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Abstract 

Route charges are fees that airlines pay in order to utilize the Air Navigation Services (ANS) of a 
European state. The fee is based on three values; the weight of the aircraft, the length of the 
flight, and the state’s specific unit rate. The unit rate of each state is in turn based on the 
forecasted costs of providing ANS for that state and the amount of traffic forecasted for the year 
to come. 
 
This makes for different unit rates for different states, which leads to different costs for flying 
different routes in the European airspace. A state having costs that are increasing faster than the 
amount of traffic is increasing will lead to a higher unit rate. A higher unit rate may lead to 
airlines avoiding the state’s airspace due to higher costs, thus accounting for even less traffic and 
an increase in unit rate. 
 
This thesis examines the relationship between unit rate and amount of traffic, and specifically 
tries to find out how much the unit rate affects the traffic count. This has been done by reading 
previous papers on the subject, and creating a model to easily present facts found. 
 

The result of the thesis suggests that states actually profits more by increasing the unit rate rather 
than actively trying to reduce it. This contradicts the idea of lowering prices always being a good 
thing. There is a limit to how much the unit rate can be increases however, at which all traffic 
will choose to circumnavigate the airspace. Finding a good balance between traffic lost and unit 
rate increased is suggested as the best way to go.
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Glossary and definitions 
For the purpose of this document the following definitions, acronyms and abbreviations shall 
apply: 
 
ANS Air navigation services 
 
ANSP Air navigation service provider 
 
ATC Air traffic control 
 
ATCC Air traffic control center 
 
ATM Air traffic management 
 
CRCO The Central Route Charges office, responsible for collecting and distributing route 

charges 
 
Eurocontrol An organization consisting of most European countries, and whose goal is to 

achieve safe, efficient and environmentally-friendly air traffic operations across the 
European region. 

 
LFV The main Swedish ANSP responsible for all overflying traffic 
 
MTOW Maximum takeoff weight 
 
NM Nautical Mile 
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1. Introduction 
In this chapter you will find the background to the thesis along with the purpose of it. It also 
contains information about the sources used and the delimitations that was decided upon. 

1.1 Problem background 

An Airline utilizing ANS in a Eurocontrol member state that participates in the Route Charges 
System has to pay a route charge based on the weight of the aircraft, the distance traveled and 
the unit rate for the state (Eurocontrol, 2012a). If the unit rate is high, it may be beneficial for 
the airline to avoid the state, and opt for higher fuel cost instead of increased route charges. 
Thus, by decreasing the unit rate, an Air Navigation Service Provider (ANSP) may get 
additional traffic, and therefore increased revenue. The unit rate for a state is set by 
Eurocontrol, to cover the costs for providing the service. So by cutting costs, the unit rate will 
also decrease. This is however often difficult. An alternative might be to try to increase the 
traffic, and in that way be able to distribute the fixed costs over a larger amount of traffic.  
 
The unit rate is set based on a traffic forecast, and the cost for handling the expected traffic is 
calculated (Eurocontrol, 2013a). With this in mind, one option to lower the unit rate may be to 
increase the traffic forecast, calculate the increased costs, and then the new, hopefully lower, 
cost per flight.  

1.2 Purpose 

The purpose of this work is to investigate if it is possible for an ANSP to increase revenue by 
adjusting the unit rate.   
 
This was done be closely examining how route charges are set today and analyze how much 
an impact unit rates have on the route airlines choose to fly. In order to visualize this, a model 
was created showing the relationship between amount of traffic and unit rate. 

1.3 Delimitations 

To make work with the thesis simpler, some delimitations was early on decided upon. These 
were chosen to make sure focus is kept on what’s most important and to see that the work is 
completed on time. 
 

- Due to both writers being residents of Sweden, the thesis is written with a Swedish 
perspective. Therefore all numbers are the ones of Sweden and all assumptions made 
will be related to Swedish ANS. However, the work will be applicable to all states that 
are utilizing the Route Charges System. 

 
- The focus has been on the European way of handling route charges and no comparison 

to other ways of doing it has been made. 

1.4 Sources 

The main sources of this thesis have been reports written with a similar subject as the one of 
this report. These are more thoroughly described in chapter 3. 
 



8 
 

In order to find information regarding the route charges system the websites of Eurocontrol 
and the Swedish Transport Agency have been valuable resources. The information has been 
up to date and there is no reason to doubt the reliability of these sources. 
 
Other websites visited have had information that seems plausible or sometimes a bit unlikely. 
One example of this being What2Fly.com. To guarantee that the facts found on these websites 
were accurate enough, other websites were visited in order to back up the facts found. 
Because of the same fact being found in several locations, the information was deemed 
accurate. 
 
When it comes to finding the numbers for Sweden, contact was made with both a 
representative from LFV, the Swedish ANSP, and from the Swedish Transport Agency. The 
answers received have been nearly identical and no personal input seems to have affected the 
information, therefore these sources can also be deemed reliable. 
 
Annual reports from LFV have been read and numbers have been compared to the ones 
received from correspondence. The reports have also contained information regarding reasons 
for differences in traffic numbers and costs for the different years. 
 
To find a suitable map to show the traffic pattern over Sweden, a thesis from course TNFL09 
has been read and related to. From experience, this thesis should be pretty reliable. 
 
