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Abstract 

Reykjavík, the capital city of Iceland, has an airport located in the city centre. The central 

location of the airport has been debated for decades. The city of Reykjavik has developed plans 

for the airport to be closed down in the near future i.e. no later than 2024 in order to free up 

valuable land for development. However, the current location of the airport is very convenient 

for most users of domestic flights. Transfer of the services to Keflavik Airport, the only existing 

alternative airport, is expected to decrease significantly the number of passengers using 

domestic air services due to increased travel time and higher cost. In this thesis an agent based 

simulation model is created to study the possible changes in flight demand given these changes 

in the location of the hub domestic airport. In the model, the agents representing travellers on 

a given route select air or road transportation based on the cost of transport and their time value. 

The model is calibrated using real data from Flugfélag Íslands for the year 2014 for the busiest 

domestic air route between Akureyri and Reykjavik. It is subsequently used to evaluate changes 

in demand for air services on this route under various scenarios which represent the changes 

associated with a new location of the hub airport.  

The results show a considerable decrease in demand for domestic air transportation if the 

domestic flight operation are moved from Reykjavik to Keflavik. The simulation model results 

indicate that an agent based simulation is a feasible approach to estimate the changes in the 

demand for services if e.g. domestic flight services were to be transferred to a new location. 

Also, agent based simulation model can be a valuable tool in helping to understand the 

behaviour of travellers due to changes in  travel time and additional cost of transportation. 

 

Keywords: Agent based simulation, flight demand, domestic flight, time value 
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Útdráttur 

Hermilíkan fyrir eftirspurn eftir innanlandsflugi 

Reykjavíkurflugvöllur er staðsettur stutt frá miðborginni. Staðsetning hans hefur lengi verið til 

umræðu og verið umdeild. Landsvæði Reykjavíkurflugvallar er mjög verðmætt og þess vegna 

hafa borgaryfirvöld áform um að flytja starfsemi hans annað, ekki seinna en árið 2024. Fyrir 

flesta farþega í innanlandsflugi er miðlæg staðsetning flugvallarins þægileg. Í þessari ritgerð 

var gert hermunarlíkan sem notast við einingarhermun (agent based simulation model) til að 

kanna mögulega breytingu á eftirspurn eftir innanlandsflugi við flutning á starfsemi 

Reykjavíkurflugvallar. Í hermilíkaninu þurfa einingar (agents) sem ákveða að ferðast, að velja 

á milli að ferðast með flugi eða eftir vegi út frá kostnaði og tímavirði þeirra. Líkanið er byggt 

á raunverulegum gögnum frá Flugfélagi Íslands fyrir árið 2014 á flugleiðinni milli Reykjavíkur 

og Akureyrar. Það er notað til að meta breytingar á eftirspurn eftir flugi við hinar ýmsu 

aðstæður í tengslum við nýja staðsetningu flugvallarins. 

 

Niðurstöðurnar sýna umtalsverða lækkun á eftirspurn eftir innanlandsflugi við flutning 

flugvallarins frá Reykjavík til Keflavíkur. Niðurstöður hermilíkansins gefa til kynna að 

einingarhermun sé heppileg aðferð til að meta breytingar á eftirspurn eftir flugi ef starfsemi 

flugvallarins yrði flutt. Einnig getur aðferðin hjálpað til við að skilja betur hegðun flugfarþega 

varðandi breytingu á ferðatíma og auknum kostnaði. 

 

Efnisorð: Einingarhermun, eftirspurn eftir flugi, innanlandsflug, tímavirði 
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1. Introduction 

The current location and operation of Reykjavík Airport has been debated for decades. The 

airport serves domestic flights operations and flights to Greenland and the Faroe Islands as well 

as general aviation. The alternatives that have been under consideration are the continued 

operation of the Reykjavík Airport or transfer the facility and other services to another location. 

The most discussed option is transferring the airport’s operation and activities to Keflavík 

International Airport. This option might lead to financial gain [1] however it could also lead to 

significant reduction in demand for domestic air services. Agent based modelling approach is 

well suited for this problem. Since the individual agents in the model are suitable to mimic 

consumers’ behaviour, where the individual agent behaviour and decisions are defined in a 

realistic manner. The population in Iceland is very small; in January 2014 the population was 

325.671 [2]. Due to the small size of the population in Iceland, changes in price and location 

of the airport could have an impact on domestic flight demand. Therefore it is important to try 

to examine effects on consumers’ behaviour with the agent based model. An agent based 

simulation model was created, which simulates the Icelandic domestic flight demand. The 

model was first adapted to Flugfélag Íslands flight demand data for the year 2014. Next, the 

second scenario was made to simulate the flight demand if Reykjavík Airport’s operation 

would be transferred to Keflavík International Airport. The variables in the model such as 

flying time, air fares, disembarkation time and terminal transition time where adjusted to what 

might happened if the airport flight operation would be transferred to Keflavík International 

Airport. 

1.1. Research Aim and Objectives 

The aim is to determine if agent-based simulation model can be a useful method to identify the 

changes in the flight demand if the central airport flight operation would be transferred from 

Reykjavík to Keflavík, by using FLAME (Flexible Large-scale Agent Modelling 

Environment). Numerous tests will then be performed on the simulator. The model will be 

scaled according to the test results. By relocating the airport operation from Reykjavík Airport 

to Keflavík International Airport the air passenger demand is likely to reduce. 
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The idea of this project is to provide: 

 Better understanding of how people select their transportation mode and how they 

evaluate their time value. This all aids to predict changes in demand for domestic flights 

in Iceland. 

 Explore how the demand for domestic airport operation will change if the domestic 

airport operation are moved from Reykjavík Airport to Keflavík International Airport. 

In addition to exploring the effects of higher air fares and increased travel times. 

 Explore the feasibility of applying agent based simulation to determine the domestic 

demand for the airport operation. 

1.2. Simulation Model Simplifications 

When building a simulation model there are many things to be considered. It is quite difficult 

to take into account all the variables included in the decision making process that an individual 

goes through when selecting their travel transportation mode. For example: destination, when 

to travel, which mode of transportation should be selected, which route, with whom, etc. It is 

very hard to construct a model that simulates individuals’ dissension process, therefore some 

limitations have to be made. Understanding the systems behaviour is vital to simplifying the 

problem and making approximations. This must be done carefully so that the model will still 

represents the process of the entire system. The simulation model will be built up gradually. 

Starting by building a simple model, making sure it works properly and delivers realistic 

results. After that, the model´s complexity will be increased. The models objective is to 

simulate the scenario if the entire domestic operation would to be transferred from Reykjavík 

Airport to Keflavík International Airport. Although other ideas exist [1], they are not within 

the scope of this project. 

The project focuses on travel between the Reykjavík and Akureyri airports. This flight route 

has the highest flight frequency and number of passengers. Surveys made by Flugfélag Íslands 

provide valuable insight into passengers´ behaviour, such as how far ahead they book their 

flight and travel purposes1. This model does not include foreign visitors. Furthermore, 

travellers are divided into two categories depending on their travel purpose in order to simplify 

the model. In the model there are two travel option, travellers either drive using a car or fly 

                                                 
1 Travel purpose refers to either leisure or business travels. 
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with Flugfélag Íslands. It should be noted that more travel options exist such as travelling by 

public transportations like the bus or by renting a private aircraft. 

1.3. Verification 

The model was verified throughout the development of the model’s code in iterative steps. This 

was done by using structured code walk and unit testing. Each function in the model was tested 

individually by unit testing, where the function output was written out and analysed. After each 

function had been tested, the functions were tested together one by one and finally the entire 

system was tested. The models code was also checked for extreme scenarios with boundary 

testing, such as an increase or decrease in air fares, number of available flight seats and travel 

purpose. For these extreme conditions the models response was as expected e.g. if the air fare 

is unrealistically high the airline will have no passengers. 

1.4. Reykjavík Airport 

Reykjavík Airport, located in Vatnsmýri, is the centre for domestic flights in Iceland and one 

of four international Icelandic airports. A total of 400.000 passengers go through the airport 

every year. The airport serves ambulance flights and its location is important due to its 

proximity to the city centre of Reykjavík and Landspítali Hringbraut, which is the National 

University Hospital of Iceland [3]. Reykjavík Airport was built by the British Army during 

World War II and was handed over to the Icelandic Government in 1946. Two airlines have 

scheduled flights from Reykjavík Airport. Flugfélag Íslands flies to Akureyri, Egilsstaðir and 

Ísafjörður. Apart from the domestic flight, Flugfélag Íslands also serves scheduled flights to 

Greenland in addition to collaboration with Atlantic Airways to the Faroe Islands. This can be 

seen in Figure 1. 
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Figure 1: Flugfélag Íslands route map [4] 

Norlandair operate the flights to Vopnafjörður, Grímsey and Þórshöfn, with a stopover in 

Akureyri but Flugfélag Íslands handles its booking. Flugfélagið Ernir flies to Vestmannaeyjar, 

Höfn í Hornafirði, Bíldudalur, Gjögur and Húsavík. In total of five destinations [5]. These 

destinations can be seen in Figure 2 below. 

 

Figure 2: Flugfélag Ernir route map [6] 

The current location and operation of Reykjavík Airport has been debated for quite some time. 

The airport not only serves domestic flights but also serves teaching, training and private 

flights. In addition to the Coast Guard, ambulance flights and is a backup airport for 

international flights. The organization Hjartað í Vatnsmýri has collected signatures to protest 

the relocation of the airport, a total of 69.794 people signed in August 2014 [7]. The debate is 

often focussed on financial benefit, economic efficiency and Reykjavík city lost opportunities 

not being able to use the land e.g. housing. As the price of land in the city’s centre has increased 
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over the last few years, the Reykjavík Airport location has increased in value as well. Making 

it a valuable site for future expansion of Reykjavík city. 

1.5. Other Ways of Transportation 

Travellers often face the dilemma of evaluating which is more important, their time worth or 

the price of travel. Some travellers find it more convenient to travel by car due to the advantages 

of having their vehicle at disposal at the destination. Driving is also less expensive than flying, 

but it is less time-consuming. Many variables are involved in determining the travel mode: 

travel purposes, weather, distance, distance to and from airport, how many people are traveling 

together, access to a car, age, salary, number of family members, residence of family members, 

health, and trip duration, etc. 

By opting for domestic flights the customers’ gains (benefits) includes time saving, travel 

comfort and safe transportation compared to other transportation options available on land or 

sea. The value of this gain varies by each individual, as people evaluate their time worth 

differently. 

Some destinations, like Vestmannaeyjar and Grímsey, require transportation by a ferry part of 

the way if the traveller does not intend to fly. Travelling by ferry requires additional time and 

money. Most ferry companies require that all passengers arrive at least 30 minutes before 

departure or even earlier if the passenger is transporting a car. When travelling with a car to 

Grímsey, passengers have to arrive at least an hour before departure.  

Websites like samferða.net make it easier for travellers that are willing to share a car and to 

contact each other [8]. Thereby dividing the travel cost between each other. This can lower the 

travel costs for the car owner and the carpooling traveller/-s. In Iceland there is another similar 

website, a Facebook group indented especially for travels from Akureyri and Reykjavík and 

another group for travels between Reykjavík and Landeyjahöfn (people who are travelling to 

Vestmannaeyjar by the ferry, Herjólfur) [9], [10]. 

Available travel options in Iceland include the following: 

 Flying 

 Driving a car to the destination 

 Dividing the travel between driving part of the way and taking a ferry 

 Public transportation e.g. taking the bus 
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 Dividing the travel between a public transportation and taking a ferry 

 Sharing a car with fellow travellers 

The primary competitor of domestic flight is travelling by a car. It can be convenient to have a 

car at your disposal at the destination. Especially in the metropolitan area where the distances 

are greater than in the urban areas. 

Public transport in Iceland is not very popular. It is considered time-consuming due to the 

number of stops along the way. Furthermore, the air fare is considered expensive especially for 

short trips. For example it can be cheaper for a few passengers in the metropolitan area to share 

a taxi than to take the bus [11], [12]. According to a survey from 2011 on public transport in 

the metropolitan area, more than half of respondents or 54,4% said they never take the bus, 

5,7% use it 2-6 times in a week, 2.8% use it once a day and 5,6% said they use it more than 

once a day [13]. 

Many factors can affect the choice of travel mode: 

 Time saving 

 Travel time 

 Distance 

 Being able to travel to and from the destination within one day 

 Convenience and comfort of travel 

 Safety conditions 

 Weather conditions 

 Road conditions 

 Travel mode cost 

 Individual income 

 Having a car at disposal at the destination 

 Whether the individual is travelling alone 

 Travel purpose  

 Other personal reasons for travel 

This list is however not exhaustive and many other reasons can effect peoples traveling 

decisions. For an average family, it can be expensive to travel by an aircraft and therefore 

prefers to travel by car. However, for some individuals´, flying is considered a more feasible 

travel mode. The flight customer group is diverse; children who are travelling alone between 
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parents, students, tourists, individuals travelling on a leisure, individuals on business trips, 

individuals seeking healthcare, etc. 

Assessing how demand would change if Reykjavík Airport operation were to be relocated to 

Keflavík International Airport is quite complex due to various factors that can affect the choice 

of travel mode. Current travel time from and to airports is not long for most of the air 

passengers. In a pilot study among air passengers from 2013, the majority of the passengers 

(90%) had less than 30 minute travel time to and from the airport. Few drove more than 45 

minutes and even fewer drove for an hour or more [14]. The travel time from and to airports is 

quite important. By relocating Reykjavík Airport operation, the travel time would increase for 

many travellers since many of them have either errands in the capital area or it is their 

destination point. The travel expenses would likely increase with longer distance to or from the 

airport. For example, a traveller living in a 5 minute distance from Reykjavík Airport and is 

used to travel with a taxi to the airport might be forced to make other travel plans to the airport 

if Reykjavik Airport flight operations were to transfer due to additional cost. 

