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Abstract 

Flight delays are a growing problem worldwide, causing excessive costs for airlines. Delays 

that originate from previous flights and spread to successive flights later during the day are 

known as propagation delays. The main objective of this thesis is to advance the 

understanding of how delays can be prevented or reduced. Cost consequences of delays are 

also discussed. WOW air, a former small airline operating a single hub-and-spoke system, 

will be used as a case study in this thesis.  

Specific routes are analysed and the reliability of the on-time performance of these routes is 

evaluated in order to determine to which extent individual routes cause delays to the flight 

network. Since both flight times and turnaround times are stochastic, simulations were 

performed for a sequence of flight routes to evaluate whether there are combinations of flight 

routes that are likelier to cause propagated delays to the flight network. The thesis will 

discuss how adding slack into the flight schedule and between flights at the hub airport can 

increase on-time performance and reduce delays caused by connection passengers. The 

results show that flights from Frankfurt Airport often arrive late into Keflavík Airport, 

therefore causing propagated delays to flights to North America, because these flights often 

wait for connection passengers coming from Frankfurt. The results also indicate that when 

certain routes, that involve Frankfurt flights, are paired into a sequence the probability of 

propagated delays is over 50%.  

  



vi 

Útdráttur 

Seinkanir á flugi er sívaxandi vandamál á heimsvísu og er það gríðarlega kostnaðarsamt fyrir 

flugfélög. Seinkun á flugi sem hefur þau áhrif að næsta flug lendir einnig í seinkun, er 

skilgreint sem afleidd seinkun (e. propagation delay). Meginmarkmið þessarar ritgerðar er 

að auka skilning á því hvernig er hægt að koma í veg fyrir eða draga úr seinkunum á flugi. 

Þá verður einnig fjallað um þann kostnað sem fylgir seinkunum á flugi. Framkvæmd verður 

tilviksrannsókn þar sem WOW air, sem var lítið flugfélag og starfið með einn miðstöðvar 

flugvöll (e. hub-and-spoke), verður notað.  

Sérstakar flugleiðir verða rannsakaðar og metin verður áreiðanleiki á tíma frammistöðu (e. 

on-time perfomance) þeirra og athugað verður hvort þessar flugleiðir valda seinkunum í 

flugleiðarkefinu. Flug- og viðsnúningstími (e. turnaround time) eru slembnir, því var hermun 

framkvæmd fyrir samsetningu á flugleiðum og metið var hvort ákveðnar samsetningar væru 

líklegri til þess að valda afleiddum seinkunum. Ritgerðin fjallar um þegar slaka er bætt í 

flugáætlunina og á milli fluga, á miðstöðvar flugvellinum, og hvernig það getur bætt tíma 

frammistöðu og dregið úr seinkunum af völdum tengifarþega. Niðurstöðurnar sýndu að flug 

frá Frankfurt komu oft seint inn til Keflavíkur og þar með skapast afleidd seinkun. Þessi 

seinkun vindur uppá sig og hefur áhrif á þau flug sem flogin eru til Bandaríkjanna, vegna 

þess að oft er tekin sú ákvörðun að bíða eftir tengifarþegum frá Frankfurt. Niðurstöðurnar 

bentu einnig á að þegar ákveðnar flugleiðir voru paraðar saman, með flugum frá Frankfurt, 

voru líkurnar á afleiddri seinkun yfir 50%.  
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1 Introduction 

The airline industry has been grown significantly in recent decades: in 2017 around four 

billion people traveled by air. The International Air Transport Association forecast that by 

2037 this number will double, meaning there will be around eight billion airline passengers 

in 2037 (IATA, 2019). As demand for air travel increases, constraints arise such as 

congestion at airports and in the skies, which leads to an increase in flight delays. Flight 

delays are expensive for airlines and are an issue that all airlines want to manage better in 

order to minimize the costs related to flight delays. Eliminating flight delays entirely is 

impossible since there are a great many factors that can lead to delays. However, flight delays 

can be prevented or minimized with a better flight schedule and planning. Various studies 

have been made conducted related to flight delays that are both informative and insightful.  