Furthermore, a from IBM has been read on how decreased organizational costs will lead to a 
decrease in prices and hopefully to increased revenue. The IBM paper is however a model that 
they are selling to other companies and is probably not as critical as it should have been. This 
being the case, the paper has mainly been used as a confirmation of that the principle actually 
works.   
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2. Method 
The methods chosen for a thesis are supposed to aid in structuring of the work. This chapter 
describes the different methods used for the different stages of the thesis. 

2.1 Method for data gathering 

Much information regarding how to calculate route charges and what these are supposed to 
cover has been found at the websites of Eurocontrol and the Swedish Transport Agency, as 
well as the unit rates for all countries that are members of Eurocontrol. Websites are a fast and 
easy way to access information that would otherwise had lead to many visits to libraries and 
lots of phone calls. 
 
Other than finding information online, much information about Air Traffic Control (ATC) 
was known to the writers beforehand. This with the addition of study visits to both the 
Swedish Air Traffic Control Centers (ATCCs), that handles all en-route traffic within 
Swedish airspace, has given a lot in both understanding and observations. 

2.2 Correspondence 

Contact was made with LFV early on to make sure the information would be found in due 
time. Åsa Rosencrantz, chief financial controller at LFV, has been kind enough to aid us with 
many of the numbers you will find here in the report, including the historical unit rates and 
traffic development.  
 
The way of communicating with LFV has been via e-mail instead of phone calls or personal 
visits. E-mails were chosen since they give the receiver time to find and process the 
information asked for, instead of having to come up with something on the spot (Buzzle, 
2013). This seemed to be the best way since no personal input were asked for, only pure facts. 
 
Via a contact formulary on the website of the Swedish Transport Agency, contact was made 
with them as well. Much information was received from Peter Berkesand, who has been very 
helpful in providing the numbers that show us how the unit rate of Sweden is divided between 
different organizations. 
 
When it comes to asking questions, there is a choice between open-ended and closed-ended 
questions. Open-ended questions give the possibilities to answer more freely and often more 
subjectively, while closed-ended questions tend to give shorter and more factual answers 
(Richardson, 2002). Since the information needed has been merely facts, the questions sent 
out have been of the closed-ended type. For example “What is a service unit and how does it 
differ from actual movements of traffic?”. This allows for a simple answer, while adding 
some more explanatory information. 

2.3 Literature studies 

Reports regarding route charges have been read as to get some background knowledge of the 
system and to get ideas on how to take the work forward. These are explained further in 
chapter 3. 
 
The annual reports of LFV have been a valuable source in finding information regarding 
events that may have resulted in fluctuations in traffic for the past years. For example, in 2010 
the Swedish unit rate went up over 25% (see Table 2 in chapter 3). When reading the annual 
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report for that year it becomes apparent that this is because LFV this year was divided into 
two different companies, LFV and Swedavia, and a period of economic difficulties started. 
 
A paper have also been read regarding how pricing affects sales, to see if this can be 
applicable to the case of unit rates. This gave no information other than that by lowering the 
costs in an organization, and thereby lowering the end price for the customer, sales are likely 
to pick up. 

2.4 Method for analysis 

Some of the findings are presented in a model showing the relationship between unit rate and 
amount of traffic. The goal has been to make the model clear and to provide information 
needed for conclusion and analysis. 
 
To get the numbers and information used for creating the model, questions regarding flight 
planning were sent out to many of the major airlines to find out how much of an impact unit 
rates has on their way of flight planning. Most of the airlines have answered that they do not 
accept questions from students, since this would take too much of their time. The answers that 
were received however show that airlines do take unit rates into calculation, but that it is not 
the number one contributing factor to the route chosen to fly (Hay-Campbell, 2013). 
 
The next step in analyzing was to find some way of showing how much unit rates relate to the 
path airlines chooses to fly. Since the feedback from the airlines themselves was scarce, 
another way of finding this information was needed. The method chosen were simply to draw 
a line between two cities using the program Google Earth, with the line crossing the Swedish 
airspace, and calculating the total cost for flying that path. Then another path was drawn 
between the same two cities, this time without crossing Sweden, and calculating the cost for 
that path. An example of this is shown below in Figure 1. 

 
Figure 1: A map showing two routes between London and Helsinki. The northern-most route is the shortest route 
and passes through Swedish airspace. The southern-most route avoids Swedish airspace altogether. 
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More about the calculation of the costs can be found in chapter 5 that describes the model 
more in detail. Most of the types of costs of flying needed for the calculations have been set to 
fixed numbers, for example the cost of fuel for flying one (1) mile has been set to 5.37 Euro. 
The unit rate of Sweden has on the other hand been variable, this to give an idea of when it is 
more profitable for the airline to fly one route or another. By doing this, the unit rate of 
Sweden have been increased in steps for all the different routes chosen, until it gets a value 
that is big enough to prompt all airlines flying that route to avoid Sweden and its high unit 
rate. 
 
After this had been done for all routes, numbers were received as to how high the unit rate 
would have to be to lose all traffic for the routes. Different routes have off course different 
unit rates as deal breakers. By looking at a map over how the traffic patterns in Sweden play 
out on a regular day (Appendix II), conclusions could be drawn as to how much traffic would 
be lost by losing all traffic on that specific route. 
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3. Literature studies 
To find necessary background information on the subject, reports with similar topics were 
read. These are presented in this chapter with some comments to each of them. How they 
relate to the work of the thesis can be found in the discussion chapter. 

