)

Munich EDDM 45% No 90 min Munchen Airport (2024)

Sofia LBSF 0.9% No 90 min Sofia Airport (2023)

Zagreb LDZA 0.9% No 90 min Based on Sofia airport

Vienna LOWW 22.41% Yes 75 min Flughafen Wien (2024)

Prague LKPR 0.9% No 90 min Based on Sofia

Copenhagen EKCH 21.67% Yes 75 min Copenhagen Airport (2024)

Helsinki (Finavia) EFHK 10.92% No 90 min Finavia (2024)

Paris (Charles de
Gaulle)

LFPG 20% Yes 75 min Groupe ADP (2024)

Frankfurt (Fraport) EDDF 50% Yes 75 min Fraport (2024)

Athens (Athens Intl) LGAV 18.6% Yes 75 min Athens International Airport
(2024)

Budapest (Ferenc
Liszt)

LHBP 0.4% Yes 75 min Based on NACO

Reykjavik-Keflavik BIKF 27% No 90 min Isavia (2024)

Dublin EIDW 3.4% No 90 min DAAgroup (2024)

Rome-Fiumicino LIRF 22.41% Yes 75 min Based on Flughafen Wien
(2024)

Riga EVRA 0.9% Yes 75 min Based on Sofia

Luxembourg ELLX 0.9% No 90 min Based on Sofia

Warsaw-Chopin EPWA 26% No 90 min Warsaw Chopin Airport
(2024)

Lisbon LPPT 20% No 90 min ACI (2024) based on Rome
and Athens airport

Bucharest-Henri
Coandă

LROP 0.9% No 90 min Based on Sofia

Ljubljana LJLJ 0% No 90 min Based on the possible routes
and airlines

Madrid LEMD 33% No 90 min Based on NACO

Stockholm-Arlanda ESSA 7% Yes 75 min Based on 0.5 * Brussels air-
port

Barcelona LEBL 4.9% No 90 min Based on NACO

Table 7: Information about major hubs in the European Union
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City Airport code Transfer
rate

Train
sta-
tion

Transfer-
time train
and plane

Source

Istanbul LTFM 58.1% No 90 min Based on NACO

Oslo ENGM 13% Yes 75 min Based on NACO

Zurich LSZH 29.7% No 90 min Zurich Airport (2024)

London Gatwick EGKK 14% No 90 min Based on Brussels

London Heathrow EGLL 24.6% No 90 min Based on NACO

London Stansted EGSS 7% No 90 min Based on Stockholm airport

Table 8: Information about major hubs outside the European Union (highligted numbers are estimated)

Appendix B Dynamic Restricted Area

This study uses a Frequency-based reallocation method, which examines the probability that a person will switch to
another route. To make this method more realistic, a control is needed that checks whether a switch is logical. The
Dynamic Restricted Area method is used for this purpose. This appendix provides a detailed explanation of how this
method works, illustrated with an example. The formulas for this method can be found in ??.

A Example

To explain the method, an example will be used. This example involves a passenger who just arrived at Schiphol
Airport after a flight from Athens. The passenger wants to transfer to a new flight, and the question is which route
is available for the transfer. From Schiphol, the passenger has three possible options: Abu Dhabi, London, and New
York. The coordinates (latitude and longitude) of these locations are listed in Table 9.

Airport Latitiude Longitude

Schiphol 52.3086 4.76389

Eleftherios Venizelos International Airport 37.93640137 23.94449997

John F Kennedy International Airport 40.6398 -73.7789

Sharjah International Airport 24.433 54.6511

London Heathrow Airport 51.4706 -0.19028

Table 9: Locations of the different airports for the example

The first step to check which transfers make sense is to evaluate the distance the passenger has already traveled and
the distance to any new locations. This information helps determine whether the flight is long-haul, medium-haul,
or short-haul, which is crucial for the next step. The distance is calculated using the Haversine formula. After
calculating the distances,the flights are categorized.