1.1 Objective and motivation 

The airline industry is a very interesting topic to investigate; it is a very difficult and 

competitive business environment, and these characteristics have been evident in recent 

years. Many airlines have been struggling; for example, both Primera Air and WOW air went 

bankrupt in 2018 and 2019 respectively. For airlines to stay competitive in this challenging 

business environment it is essential to maintain good operational performance and to 

minimize costs wherever possible. One circumstance which is very expensive for airlines is 

when flight disruptions occur in their flight network. Therefore, it is important to investigate 

this area and identify whether there is room for improvements which can reduce or prevent 

flight delays. The cost for airlines when delays occur can be massive; they might have to pay 

compensation to passengers, re-route them via other airlines, or pay for accommodation and 

travel costs. The main motivation for this research is to show how challenging and interesting 

the airline industry is.  

Airlines operating with hub-and-spoke systems connect passengers from one destination to 

another through their hub. Hub-and-spoke system is vulnerable to unforeseen events, since 

aircraft, crew and passenger flow are closely interrelated and if flight disruption occurs it is 

highly likely that it will affect flights later on in the network. If there is a flight disruption in 

the network passengers might lose their connection flight at the hub airport or the flight 

disruption may be the cause of propagated delays as flights downstream in the network might 

have to wait for connection passengers. Flight disruptions can occur due to various factors, 

such as bad weather conditions, airport-, runway-, or air space congestion, bad flight 

planning, poor turnaround performance, etc. In this thesis, special attention will be given to 

aircraft routing and delays that are caused by waiting for connection passengers at the hub 

airport. Inserting additional times into the flight schedule and between flights, at the hub 

airport, can be done to reduce delays. In this thesis these additional times will be referred to 

as slack. The main objective of this thesis is to increase the understanding of propagated 

delay patterns and the ways delays may be prevented or reduced through better aircraft 

scheduling and by adding slack into the flight schedule and in between flights, at the hub 

airport. 
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1.2 Methodology  

Previous studies related to airline disruption management were reviewed. This was done 

before and while writing the thesis. The literature was reviewed in order to obtain a better 

understanding of the phenomena, to get an overview of what has been researched before, 

and to see if there are areas to which contributions can be made in terms of the process of 

airline disruption management. The article search was done using the search engines Web 

of Science and Google Scholar.  

The research design that is used for this thesis is a case study design, chosen because the 

researcher is studying a phenomenon in real life. Often working with case studies leads to 

new discoveries, other then what was initially envisaged (Pär Blomkvist & Hallin, 2015). 

The execution of the case study was divided into four stages: data gathering, defining the 

problem, conducting a detailed analysis of the problem, and finally recommendations for 

improvements are proposed.  

The data gathering for the case was executed through document gathering, observation and 

an open interview. To gain additional understanding about airline disruption management, 

the author decided to carry out an observation. The observation was done within the 

department of Integrated Operation Control Center (IOCC) within WOW air, which will be 

referred to as daily operation hereafter. The observation was performed on 22 March 2019 

and took place between 10:00 and 16:00. The daily operation department’s role is to make 

sure that the network proceeds as planned. When disruptions arise, they need to respond 

accordingly. In parallel with the observation an unstructured interview was conducted with 

the head of daily operation and with the project manager of scheduling and slots. This was 

done to get a better understanding of how they operate. The information gathered from the 

observation was insightful and proved useful when the analysis of the problem was 

performed.  

This work performs a statistical analysis of flights flown by WOW air, using data from 

Isavia, where Isavia is the national airport and air navigation service provider of Iceland. 