1.6. Structure of the Thesis 

This thesis is structured in the following way: Chapter 2 provides a brief overview of Agent 

Based Simulation methods. Chapter 3 lists previous studies and studies based on agent based 

simulation. Chapter 4 provides information on the data and the model agent. Chapter 5 states 

the results of the simulation model and comparison. Chapter 6 contains discussions and ideas 

for future work. Chapter 7 contains conclusions. 
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2. Simulation 

Simulation is a method that uses mathematics to imitate real world problems. It involves 

designing a model that mimics the systems behaviour. The model is used to perform 

experiments and thereby obtaining improved understanding of the systems behaviour under 

various conditions. Simulation model can be used to predict the systems future behaviour, like 

the effects resulting from changes within the system itself e.g. for this thesis different flight air 

fare. The outcome of a simulation model depends on the accuracy of the model and the quality 

of the data used. These simulation models are input-output models where they are being “run” 

instead of solved. The model output does not give an optimal solution, it is rather a tool to 

analyse the system’s behaviour [15]. Simulations can have different implementation strategies 

like continuous system simulation, Monte Carlo simulation, discrete-event simulation, hybrid 

simulation, and agent-based simulation [16]. 

2.1. Agent Based Simulation Methods 

In this project, agent based simulation is used to determine the demand for domestic air 

transport in Iceland. Agent based models are made of composed interacting, autonomous 

‘agents’ that sense and respond to the conditions in the model [17], [18]. It is a relatively new 

field stemming from economics, computer science, biology, social sciences and other science 

fields. The agent based model is being used to generate insights into the complex consumer 

behaviour, analyse markets, relate micro-level process research to global-level system results 

and envisages ranges of possible outcomes and contingencies [19]. Agent based modelling has 

been used for various real world problems like; the Icelandic economy [20], [21], the Icelandic 

housing market [22] and consumer behaviours in the market of alternative fuel vehicles in 

Iceland [19]. 

Agent-based simulation is a class of computational modelling that focuses on modelling the 

behaviour of individuals, or heterogeneous entities and understands how their interactions 

create the overall behaviour of a complex system. The idea behind agent-based simulations is 

that the entire system is greater than the sum of its fundamental parts where the system 

constitutes collections of interacting parts [23]. Behaviour for the entire systems is captured 

from the ground up where the overall system outcome is made up of the behaviour of individual 

members of the organization constituting the system [23]. The individual’s behaviour is 
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specified and then linked together to form the system itself.  Another advantages for the bottom-

up construction in agent based models, is that agents have simple behaviour rules that can 

produce very complex patterns of agent behaviour to real complex problems [23], [24]. 

Examples of applications that include the modelling of organizational behaviour are: modelling 

of consumer behaviour, social network effects, team working, modelling of economics systems 

such as stock exchange or even entire economies, supply chain management and logistics. The 

agents can be adaptive and possess sets of rules or behaviour patterns that give them the ability 

to learn or evolve and to modify their behaviour during the simulation [23]. Over time the agent 

can assess how well these sets of rules or behaviour patterns are working. The agent can then 

update probabilities of taking certain actions, this process is called “learning” [17]. 

A basic agent based model has three elements, they are: 

“1. A set of agents, their attributes and behaviours. 

2. A set of agent relationships and methods of interaction: An underlying topology 

of connectedness defines how and with whom agents interact. 

3. The agents’ environment: Agents interact with their environment in addition to 

other agents.” [18, p. 152] 

In order to create an agent based model, the models developer has to identify the model and 

program these three elements mention here above [18]. 

2.1.1. Agents 

The capability to act autonomously is the essential characteristic of an agent, where the agent 

is capable of making independent decisions, making the agent an active responder rather than 

passive a unit. There is no universal agreement on precise definition of the role of an “agent” 

[18], [25]. Modellers define agent in various ways. Bonabeau [26] considers an agent to be 

type of independent unit for example individual, software or a model. Where the behaviour of 

the independent unit can be described by simple rules, to complex rules [26]. Were simple rules 

are not adaptive and does not change over time but on the other hand complex rules are similar 

but simple rules but have more conditions with sophisticated activation [23]. Jennings [27] 

definition of an agent is provided from a computer science view, where essential characteristic 

of agent is the capability to act autonomously. Casti [28] claims that an agent must have base-
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level rules for behaviour and higher-level rules, where the rules can alters over time which 

provide adaptation. 

Some of an agent essential characteristic are: 

 An agent is autonomous where the agent is capable to make independent decisions [25]. 

 An agent is self-contained, where the agent is identifiable individual, with a set of 

characteristics, behaviours, and decision-making capability [25]. 

 An agent is social where he can interact with other agents [25]. 

 An agent can live in an environment where agents interact with their environment and 

with other agents [25]. 

 An agent may have goals that drive his behaviour. Not necessarily to maximize 

objective but it can also let the agent compare the outcomes of its behaviour to his goals 

[25]. 

 An agent may have the ability to learn, adapt and evolve his behaviour based on 

experiences during the simulation. The agent has a sets of rules or behaviour patterns 

that give them the ability to learn, evolve and modify their behaviour [25]. 

 An agent may be heterogeneous, where the agent population have diverse 

characteristics, and with different amounts of resources [18]. 

In models, agents are often nonadaptive because it is does not achieve the model’s intended 

purpose. For example, a supply chain model where the purpose is to evaluate a set of specific 

inventory management rules, it is not necessary for the agent to be adaptive [25]. 

These features, mentioned above, are convenient to mimic the behaviour of individuals. In this 

thesis, passengers´ behaviour alters towards the change of using of domestic flight services if 

the central airport flight operations would be transferred from Reykjavík to Keflavík. For this 

problem, agent based modelling methodology is suitable because the consumers are naturally 

represented by individual agents in the model and also the decisions along with behaviours can 

be defined discretely in a realistic manner. 

2.1.2. Memory Variables and Behavioural Characteristics 

Agents in agent based simulation are individuals who have a set of different memory variables 

and behavioural characteristics. Normally there is changeability among the agents in the model 

[23]. For example in a model that has customer agents. The agents can have the memory 

variables like age and gender, so if the model has two customers they can have a different age 
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or gender. In addition, different rules can apply for different ages. Common memory variables 

for an agent that represents people are age, income, gender, occupation and other preference 

[23]. The memory variables can either be static or dynamic. Static memory variables are not 

changeable during the simulation for example agent ID or name. Dynamic memory variables 

such as current location are changeable during the simulation [18]. In Table 1 common memory 

variable of agent and his behaviour can been seen. 

Table 1: Basic structure of a sporting goods customer agent [23] 

Sporting Goods Customer Agent 

Variables: 

 Age 

 Gender 

 Income 

 Occupation 

 Goods preferences 

 Services preferences 

 Shopping history 

Behaviours: 

 Using products 

 Receiving services 

 Shopping  

 Other activities (idle relative 

to the product category) 
 

2.1.3. Agent Behaviour 

Agent behaviour is generally described by simple decision rules. These rules make it possible 

for the agent to select actions, give him capability to adapt and learn from experiences and to 

be capable of sensing his surroundings [23]. These decision rules also make it possible for the 

agents to interact and communicate with each other. In Table 1 above the sporting goods 

customer agent behaviours can be seen. 

There are three steps that agent behaviour follows. The first step is: the agent estimates his 

current state and then decides what to do in that moment. In the second step the agent executes 

the action they chose in step one. In step three, last step, the agent evaluates the results of his 

action made in step two. Then the agent’s decision rules are adjusted based on the results. The 

decision rules make it possible for the agent to respond from simple reaction to complex 

decision [23]. 
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2.1.4. Environment 

As previously noted, agents can interact with other agents and with their environment. The 

environment defines the agent world and how the agent functions. It also includes the principles 

and processes under which entity (agent or object) exists and communicates. The agent 

environment is very important because without it the agent cannot sense or act and is cut off 

from the rest of its world [29]. 
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3. Previous Studies 

Many studies have examined the determinants of air travel demand. They often include 

variables like air fare, population, distance, income, etc. [30]–[32]. The demand for air 

transportation follows the inter-city transportation approach, where the demand for travel is 

related to vectors of socio-economic variables and transport system supply variables [32]. It is 

important to choose the right combination of variables that represent the determining factors in 

the demand model in order to develop a useful model. These variables are divided into two 

groups. The first group is geo-economic factors like economical activities, geographical 

characteristics, social factor, etc. The second group is service related factors where the 

variables are related to airline dependent factors such as air fare components of the air travel 

and quality [33], [34]. 

Air demand studies can be broadly divided into two groups: macro and micro level analysis 

[32]. For example, for an operations of dynamic traffic systems, macro model will model the 

vehicles as a continuous flow on an aggregate level. Where formulation based hydrodynamic 

flow theories are often used. Micro models simulate individual behaviour vehicle (e.g. drivers) 

movements in great detail like response to incidents, interactions among vehicles and lane 

changing [35]. 

3.1. Studies on Domestic Air Travel in Icelandic 

Many studies have been made on the domestic flight in Iceland [14], [36], [37].  

In a report from 2014 performed for the Ministry of the Interior [14], a socio-economic analysis 

and socio-economic assessment to prioritize transport projects was done on domestic flight in 

Iceland. In the report feasibility studies where performed on each flight route, where the 

passenger time value for working hours and leisure time was used. The report also includes 

surveys on how air passenger view on the possible Reykjavik Airport operations transfer to 

Keflavík International Airport. 80% said they would fly less or stop entirely to use domestic 

flight if Reykjavik Airport operations where to transfer [14]. 

Hall 1998 [37] devolved a model to assess the impact of changes in the Icelandic road network. 

In the model individuals’ time value plays the key role choosing of transport mode. The report 

examines how the opening of Hvalfjörður Tunnel or for that matter any road improvement will 
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affect the domestic flight demand. The report indicates that domestic flight demand will reduce 

with the opening Hvalfjörður Tunnel [37]. 

There have been few studies that have examined the determinants of domestic flight travel 

demand if Reykjavík Airport operation were to transfer to Keflavík International Airport [36], 

[37]. None of these reports use agent based modelling. According to a report made by ParX in 

2007 [36], by transferring Reykjavík Airport operations to Keflavík International Airport, the 

total travel cost was estimated to increase by 17,1% due to the future possible location of the 

airport. The price elasticity of demand was estimated to be -1,18 therefore the demand for 

domestic operations would decrease by 20,2% for flights from Akureyri, 17,9% from 

Egilsstaðir and 18,3% from Ísafjörður [36]. 

3.2. Studies Based on Agent Based Simulation 

The past several decades disaggregate and behavioural (micro) models have gained great 

interest amongst researchers for passenger travel demand instead of aggregate travel demand 

(macro) models. This can be explained because the consumer characteristics for aggregate 

travel demand models were unsuitable to model travel demand, for they are incapable to test 

transportation-related polices and the transportation system complexity. On the other hand the 

behaviour and real world decision making units are taken into account in disaggregate travel 

demand model, these units can be e.g. an individual or a household [38]. A random utility 

theory in discrete choice analysis has been used frequently and it assumes that individuals 

always choose the option which maximizes their utilities [38]. Not many literatures cover the 

use of agent-based simulation for studying air transport demand where passenger are modelled 

as individual agents. However there are a few that cover agent-based simulation demand of 

road traffic and public transport [38]–[41]. 

The primary competitor of domestic flight is the car. In the model used in this thesis the 

travellers have to choose between these two travel modes. All the literature in the section below 

have one thing in common [38]–[42]: the agent travellers all try to maximize their individual 

return for the travel choices. By using utility functions to measure quality of the traveller agent 

for different travel plans with alternative travel modes. Then individual agents select the plan 

which gives them the highest utility. 

In 2014 Huynh et al [39] developed an agent based simulation model of road traffic and 

transport demand in Sydney metropolitan by using TRANSIMS (traffic micro-simulation 
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package). The model was developed to provide insights into social behaviour and 

interdependencies characterized in traffic and transport planning. The model simulates the 

interactions between population growth, traffic and transport demands. The individuals (the 

agents) in the model have a travel diary which contains the sequence of trips the individual 

makes in a normal day. The travel diary also contains variables such as travel mode, purpose 

of the trip and departure time. For trips such as social and recreational trips, the location of the 

trip destinations was assigned on a random basis. The travel mode in the study which the 

individuals could choose from, were as follows: by driving a car, as a car passenger, public 

transport, taxi, bicycle, walking, and other activates. To choose between these modes a 

multinomial logic (MNL) algorithm was developed. The MNL formulation is a linear  

part-worth utility function were the utility for each travel mode choice is estimated. The utility 

function variables contain the difference of fixed cost along with the difference between 

variable cost of the selected travel mode with the least expensive mode. The estimated travel 

time is the output of the traffic micro-simulation and the variable cost is dependent on this. 

Also the variable individual’s income was taken into account, with the income acting as a proxy 

for the individual’s perception of time value. The simulation model result show that the model 

can mimic the population decision making with respect to the transport mode, trip purpose and 

relocation. It was also able to simulate interaction between population growth, urban land use 

and transport demands [39]. 

In 2013 Grether and Nagel [42] used an agent-based model to estimate European air traffic and 

German passenger demand on a microscopic level. Where the preferences of each individual 

passenger is captured. The authors use a queue theory in their model. The aircrafts are modelled 

as individuals and each of them have memory variables like different speed and available seats. 