From To Distance (km) Type of flight

Athens (Eleftherios Venizelos) Schiphol 2176 Medium-haul flight

Schiphol JFK (John F. Kennedy) 5857 Long-haul flight

Schiphol Sharjah 5161 Long-haul flight

Schiphol London Heathrow 370 Short-haul flight

Table 10: Type of flights and distances between the airports

After calculating the distance and labelling the flights, it is time to examine the specific routes and the size of the
area that prohibits passengers from transferring. In the study, this was achieved by assigning specific circle sizes to
flight sequence types. Table 11 provides a small example of how this table should be interpreted. First, the flight
that the passenger took to reach the hub is considered. In this example, the passenger arrived at Schiphol after
departing from Athens, which is classified as a medium-haul flight. A possible option for the passenger is to transfer
to JFK. Table 10 indicates that the flight from Schiphol to JFK is a long-haul flight. Adding these two flight types
together, Table 11 shows that the variable θrestrictedi,n,j takes the value of 90. This means that the prohibited area is
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90 degrees wide, making it illogical for the passenger to transfer to a flight within a 90-degree radius of the flight
between Schiphol and Athens.

Before transfer type of flight After transfer type of
flight

θrestrictedi,n,j

Long-haul Long-haul 90

Medium-haul 60

Short-haul 0

Medium-haul Long-haul 90

Medium-haul 120

Short-haul 0

Short-haul Long-haul 0

Medium-haul 120

Short-haul 360

Table 11: Example of how to read the table for route Athens → Schiphol → JFK

In addition to the transfer to JFK, this example also offers the option of transferring to Sharjah. For this flight, the
variable θrestrictedi,n,j is identical to that for the transfer to JFK. However, the transfer to Heathrow is different. The
flight between Schiphol and London is a short-haul flight, while the other is a long-haul flight. Consequently, the
variable θrestrictedi,n,j must assume a different value. This value can be found in Table 12, resulting in a final value of
zero for the variable θrestrictedi,n,j .

Before transfer type of flight After transfer type of
flight

θrestrictedi,n,j

Long-haul Long-haul 90

Medium-haul 60

Short-haul 0

Medium-haul Long-haul 90

Medium-haul 120

Short-haul 0

Short-haul Long-haul 0

Medium-haul 120

Short-haul 360

Table 12: Example of how to read the table for route Athens → Schiphol → Heathrow

The final step of the preparation is to calculate the direction of the various routes. This direction is determined using
the Azimuth formula. When applied to the example, the results shown in Table 13 and 14.

From To θi,n(°)
Athens (Eleftherios Venizelos) Schiphol 322

Table 13: Direction of the route between Athens and Schiphol

From To θn,j(°) θrestrictedi,n,j (°)
Schiphol JFK (John F. Kennedy) 292 90

Schiphol Sharjah 118 90

Schiphol London Heathrow 250 0

Table 14: Direction and the restricted area for possible transfers after the flight from Athens to Schiphol is
taken
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The ultimate goal of this method is to assign the variable Flyi,n,j a value of 1 or 0. This value can be used in
the Frequency-based demand correction method. To determine whether Flyi,n,j should be 1 or 0, the area where
the passenger is not allowed to transfer must first be calculated. Equation 17, 18, 19, 20 and 21 are used for this
calculation.

Formulas Dynamic restricted area calculations:

Flyi,n,j =


1, if θstart restiction

i,n,j ≤ θn,j ≤ θend restriction
i,n,j , when : θstart restiction

i,n,j ≤ θend restriction
i,n,j

1, if θstart restiction
i,n,j ≥ θn,j ≥ θend restriction

i,n,j , when : θstart restiction
i,n,j ≥ θend restriction

i,n,j

0, otherwist

(17)

θmargin
i,n,j =

θrestrictedi,n,j

2
(18)

θcorrectioni,n = (θi,n − 180) mod 360 (19)

θstart restiction
i,n,j = (θcorrectioni,n − θmargin

i,n,j ) mod 360 (20)