3.1 A Network Pricing Formulation for the revenue maximization of European 
Air navigation Service Providers 

In this paper Castelli et al (2012) aims to optimize the unit rate of an ANSP for maximized 
revenue. This is done by a mathematical method called networking pricing formulation that 
optimizes the cost through a set network, in this case routes for aircraft. Many routes and 
different kind of aircraft types are taken into consideration. 
 
The paper is very similar to this one, though on a larger scale and with more resources. The 
report by Castelli et al is exciting to look at when going through the results of this thesis. As 
one conclusion, Castelli et al suggests that the unit rate could be used as a means to regulate 
traffic and thus help prevent congestion (Castelli et al, 2012), which had previously not 
occurred to the authors. 

3.2 Air Navigation Service Charges in Europe 

The authors, Castelli et al (2007), evaluate the current system for route charges in Europe, one 
which is mandatory for members of Eurocontrol, and its effects. The paper takes both the 
providers and users of the airspace and explains the positives and negatives of the system as 
well as future potential problems. 
 
In addition to increased understanding of the current way of applying route charges, this paper 
also shows that while some countries have stable unit rates other have variations as big as 
81% and increases of up to 50% over seven (7) years (Castelli et al, 2007). It is very 
interesting to know that large changes in the unit rate are not impossible, while examining the 
results of this paper. 

3.3 Congestion in European airspace: A pricing solution? 

This article by Marianne Raffarin discusses the way route charges are set today and tries to 
find a way for it to deal with the congestion of the European airspace. The article suggests a 
new way to set route charges that takes the weight factor of the route charge and flips it 
around. This is supposed to encourage airlines to use bigger aircraft and have fewer 
departures. This should ease the congestion that can be observed in the European airspace 
(Raffarin, 2004).  
 
Raffarin also argues that today´s system allows for states to keep costs high, simply because 
the route charges will give them all the expenses back. Since the costs for providing the 
service differ between different states, this gives for different prices for the same amount of 
service. This is the main point taken from this thesis. 
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3.4 Study of the Impact of Innovative Route Charge Schemes Considering ATC 
and Airlines New Perspectives 

This report by Castelli et al discusses how route charges can affect the air traffic system as a 
whole. It takes us through the economical system of an airline and gives us numbers of how 
big of a cost the route charges are in comparison to the price of, for example, fuel. 
 
The most important fact derived from the report is that it is estimated that an increase of costs 
by 10%, will result in a decrease in air traffic by 12% (Castelli et al, 2003). This number can 
be directly applied to the results of this thesis. 
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4. The European route charges system 
As mentioned in chapter 1, flying across a state’s airspace is not free of charge. Airlines have 
to pay a charge based on the weight of the aircraft, the distance flown in the state’s airspace, 
and the state’s unit rate. The route charge is then used to fund the Air Traffic Management 
services (ATM), such as Air Traffic Control and Search and Rescue Centers, in the specific 
state (Eurocontrol, 2012a). This chapter will give you more information about how the system 
works as well as give information about the situation in Sweden. 

4.1 Background 

The route charges system was launched in 1971 by the members of Eurocontrol. This was 
done as a way of creating a common system for pricing and billing, something that had been 
missing until then. The Central Route Charges Office (CRCO) was established to collect the 
charges, and still fills the same purpose today (Eurocontrol, 2012a).  
 
The charge an airline has to pay is calculated from the flight plan filed. The flight plan is put 
into a system that gives the exact amount that it will cost in route charges. Once the flight has 
been performed, a bill is then sent to the airlines that pay it directly to CRCO. CRCO then 
distributes the money to the states affected (Eurocontrol, 2012a).  

4.2 Calculation of the route charge 

The charge is as previously mentioned based solely on filed flight plan data, and the formula 
to calculate how big the charge (Rc) will be for each state overflown is as follows: 
 
Rc = d * w * u 
 
where d is the distance in kilometers between the entry- and exit points in the state divided by 
a factor of 100, u is the unit rate for the specific state in Euro, and w is the square root of the 
maximum takeoff weight of the aircraft (MTOW) in metric tons divided by 50. 
 
w = √ (MTOW/50) 
 
These calculations are automatically done when a flight plan is activated and the aircraft is 
airborne. There is no cost whatsoever if the flight is cancelled for some reason (Eurocontrol, 
2013b).  
 
As an example, an aircraft with a MTOW of 150 tons, that flies a path of 750 kilometers over 
a state with a unit rate of 60 Euro, will have to pay: (750/100) * √(150/50) * 60 ≈ 780 Euro 
for that stretch of flight. 
 
The fact that the route charge is based on flight plan data gives airlines an opportunity to plan 
their flight around a country with a specifically high unit rate and then ask for a re-route when 
airborne. This does not automatically mean that the flight will be allowed to enter a state’s 
airspace that was not flight planned beforehand but if it is not that big of an inconvenience, 
states will probably allow it. The state that allows for the re-routing does not get paid for this, 
while the state that no longer has to deal with the flight still gets the charge. This was 
observed during a visit to Malmö ATCC and the controller in position confirmed that it is 
something that can be seen to happen. 
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4.3 Unit rates 

The calculation of the unit rate (U) for a state involves a few other factors. The unit rate is 
based on the forecasted amount of traffic and the forecasted costs for the provision of ANS for 
the year to follow. The amount of traffic is however re-calculated into service units, and the 
formula for doing this is basically the same for calculating the route charge, but without the 
unit rate in the calculation. 
 
U = d * w 
 
where both d  and w are calculated the same way as shown in the previous chapter. This 
means that an aircraft making a flight of 100km with a MTOW of 50 tons makes for 1 service 
unit (Rosencrantz, 2013). 
 