The information will be used to investigate how delays affect the flight network. Data 

analysis was performed using R software. To narrow the scope of the statistical analysis one 

destination from Europe: Frankfurt, and five destination from North America: Newark, 

Baltimore, Toronto, Boston, and Montreal were chosen for the data analysis. The data 

analysis was conducted to investigate if it would be possible to add slack into the flight 

schedule and in between flights at the hub airport. A detailed description of the data analysis 

is introduced in Chapter 5. 

1.3 Contribution  

Firstly, on-time performance at the hub airport was investigated for selected flight routes to 

see if they caused propagated delays to the flight network. It is shown that delayed arrivals 

from Frankfurt are positively and significantly correlated with connecting flights from KEF, 

which implies that the connecting hub is sensitive to connection passengers. 
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Secondly, it is shown that there is not much slack in the flight scheduled. The median flight 

time for two of the flights investigated, Frankfurt and Baltimore, was longer than the time 

given in the flight schedule. Therefore, this affects the on-time performance for the airline.  

Thirdly, a simulation was carried out to determine whether specific sequences of aircraft 

routing cause propagated delays to the flight network. It is shown that routing FRA into 

sequence with EWR, BWI or YYZ is not reasonable since this combination causes 

propagated delays to the flight network. The results from the simulation can help when 

scheduling sequences of flight routes, thereby preventing propagated flight delays from 

occurring in the flight network.   

1.4 Overview 

The structure of this thesis is as follows. In Chapter 2 the theoretical background of the 

research is introduced. In Chapter 3, a brief overview of operations in KEF is presented along 

with the results of the observation that was carried out to advance the understanding of how 

the daily operation within WOW air works. The data analyses and results will be presented 

in Chapter 4. In Chapter 5 the discussion is presented and finally in Chapter 6 the conclusion 

of the research is presented, along with suggestions future work.  
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2 Airline Operations 

This chapter gives an overview of how important on-time performance is for airlines and 

costs associated with delays will be reviewed. Thereafter follows a discussion about how 

operations research can be used in the airline industry. Next, an overview is given of point-

to-point and hub-and-spoke systems, the turnaround process, and flight and maintenance 

scheduling, in order to get a better understanding of how these topics affect on-time 

performance. Previous studies relevant to each topic are reviewed. 

2.1 On-time performance 

On-time performance (OTP) is one of the main indicators by which airlines measure the 

success of their service provision. When flights are delayed, passengers will be dissatisfied 

and are more likely to choose a different airline the next time they fly. Poor OTP increases 

operating expenses as well; therefore it is crucial for airlines to aim for good OTP (Suzuki, 

2000). To assess how much consumers value air travel on-time performance, Gayle and 

Yimga (2018) studied how much monetary value consumers placed on on-time flights. They 

found out consumers were willing to pay an average of $1.56 per minute to avoid delay. 

According to Department of Transportation (DOT) a flight is considered to be delayed when 

it arrives or departs more than 15 minutes later than the scheduled arrival or departure time 

(Transportation, 2019). To be able to maintain good OTP it is important that all phases of 

the operation are working towards the same goal, from long-term and strategic planning, 

through to tactical and short-term planning. 

Delays can be divided into two categories: independent delays and propagated delays. 

Independent delays can be caused by airport or airspace congestion, slow turnaround 

process, crew lateness, etc. Propagated delays occur when delays originate from previous 

flights and the delay spreads to flights scheduled for later on in the day. Thus, propagated 

delays start with an independent delay and then continue to spread downstream through the 

flight network.  

In the United States around 15-20% of all flights per day experience delay (Bazargan, 2016). 