θend restriction
i,n,j = (θcorrectioni,n + θmargin

i,n,j ) mod 360 (21)

Where:

Variable Meaning

θi,n Flying direction between airport i and n

θstart restiction
i,n,j Start of the restriction for route i,n,j

θend restriction
i,n,j End of the restriction for route i,n,j

θrestrictedi,n,j The size of the restricted area for route i,n,j

The formulas first calculate the size of the margin in 18, which is used to determine the start and end points of
the ban. Equation 19 then examines the opposite direction of the first flight, as it is necessary to ensure that the
passenger does not travel back along their original route. Once this is established, the start and end points of the
ban can be calculated using Equation 20 and 21 by adding and subtracting the margin from the corrected direction
of travel of the first flight. Equation 17 first checks whether the start point is smaller than the end point. This is
essential because the calculations are based on a circular system; if the value exceeds 360 degrees, the count restarts
at 0 degrees. When the end point exceeds 360 degrees, the start and end points must be interpreted differently.
Once all this is completed, one can check whether the direction θn,j of the potential transfer route falls within the
forbidden area. If it does, the variable Flyi,n,j is assigned the value zero; otherwise, it is assigned the value one.

To complete the example illustrated in this Appendix, the following calculations need to be made, as shown below.
For the route Athens → Schiphol → JFK, Figure 19 has been created to clarify the calculations.

Dynamic restricted area calculations for Athens → Schiphol → JFK and Athens → Schiphol → Sharjah

θmargin
Athens,Schiphol,Sharjah = θmargin

Athens,Schiphol,JFK =
90

2
= 45

θcorrectionAthens,Schiphol = 322− 180 = 142

θstart restiction
Athens,Schiphol,Sharjah = θstart restiction

Athens,Schiphol,JFK = 142− 45 = 97

θend restriction
Athens,Schiphol,Sharjah = θend restriction

Athens,Schiphol,JFK = 142 + 45 = 187

FlyAthens,Schiphol,JFK =

1, if 97 ≤ θSchiphol,JFK ≤ 187

0, otherwist
= 1

FlyAthens,Schiphol,Sharjah =

1, if 97 ≤ θSchiphol,Sharjah ≤ 187

0, otherwist
= 0
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Figure 19: Example illustration if the transfer to the routes Schiphol → JFK and Schiphol → Sharjah is
possible

Dynamic restricted area calculations for Athens → Schiphol → Heathrow

θhalf restricted
Athens,Schiphol,Heathrow =

0

2
= 0

θcorrection angle
Athens,Schiphol = 322− 180 = 142

θstart restiction
Athens,Schiphol,Heathrow = 142− 0 = 142

θend restriction
Athens,Schiphol,Heathrow = 142 + 0 = 142

FlyAthens,Schiphol,Heathrow =

1, if 142 ≤ θSchiphol,Heathrow ≤ 142

0, otherwist
= 1

Finally, if the calculations for the Dynamic Restricted Area are complete, it means that a passenger arriving from
Athens and wishing to transfer at Schiphol would logically transfer to London Heathrow or JFK. A transfer to Sharjah
does not make sense and will therefore not be possible.

Appendix C Information about the case study

This appendix is about the case study performed in the
validation and verification section. In the appendix dif-
ferent information about the case study will be given.
The case study is designed to be completely identical to
the main study. This means that all steps and parame-
ters are the same, with the only difference being the input
data. A small selection of different routes has been incor-
porated into the system, as detailed in Table 15. The
choice of routes is based on the premise that various as-

pects can be investigated and tested. For instance, routes
to Istanbul and London have been included, as well as
routes to more remote areas of Europe. As shown in the
table, the centre of the routes is at Schiphol and Frank-
furt. This allows for a close examination of the reac-
tions of hubs when processing the algorithm. Routes to
countries outside the EU have also been added to assess
whether passengers can utilise the hub and spoke network.
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Table 15: Arrival and Departure Airports in the small model used to validate the algoritme