When the forecasted service units have been calculated, the number is then divided with the 
forecasted costs for the state. This will result in a unit rate high enough to create an income 
from the route charges that just covers the costs of the state’s ANS. It is however all but 
impossible to accurately predict what the traffic and costs will be, so in reality the state will 
either go plus or minus each year. This is taken into account since you are allowed to subtract 
or add previous year’s results when calculating next year’s costs (Eurocontrol, 2013a). 
The calculation of the unit rate is made by the state together with Eurocontrol in the summer 
the year before it starts to apply, and it is approved (or declined) be the Eurocontrol 
Commission in November the same year (Eurocontrol, 2013c). Before 2010 the unit rate was 
set in Euro, but from 2010 it is set in the national currencies, and then recalculated on a 
monthly basis to the Euro. In other words, a state’s economy also affects the unit rate 
(Söderberg, 2013). Attached are the unit rates for all Eurocontrol member states as of 
November 2013 (Appendix I). 
  
It would however be difficult to work with the unit rates of all states, so the focus of this 
thesis will, as previously mentioned, be on the numbers of Sweden and what the situation is 
there. 

4.4 The components of Sweden´s unit rate 

When determining the unit rate for Sweden, costs from several stakeholders are taken into 
account (Rosencrantz, 2013). This is to cover other areas within the ANS besides the specific 
air traffic control during the flying portion, such as search and rescue. The involved parties are 
LFV, ACR (an ATC provider), the Swedish Transport Agency, Arvidsjaur airport, 
Sjöfartsverket (Swedish maritime administration, providing search and rescue), and SMHI 
(Swedish meteorological administration, supplier of meteorological services). 
 
What costs, and to what extent, the unit rate is set to cover is decided by Eurocontrol and on a 
more detailed level by the Swedish Transport Agency. LFV is by far the biggest stakeholder 
among these in determining the unit rate, accounting for 80.2% of the total cost, as seen below 
in Table 1 (Söderberg, 2013). From this it is easy to draw the conclusion that LFV has much 
to say regarding how high the unit rate will be, but this is however not the case. All the 
numbers are gathered and presented to Eurocontrol by the Swedish Transport Agency and the 
only way LFV can affect this is by altering their own organizational costs to either make the 
unit rate higher or lower (Söderberg, 2013). 
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The amount of traffic that will fly over Sweden is calculated by looking at previous year’s 
traffic and taking into account the predicted traffic increase in Europe. This is then divided by 
the forecasted costs for ANS in Sweden, set by the Swedish Transport Agency, and a unit rate 
is received that will cover the costs for the year to follow (Transportstyrelsen, 2010). 
 
Table 1. Costs affecting unit rate, by organization (Söderberg, 2013). *Includes costs for infrastructure relating 
to airports. Costs directly attributed to the Swedish Transport Agency amounts to about 8%. 

 

4.5 Development of the Swedish unit rate and amount of traffic 

LFV has been having a hard time economically ever since they were divided into two 
companies in 2010; LFV, that handles air traffic control, and Swedavia, which owns and 
operates many of the Swedish airports (LFV, 2010). This has lead to increased costs for the 
Swedish ANS, as well as an increased unit rate over the past years, as shown in the table 
below. 
 
Table 2. Sweden’s organizational costs and unit rates 2007-2014 (Söderberg, 2013). 

Year Cost in SEK 
Difference  
in cost (%) 

Unit rate in 
Euro 

2014 2 100 445 0.89% 76.07 
2013 2 081 867 -7.48% 74.12 
2012 2 250 174 13.16% 77.22 
2011 1 988 441 -2.21% 64.71 
2010 2 033 398 26.70% 68.11 
2009 1 604 866 6.60% 56.12 
2008 1 505 534 16.79% 51.53 
2007 1 289 064 - 47.48 

  (In thousands)    
 
The increased unit rate cannot be explained by increased costs only; another contributor is that 
the expected growth in air traffic during these years did not meet the desired levels. The actual 
amount of traffic during these years can be seen in Table 3 below. 
 
 



17 
 

 
Table 3: A table showing the amount of traffic in Sweden during 2007-2012 (Rosencrantz, 2013) 

Year Service units 
2012 3 126 409 
2011 3 185 132 
2010 2 951 055 
2009 2 905 598 
2008 3 260 073 
2007 3 083 349 
 
As seen in the two tables, both the unit rate and amount of traffic has fluctuated quite a bit 
during the years. The relationship between these will be closer examined in the following 
chapters of the thesis.  
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5. The relationship between amount of traffic and unit rate 
As stated above, the forecasted amount of traffic plays a key role in how high the unit rate will 
be. By increasing the amount of traffic while keeping the costs at an even level will result in a 
lower unit rate and perhaps that would lead to even more traffic. Vice versa, a higher unit rate 
may in turn lead to a decrease in traffic and an even higher unit rate. This relationship has 
been examined in a model that will be described in this chapter. 

5.1 Background of the model 

The aim of this model is to show the relationship between unit rate and amount of traffic in 
Sweden in a clear manner. The amount of traffic and the unit rate are the two key factors in 
income. It is interesting to see how much the unit rate could increase without losing traffic, 
thus increasing profit. This was examined by looking at several direct routes representing the 
daily traffic in Sweden. Each direct route had a detour counterpart, going the shortest distance 
to the destination, but avoiding Sweden in the process. After calculating the cost of both 
routes it is possible, with the model, to see how much the Swedish unit rate can increase 
before the detour option becomes cheaper, resulting in traffic loss. 