Consumers are also modelled as individuals where they want to perform activities at certain 

locations for a specific time. All virtual people create daily plans with their desired activities 

and transport modes. Each individual has more than one plan for each day. The plans are 

executed in traffic flow simulation. To select the optimal plan, all executed plans are scored 

with the utility function to measure the quality of the executed plans and to compare them 

together. The model results showed that it is feasible to use an agent based simulation of 

passenger demand for air transport. In this model MATSim-T toolkit was used [42]. 

In 2013 Kaddoura et al [40] analysed optimal public transport service provision with agent 

based simulation .  
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In the model the authors used activity-based simulation which is suitable for realistic 

presentations of demand and supply. Users (the agents) are also allowed to adapt their activity 

schedules. The interaction between the agents were simulate, where they can choose transport 

mode and departure time based on their activities. Two transport modes are available for users, 

either to travel by car or use public transportation (like the bus). When the users choose between 

different plans, a utility approach is used. The total utility of an executed plan is the sum of 

individual contribution. The result show that agent based simulation can be used to examine 

complex interaction between individuals and transport supply [40]. 

In long distance travel it is important to take the individuals income into account. Individuals 

value their time differently. Individuals with higher income tend to value their time worth 

higher [41]. Kickhöfer et al [41] included the individual income in the utility function in their 

agent based simulation model. They show that it is possible to use agent based modelling in 

policy evaluation and why the individual’s income should be taken into account in the utility 

function when considering public acceptance. The model’s results provide better understanding 

of problems like public acceptance. Despite the fact that models like these are often considered 

to be too complex to simulate large scale scenarios when more than one choice dimension is 

considered. This model calculation indicates feasible results [41]. In this thesis, the simulation 

model takes in to account how individual value their time by using time value that is how much 

one hour of their life is worth. 

All papers mention above except the first one, used the software tool MATSim-T which is an 

open source software for the agent-based simulation for traffic [40]–[42]. It offers a framework 

to implement large-scale agent based simulation for transport. These frameworks are: demand-

modelling, traffic flow simulation, re-planning, etc. [43]. However, there are many existing 

simulating tools for air traffic including: SIMMOD, Rams Plus, and AirTOP [44]–[46]. These 

tools simulate major airport performance and airspace design projects. Rams Plus uses multi 

agent architectures to capture all controller tasks and behaviours [45]. All of these simulating 

software’s aim to improve air traffic management concepts. None of them however support 

agent based simulation of an individual passenger [42]. 
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4. Air Transport Demand Model 

This project is undertaken to explore the application of an agent based model in order to 

determine the demand for domestic air transport in Iceland. There is a need to understand more 

precisely how the behaviour of passengers would alter if specific changes are made in the 

airport network. 

The purpose of the model is to mimic the changes in the domestic flight demand if Reykjavík 

Airport operations are transferred to Keflavík International Airport. The idea is to get a better 

understanding of how people choose their mode of transport and investigate what factors 

influence the decision making process. In this project, agent based simulation model is created. 

This simulation model uses a micro level analysis where its tries to capture individual 

preferences. The model simulates what travel mode people choose. The simulation model has 

two travel mode options: i.e. by air or by road. It employs three types of agents: traveller agents, 

an airline agent and data agent. In the model, one year represents one simulation where every 

day is a one step or in total 365 steps. Each day (step) in the model starts by choosing two 

random samples of traveller agents from the total number population of Reykjavík and 

Akureyri. These samples represent the travellers in the model. There are two reason why 

traveller agents in model are commuting; work related or due to personal errand. The agent 

time value determined by which option is selected, leisure or business. Next the agents 

calculate cost of traveling of the two travel modes with regard to their time value and select the 

least expensive travel mode. The model includes a flight schedule, a certain number of seats 

for three different price categories in addition to a record being kept of booked and available 

seats. If the agent calculates that flying is more expensive for him with regard to that no seats 

are available within a certain price category, then the agent chooses to travel by car. For better 

certification, a simple structure of one step (day) for a traveller agent in the simulation is shown 

below in Figure 3. 
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Figure 3: Simplified flowchart for traveller agent 

First, the simulation model was adapted to the air passenger demand for the year 2014. Until 

the model could imitate the flight demand for 2014. Then changes were made on the model 

variables such as flying time, air fares, terminal transition time and disembarkation time 

according to what might possibly happen should Reykjavík Airport operations transfer to 

Keflavík International Airport. These changes can provide insight into the demand behaviour 

if the airport operations and services were to be transferred. 
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4.1. Number of Travellers in the Model 

For each day the program chooses an ensemble of travellers from the population between 

Reykjavík and Akureyri. The travellers from the traveller agent’s population in each sample is 

selected at random. Where the difference between the travellers is how they value their time, 

due to agent’s different time value. 

To decide the number of travellers each day, it was necessary to first know the total number of 

travellers using any transport mode between Reykjavík and Akureyri. The total number of 

passenger traveling by air was obtained from Flugfélag Íslands where the data was subdivided 

by direction for each day of the year 2014. The total number of air passenger for 2014 can been 

seen in Figure 4. As can been seen, December has the fewest passengers while March has the 

most passengers. Increasing number of passengers in March can be attributed to the schools’ 

winter breaks and ski trips to Akureyri. The total number of passengers by air in 2014 was 

approximately 160 thousand people. 

 

Figure 4: Total number of passenger by air in 2014 on a monthly basis for 

Flugfélag Íslands 

 

The exact number of passengers that travelled by car between Reykjavík and Akureyri does 

not exist. An estimate was obtained by using a traffic survey performed by the Icelandic Road 

and Coastal Administration (IRCA) [47]. The survey was conducted on Thursdays: July 9, 

October 11, and the Saturdays 21 July 13 October in 2007. The traffic survey point was located 

in Öxnadalsheiði, which is a heath located between Reykjavík and Akureyri. This location was 

chosen because a previous traffic survey was made at this location and there is an automatic 
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fixed road vehicle traffic counter post in Öxnadalur pass. The traffic in both directions is 

counted throughout the year. In the traffic survey at Öxnadalsheiði, vehicles driving though the 

survey point were stopped and drivers asked questions about departure, destination and purpose 

of their trip. Furthermore the number of passengers in each vehicle were recorded. One of the 

reasons why the model does not include foreign travellers is because there is no data available 

how many of them are travelling between Reykjavík and Akureyri. Only how many foreign 

travellers went through the survey point. Their departure and destination points are therefore 

unknown. Also the survey was made back in 2007 and number of foreign travellers has 

increased since then, therefore that data would not be reliable. From the survey it was possible 

to estimate the percentage of vehicles that travelled between Reykjavík and Akureyri 2014 by 

road. By using percent of average daily traffic for the vehicles travelling between Reykjavík 

and Akureyri of the total number of vehicles driving through the survey point. Where the 

average daily traffic for the vehicles travelling between Reykjavík and Akureyri in July was 

27,4% and in October was 33,4% [47]. 

Daily traffic data from automatic fixed counting points in Öxnadalur pass from 2014 from 

IRCA was used estimate number of travellers by car in 2014 [48]. Both lanes were counted 

separately, south and north. The daily traffic data for the two lanes can been seen in Appendix 

A. The number of vehicles which transited by road between Reykjavík and Akureyri in 2014 

was assumed to be the same percentage as went between these two locations according to the 

2007 survey. By utilizing the percentage of car traffic from 2007 between Reykjavík and 

Akureyri [47] and implanting it onto the car traffic at the same location in 2014. During the 

period from June to September the traffic travelling directly between these two locations was 

27,4% and 33,4% for October to May the following year see Table 2. 

Number of travellers in vehicles in 2014 was estimated in the same way as the car traffic 

between Reykjavík and Akureyri, mentioned in the section above see Table 2. The average 

number of passengers in vehicles during the period from June to September 2014 was 2,9 

(including the driver) and 2,2 for October to May the following year [47].  
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Table 2: Estimated percentage of car traffic from between Reykjavík and 

Akureyri of the total car traffic in 2014 and estimated average number of 

travellers in vehicles in 2014, for summer and winter period 
 

 Jun to Sept Oct to May 

Car traffic from between REY and AEY 27,4% 33,5% 

Travellers in vehicles 2,9 2,2 

 

The increased number of passengers in vehicles during the summer period, from June to 

September, can be related to summer vacation season where families often travel together. The 

total number of individuals travelling by road was estimated around 279 thousand for 2014. 

The total number of travellers by road can be seen in Figure 5 below, it clearly shows the 

increase in travellers on the roads during the summer time which can be traced to summer 

vacations, better road conditions and foreign visitors. 

 

Figure 5: Estimated monthly number of travellers by road between Reykjavík and 

Akureyri in both directions in 2014 

The total number of individuals travelling by road and air was estimated around 439 thousand 

for 2014. The total number of travellers by road can be seen in Figure 6. 
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Figure 6: Estimated monthly number of travellers by road and air between 

Reykjavík and Akureyri in 2014 

Should the agent travel, the likelihood of him travelling back the following day are no higher 

than for another agent traveling that next day from the same location. This is a simplification 

of reality, where people who travel from a starting location want to return back. The reason for 

this simplification of the model is due to that no data was available on how long people stay 

(whether they stay one day, a week or a month) at their destination before they travel back. The 

total number of travellers estimated to be travelling between Reykjavík and Akureyri for each 

month of 2014 is very similar in each direction, except for a slight drop in traffic from Akureyri 

to Reykjavík from July to October, see Figure 7. Due to this it was decided it was reasonable 

to perform this simplification in the model. 

 
 

Figure 7: Total number of travellers estimated to be travelling between Reykjavík 

and Akureyri per direction, per month in 2014 
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4.2. Time value 

In reality people have more than one time value, where they evaluate their time based on their 

purpose of travel, income and other factors. In this model it is assumed that every traveller 

agent has two different kinds of time value in their memory; time value for business travels 

and time value for leisure. 

Overall leisure travel tends to be more sensitive to changes in air fare than business travel. 

Because business travellers value their time worth higher than leisure travellers. Changes in air 

fare only represent a small part of their total travel cost. Therefore, an increase in the air fares 

leads to a smaller impact in the total travel costs for business passengers compared to leisure 

passengers. In addition they are more willing to pay for a higher quality service e.g. last-minute 

bookings and changes to travel plans [49]. One explanation is that business passengers tend to 

book morning flights and return late in the evening because business trips are often only for a 

single day or a single meeting. It is less expensive for companies to book pricier flights such 

as morning and late evening, instead paying the employee Diem allowance. Leisure passengers 

normally have more flexibility than business passengers. They also tend to be more flexible 

deciding travel time and service quality [24]. 

Business travels: 

To find the time value for business travels, a study of labour costs in Iceland from Statistics 

Iceland was used [50]. This study is based on labour cost survey by Eurostat which is carried 

out quadrennial. The total labour cost estimated in the Eurostat study from 2012 is defined as 

total costs that the employer pays for the employee, whether it is a direct cost or indirect wage 

payments or other factors, except for subsidies to the employee. Results of the labour cost study 

from Statistics Iceland are based on Icelandic firms that have more than ten employees expect 

the sectors of accommodation, food service, scientific and technical which were not fully 

covered. From these result the average hourly paid labour cost was 3.020 ISK in 2012. 

However, this result is only based on paid hours. So the actual average hourly labour cost was 

evaluated from the information on parental leave, absences due to illness and holidays. 

Therefore, the actual hourly labour cost was 3.750 ISK. Looking at the overall labour costs, 

consisting of salaries and other employment taxes, the total actual averages paid hourly labour 

cost was 3.040 ISK and the total actual averages hourly labour cost was 3.780 ISK [50], [51]. 

Next the actual value averages hourly labour cost 2015 was found, which was estimate to be 

3.839 ISK. 
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Leisure travel: 

In the report from the Ministry of the Interior of Iceland on the socio-economic analysis of the 

future of domestic air transport [14] the authors, used a report from The Danish Ministry of 

Transport on time value for leisure time in Denmark from 2004 [52] to estimate the average 

time value for leisure in Iceland. Where the ratio of salaries after taxes was calculated between 

these two countries. Next, the time value of leisure time in Denmark was multiplied by ratio to 

find the time value of individual leisure time in Iceland [14]. The average time value for leisure 

in Iceland was estimate to be 1.120 ISK per hour in 2013. Next the actual value for average 

time value for leisure in Iceland 2015 was found, which was estimate to be 1.130 ISK. The 

time vale for business and leisure can been seen in Table 3. 

Table 3: Time vale for business and leisure 

travellers in ISK. 