In 2017 20% of scheduled arrivals in Europe were delayed: most of these delays were due 

to propagated delays, while delays related to the turnaround process were the second most 

common type (EUROCONTROL, 2018). Disruption in the network is usually an unforeseen 

event that needs to be handled quickly and the timeframe for doing so is usually short. It is 

important that the daily operation department respond quickly and have plans in place for 

tackling the problem, with the aim of maintaining high OTP and minimizing the costs 

resulting from the disruption. The daily operation team needs to collect all relevant 

information about the flight to promote fast recovery. There are several actions that can be 

taken; such as delaying departures, aircraft swapping, cancelling flights and reassigning 

passengers (Hu, Song, Zhao, & Xu, 2016).  
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2.1.1 Operational costs 

According to EUROCONTROL (2018), the cost of delays in 2017 was estimated to be 

almost €1 billion. It was estimated that in 2014 the cost of ground delay per minute was 

€49.5, these costs are divided into fuel costs, maintenance costs, airport charges, crew costs, 

and passenger compensations. Passenger compensations accounted for the highest cost, at 

€39.6 per minute (EUROCONTROL, 2018). Cook, Tanner, and Anderson (2004) divided 

passenger delay cost into hard and soft costs. Hard costs are associated with compensation 

cost. Hard costs rise as the delay increases: these costs are defined by the airline in 

accordance with international regulations. Soft costs are related to inconvenience to the 

passengers, which may result in future revenue loss due to bad experiences; the airline may 

lose market share as a result. Passengers who experience delays are more likely to choose 

an alternative airline the next time they travel. Though soft costs are hard to determine they 

should not be neglected.  

2.1.2 Compensation 

When compensation is determined in Europe, both distance and hours of delay matter. 

Passengers are entitled to compensation when the flight arrives three or more hours later 

than the scheduled time of arrival. The compensation is lower for shorter distances and 

increases when the distance gets longer. For flights less than 1.500 km the entitled 

compensation is €250; for flights between 1.500 and 3.500 km the entitled compensation is 

€400; and for flights more than 3.500 km long the entitled compensation is €600 (Compass, 

2018).  

When compensation is determined for international flights into North America, it is only the 

length of the delay that matters. If flights are delayed by one to four hours from the scheduled 

arrival time, passengers are entitled to 200% of their one-way fare to their final destination, 

up to a maximum amount of $675. If the delay is more than four hours, passengers are 

entitled to 400% of their one-way fare to their final destination, with maximum amount of 

$1350 (Compass, 2019). If the flight is cancelled the airline has to either refund the 

passengers or find them alternative flights to their destination. If the alternative flight is 

scheduled for the following day the airline needs to cover accommodation for the passengers 

and travel costs from and to the airport. The airline can determine how much it spends on 

hotel and travel costs.  

2.2 Operation research 

Airlines have benefitted a great deal from operation research, where advanced computer 

technology and optimization models have enabled airlines to solve complex problems in 

short time periods and with high costs savings (Bazargan, 2016). Optimization or 

mathematical programming is a modelling method used to solve decision-making problems, 

where one can minimize or maximize a problem by enabling the program to choose values 

of variables that lie within defined sets. Those models are often used to replicate something 

in the real world, especially when the problem is too expensive to run trials of. It is possible 

to create a model to simulate the phenomenon and approximate the effect of a change on the 

system. The first step when conducting a model or simulation study is to formulate the 

problem. That is done in a so called kick off meeting, where project manager and simulation 
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analysts are present to discuss overall objectives for the study. There is also a need to specify 

the questions to be answered, the scope of the model and other things that are relevant to the 

formulation. It is important to collect information about the system layout and operation 

procurers: all model assumptions, algorithms and data summaries should be well 

documented. Tactical issues for the system need to be decided and then the results are 

analysed to determine if there is a need for additional experiments on the model. The last 

step is then to implement the model and see how well it replicates the real system. Finally, 

the results are presented (Law, 1990). 

2.3 Hub-and-spoke and point-to-point systems 

The airline deregulation shifted how airlines operated from point-to-point system to hub-

and-spoke system. Figure 2.1 shows an example of a point-to-point system, whereas a hub-

and-spoke system is shown in Figure 2.2. However, some airlines still operate point-to-point 

system. The point-to-point system is one where passengers board at flight origin and 

disembark at the destination with non-stop flight. The point-to-point system requires high 

density markets, where each route operates independently, and demand is not affected by 

other routes. The number of routes and frequency of flights is usually lower, however, and 

depends on the market type and density (Cook & Goodwin, 2008).  