5.2 Routes examined 

When determining what routes to examine and compare, a map displaying the traffic patterns 
during one day of traffic in Sweden was used (Appendix II). With the map each route was 
assumed to represent a set percentage of the total amount of overflight traffic (Appendix IV), 
that is, the more lines found across Sweden in the same vicinity as the route selected, the 
higher the percentage. 
 
When a specific route’s detour becomes cheaper, that assigned percentage would then be 
removed from the total. Using that, six routes were constructed to match the most used flight 
paths over Sweden, as seen in Appendix II. In addition to these six one “extreme” route was 
added, Oslo – Helsinki. The different thing about this route is the massive detour (large 
increase in route length in relation to its direct path) that is needed in order to circumvent 
Sweden. The idea is that when this detour is cheaper than the direct as a result of too high unit 
rate, basically no flights pass over Sweden. As departure and destination points, large cities 
(that have big airports) were used (Figure 2). 
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Figure 2: A map showing the different routes used in the model. The routes are as follows: London – Riga, 
London – Helsinki, Oslo – Helsinki, Oslo – Prague, Oslo – Warsaw, Copenhagen – Moscow and Paris Helsinki. 
 
To draw up and measure these routes Google Earth was utilized. This program was chosen 
due to its ability to consider earth’s roundness when determining distances, unlike most maps. 
First the relevant countries’ air spaces were added using maps from Eurocontrol (Eurocontrol, 
2012b). This was done to be able to calculate distance flown in each country’s airspace, which 
is needed when determining the total cost of a route for an airline. With the different airspaces 
in place the direct routes between the chosen locations were drawn. The work then proceeded 
in drawing detours, the shortest routes circumventing Swedish airspace (Figure 3). 
 

 
 
Figure 3: Detours circumventing Swedish airspace. 
 
Using functions in the program, all the necessary distances were retrieved: total length and the 
distance in each country for each route and detour (Appendix III). With this data in hand cost 
calculations could begin. 

5.3 Calculating route costs 

Since the main function with this model is to calculate how much the unit rate can increase 
without losing traffic, the basic math would be: 
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Cost for flying detour – Cost flying direct > 0 
 
This means that as long as an airline’s cost for the detour is greater than the direct cost 
through Sweden, they will still fly direct. The interesting thing is how much you could 
increase the “direct cost”, by increasing the unit rate, before the detour is cheaper. 
 
To determine this, the problem was broken down and a few assumptions were made. The 
sought values are EUR per NM so a few conversions had to be made during the calculations. 
 Besides the route charges the cost of flying was to include fuel and personnel costs. Other 
airline costs such as loans on the aircraft, repairs etc were neglected. These costs were 
considered equal (though in reality they differ slightly between direct and detour) and thus not 
needed in the calculations. All routes were considered to be flown by the same type of aircraft 
with the same crew costs. This led to the formula: 
 
Total route cost = Fuel cost + personnel cost + route charges 
 
The type of aircraft used in the calculations is the Airbus A320, a medium size jet, suitable for 
all of the chosen routes (Airbus, 2013). The fuel cost to fly an Airbus A320 one (1) NM is 
5.27 EUR (What2Fly, 2013). The A320 has a maximum take-off weight (MTOW) of 73,5 
tonnes (used when calculating route charges). 
 
Fuel cost = 5.27 EUR * Distance flown 
 
The crew on each flight was determined to be two (2) pilots and four (4) crew members, 
making a total of six (6). Since the airlines don’t answer questions to students, an estimate of 
the personnel cost had to be made. The total personnel cost for SAS in 2011 (12500 million 
SEK) was divided by total number of employees (15142) to get the yearly cost of one person 
(SAS, 2012). That cost was in turn divided by working hours per year (2080) to get an hourly 
cost: 396.88 SEK. The A320 averages 454.16 NM per hour (What2Fly, 2013), dividing our 
hourly cost with that number gives us the cost per NM: 0.874SEK. At an exchange rate of 1 
SEK to 0.11 EUR that equals 0.0961 EUR per person and NM. For six (6) person that 
amounts to 0.58 EUR per NM. 
 
Personnel cost = 0.58 EUR * Distance flown 
 
Since fuel and personnel cost were set to be the same for all routes, these numbers could be 
added to the main formula to simplify it. 
 
Total route cost = 5.27 Euro per NM + 0,58 Euro per NM + Route charges 
 
The formula for calculating route charges is presented in chapter 4 and goes as follows: 
 
Route charges = (distance flown in kilometers/100) * √( MTOW/50) * unit rate 
 
After converting kilometers to NM and inserting the Airbus A320’s MTOW we get: 
 
Route charges = Distance flown * 0.0065 * unit rate 
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Adding this to our main formula you get the final form of it, used in the calculations of the 
model. 
 
Total route cost = 5.27 Euro per NM + 0.58 Euro per NM + (0.0065 * unit rate) Euro per NM 
 
With this formula, together with the data regarding distances from Google Earth and the chart 
of unit rates (Appendix I), the model could now be made. Some relevant countries are not part 
of Eurocontrol, resulting in the unit rates of these countries not being available. In these 
instances (Russia, Belarus, Estonia and Kaliningrad) an average unit rate from the states in 
Eurocontrol (51.38 EUR) were used.  