 Business  Leisure 

2014 3.839 1.130 
 

 

4.2.1. Determining the Purpose of Travel 

After a sample of traveller agents has been selected, these agents decide the travel errand. The 

difference between the traveller agents is that they have different time values. As already 

mentioned each traveller agent has one time value for each of the two travel modes. The 

traveller agents calculate the cost of the travels modes, the cost depends on what errand is 

selected due to traveller’s agent time value. In the model the traveller agents have two type of 

errand choices. The first one is travel due to business (business travellers), these travellers have 

a higher time value. Because often this this type of traveller requires booking with a short 

notice, changing of the reservation booking or if flight is cancelled, they have priority for next 

flown flight. Moreover, business traveller’s time is very important and being able to get back 

and forth in one day is often a requirement, because it can be expensive for the company if the 

employee has to stay overnight. The second category is leisure travellers. The probability for 

traveling due to businesses is highest for winter and lowest in the summer. In the summer more 

people travel due to summer vacation and business slows down due summer vacations. These 

probabilities were adjusted in the simulation model to mimic the demand for 2014 see in  

Figure 14.  
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There are two modes of transport considered in the model for the traveller agent, i.e. automobile 

or commercial air transport. Each traveller agent calculates the cost of both travel modes in 

accordance with their time value. Each flight has three price options: Full Flex, Semi Flex and 

Net Offers. The travellers in the model calculates the cost of traveling by car and by air for 

these three price categories which are available on a given day and compares the cost. If the 

cost of traveling by car is less than flying, taking into consideration all three price categories, 

the traveller agent selects driving as the travel mode, otherwise the traveller chooses travelling 

by air. If the travel cost for flying is lower than travelling by car for more than one of the flight 

price categories, the traveller agent selects the seat with the higher price. The reason for this is 

to get a wider distribution in the selection of seats price category and to prevent that only the 

cheapest seats are booked at the start until they are sold out. The cost functions for travel mode 

are as follows 

The travel cost for travelling by road is given by equations: 

The travel cost for travelling by air is given by equation: 

 

Where 𝑉_𝑐𝑎𝑟𝑖 represents the travel cost for traveling by car for person 𝑖 and V_𝑓𝑙𝑖 travel cost 

for traveling by air for person 𝑖. The time value for person 𝑖 is represented as 𝑡𝑖𝑚𝑒𝑣𝑎𝑙𝑢𝑒𝑖. The 

travel time by road is represented as 𝑡_𝑐𝑎𝑟, the fuel cost is 𝑐_𝑓𝑢𝑒𝑙, the cost for driving through 

the tunnel of Hvalfjörður is 𝑐_𝑡𝑢𝑛𝑛𝑒𝑙, the cost for the car maintenance ISK/km is 

𝑐_𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 ,the cost for the car tires ISK/km is 𝑐_𝑡𝑖𝑟𝑒𝑠, 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 is the number of 

kilometres and 𝑛_𝑐𝑎𝑟𝑖 represents the number of passengers pr. Vehicle for person 𝑖. For air 

transport 𝑡_𝑓𝑙 is the flight time, 𝑡_𝑡 is the terminal transition time, the time passenger arrival 

before departure, 𝑡_𝑑 is the disembarkation time (the time it takes to find luggage and get out 

of the airport) and 𝑐_𝑡𝑖𝑐𝑘𝑒𝑡𝑖 is the flight air fare for person 𝑖. In overall the cost function are 

composed of direct costs and travel time costs individual. 

 

 

 𝑉_𝑐𝑎𝑟𝑖 = 𝑡𝑖𝑚𝑒𝑣𝑎𝑙𝑢𝑒𝑖 ∙ 𝑡_𝑐𝑎𝑟 +
𝑐_𝑓𝑢𝑒𝑙 + 𝑐_𝑡𝑢𝑛𝑛𝑒𝑙 + (𝑐_𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 + 𝑐_𝑡𝑖𝑟𝑒𝑠) ∙ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑛_𝑐𝑎𝑟𝑖

 
(4.1) 

 
𝑉_𝑓𝑙𝑖 = 𝑡𝑖𝑚𝑒𝑣𝑎𝑙𝑢𝑒𝑖 ∙ (𝑡_𝑓𝑙 + 𝑡_𝑡 + 𝑡_𝑑) + 𝑐_𝑡𝑖𝑐𝑘𝑒𝑡𝑖  (4.2) 
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4.2.2. Travel cost of Vehicle: 

The speed limit on highways in Iceland is 90 km/h. While driving between places the speed is 

likely at some point to go both higher and lower than 90 km/h. To calculate the travel time 

𝑡_𝑐𝑎𝑟 in Table 4, the estimated average speed of vehicles was 80 km/h and 20-minute rest was 

added for every three hours driven [37]. The travel time for vehicles in the model 𝑡_𝑐𝑎𝑟 is 323 

minutes between Reykjavík and Akureyri, i.e. 5 hrs and 23 minutes. These estimations are 

based on the report Eftirspurn eftir flugi on the demand for air transport [37]. In this report the 

domestic flight demand in Iceland is studied and what effect it would have on the demand if 

the Reykjavík Airport operations was to be transferred. It also considers how improved 

highways and shortening of distances could affect the demand. 

Table 4: Distances and travel time when driving by vehicle [53]. 

Km Travel time min Rest min With rest min With rest hrs 

388 291 32 323 05:23 

 

The Hvalfjörður tunnel is on the road between Reykjavík and Akureyri. Customers driving 

vehicles, under 6 meters length can buy tree different types of discount cards, but for 

simplification it was assumed that all travellers pay single fare 1.000 ISK 𝑐_𝑡𝑢𝑛𝑛𝑒𝑙 in the 

model. 

To find the fuel cost 𝑐_𝑓𝑢𝑒𝑙, the average fuel consumption must be known to estimate the cost 

of driving. The average fuel consumption was obtained from the Icelandic Automobile 

Association (FÍB) where estimate average fuel consumption gasoline cars for the 2014 is  

8,73 L/100km 𝑓𝑢𝑒𝑙_𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛, the distance between Reykjavík and Akureyri is 388 km 

distance and it is assumed that the cost of per litter of fuel 𝑐_𝑓𝑢𝑒𝑙_𝑝𝑒𝑟_𝑙𝑖𝑡𝑡𝑒𝑟 was 200 ISK. 

Equation (4.3) show how the total fuel cost was calculated 𝑐_𝑓𝑢𝑒𝑙. 

The cost of repair, maintenance 𝑐_𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 and tires 𝑐_𝑡𝑖𝑟𝑒𝑠 was obtained from the report 

from Ministry of the Interior of Iceland in 2013 [14]. Where the cost is based on the operating 

costs of private cars that weigh 450 kg and are driven 15.000 km annually. The repair and 

maintenance cost is correlated to driven distance and the age of vehicles. Based on this the cost 

maintenance and repair cost is 6,93 ISK/km and  the cost of tires is 4,53 ISK/km [14].  

 𝑐_𝑓𝑢𝑒𝑙 =
𝑓𝑢𝑒𝑙_𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

100
∙ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∙ 𝑐_𝑓𝑢𝑒𝑙_𝑝𝑒𝑟_𝑙𝑖𝑡𝑡𝑒𝑟 (4.3) 
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When calculation the travel cost of traveling by road 𝑉_𝑐𝑎𝑟𝑖, the direct cost is divided with the 

number of passengers 𝑛_𝑐𝑎𝑟𝑖 and the driver, see Equation 4.1. When the agent calculate the 

cost of traveling by road, he is assign a random number from zero to three, which represent 

numbers of travellers traveling with him. This is in line to the traffic survey in Öxnadalur from 

IRCA [47] where on average 1,5 passengers are in each private car expect for the driver on an 

average week day. 

4.2.3. Travel cost of flying: 

The flight time 𝑡_𝑓𝑙 between Reykjavík and Akureyri Airports is 45 min on the average and 

passengers are required check in at the airport 30 minutes before departure at the latest. So the 

airport terminal transition time 𝑡_𝑡 in the model is set at 30 minutes. In the model it was 

assumed that the disembarkation time 𝑡_𝑑 was 20 minutes where disembarkation time is the 

time it takes to find luggage and get out of the airport. 

Flugfélag Íslands has several airfares options and they are: Saga Club, Full Flex, Business card, 

Semi Flex, NetOffers, Youth (age 12-25) and Child fare. The model only includes three 

different air fares. They are Full Flex , Semi Flex and Net Offers [54]. 

Full Flex: Offers passenger 500 points each way in Flugfélag Íslands FF program. Charges 

1.200 ISK for call-centre reservation. Changing the ticket does not cost extra. Until departure 

ticket is fully refundable. The difference between this two airfare is that in Business card airfare 

a passenger is allowed 30kg baggage instead of 20 kg and also the more you fly the larger is 

the discount you get [54]. 

Semi Flex airfare: Offers passenger 200 points each way in Flugfélag Íslands FF. Charges 

1.200 ISK for call-centre reservation. A change fee for changing ticket and until departure 

ticket is fully refundable except for 20% of each leg. Limited number of seats [54]. 

Net Offers airfare: Online booking only and valid while the offer stands. A charge fee for 

changing the ticket and it is not refundable. Limited number of seats. No points in Flugfélag 

Íslands FF program and no baggage allowed [54]. 

The model only includes three different air fares. They are Full Flex, Semi Flex and Net Offers. 

These categories were chosen because they are listed as normal fare and the data are  available 

on Flugfélag Íslands official website [55]. Semi Flex and Net Offers airfare have a different 

price range which depends on the demand for each flight. Also limited number of seats are 

available for these price categories which also depends on the demand. There was no 
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information available from Flugfélag Íslands about how many seats are average available per 

flight for this category, so it is assumed that each flight in the model has a maximum 16 Semi 

Flex seat and 12 seat Net Offers price and the rest where Full Flex seats. The total number of 

seats for each flight in the model was 50 seats, which is the capacity of the Fokker F50. The 

number of Full Flex seats is not limited for each flight, if demand on Full Flex seat is higher 

than 22, then numbers of seat for Semi Flex and Network Offers is reduced if they are not 

booked beforehand. Table 5 shows how the seat categories were priced in model. Full Flex has 

no price range as the other two prices categories, and is always the same. The seat price found 

on Flugfélag Íslands booking web page. For Semi Flex and Net Offers average prices was 

found for their different price range. Note these figures are based on the flight price at the 

beginning of year 2015. As can be seen in Table 5 flying from Reykjavík-Akureyri is slightly 

more expensive, which is due to higher departure charge. The departure charge for Reykjavík 

Airport is 1.200 ISK and 498 ISK for Akureyri Airport [56]. 

Table 5: Models flight prices including departure charges 

 

Full Flex 

 ISK 

Semi Flex 

 ISK 

Net Offers 

 ISK 

REY-AEY 21.600 17.537 12.341 

AEY-REY 20.900 16.835 11.639 
 

4.3. Tools and Technique 

The framework which was used to create the model is FLAME (The Flexible Large-scale 

Agent-based Modelling Environment) and the software system PopGUI was used to create the 

simulation population. 

4.3.1. Flame 

The framework that will be used in this project is FLAME, which was developed from 

collaboration between the department of Computer Science at the University of Sheffield and 

the Software Engineering Group of the STFC Rutherford Appleton Laboratory. This 

framework has been tested in many projects in both biology and economics [57], [58]. The 

model environment is a generic agent-based modelling system that runs on high performance 

computers (HPCs). Extended finite state machines methodology (X-Machines) is used to create 

the model, where the X-Machines are composed of a number of states and between the states 

are the transition functions. The first state is the start state and to go to the next state the machine 

executes the transition functions to go to the next state until the end state is reached. Every 
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agent goes through this process as one time step (iteration) see Figure 8 [59]. With each agent 

state is a function that performs the change of state, where the transition functions can perform 

any operation like read or write to agent memory and it can also read or write to the model’s 

message boards, so it deepens on the modeller what the transition function perform [60]. 

 
Figure 8: Model with one agent and two transition function, where the agent goes 

from the start state to their end state. This process represents a single step or 

iteration [59] 

Every agent has variables which holds his memory, these variables can be read and rewritten 

by the transition function. The functions are also capable to read incoming messages and write 

outgoing messages, which the agents use to communicate with each other see  

Figure 9. These communications are synchronous, where an agent’s function receives message 

of a certain type and the message cannot be executed until all the messages of this type have 

been seen and read. Due to this no agent has a priority to read the messages and the order that 

the agents execute does not matter [61]. 
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Figure 9: Model with a start state, end state and one transition function. The 

transition function have access to the agent memory, the function receives input 

messages and write an output messages [59] 

The FLAME allows its user to define their agent based systems and automatically generate 

simulation code [62]. Figure 10 shows the template of the FLAME framework. The modular 

write the structure of the model in a XML file (Extensible Markup Language). Then FLAME 

generates the simulation code in C format by parsing the description mode, using a template 

engine called xparser. Next a libmboard (Message Board Library) file is used. Libmboard is a 

communication library which uses message passing interface (MPI) on parallel computers to 

access messages. Libmboard takes the agent functions written in C and the simulation code 

which was generated from xml file to produce the simulation program. During the simulations 

progress a 0.xml file is read. The 0.xml file contains the initial agent population settings [57], 

[63]. 
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Figure 10: Structure of the FLAME framework [63] 

4.3.2. PopGUI 

PopGUI program was used to automatically create the agent’s population. PopGUI was created 

for the EURACE Project to create agent population. The EURACE Project is a macroeconomic 

model and simulator, funded by the EU and has been in  development since 2006 [64]. The 

PopGUI program reads the XML modular description of the model and allows its users to 

specify composition of the agents population. PopGUI also allows its users to specify the agent 

memory variables. After specifying the population, the program writes an XML file which 

includes agent population settings. This XML file is the so called 0.xml file mentioned above 

Charter 5.1.1 [65]. 

4.4. Agents 

The model has three types of agents, airline, data and traveller agent. Each agent has his 

specifications of its memory and its transition functions. The agents are able to act 

autonomously and they are heterogeneous; for example, no agent has the same id 

(identification) number, which cannot be changed. One of the files the FLAME parser 

generated is the task dependency graph see Figure 11. The graph shows the structure of the 

model: all the agent types, agent state and their functions together with all the defined message 

board accesses. Every agents goes from their start state to their end state. This process 

represents one step which is one day in the model. One iteration in the model includes 365 
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steps (days), where each agent goes through his start state to his end state 365 times. The airline 

agent is first one to left, the traveller agent is in the middle and the data agent is the one who is 

to the right on the picture. The states are in the shape of a ring and between the states are the 

transition functions which are in the form of a rectangle. To move down to the next state, a 

transition, functions are performed until the end state is reached. This is done to each agent 

until, one step is completed [62]. One iteration is 365 steps corresponding to one year. 