 

Figure 2-1: Point-to-point system. 

In a hub-and-spoke system a hub is a central airport that flights are routed through. Spokes 

are the routes that planes take out of the hub airport. The purpose of the hub-and-spoke 

system is to save airlines money and give passengers better routes to destinations. The 

system is optimized when airlines provide service to a wide geographic area and to many 

destinations. This kind of operation has disadvantages that includes various discomforts for 

passengers: they need to connect at the hub for the next flight; and at large hubs there may 

be congestion, due to limited bay and runway capacity (Bazargan, 2016; Cook & Goodwin, 

2008). 
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Figure 2-2: Hub-and-spoke system. 

Flights from the hub are called outbound flights and flights to the hub are called inbound 

flights. Passengers departing from an inbound flight either stop at the hub as a final 

destination or they connect to a second flight through the hub to their next destination. 

Inbound and outbound flights are planned tightly in order to minimize connection time, as 

the main objective in airline operations is to focus on the connection flights at their hub 

airport. Flights are usually scheduled in waves; for example, passengers arriving from origin 

A, B and C from the first wave and continue on to destination D, E or F forming the second 

wave. It is necessary to minimize the connecting time between flights; however, connecting 

time is constrained by the physical capabilities of the airport (Cook & Goodwin, 2008).  

In an article by Rietveld and Brons (2001), the main goal was to measure the quality of the 

co-ordination of timetables of carriers at a hub airport. They compared four major airports 

in Europe regarding waiting time at the hub airport and rescheduling time at the places of 

origin and destination. In the analysis they compared the number of destinations and the 

frequency of flights the airports offered. Their results showed that higher frequency of flights 

at the hub airport does not lead to lower waiting time at the hub airport; however, better co-

ordination of flights helps airports to lower waiting times for passengers at the hub airport. 

When airports have higher frequencies of flights and longer waiting times, it is likelier that 

passengers will find a new flight if they missed their connection flight. A study by Santos, 

Wormer, Achola, and Curran (2017) focused on the Airline Delay Management Problem, 

where the problem is how to deal with daily flight delays at a hub airport. The studies main 

task was to research if the priority decision should either be to delay subsequent outbound 

flight or to have the flight depart on time in order to reduce the operational cost and the 

inconvenience for the passengers. Their approach involved building an optimization model 

where the main objective was to minimize passenger delay costs and the related fuel costs 

of re-schedule the aircrafts departure time. Redmond, Campbell, and Ehmke (2019) 

conducted a study to determine the most reliable flight itinerary, regardless of whether the 

same airline is flown with for the whole flight itinerary. The authors calculated the 

probability of passengers being able to make their connection flights and then implemented 

a stochastic network search algorithm which was able to find the most reliable flight itinerary 

for the passengers. Their findings showed that reliable itineraries require more travel time 

and that larger airports tend to be more reliable when it comes to passengers making their 

connection flight. 
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2.4 Turnaround 

Turnaround time is the time between the arrival of an aircraft and the time it is ready for its 

next flight. The activities that need to be completed within the turnaround process, are 

disembarking the passengers and crew if it is their final destination, unloading baggage and 

cargo, cleaning the aircraft, re-fueling, catering, loading baggage and cargo, boarding 

passengers, emptying lavatory waste and refilling portable water, and performing any 

necessary aircraft maintenance. For winter operations, de or anti-icing may be required. 

Some activities can be carried out in parallel with others, while some need to be done 

separately. 

Aircraft turnaround is a time critical process and needs to be managed well. Turnaround time 

is scheduled according to the scheduled time of arrival of an aircraft; if delays occur the 

ground handling staff will come under additional pressure to complete the turnaround. 