5.4 Doing the calculations in MS Excel 

The model was set up to calculate the total costs for all the direct routes and detours as seen in 
Figure 4. This was done by using the formula for each country segment of the route, and then 
adding them for the total. The unit rate used for each country except Sweden is set by the 
previously mentioned chart (Appendix 1). The Swedish unit rate is adjustable to ones input to 
simplify comparison and evaluation.  
 

 
 
Figure 4: Picture displaying the first sheet of the model. This was used to calculate the cost of each route 
depending on chosen unit rate. 
 
With all the cost for different unit rates calculated the data was presented in graphs and charts 
to be analyzed. From the initial basics of the model the work proceeded to display the relation 
between unit rate and amount of traffic, both how and where it changes but also the effects on 
income. This will be presented in chapter 6 and 7. 

5.5 Simplifications to the model 

The work of creating a model can be done in many hundreds of ways, and the model can take 
just as many shapes. To create the model used in this thesis, simplifications and assumptions 
have been made. 
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- Examining all of the European air routes would be impossible, and because of that, 
seven (7) different routes were selected. They were selected after finding out what the 
traffic pattern across Sweden looks like (Appendix II). 
 

- Since not all of the numbers necessary for doing correct calculations in the model were 
found, some of the numbers have been estimated. These are mostly unit rates for the 
states that are not part of Eurocontrol, for example Kaliningrad Oblast where the unit 
rate has been set to a Eurocontrol average. 
 

- When determining routes, the assumption was made that airlines always could flight 
plan the shortest (straight) possible route, i.e. not calculating the small detours that 
occur when using ANS routes and fixes. When drawing the detours avoiding Swedish 
airspace, it was assumed that fixes would always allow for planning as close as a 
distance of 10 nautical miles (NM) to the border. 
 

- The fact that airlines may close a route due to ticket prices being too high as a result of 
higher route charges has not been taken into account. 
 

- No long distance routes are used. Outside of Eurocontrol’s membership states 
important data needed for calculations is scarce or unavailable. 
 

- Only overflights are addressed in this thesis. This is because aircraft arriving and 
departing from Sweden have no choice to avoid the unit rate.  

 
- With the map of traffic patterns as guide (Appendix II) each route was assumed to 

represent a set percentage of the total amount of overflight traffic. When a specific 
routes detour becomes cheaper, that assigned percentage would then be removed from 
the total. 
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6. Results 
Using the model, the Swedish unit rate was manipulated to see at which specific unit rate the 
detour became cheaper than the direct route. This was done to see exactly how much you 
could possibly charge a route before the traffic chooses to fly around Sweden, and thus losing 
the traffic and its related income. 
 
The focus was decided to be on the four (4) routes with the “breaking point” closest to today’s 
unit rate of 76 (Figure 4). The reason for that being, that after these routes have cheaper 
detours, Sweden would lose too much traffic and revenue would keep on decreasing at higher 
unit rates (this will be shown more in-depth later in the chapter). The unit rates for these four 
are (In Euro): London - Riga 74, Paris – Helsinki 99, Oslo – Prague 139 and London – 
Helsinki 213, which can be seen in Figure 5.  
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Graph showing where the detour becomes cheaper than the direct route depending on unit rate for 
four routes. 
 
After these routes it is quite a leap to the breaking point for the next route: being Oslo – 
Warsaw at 385. The remaining two (2) had cheaper detours at unit rate 408 for Copenhagen – 
Oslo and 1621 for our heavy detour Oslo – Helsinki. 
 
When the rise of unit rate made the detour cheaper, resulting in lost traffic for Sweden, the 
assigned percentage was removed from the total number of service units. This resulted in a 
chart showing the amount of traffic in relation to an increasing unit rate (Figure 6). 
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Figure 6: Chart showing traffic measured in service units in relation to unit rate. 
 
By calculating the revenue just before the breaking point of each of the targeted four (4) 
routes (Table 4), you find what unit rate results in the maximum revenue.  
 
Table 4: Calculations to find maximum revenue. Decrease in traffic shown in percentage, unit rate and revenue 
shown in Euro. 

Service units Unit rate %-decrease Revenue 
3200000 70 0% 224000000 
3200000 73 0% 233600000 
2880000 98 10% 282240000 
2240000 138 30% 309120000 
1440000 212 55% 305280000 
640000 384 80% 245760000 

 
Traffic decreases after each point, and a chance to find maximum revenue is not possible until 
approaching the next breaking point (Figure 7). 
 

 
Figure 7: Chart showing revenue in relation to unit rate 
 
As can be seen above the maximum revenue possible is with the unit rate of 138, resulting in 
revenue of 309,120,000 EUR. This amounts to a 41.23% increase from the unit rate 76 used 
today. 
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One interesting thing that came out of the model is that a direct route London to Riga would 
actually be more expensive than avoiding Swedish airspace with today´s unit rate. One flight 
plan has been found for a direct flight Riga to London, and in this the flight does not follow 
the straight great circle line drawn up for the thesis. It instead flies a bit south of Sweden 
before going straight west through Denmark, almost completely avoiding Sweden and 
Germany in the process (Figure 8).  
 

 
Figure 8: Flight BTI65T between Riga and London-Gatwick. Blue lines representing an error in the flight plan 
where a fix was misspelled (Vataware, 2010). 
 