In the first function for the traveller agents’ decide_whatever_to_travel, the agent checks if he 

wants or needs to travel. The is_traveling variable is a binary variable, it is either one or zero, 

if the agent decides not to travel the binary variable is_traveling takes the value zero and the 

agents goes to his end state, then one step in completed. If the agent decides to travel 

is_traveling variable take the value 1 and passes to the next state and executes the next function. 

The whole layout can be seen in Figure 11. 

The green directional arrows in Figure 11 represent message between the agents. The functions 

are able to read incoming messages and write outgoing messages. The transition functions can 

also read and write changes to the variables in the agent's memory. The communications in the 

model are synchronous so that the transition functions cannot be executed until all the messages 

of that type have been sent and are ready to be read. Therefore all the agents access the 

messages at the same time [62]. Also all individual agents in specific state have to be executed 

in the state’s transition function before they can be dispatched to the next state. 
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Figure 11: State graph of the model, Model has three agents and their transition 

function, where the agents goes from the start state to their end state. This 

progress represent one time step (day) in model. To the left is the airline agent, in 

the middle traveller agent and to the right is the data agent  
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Airline agent: 

There is only one agent of this type in the model. This agent represents the whole airline 

(Flugfélag Íslands). The agent holds the flight schedule, and keeps track on each flight capacity 

and how many seat have been booked for each price category. This agent is also responsible 

for providing information about flights and prices to consumers and receives bookings from 

customers and sending them confirmation message when the booking is done. It makes the 

model simpler by have one agent of this type to hold all of these information. The airline agent’s 

memory variables are id, day, flight_list, flight2_list, flight3_list, flight4_list, flight5_list and 

flight6_list, see Table 6. The memory variable id represents agent identification and is 

unchangeable (cannot be written over). The other type of agents in the model also have an id 

variable, each agent has his id number which starts from one and so on. It is important that each 

agent has his own id for example when the agent sends a messages between each other they 

use the id number to make sure that the message is delivered to the right agent. The day variable 

represents what day it is and takes the value from one to 365. One simulation in the model is a 

one year, so the model has 365 steps were the day variable is raised by one with each step were 

the transition function write over this variable in the agent’s memory. 

Flugfélag Íslands create flight schedule plan for each year based on the years before. This 

schedule can be changed, for example if the demand is low they can combine flights and if the 

demand is very high, they can add flights. Due to this the flight schedule in the model was 

based on flown flights from Flugfélag Íslands for the year 2014. The flight_list, flight2_list, 

flight3_list, flight4_list, flight5_list and flight6_list variables represent this schedule. The 

reason for the flight schedule is divided in six parts is due to limited list size which the FLAME 

framework can handle. The flight list contains the flight schedule for the whole year. Each 

array represents one scheduled flight which contains the flight number, flight day, flight hour, 

ticked price for three different categories (Full Flex, Semi Flex and Net Offers), seating 

capacity, total seats booked, Semi Flex capacity, Net Offers capacity, departure and destination, 

see Table 7. If the airline agent receives a booking from a traveller, he fills in the array for 

certain flight. It also tracks and monitors how much has been booked in each price category 

and capacity. In the function process_queries the airline agent receives the flight_query 

message from the traveller agent about what day and hour he wants to fly. The airline agent 

finds what flights are available in the flight_list and then send query result message to the 

traveller agent what flights are available and prices. In the function do_booking the airline 

agent receives a confirmation message from traveller agent with the flight_no and type fare he 
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wants to book. After reading the confirmation message the airline books the selected flight if 

available, when the airline agent send a ticket_confirmation message to the traveller agent 

about if the flight seat was booked or sold out. The function queries2 work like the do_booking 

function. 

Table 6: The airline memory variable and below them are the transition function  

Airline 

-id : int 

-day : int 

-flight_list: flight_array 

-flight2_list: flight2_array 

-flight3_list: flight3_array 

-flight4_list: flight4_array 

-flight5_list: flight5_array 

-flight6_list: flight6_array 

+process_queries() 

+do_booking() 

+ queries2() 
 

 

Table 7: The flight lists variables 

Flight list 

Flight_nr 

Day 

Seat_price_full_flex 

Seat_price_semi_flex 

Seat_price_nett_offers 

Hour 

Capacity_total 

Booked_semi_flex 

Booked_nett_offers 

Booked_total 

Departure 

Destination 
 

Data agent: 

There is also only one agent of this type. The data agent has four variables id, day and the other 

two of are lists see Table 8. This agent takes no decisions and was created to keep track of how 

many travellers travel between Reykjavík and Akureyri for each day and in which direction. It 
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also contains traveller agent’ probabilities for travelling for each day for one year. The 

travellers’ probability for travelling each day by direction (Reykjavík - Akureyri, Akureyri - 

Reykjavík) was found by taking the total number of estimated travellers for each day from both 

directions for the year 2014 see chapter 4.1 and number of traveller agents for two locations, 

Reykjavík and Akureyri. See traveller agent population in section below Table 10. Where the 

percent of how many travel from Reykjavík - Akureyri of the traveller agent population for 

Reykjavík was found and the same was done for Akureyri - Reykjavík for each day. This 

information is stored in two lists (arrays): likelyhood_to_travel_list and travel_nr_list Table 9. 

Likelyhood_to_travel_list includes the odds for traveling each day be direction. The 

travel_nr_list has the purpose of keeping track of the number of traveller agents that are 

traveling each day by car and by the domestic flight for both directions.  

In the function send_trave_odds_massage the data agent find the traveller agent probability for 

traveling each day and direction for certain day in the Likelyhood_to_travel_list. Then he sends 

the travel_odds message to traveller agent, the message includes the probability for traveling 

each day and direction, which the traveller agent uses to decide whether he is travelling or not 

on a given day. In the function track_number_of_traveller the data agent receives a 

decide_to_travel message from traveller agent who has decided to travel, the message includes 

also which leg he travels. Then the data agent fills this information in the travel_nr_list. 

Table 8: The data agent memory variable and below them are the transition 

function 

Data 

-id : int 

-day : int 

-likelyhood_to_travel_list : int 

-travel_nr_list : int 

+send_trave_odds_massage () 

+track_number_of_traveller () 
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Table 9: Variables of the data agent two lists , the list array size is 365 

Likelihood to travel list Travel no. list 

Day Day 

Likely_rey_ak Number_of_traveller 

Likely_ak_rey Rey_ak 

 Ak_rey 
 

Traveller agent: 

This type of agent is the only one who has more than one number of agents. The numbers of 

the traveller agents were decided by population by location from January 1st 2014. In Table 10 

can been seen the total population for Greater - Reykjavík and Akureyri for January 1st 2014 

and number of traveller agent at each location at the start of the simulation.  

Table 10: Population by location January 1st 2014 and population in simulation 

[66] 

Locality 2014 Population in simulation 

Geater-Reykjavík 204.774 20.478 

Akureyri and environs  17.928 17.928 
 

In the model there are overall 38.406 traveller agents. For the Akureyri and environs there are 

17.928 traveller agents which is the total population of Akureyri. More than half of the total 

traveller agents represent the Greater-Reykjavík area or 20.478 agents which is 10% of it real 

population in January 2014. There has to be a limit to how many agents were in the model 

because it significantly slows up the simulations running time by having unnecessarily many 

agents. Since the only difference between the traveller agents is their time value, it was decided 

to have only 10% of Greater-Reykjavík area population represent the traveller agent population 

for Reykjavík. Because the distribution for the agents’ time value is very similar whether the 

agent population is 20 thousand or 200 thousand. Also the 10% of Great-Reykjavík population 

is similar to the total traveller agent population of Akureyri, which is 17.928. 

In the framework PopGUI each traveller agent is assigned two time values, one for business 

travel and other one for leisure travel. The time value mentioned above and in Table 3 were 

used as basis. When assigning the traveller agent a time value it was decided to use lognormal 

distribution. Because using a log normal distribution to mimic the wage distribution is well 

known [37]. Lognormal distribution is not symmetric and only takes positive values like the 

income of individuals [37]. Due to difficulties in PopGUI to use a lognormal distribution to 
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assign the traveller agent their time value, it was decided to use a normal distribution instead. 

Where the traveller agents’ population for both location Reykjavík and Akureyri was divided 

into even 4 categories with different mu and sigma. This was done because the wage curve is 

usually stretched to the right. At first the populations were divided into fewer categories, but 

increased after examining outcomes from the model after iterations to capture the real world. 

Each traveller agent was given a random time values from these distribution one for business 

and one for leisure travels. The distributions can been seen in Table 11. Where µ is the mean, 

and δ is the standard deviation. 

Table 11: Normal distributions for traveller agent time values in 

ISK 

 Leisure  Business 

 µ δ µ δ 

1. category 1130 500 3839 1000 

2. category 1330 500 4337 1000 

3. category 1630 500 4337 1500 

4. category 1930 1000 4867 1500 
 

 

Each agent knows his location and destination and is capable of updating his information if he 

decides to travel. This variable keeps track of where he is located, if he books a flight and the 

flight number. The agents are also autonomous because they behave independently, because 

not every agent wants to travel. If he decides to travel, he can evaluate which is more 

convenient to fly or go by road by calculating the travel cost for these two travel modes. The 

agents are also heterogeneous as they have different time value, different destinations and 

locations. Other memory variable in the model can also be changed like destination, current 

location, flight number, and day. Traveller agent variables and function can been seen in  

Table 12. 
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Table 12: The traveller agent memory variable and below them are the transition 

function 

Traveller 

-id : int 

-day : int 

-destination : int 

-is_traveling : int 

-is_flying : int 

-current_location : int 

-Leisure_time_value: int 

- business_time_value: int 

-time_value_type : int 

-flight_nr : int 

-travel_hour: double 

-price_type:int 

- flight_booked: int 

+decide_whether_to_travel() 

+decide_travel_type() 

+decide_when_to_travel() 

+check_flights() 

+check_prices() 

+book_ticket() 

+airline_confirmation() 

+find_new_flight() 

+airline_confirmation2() 

+flight_comfirmed() 

+update_location() 
 

 

The variables is_traveling and is_flying take either the value one or zero. If the agent decides 

to travel the variable is_traveling takes the value one and if the agent decide to travel by air the 

variable is_flying take the value one. In the first function decide_whether_to_travel the agent 

receives travel odds message from the data agent, which includes the probability for traveling 

this certain day for both directions. The traveller agent then compares the probability for the 

direction he may travel to a random number from 0 to 100, which is assigned to him. If the 

random number is lower or equal to the probability of traveling, the traveller agent decides to 

travel and the variable is_traveling takes the value one. If he decides to travel, then the agent 

move to the next function decide_travel_type. Where the agent chooses his reason to the travel: 
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leisure or business. The agent gets a random number from 0 to 100 and compares it with the 

traveller’s probability of traveling due business in the model each month seen Figure 14. In the 

function decide_when_to_travel the traveller agents decide travel time. Next the agent moves 

to the function check_flight, were the agent sends a message to the airline. The message 

includes on what day the agent wants to fly, point of origin, destination, his id and hour. In the 

next function check_price the agent reads the incoming messages from the airline with 

available flights and price. Then the traveller agent uses the Equation 4.1 and 4.2 to see what 

travel model is less expensive by comparing the cost of traveling by road and traveling by air 

for three different price categories. If flying is more expensive than traveling by road for all 

price categories the agent decides to travel by road and moves to the function update_location. 

If the agent decides to travel by air, he move to the next function book_ticket where he sends 

a message to the airline. The message includes what day the passenger wants to fly, point of 

origin, destination, his id number, hour, flight_nr and price_type (Full Flex, Semi Flex or Net 

Offers). After that the agent revise a ticket_confirmation message from the airline agent about 

if the booking was completed. If booking was confirmed the variable is_flying take the vale 

one and the agent moves to the function update_location. If the seat was sold out the variable 

is_flying take the value zero and the agent move to the function find_new_flight. Where 

traveller agent sends the airline message to find a new flight. The functions 

airline_comfirmation2 and flight_comfirmed goes through the same process. In the last 

function, all the traveller agents which have decided to travel by road or by air update their 

location in the function update_location. 
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5. Results 

This chapter is divided into two parts. In first part the model was adapted to generate the 

demand for air passenger services on the main domestic route of Flugfélag Íslands between 

Reykjavík and Akureyri in 2014. Data on number of flight passenger in 2014, estimate data on 

number of travellers traveling in car between Reykjavík and Akureyri in 2014 was used and 

parameters was adjusted so the simulation model would mimic the flight demand. In the second 

part, additional costs and longer travel time where added to the model to simulate the transfer 

of Reykjavík Airport operations to Keflavík Airport. The variables flight time, air fares, 

terminal transition time and disembarkation time were adjusted and additional costs such as 

bus ticket price and security screening fee added. Changes were made to the travel time and 

cost in the simulation model according to what would happen, if Reykjavík Airport operations 

were to be transferred. The results from the models in both parts are then compared, to estimate 

the changes in the demand for air services introduced by the transfer of Reykjavík Airport 

operations to Keflavík Airport. 

5.1. Model Calibration 

The model was adapted to reflect the Flugfélag Íslands air passenger demand for the year 2014. 

All the parameters which are used to calculate the cost for travelling by air and by road, can be 

seen in Table 13, except the air fare, they can be seen in Table 5. 