Departure Airport Arrival Airport

AMSTERDAM/SCHIPHOL airport ABU DHABI INTERNATIONAL airport

AMSTERDAM/SCHIPHOL airport BARCELONA/EL PRAT airport

AMSTERDAM/SCHIPHOL airport BOLOGNA/BORGO PANIGALE airport

AMSTERDAM/SCHIPHOL airport BRUSSELS airport

AMSTERDAM/SCHIPHOL airport BUDAPEST/LISZT FERENC INTERNATIONAL airport

AMSTERDAM/SCHIPHOL airport DUBLIN airport

AMSTERDAM/SCHIPHOL airport FRANKFURT/MAIN airport

AMSTERDAM/SCHIPHOL airport KOBENHAVN/KASTRUP airport

AMSTERDAM/SCHIPHOL airport LONDON GATWICK airport

AMSTERDAM/SCHIPHOL airport LONDON HEATHROW airport

AMSTERDAM/SCHIPHOL airport LONDON/CITY airport

AMSTERDAM/SCHIPHOL airport LUXEMBOURG airport

AMSTERDAM/SCHIPHOL airport NEW YORK/JOHN F. KENNEDY INTERNATIONAL, NY. airport

AMSTERDAM/SCHIPHOL airport PARIS-CHARLES DE GAULLE airport

AMSTERDAM/SCHIPHOL airport ROMA/FIUMICINO airport

AMSTERDAM/SCHIPHOL airport SINGAPORE/CHANGI airport

AMSTERDAM/SCHIPHOL airport STOCKHOLM/ARLANDA airport

AMSTERDAM/SCHIPHOL airport VALENCIA airport

AMSTERDAM/SCHIPHOL airport VENEZIA/TESSERA airport

BARCELONA/EL PRAT airport LONDON GATWICK airport

BARCELONA/EL PRAT airport LONDON HEATHROW airport

BARCELONA/EL PRAT airport PARIS-CHARLES DE GAULLE airport

BARCELONA/EL PRAT airport ROMA/FIUMICINO airport

BRUSSELS airport ABU DHABI INTERNATIONAL airport

BRUSSELS airport ATHINAI/ELEFTHERIOS VENIZELOS airport

BRUSSELS airport DUBLIN airport

BRUSSELS airport ISTANBUL/SABIHA GOKCEN airport

BRUSSELS airport OSLO/GARDERMOEN airport

DUBLIN airport LONDON HEATHROW airport

FRANKFURT/MAIN airport BOLOGNA/BORGO PANIGALE airport

FRANKFURT/MAIN airport DUBLIN airport

FRANKFURT/MAIN airport ISTANBUL/SABIHA GOKCEN airport

FRANKFURT/MAIN airport LONDON GATWICK airport

FRANKFURT/MAIN airport LONDON HEATHROW airport

FRANKFURT/MAIN airport LONDON/CITY airport

FRANKFURT/MAIN airport ROMA/FIUMICINO airport

FRANKFURT/MAIN airport TRIESTE/RONCHI DEI LEGIONARI airport

FRANKFURT/MAIN airport VENEZIA/TESSERA airport

FRANKFURT/MAIN airport VERONA/VILLAFRANCA airport

ISTANBUL/SABIHA GOKCEN airport ABU DHABI INTERNATIONAL airport

MUENCHEN airport AMSTERDAM/SCHIPHOL airport

MUENCHEN airport NAPOLI/CAPODICHINO airport

MUENCHEN airport PARIS-CHARLES DE GAULLE airport

MUENCHEN airport RIGA airport

MUENCHEN airport SINGAPORE/CHANGI airport

MUENCHEN airport WIEN-SCHWECHAT airport

NEW YORK/JOHN F. KENNEDY INTERNA-
TIONAL, NY. Airport

LONDON HEATHROW airport

ROMA/FIUMICINO airport DUBLIN airport

ROMA/FIUMICINO airport ISTANBUL/SABIHA GOKCEN airport
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