It is however hard to draw any conclusions by one flight plan alone, the chosen route could 
depend on restrictions along the way, favorable winds along the route, or some other external 
factor. The flight plan is also from 2010, the first year that Sweden´s unit rate increased by 
26.7% to be one of the highest in Europe as it is today. 
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7. Discussion 
The first idea of this thesis was to examine if it is possible for LFV to gain traffic by lowering 
the unit rate. However, after contact with the Swedish Transport Agency, it became clear that 
LFV is not able to affect the traffic forecast to the extent that was first believed. That number 
is calculated by Eurocontrol together with the Swedish Transport Agency and is based on the 
traffic of previous years, along with the prediction of how much the air traffic in Europe will 
increase in total (Transportstyrelsen, 2010). What LFV can do however to influence the unit 
rate is to increase or decrease their organizational costs. This will not have an immediate 
impact on the unit rate since it is based on the costs from three years back as a way to cover 
all costs, even the unexpected (Eurocontrol, 2013b). In the years to follow it will however 
result in a changed unit rate overall. 
 
Because of this, focus shifted to examine how the unit rate affects the amount of traffic, and 
ultimately, the revenue. Feedback received from LFV indicated that airlines choosing to fly 
around Sweden are of no big concern (Rosencrantz, 2013). The answers from airlines give 
pretty much the same information. Airlines do take unit rates into account, though not to a 
particular great extent.  
 
The results obtained from the model tell us that unit rate do have an impact on flight planning 
if airlines are to plan solely on what the cost for the routes would be. This is however cost-
based only, time and pollution are not put into the calculation at all. One could assume that 
even though it is 1% more expensive to fly a direct route, airlines would choose to fly it 
because of the time saved doing so. 
 
It is very interesting to see that LFV actually profits from an increased unit rate, when all you 
hear about is how you need to lower costs, and thus the price, to be able to make more money 
(IBM, 2011). In other words, from a pure financial point of view, LFV can relax and let the 
costs be for a while. This might however cause other problems; good-will for example. 
Airlines might avoid Sweden simply because the unit rate is as high as it is, and nothing is 
done to reduce it. This is also the point Raffarin (2004) is making, that as the system is today, 
states have no reason to lower their costs and thereby contribute to a healthier air industry.  
 
The direct route found between London and Riga was quite fascinating to find, and shows that 
unit rate in some sense should have an impact on the way airlines chooses to fly other than in 
theory. Unfortunately, no flight plans of other routes close to Swedish airspace have been 
found, so it has been difficult to draw any conclusions as to whether this phenomenon is 
commonly found. If more routes could be found, and this could be done outside of the 
Swedish airspace to widen the search, that goes close to states with a high unit rate, it would 
hopefully show that the model is correct. That is in the sense that airlines chooses to fly the 
cheapest routes possible in regard to the unit rates. 
 
An important thing to note is that the model used will not include routes with a direct path 
outside Sweden, to be able to detour into Swedish airspace if the unit rate is lowered. The 
result being that at no specific unit rate will Sweden ever gain additional traffic through 
rerouting. The reason to exclude these kinds of routes is that there simply are few routes 
between large airports that could choose to detour into Sweden, at least for a significant 
distance. Since Sweden is such a long and relatively thin country, the possibility to gain traffic 
could be very different if more traffic flew north to south (and vice versa), but there are no 
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large airports north of Sweden to accommodate that. As is, to reroute into Sweden would 
require additional miles just to cross the country’s’ thin northern or southern part. 
 
In addition to this, Sweden has a higher unit rate than every adjacent country but Germany. 
The unit rate would have to be lowered to the surrounding countries and then again lowered 
enough to compensate for the extra miles flown to detour into the airspace. The loss of 
revenue from the existing traffic paying greatly reduced unit rate would have to be covered by 
revenue from the additional traffic. Without proper calculations and comparison one cannot be 
entirely sure that lowering the unit rate to gain additional traffic is not more profitable than 
increasing it, but you could argue that it is unlikely. In Castelli et al’s network pricing 
problem the optimum unit rate was an increase, rather than decrease (Castelli et al, 2012). 
 
When choosing routes used in the model and deciding what percentage each would represent 
assumptions had to be made. These were made by studying the chart displaying the traffic 
pattern over Sweden for a day (Appendix II), as well as with the use of the authors experience 
and knowledge. The assumptions reflect the reality fairly well, as far as the authors´ ability to 
tell goes. This is however pretty difficult to measure, and a more experienced and 
knowledgeable person could surely produce better estimates. Given more time, information 
and resources additional (or even all) routes could be implemented in the model for a more 
accurate projection. This area is recommended to be focused in the event of future work 
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8. Conclusions 
Since LFV can’t do much about the unit rate other than adjusting their own organizational 
costs, the most interesting thing to look at has been at what unit rate they will receive the 
highest revenue. 
 
The maximum revenue with route charge adjustment, by the calculations from the model 
used, was at the unit rate 138. This produced an increase of revenue by 41.23%. To get this 
increase though the unit rate had to be increased by 81.58% i.e. almost double the amount of 
increased revenue. The increase in route charge could be considered severe in regards to the 
gains. The added revenue is hindered by the airlines preferring to the cheaper detours (30% 
traffic loss). This kind of trade off is the core of this problem.  
 
The fact that it is possible to increase the unit rate by so much and still retain most of  the 
traffic is due to its relatively small part of an airlines cost per mile. The cost for route charges 
is overshadowed by those of fuel and personnel. Only in routes were the detours are not that 
significant in distance difference can smaller changes in charges be significant. 
 