Table 13: The value of cost and time parameter which traveller agents used to calculate the 

cost for the two travel modes: by air and by road 

Flight  Units 

Flight time  45 Min 

Disembarkation time  20 Min 

Terminal transition  time  30 Min 

Air Fare  - ISK 
 

 

By road  Units 

Toll tunnel fee 1000 ISK 

Distance REY-AEY 388 Km 

Fuel cost pr. liter 200 ISK 

Fuel consumption 8 L/100 km 

Maintenance/repair 6,9 ISK/km 

Tire cost 4,5 ISK/km 

Travel time 323 Min 
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The model flight schedule for 2104 was obtained from Flugfélag Íslands, where the number of 

flights in the model is the same as the flights that were actually flown in the year 2014. 

Flugfélag Íslands flight schedule for each year is subject to change. If the demand is low the 

airline can combine flights and if the demand is very high, flights can be added. Because of 

this the flight schedule used for the model was based on actual flown flights. There are three 

days of the year, during which Flugfélag Íslands does not fly. These are Easter day, Christmas 

Day and 31. December. On Good Friday, Christmas Eve and New Years Day there are only 

two flights from Reykjavík back and forth. The overall available seats offered by Flugfélag 

Íslands on the Reykjavík - Akureyri route in 2014 was 208.350 seats. The same holds true for 

the simulation model. Table 14 shows the total number of seats for each month and the number 

of seats purchased in 2014 for Flugfélag Íslands. The number of purchased seats was 160.055 

seats, 23% lower than the supply, this indicate that the demand is lower than the supply. 

Table 14: Flugfélag Íslands number of available flight seats between Reykjavík and Akureyri 

in 2014 and number of air passengers for each month for Flugfélag Íslands in 2014. 
 

2014 
Number of 

seats 

Passenger 

by air  

Flight seats 

utilization  

Jan 16.200 12.545 77% 

Feb 16.550 13.258 80% 

Mar 18.350 15.206 83% 

Apr 16.600 12.822 77% 

May 18.100 13.308 74% 

Jun 17.500 13.438 77% 

Jul 17.200 13.340 78% 

Aug 18.300 13.790 75% 

Sep 17.900 13.767 77% 

Oct 19.100 14.536 76% 

Nov 17.200 13.073 76% 

Dec 15.350 10.972 71% 

Sum  208.350 160.055 77% 

Figure 12 gives a better understanding of the demand for seats vs the available seat supply, 

where it can been seen that the seat demand for the year 2014 and seat supply is closely 

correlated. The highest supply of seats was in October and the highest demand was in March. 

The greatest difference between demand and supply was in May and the lowest demand was 

in December. The low demand in December can be traced to fewer businesses trips because of 

Christmas vacation and people traveling together by car in December. 
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Figure 12: Number of offered flight seats versus number of passengers by air 

between Akureyri and Reykjavík. Data from Flugfélag Íslands for the year 2014. 

Figure 13 shows the number of air passenger by direction of travel for the airline. There is a 

significant difference in the number of air passengers by direction of travel from May to 

October. As clearly shown in the graph, the flight direction Reykjavík - Akureyri has 

significantly higher number of passengers during the summer period as the direction  

Akureyri - Reykjavík. 

 

Figure 13: Number of air passengers by direction of travel between Akureyri 

and Reykjavík. Data from Flugfélag Íslands for the year 2014.  

To be able to simulate the changes in the flight demand if the activities of the Reykjavík Airport 

operations were to be transferred to Keflavík Airport, the model was calibrated to the demand 

for Flugfélag Íslands services for the year 2014. Simulation for Reykjavík Airport based on 
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data from 2014 will from now be called simulation REY. The parameter which was used to 

calibrate the model was the probability of the agent purpose of travel, that is to say working or 

leisure time, see in Figure 14. These probabilities were adjusted in the simulation model to 

mimic the demand for. The model probability for travelling due to business on average is 14% 

which is lower than the traffic survey in Öxnadalur from IRCA 2007, were on average 20% of 

the traffic between Reykjavík and Akureyri is due to business [47]. In Figure 14 the travellers 

probability of traveling due business in the model for each month can been seen. 

 

Figure 14: The probability of traveling due to business for all travellers in the 

model. 

The model for the simulation REY was run 25 times with different random seeds of traveller 

agent. Therefore, each simulation run gives a different outcome and the average number of 

passengers for each month was subsequently calculated. More than 25 simulations were needed 

until equilibrium was reached. Figure 15 shows the actual number of passengers carried by 

Flugfélag Íslands for the year 2014 versus the average number of passengers from the 

simulations REY. As can been seen in Figure 15 the simulation follows the number of air 

passengers for the year 2014 approximately. 
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Figure 15: Flugfélag Íslands number of air passengers for the year 2014 and 

average number of passengers in simulation REY between Akureyri and 

Reykjavík, over 25 simulations. 

Table 15 shows the difference between Flugfélag Íslands air passenger 2014 and simulation 

REY in percentages by month. The average of the total number of air passengers in the 

simulations REY was 160.733 whereas the actual number of passenger for REY was 160.055. 

The model was thus adjusted to the actual data of air passenger from Flugfélag Íslands 2014. 

The overall percentage difference in the number of passengers for the year, between simulation 

REY and data from Flugfélag Íslands was 0.4%, which was considered to be acceptable. 

Table 15: Number of air passenger and percent difference for Flugfélag Íslands 

2014 compared to simulation REY, between Akureyri and Reykjavík. 

 

Simulation 

REY 

Air 

passenger 

2014 

Difference % 

Jan 12.522 12.545 -23 -0.2% 

Feb 13.124 13.258 -134 -1.0% 

Mar 15.211 15.206 5 0.0% 

Apr 12.763 12.822 -59 -0.5% 

May 13.546 13.308 238 1.8% 

Jun 13.504 13.438 66 0.5% 

Jul 13.329 13.340 -11 -0.1% 

Aug 13.816 13.790 26 0.2% 

Sep 13.981 13.767 214 1.6% 

Oct 14.681 14.536 145 1.0% 

Nov 13.381 13.073 308 2.4% 

Dec 10.875 10.972 -97 -0.9% 

Sum  160.733 160.055 678 0.4% 
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The simulated number of passengers traveling in each direction, for simulation REY can been 

seen in Figure 16. The difference is due to a different seat price depending on direction. The 

flight direction Reykjavík - Akureyri is more expense due to higher departure charges. The 

flight seats price for both flight directions can be seen in Table 5. The difference in the number 

of passengers depending on the direction of travel for simulation REY on the one hand and the 

actual number of passengers for the year 2014 for Flugfélag Íslands, can been see in Figure 13. 

This is probably because in reality mostly people book flights both ways but in the model the 

traveller agent only book one flight at a time. 

 

 

Figure 16: Number of air passengers by direction of travel for Simulation REY 

between Akureyri and Reykjavík. 

When the reason for traveling is examined for the simulation REY, most of air passengers are 

traveling in their leisure time. These account for 70% of the total for the whole year whereas 

30% are business travel see Table 16. For all months, the number of those who travel due to 

business is always less than those who are traveling in their leisure time. 
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Table 16: Air passenger travelling for business and leisure for a period of one 

year in simulation REY 
 

Months Leisure time Due to business 

Jan 60% 40% 

Feb 61% 39% 

Mar 57% 43% 

Apr 72% 28% 

May 72% 28% 

Jun 77% 23% 

Jul 82% 18% 

Aug 80% 20% 

Sep 74% 26% 

Oct 68% 32% 

Nov 66% 34% 

Dec 67% 33% 

sum 70% 30% 

5.2. Reykjavík Airport operations Transfer Simulation 

According to the flight survey in the report from the Ministry for Foreign Affairs [14]. Travel 

time for 41.5% air passenger was 10 minutes or less from the airport to their destination and 

80% were 30 minutes and less from the airport to their destination. Travel time for 64.9% air 

passenger was less than 10 minutes on their way to the airport, and 90% of passengers took 30 

minutes or less to reach the airport [14]. Most passengers are located or their destination is the 

Greater Reykjavík area. Therefore, by transferring Reykjavík Airport operations to Keflavík, 

the customers travel time and cost will increase, which will make air travel a less attractive 

option. The extra travel time is due to the increased distance that passengers will have to travel 

between Keflavík and Reykjavík, longer passenger transition time at the airport due to security 

screening, longer distances within the airport and longer taxi aircraft taxi time and flight time 

to the destination. Passenger travel costs would increase due to higher tickets prices causes to 

longer flight time and the cost of travelling between Reykjavík and Keflavík. All this has an 

impact on how an individual decides which mode of travel is preferable, i.e. to drive or to fly. 

5.2.1. Additional costs and time 

The additional cost and time of the two scenarios had to be estimated. The available travel 

options to and from Keflavík Airport are taxi, private car and bus. Taking a taxi is very 

expensive compared to driving a private car. There are two companies which provide bus 

services to and from Keflavík airport. Gray Line departure from Holtagarðar regularly on forty-
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five minutes bases, passing from 04:00 am to 16:30 pm and cost 1.824 ISK [67]. Reykjavík 

Excursions Flybus departure from Reykjavík BSÍ and goes regularly on half hour bases, 

passing from 03:30 am to 16:00 pm with an extra trip on Thursdays and Sundays at time 18:00 

and cost 2.200 ISK. The model assumes that all passengers travel by Reykjavík Excursions 

Flybus because they offer more trips every day, the bus goes every half hour and their base is 

closer to downtown Reykjavík. The fly bus ticket price lay between the cost of traveling by 

taxi and private car. Even though the cost of traveling by private car is lower than the other 

travel options, but it has to been kept in mind that there is an additional cost by traveling by 

private car, like parking meters, extra time to finding parking space and walking from the car 

into the airport, if departure is from KEF. Traveling to Keflavík Airport from Reykjavík BSÍ 

and vice versa with the Flybus takes approximately 45 minutes [68] and the same travel time 

was assumed in the simulation model. 

There is no security screening for domestic flights today due to an exemption from international 

regulations. Keflavík Airport is an international airport. For this reason security screening of 

passengers and a host of other security measures will most likely be required for domestic 

flights if Reykjavík Airport operations are transferred to Keflavík and current terminal would 

be used. Also security screening would be required at Akureyri, Ísafjörður and Egilsstaðir 

Airports. The security screening would increase the air fare. This charge at Keflavík is currently 

1.400 ISK for adults in summer and 1.250 ISK in the winter. This is paid by each passenger 

departing from Keflavík [56]. In the simulation model it was assumed that all passengers 

travelling between Akureyri and Reykjavík would pay the adult fee and the summer period is 

from April to October. 

Keflavík Airport has 900 ISK departure charge in the summer period but 450 ISK in the winter 

period, which was assumed in the simulation model. [56]. 

Based on a report from ParX Business Consultancy in 2007[36], the flight time is estimated to 

be 6 minutes longer by average if Reykjavík Airport operations would be moved to Keflavík. 

The report also estimated the airfare, including tax increase by 335 ISK based on aircraft direct 

operating costs and environmental flights cost, due to six minutes longer flight time [36]. The 

simulation model air fare was based on this increase, where likely the flight air fares increases 

in reality would not be lower than 335 ISK. Since this increase was estimated the in 2007, the 

actual value was calculated for the year 2015. The actual value of air fares increases was 

estimate to be 563 ISK which is 67.9% price increase. An Inflation Calculator was used from 
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Statistic Iceland were the calculator uses the published value of cost of living index and 

consumer price index [69]. Therefore the models flight ticket increase for the year 2015 is 563 

ISK. 

The airport transition time for passengers departing from Keflavík was increased from 30 

minutes to 50 minutes due to the time it takes to pass through the airport terminal and security 

screening. Transition time upon arrival at Akureyri Airport was not increased because the size 

of the airport and its facilities would not change. For passengers departing from Akureyri, the 

transition time on departure increased from 30 minutes to 40 minutes due to security screening. 

The transition time for Keflavík Airport was increased from 20 minutes to 30 minutes due to 

longer distances within the terminal building. Table 17 and Table 18 show the difference in 

cost and increase in travel time for passenger due to new location of the hub domestic airport 

compared to the simulation model REY. By transferring domestic hub operations to Keflavík 

Airport the cost increase for passengers in the model for the winter period is  

3.3563 ISK and 3.863 ISK for the summer period except for costs of travel time which depends 

on the passenger time value, for example passengers with the time value 1.130 ISK the total 

increase of cost, due to longer travel time, bus ticket, security screening, different departure 

charges and ticket increase would be 5.200 ISK for the summer period. 

Table 17: Cost and time variables for simulation REY and KEF 2014 

 

 
Simulation 

REY 

Simulation 

KEF 

Flybus time - 45 min 

Flybus cost - 2.200 ISK 

Flight time 45 min 51 min 

Flight ticket increase - 563 ISK 

Dismemberment time AEY 20 min 20 min 

Dismemberment time RKV/KEF 20 min 30 min 

Terminal transition time AEY 30 min 40 min 

Terminal transition time RKV/KEF 30 min 50 min 

Table 18: Departure charge and security screening for summer and winter period for 

simulation REY and KEF 

 

Simulation  

REY 

[ISK] 

Simulation KEF  

 Summer 

[ISK] 

Simulation KEF 

Winter 

[ISK] 

Departure charge 1.200 900 450 

Security screening - 1.400 1.250 
 



 

50 

Due to the security charges and longer flight time the air fare between Akureyri and Keflavík 

are assumed to be higher than Akureyri – Reykjavík, see Table 19 and Table 5. 