The massive detour route that was added, Oslo – Helsinki, had a breaking point of astonishing 
1621. Having such a high breaking point made it a bit irrelevant compared to the others. 
 
A heavy increase like this would likely upset many actors in the industry, so perhaps the 
highest revenue increase compared to the increased unit rate is a way to go? That scenario is 
found at the unit rate 98, right before the breaking point of losing additional traffic. The 
increase in revenue at this rate is 28.95% with the exact same increase, 28.95%, for the unit 
rate. The reason behind this is that both the unit rate 76 and 98 has 90% of the original traffic.  
These kinds of increases in unit rate do occur; multiple countries have had increases of up to 
50% over seven (7) years (Castelli et al, 2007). 
 
According to our calculations one routes detour is cheaper at today’s unit rate, resulting in 
10% traffic loss, which according to Castelli et al (2003) is a quite reasonable level. To reduce 
the reactions from airlines along with other actors and still attain higher revenue, this would 
be the optimal level for LFV have as their unit rate. 
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Appendix I 
Unit rates of all contracting Eurocontrol states as of November 2013 (Eurocontrol, 2013c). 
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Appendix II 
Traffic pattern over Sweden and Denmark the 29th of April 2013 (Ahlin et al. 2013). Border 
between the two countries marked in red. 
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Appendix III 
Data on the distances of all direct routes and detours. 
 
Paris – Helsinki 
 
Direct: 1033 NM 
Detour: 1055 NM 
 
Direct, all segments: 107 NM France  +  Belgium 81,4 NM  + 42,2 NM Netherlands  +241,4 
NM Germany +78,3 NM Denmark + 344 NM Sweden + 39,2 NM Estonia +99,5 NM Finland 
Detour, all segments:  103NM France + 74,8  NM Belgium + 11,1 NM Netherlands + 363 
NM Germany +172,1 NM Poland +32,9 NM Kaliningrad + 18,7 NM Lithuania  + 117,2 NM 
Latvia + 116 NM Estonia +46,2 NM Finland 
 
 
Oslo – Helsinki 
 
Direct: 427 NM 
Detour: 883 NM 
 
Direct, all segments:  48,3 NM  Norway  + 207,8 NM Sweden + 170,9 NM Finland 
Detour, all segments:  111,6 NM Norway  + 226,3 NM Denmark + 52,9 Germany NM  
+163,3 NM  Poland + 32,9 NM Kaliningrad +19,5 NM  Lithuania + 115,4 NM Latvia + 115 
NM Estonia +46,1 NM Finland 
 
 
 
Oslo – Prague 
 
Direct: 604 NM 
Detour: 618 NM 
 
Direct, all segments:  45,8 NM Norway +  188,5 NM  Sweden + 74,1 NM Denmark +249,3 
NM Germany +46,3 NM Czech Republic 
Detour, all segments:  109,2 NM Norway + 229,7 NM Denmark + 234,1 NM  Germany + 45 
NM  Czech Republic 
 
 
Oslo - Warsaw 
 
Direct: 574 NM 
Detour: 666 NM 
Direct, all segments: 50,3 NM  Norway + 281 NM Sweden + 242,7 NM Poland 
Detour, all segments: 109,6 NM  Norway + 224,1 NM Denmark +57,9 NM Germany  + 
274,4 NM Poland 
 
 
London - Riga 
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Direct: 908 NM 
Detour: 914 NM 
 
Direct, all segments: 137,1 NM Great Britain +143,8 NM  Netherlands + 150,3 NM 
Germany + 82,9 NM Denmark +201,1 NM Sweden + 22,8 NM  Kaliningrad + 25,2 NM 
Lithuania + 144,8 NM Latvia 
Detour, all segments: 121,8 NM +164,2 NM Netherlands +264,5 NM Germany + 162 NM 
Poland +44,4 NM Kaliningrad +34,8 NM Lithuania + 122,3 NM Latvia 
 
 
London - Helsinki 
 
Direct: 986 NM 
Detour: 1046NM 
 
Direct, all segments: 197,4 NM Great Britain + 108,8 NM Netherlands +15,9 NM Germany 
+203 NM Denmark + 324,6 NM Sweden +136,3 NM Finland 
Detour, all segments: 118,7 NM Great Britain +165,3 NM Belgium + 265 NM Germany + 
164,7 NM Poland  +33,3 NM Kaliningrad +19,2 NM Lithuania +116,1 NM Latvia +115 NM 
Estonia + 48,7 NM Finland 
 
 
Copenhagen - Moscow 
 
Direct: 845 NM 
Detour: 912NM 
 
Direct, all segments:  8 NM Denmark +186,5 NM Sweden + 33,8 NM Kaliningrad +127,5 
NM Lithuania  +171,6 NM Latvia +317,6 NM Russia 
Detour, all segments: 56,8 NM Denmark + 52,3 NM Germany +165,3 NM Poland + 65,8 
NM Kaliningrad + 188,8 NM Lithuania + 33,9 NM Latvia +71,8 NM Belarus +277,3 NM 
Russia 
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Appendix IV 
A table showing the different routes and the estimated percentage of the over flying traffic in 
Sweden the routes make up. 
 

Route Estimated percentage of traffic 

London-Riga 5% 

Paris-Helsinki 10% 

Oslo-Prague 15% 

London-Helsinki 20% 

Copenhagen-Moscow 5% 

Oslo-Warsaw 10% 

Oslo-Helsinki 15% 
 