Table 19: Simulation KEF air fares prices between Akureyri and Keflavík for 

summer and winter period. Departure charge, security screening fee and the 

increase due longer flight are included in the air fares 
 

 

Full Flex  

[ISK] 

Semi Flex 

[ISK] 

Net Offers 

[ISK] 

KEF-AEY summer 23.046 18.983 13.787 

KEF-AEY winter 22.446 18.383 13.187 

AEY-KEF summer 22.646 18.581 13.385 

AEY-KEF winter 22.496 18.431 13.235 

5.3. Simulation Transfer Result 

The simulation model REY was executed according to what might possibly happened should 

the airport operations were to be transfer, and from now on simulation scenario for Keflavík 

Airport will be called KEF. Additional cost and time, mentioned above, were added to the 

simulation model. The simulation model KEF was run 25 times and the average number of 

passengers for each month was calculated. Given these assumptions, the models predict a sharp 

decline in the flight demand as can been seen clearly in Figure 17, compared to the simulation 

for REY. According to the outcome of the model, the total yearly reduction in number of 

passengers due to new location of the airport is 52%. 
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Figure 17: Number of passengers for simulations KEF and REY over one year 

period 

Total number of air passengers for simulation KEF was 76.651, which is a 52% decrease in air 

passengers over the year, as shown in Table 20. It shows the total number of passengers per 

month and the difference between the simulation KEF and simulation REY. 

Table 20: The passengers difference between the simulation KEF and REY for 

one year period 

 

Simulation 

KEF 

Simulation 

REY Difference % 

Jan 6.310 12.522 -6.212 -50% 

Feb 6.677 13.124 -6.447 -49% 

Mar 7.758 15.211 -7.453 -49% 

Apr 5.478 12.763 -7.285 -57% 

May 5.815 13.546 -7.731 -57% 

Jun 6.027 13.504 -7.477 -55% 

Jul 6.026 13.329 -7.303 -55% 

Aug 6.335 13.816 -7.481 -54% 

Sep 6.704 13.981 -7.277 -52% 

Oct 7.415 14.681 -7.266 -49% 

Nov 6.750 13.381 -6.631 -50% 

Dec 5.356 10.875 -5.519 -51% 

Total  76.651 160.733 -84.082 -52% 
 

When the flight directions for simulation KEF are examined see Figure 18, it can be seen that 

the largest difference in number of passengers between the flight directions is in April, May 

and June. In April the summer period begins and the price difference for the ticket by direction 

increase, see flight price in Table 19. The summer period ends in end of September. In July 
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there is almost no difference, because this month has the highest number of total travellers and 

high demand for less expensive modes of travel. 

 

Figure 18: The difference in number of air passengers by flight direction for 

Simulation KEF over one year period 

The traveller agents purpose for travelling in simulation REY and KEF can been seen in percent 

in Table 21 and Table 16. With higher cost of travelling by air the percentage of passenger who 

travel for leisure purposes decreases. For simulation REY the number of business travellers is 

always lower but in simulation KEF there are more passenger who travel for business than for 

leisure during the winter months. The total percentage of air passengers traveling in their leisure 

time are 58% and 42% due to business for simulation KEF over a one year period. 
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Table 21: Percentage difference of air passenger travelling due to business and 

leisure time for one year period for simulation KEF 

Months 

Leisure  

travellers 

Business  

travellers 

Jan 48% 52% 

Feb 50% 50% 

Mar 44% 56% 

Apr 60% 40% 

May 60% 40% 

Jun 68% 32% 

Jul 72% 28% 

Aug 70% 30% 

Sep 64% 36% 

Oct 58% 42% 

Nov 55% 45% 

Dec 55% 45% 

sum 58% 42% 
 

5.3.1. Sensitivity Analysis 

To examine the sensitivity of the model to a different cost for the simulation KEF. Two case 

were analysed where 1.000 ISK increase was added to the air fare and in the second case, air 

fare was lowered by 1.000 ISK. Which is under 10% increase/decrease in the air fare prices. 

This was done to see what effect an equal increase and decrease would have on the demand for 

all air fare categories of all types. Figure 19 shows a comparison between the results from these 

two cases. The first case, were 1.000 ISK was added to the air fare cost had a greater impact 

on numbers of air passenger then the second case, were air fare was lowered by1.000 ISK. 
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Figure 19: The figure shows results for the sensitivity analysis with regards to 

changes in the airfare. The blue line shows the results from the base case while 

the green and the purple lines shows the results for case 1 and case 2 where the 

cost has been increased by 1.000 ISK and decreased by 1.000 ISK respectively 

As was mentioned earlier the model seems to be more sensitive to price increases, as can be 

seen in Table 22, where the 1.000 ISK extra cost in air fare reduced demand about 34%, while 

the demands increases by 16% due to1.000 ISK decline in the cost. 

Table 22: Number of air passengers and percent difference for case 1 and case 2, 

where the air fare has been increased by 1.000 ISK and decreased by 1.000 ISK 

compared to simulation KEF 

  
No. of air 

passengers Difference % 

KEF-1.000 88.932 12.281 16% 

KEF+1.000 50.260 -26.391 -34% 
 

As can be seen in Table 22, the model is very sensitive to cost changes. To find an explanation 

why the passenger demand does not increase and decrease evenly, the passenger purpose for 

travel was viewed. Table 23 shows similar increases and decreases for passengers travelling 

due to business in percent compared to simulation KEF. For 1.000 ISK increase, the percent 

differences was 23% and for 1.000 ISK decline the percent differences was 19%. 

 Table 23: Number of air passengers travelling due to business and percent 

difference in for case 1 and case 2, where the air fare has been increased by 1.000 

ISK and decreased by 1.000 ISK compared to simulation KEF 

  
No. of air 

Passengers Difference % 

KEF-1.000 38.010 6.105 19% 

KEF+1.000 24.630 -7.275 -23% 
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When number of passenger travelling due leisure is examine the passenger demand does not 

increase and decrease evenly, see Table 24. For 1.000 ISK increase, the percent differences 

was 43% and for 1.000 ISK decline the percent differences was 14%, compared to simulation 

KEF. 

Table 24: Number of air passengers travelling due to leisure and percent 

difference in for case 1 and case 2, where the air fare was increased by 1.000 ISK 

and decreased by 1.000 ISK compared to simulation KEF 

  
No. of air 

passengers Difference % 

KEF-1.000 50.922 6.176 14% 

KEF+1.000 25.630 -19.116 -43% 
 

The simulation result for these two cases show that increased air fare has the most impact on 

passenger with the lowest time value, which are the leisure travellers. This is probably because, 

passengers traveling due to business have higher time value than passengers traveling in their 

leisure time. For business passenger the profit of saving time by flying weighs more than the 

extra cost in the air fare. On the other hand due to leisure travellers low time value the profit of 

saving time is probably less than the extra cost added to the air fare. The traveller agents’ time 

value is assigned by randomly normal distributions. Due to the normal distribution low 

standard deviation, the are few agents’ with high and low time value. When the air fare was 

increased by 1000 ISK, the air passenger travelling in leisure time are probably those who were 

assigned time value at the right end of the curve. This might be the reason why the number of 

passenger travelling in leisure time decrease sharply.  

Due to the model sensitivity, it was decided to run it for more cases. In the first case 100 ISK 

increase and decrease were added to the air fare and in the second case, 500 ISK increase and 

decrease were added to the air fare. As can be seen in Table 25 where the 100 ISK extra cost 

in air fare reduced the demand about 3% and increases by 2% due to100 ISK decrease in the 

cost. When the air fare where increase and decrease of 500 ISK, the difference between number 

of passengers is increase. Where the 500 ISK increase in air fare reduced the demand 17% and 

increase by 10% due to 500 ISK decrease in the air fare. 
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Table 25: Number of air passengers and percent difference, where the air fare has 

been increased/decreased by 100 and 500 ISK, compared to simulation KEF  

  
No. of air 

passengers Difference % 

KEF-100 78,381 1,730 2% 

KEF+100 74,237 -2414 -3% 

KEF-500 84,510 7,859 10% 

KEF+500 63,859 -12792 -17% 
 

To see whether longer flight time or additional cost would have more impact on the passenger 

demand if Reykjavík Airport operations would to be transferred to Keflavík, were these two 

cases simulated separately. Simulation KEF includes more cost for the traveller agent than 

simulation RVK. The increase cost is due to higher airfare and travel cost between Keflavik 

and Reykjavík. Also the increase in the cost is cause by longer travel time i.e. longer flight time 

and travel time between Keflavík and Reykjavík. The longer travel time and the additional cost 

were simulated separately to see which would have more effect on the flight demand and to 

see what would happened if passenger would not value their time, if Reykjavík Airport 

operations would to be transferred to Keflavík. As shown in Figure 20, by increasing the travel 

time only has less effect than the additional cost only on the passenger demand, due to the new 

location of the airport. Longer travel time has more impact on the total travel cost for agents 

with the highest time value and less impact on the total travel cost who have the lowest time 

value. The travel time is multiplied with the time value of agents. But on the other hand, the 

additional direct cost has more impact on agents who have the lowest time value, because the 

travel time is multiplied with the worth off the agent time value (ISK/h). 
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Figure 20: The figure shows results for simulation KEF where longer flight time and 

additional cost were simulated separately. Blue line shows number of air passenger for 

simulation REY and purple for simulation KEF. Red and green line shows results for 

simulation KEF longer flight time only and simulation KEF additional cost only 

Table 26 shows the percentage decrease in number of passenger due to increased travel time 

and additional cost compared to simulation REY. The number air passenger for the additional 

cost only is 11% lower compared to travel time only. These two scenarios have great impact 

on the passenger demand but the additional cost has more impact and decreased it by 35%. 

Table 26: Number of air passenger and percent difference for simulation KEF additional cost 

only and simulation KEF travel time only compared to simulation KEF and simulation REY 

  
No. of 

passengers Difference % 

KEF increase in cost only 10.5240 -55.493 -35% 

KEF increase in travel time only 12.2787 -37.946 -24% 

Simulation KEF 76.651 -84.082 -52% 
 

Due to the dimensions and increasing traffic of Keflavík Airport, compared to Reykjavík 

Airport, it was decided to examine the sensitivity of the model simulation, identified as KEF, 

to a longer flight time difference between the two airports than used in the ParX study of 2007 

[36]. For this purpose 4 minutes were added to the flight time to and from Keflavík, so that the 

total flight time compared to REY simulation is 10 minutes longer. By increasing the flight 

time of 4 minutes, raises the air fare price of 375 ISK. The travel cost increase due to 4 minutes 

longer travel time for passenger with time value 1.130 ISK is 75 ISK, so the total increased 

travel cost for the passenger is 450 ISK. By increasing the flight time the number of air 

passengers decreased, further as can be seen from Figure 21. 
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Figure 21: The figure shows results for sensitivity analysis with regards to changes to longer 

flight time. The blue line shows the results from the baseline REY simulation, while the red 

line shows the result of the original KEF simulation. The purple lines shows the results of a 

KEF hub with the extended flight time, whereby the flight time has been increased by 4 

minutes to a total of 10 minutes.  

By increasing the additional flight time to 10 minutes, the air passenger demand decreases 58% 

compared to simulation REY, see Table 27. By comparing the simulation KEF and KEF 

extended flight time, the passenger demand decreased 6%. Increasing the flight time means 

higher air fare and additional cost for the passenger due to longer travel time. The sensitivity 

analysis shows that longer flight time decreases the passenger demand and every minute 

counts. 

Table 27: Number of air passenger and percent difference for simulation REY and KEF 

compared to KEF simulation with extended flight time, for one year period 
 

 
No. of air 

passengers  Difference % 

Simulation KEF 76.651 -84.082 -52% 

Simulation KEF extended 

flight time 
66.890 -93.843 -58% 
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6. Discussion and Future Work 

Agent based simulation has been used to predict how individuals choose between 

transportation modes, like driving, travelling by bus and bicycling [38]–[41]. Agent based 

simulation has not been used until now to estimate how air passenger demand would change if 

the operations at Reykjavík Airport were to be transferred to Keflavík. Agent based models can 

be used to forecast and assess changes in air passenger behaviour in detail. Agent traveller 

behaviour is represented microscopically on the basis of time value, reason for traveling and 

etc. By using agent based approach, dynamic complex system can be model in a 

computationally affordable way, so that the characteristics of large scenarios can be simulated. 

They can also provide better understanding of problems linked to individual behaviour toward 

changes in air fare, longer travel time and other additional costs item. Due to the fact that agent 

based models have a flexible structure, it is easy to expand the model later on. The results of 

this study indicate that agent based simulations is a feasible tool for simulating travel demand. 

This is also supported by other work found in the literature on agent based modelling. The 

model gives a simple picture of the individual’s decision making process in choosing between 

travel modes by calculating the cost of travelling for two travel modes with respect to their 

time value. Despite this the model results indicate that an agent based approach can be a 

valuable tool to mimic air passenger individual behaviour due to changes such as, longer travel 

time and changes in air fare. The model outcome depends on the accuracy of the model and the 

quality of the data used. Therefore it would be advisable to improve the model with more and 

precise data e.g. on individuals time value. 

It was expected that the flight demand would decrease due to the transfer of domestic airport 

operation to a new location at Keflavík. The simulation model results indicate that the 

passenger flight demand would decreases by approximately 50% on the Reykjavík/Akureyri 

route which is the busiest in the network. Although this is an enormous reduction, surveys have 

shown that the majority of passengers would not choose air transport, if these airport operations 

would be transferred to Keflavík. According to the 2014 report by the Ministry of the Interior 

[14] air passenger, were asked how often they would fly domestically if Reykjavík Airport 

operation were move to Keflavík? Almost 80% said they would fly much less or stop entirely 

to use air transport [14]. According to surveys commissioned by Flugfélag Íslands, which was 

collected from a randomly selected set of passengers in 2012 and 2013, showed that 59.7% and 

57.1% respectively would probably/definitely not travel by air if the airport operation moved 
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to Keflavík [70]. It must be taken into account that questions in surveys may be inaccurate as 

they are collected on the spur of the moment without considering the full impact of all options. 

According to a report made by ParX 2007 [36], it was estimated that demand for domestic air 

services would decrease by 20,1% by transferring Reykjavík Airport services to Keflavík, 

which is considerably lower decline than the simulation model KEF predicts for the  

Reykjavík - Akureyri route [36]. This difference can be related to a different method was used. 

In addition the simulation model KEF has higher additional cost and longer travel time for 

individual than the ParX report estimated, for example ParX does not include security 

screening in their calculation. 

The results shows that the demand based on the simulation model KEF has less variations over 

the year, than in the case of simulation REY. Still there is a clear correlation between simulation 

KEF and REY, where the highest number of passengers are reached in April and the lowest in 

December. 

The number of air passengers by direction for simulation REY and Flugfélag Íslands flight 

demand for the year 2014 are different. In reality travellers often book flights both ways but 

the traveller agents in the model only book one way at a time due to a differences in prices for 

departure charges at each location. The direction Reykjavík - Akureyri is cheaper and therefore 

the model always shows a slightly higher number of passengers travelling in that direction. 

According to the simulation results, the model is very sensitive to price increases which can 

been seen when the airfare prices were equally, increased and decreased. Increased cost has 

least impact on business travellers probably because, they have higher time value than 

passengers traveling in their leisure time, which has the lowest time value. The profit of saving 

time has more effect on business passenger than the weight of increased cost. On the other hand 

it is reversed for leisure travellers. 

Four major domestic destinations of Flugfélag Íslands are Reykjavík, Akureyri, Ísafjörður and 

Egilsstaðir. The current simulation model evaluates only the effect on demand between 

Reykjavík - Akureyri and Keflavík - Akureyri. To evaluate all the changes in the demand for 

the whole system, Ísafjörður and Egilsstaðir Airports must be added to the model in addition 

to the air services provided by Eagle Air who flies to Vestmannaeyjar, Höfn í Hornafirði, 

Húsavíkur, Bíldudalur and Gjögur, smaller airports [6]. However, the air passenger demand 

between Reykjavík - Akureyri is 57,5% percent of the total demand for Flugfélag Íslands for 

the year 2014. If Ísafjörður Airport were to be added to the simulation model, the effect of 
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changeable weather conditions would have to be taken in to account to a greater extent as these 

airports and roads often close down due to bad weather, especially during wintertime. Due to 

flight cancellations travellers would rather drive than wait for the next flight, i.e. if the roads 

are passable. Therefore the change in demand for air services between Ísafjörður - Keflavík, 

would probably decrease more than for Akureyri - Keflavík if Reykjavík Airport operation 

were to move to Keflavík. For Egilsstaðir - Keflavík the operations transfer would probably 

have less impact on the demand than for the Ísafjörður - Keflavík route. Because of the long 

distance by road, between Egilsstaðir and Reykjavík, the travellers would be more likely to 

wait for the next flight than drive. 

It would have been better to build the model calibration on passenger demand data for more 

than one year. Where the average demand is calculated for several years and the simulation 

model adapted to the average in demand and test run performed for one year. Due to lack of 

time it was decided to build a model calibration of passenger demand data for one year. 

In the next section further studies and improvements are suggested to improve the agent 

simulation model, which was developed in this thesis. 

6.1. Future work 

To get a more extensive use of the model and improve and validate its accuracy and integrity, 

further research (work) must be undertaken. With a rising number of tourists, particularly in 

the summertime, it is important to take this factor into the model which is expected to have 

more impact on domestic air services in the future. From the year 2000 the number of foreign 

visitors to Iceland has tripled. The total number of foreign visitors in 2014 was almost one 

million with 97,2% of the total  entering and departing through Keflavík Airport [71]. Before 

the influence of foreign tourists are imported into the model, it is necessary to obtain data on 

how foreign travellers value their time, because they estimate their time value completely 

different than native Icelanders. Also it raises the question whether tourists would use more 

domestic flights to fly directly from/to Keflavík airport as connections flight to and from the 

countryside. And the same goes for the inhabitants in the northern and eastern parts of Iceland, 

who would be able to use domestic flights in direct connection with overseas flights from 

Keflavík. 
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6.1.1. Weather 

The weather conditions in Iceland are highly variable and often unpredictable. These weather 

changes can have a major impact on the decision making i.e. how people choose their travel. 

Roads may be closed when travel by air is available and vice versa. This is particularly true 

during the winter months. The model does not include cancelled flights and impassable roads 

due to the weather. The reason for this was, that it was not possible to access enough accurate 

data about flight cancellation due to weather. It was possible to access data on how many flights 

were cancelled due to weather, but it was needed to know for how long time the flights were 

cancelled. 

6.1.2. Flight cancellation 

There were no data available on how many people had cancelled travelling or decided to travel 

by road instead, due to flight cancellation. Therefore it would be difficult to estimate how many 

people take the next available flight if the airport operations would be transferred to Keflavík, 

where no data are available for the current location. If flights are cancelled nowadays and the 

person is located in the greater Reykjavík area, the response time for individual is very low. 

Therefore the person may continue to pursue their work and rush to the airport on short notice 

when flying becomes available again. However, if the domestic hub would be transferred to 

Keflavík Airport. An individual who is in the greater Reykjavík area is likely to cancel their 

flight because he is not likely to bother waiting in Keflavík for an indefinite time period for the 

next available flight. In fact, this part is not only connected to the time value, as the model is 

built, but also the individual tolerance to wait at Keflavík Airport for the next available flight. 

Individuals have a different time value and some would not waste time waiting at the airport 

for the earliest flight. Driving Reykjanesbraut, the main route between Reykjavík and Keflavík 

Airport could possibly affect the cancellations by passengers, because sometimes driving 

conditions can be poor. It would also be good to access data on impassable road and add it to 

the model, which would give the model more realistic picture. 

6.1.3. Distribution time value and travel errand 

It would be possible to improve the time value distribution in the model, by estimating the 

individual time value by location and profession, where the salary distribution of certain 

professions is used to evaluate the time value. This would improve the model because 

individual time value can be very different between professions and work ratios and be different 

by location of domicile. 
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It would also be good to add more purpose of travel types in the simulation model (the current 

model uses only two: leisure travel and business travel). However, individuals have other time 

value for different purpose of travel and professions. If a new travel errand is added to the 

model it is necessary to examine the time value for the certain errand. It is important to evaluate 

the time value in the best way in the model because it has a very large impact on the total travel 

cost of the travel modes and which travel mode is chosen by the traveller agent: whether to fly 

or to drive. 
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7. Conclusion 

In this thesis, an agent based simulation model is developed to estimate the change in demand 

for domestic air services that would be likely to occur if Reykjavík Airport was closed down 

and all operations transferred to Keflavík Airport. Only the passenger demand for Reykjavík - 

Akureyri route was examined, which is 57,5% percent of the total demand for Flugfélag Íslands 

in 2014. Also foreign travellers were not included in the model due lack of information, i.e. 

how they value their time. It was also assumed that all passengers go through a security 

screening if the airport operations were to be transferred to Keflavik. An agent based simulation 

model was adapted to mimic the air passenger demand between Reykjavík and Akureyri, by 

using data from Flugfélag Íslands from 2014.  

To simulate the transfer of Reykjavík Airport operations to Keflavík Airport, additional costs 

and longer travel time were added to the model. In the simulation the agents, representing 

individual customers of these services, make a selection between using air or road 

transportation based on cost and their value of time. Where the agents calculated the cost of 

travelling for the two travel options. 

The results indicate that air passenger demand would decrease 52% if Reykjavík Airport 

operation were to be transferred to Keflavík. Additional cost, like higher air fare have more 

effect on the demand than longer travel time. Where the additional cost only decrease the 

demand 35% but travel time only decrease the demand 24%. The higher the additional cost is, 

the more impact it has on the agents with the lowest time value, but on the other hand longer 

travel time has more impact on the agents with the highest time value. By increasing the flight 

time to 10 minutes, the demand decrease 58%.  

The model results are in line with the research and the surveys that has been made on this 

subject, which predicted a decline in demand if the domestic airport operations were to be 

transferred. So it indicated that agent based simulation model can be used to predict the air 

passenger demand. And it also gives insight into how the flight demand reflects the changes 

due to individual behaviour. 

Simulation model using agent based methodology could benefit from mimicking the overall 

demand for Flugfélag Íslands if the domestic airport operations were to be relocated. The 

structure of the simulation model is overall general, but changes and adjustments will have to 
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be made for each individual airport. Improvements and further studies of the model are 

suggested in Future work. This is the first time that agent based simulation model is used in 

Iceland to presented air passenger demand. 
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Appendices 

Appendices A 

In Table A1 and Table Error! Reference source not found.A2 the daily traffic data , lane to 

the south and north in Öxnadalur 2014 from automatic fixed counting points can been seen.  

Table A1: The daily traffic data, lane to the north in Öxnadalur 2014 [48]. 

Day.nr Jan Fed Mar Apr May Jun Jul Aug Sep Okt Nov Dec 

1 152 196 218 239 368 624 618 1080 569 347 247 192 

2 331 395 352 278 412 476 690 770 491 435 439 198 

3 221 133 232 348 331 469 841 1100 526 439 280 246 

4 186 232 195 736 561 492 925 1653 578 304 279 250 

5 303 216 236 331 344 650 1282 1187 767 620 299 357 

6 241 321 299 501 275 1296 1355 956 467 348 375 231 

7 215 351 428 355 305 782 757 1046 859 329 405 277 

8 180 186 169 263 304 655 670 1343 524 352 208 223 

9 198 359 404 223 469 708 723 979 494 391 391 241 

10 296 210 191 336 284 540 835 2327 516 520 270 21 

11 193 215 240 617 450 626 1243 1000 580 309 234 162 

12 243 140 248 420 335 811 765 809 688 481 292 404 

13 173 266 35 533 341 1197 1220 693 521 300 349 276 

14 205 580 691 494 341 998 1038 993 812 263 522 33 

15 192 280 187 534 339 866 781 833 529 376 310 240 

16 229 382 245 1113 721 674 850 722 399 421 628 129 

17 305 249 250 834 372 599 990 1233 419 510 298 92 

18 160 268 232 353 527 602 1296 862 491 312 255 492 

19 233 406 194 356 363 644 996 711 697 744 274 235 

20 195 499 19 246 358 937 1400 800 380 228 336 330 

21 192 94 563 362 587 1042 895 563 249 451 291 291 

22 181 212 325 372 245 966 945 1099 397 343 304 263 

23 227 391 215 475 211 832 1066 704 396 429 444 253 

24 369 262 254 305 435 603 1403 888 400 479 276 45 

25 208 236 225 389 541 601 1617 617 545 240 253 91 

26 266 231 166 309 455 747 1044 642 695 430 285 245 

27 197 301 360 463 411 175 1858 623 392 280 304 312 

28 190 471 535 270 579 703 1400 717 549 254 398 297 

29 201  221 251 597 537 1227 894 348 284 301 324 

30 202  431 581 629 778 988 655 328 389 238 391 

31 411  292  494  1188 1139  348  109 
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Table A2: The daily traffic data, lane to the south in Öxnadalur 2014 [48]. 

Day.nr Jan Fed Mar Apr May Jun Jul Aug Sep Okt Noc Des 

1 310 169 249 240 350 806 872 1748 463 324 278 234 

2 432 327 512 318 433 509 1177 1083 483 394 309 227 

3 353 146 242 277 402 522 889 906 464 541 317 234 

4 248 239 200 548 698 512 1103 1025 566 306 273 202 

5 384 259 364 369 282 639 644 1002 832 474 228 314 

6 241 282 407 772 260 917 906 1016 481 337 331 238 

7 223 379 397 297 341 571 730 1301 652 325 381 387 

8 224 219 228 279 327 750 859 1815 580 284 262 276 

9 214 435 413 286 551 1209 943 974 439 370 400 198 

10 306 238 205 348 290 576 1019 1142 448 480 314 31 

11 249 240 249 585 422 594 1435 771 516 340 275 138 

12 303 202 300 357 313 725 904 641 781 435 248 407 

13 219 254 36 510 283 719 1083 753 468 304 359 243 

14 225 407 421 396 404 654 925 888 655 352 663 18 

15 216 236 167 434 431 1265 820 1095 456 331 319 274 

16 220 511 569 651 578 739 1021 717 387 456 468 122 

17 315 220 305 445 358 1169 1190 894 338 709 276 64 

18 158 275 282 228 625 849 1850 693 428 291 265 407 

19 286 319 264 449 355 770 1014 605 575 511 244 251 

20 207 295 20 566 365 1112 1497 682 416 221 289 413 

21 191 109 1439 359 606 1478 739 615 235 492 279 279 

22 199 279 318 445 292 858 1360 901 411 275 277 336 

23 227 800 221 392 299 342 1298 562 382 377 433 342 

24 296 379 252 349 449 604 1280 937 348 402 298 76 

25 181 284 249 425 607 766 1579 802 366 217 277 81 

26 331 309 184 540 398 720 797 597 536 425 235 279 

27 198 269 315 631 450 417 999 571 359 434 271 351 

28 237 383 418 284 551 728 789 626 717 265 382 233 

29 249  227 261 513 527 672 1083 352 289 253 290 

30 253  594 416 580 802 776 659 307 363 304 370 

31 382  263  453  1067 681  444  115 
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