Deviations to the scheduled time of arrival will make it more difficult to fulfil the 

requirements of reliability and punctuality (Schultz, Kunze, Oreschko, & Fricke, 2012).  

Collaborative Decision Making (CDM) is an airport operation standard that influences the 

turnaround process at airports. CDM’s main goal is to improve all processes and planning at 

airports, such as capacity management and air traffic flow. This is done by getting all parties 

involved, such as air traffic control, airlines, airports and ground handling, and having them 

work together at an operational level. This involves sharing information and trust between 

all parties, so that they are all involved and therefore have better knowledge of what goes on 

at a global level. However,  due to the fast increase of air traffic globally, there has not been 

any real integration of these planning systems by all parties; thus preventing the optimal use 

of airports (Okwir, Ulfvengren, Angelis, Ruiz, & Guerrero, 2017). Okwir et al. (2017) 

proposed a new method for managing the collaborative turnaround process, where key 

indicators for turnaround were predicted and improvements were suggested.  

2.5 Flight and maintenance scheduling 

Airlines need to make a flight schedule, which consist of what destination to fly to and at 

what times, flight plan, which is the time it takes to fly each destination. Airlines also need 

to schedule aircraft routing, also referred to as aircraft assignment or tail assignment, the 

process whereby each aircraft within each fleet is assigned to flight sectors. The main 

objective of the assignment is to minimize operating costs and maximize the revenue. There 

are three main constraints that need to be adhered to: only one aircraft may cover each sector, 

aircraft load balance and, maintenance requirements.  

The airline industry is one of the most regulated industries today: aircraft manufacturers and 

the Federal Aviation Administration of the United States have established a predetermined 

maintenance program for each fleet type. There are four types of aircraft maintenance: A-, 

B-, C-, and D-checks. They are performed with different frequencies and their duration 

varies from a few hours to several months. The scope of these checks also varies: A – checks 

involve visual checks of aircraft, taking only a few hours, while D-checks involve detailed 

inspections, which can take up to two months (Bazargan, 2016). 



10 

The main objective of Khaksar and Sheikholeslami (2018) was to build a flight-scheduling 

model, where the model generated a combination of robust and recovery flight schedules to 

minimize airlines’ operating, delay and crew disruption costs. Their approach was based on 

the Dantzig-Wolfe decomposition. Hu et al. (2016) proposed a mathematical model to solve 

integrated aircraft and passengers recovery problem. To solve the problem, a heuristic based 

on GRASP algorithm was adopted. The results showed that integrated recovery of flights 

and passengers can decrease the recovery cost and the number of disrupted passengers more 

than if the recovery of aircraft and passengers itineraries would be done separately. Lan, 

Clarke, and Barnhart (2006), presented two new approaches to achieve robust scheduled 

plans for airlines and to minimize passenger disruptions. The first approach involved 

intelligently routing the aircraft to reduce propagated delays. The second approach involved 

rescheduling flights’ departure times to minimize the number of passenger misconnections. 

The computational results showed that propagated delays were reduced significantly and the 

number of passengers missing their connection flights was reduced significantly as well. 

Deshpande and Arikan (2012) explain how airlines can put more effort into flight 

scheduling, resulting in less flight delay. In the article, there is a trade-off between 

scheduling too much block time, which can lead to leftover inventory costs such as idle 

aircraft, pilot compensations, etc., and, on the other hand, too little scheduled block time, 

which can lead to delays, unhappy costumers and overtime. They provided method to 

forecast on-time arrival probability.  

2.6 Summary 

From a review of previous studies of disruption management a trend can be seen where 

multiple resources, such as airport, passengers, aircraft and crew, are integrated into the same 

system in an attempt to minimize operational costs and disruption recovery costs as well as 

passenger delay costs. It needs to be noted that this is a challenging task, requiring proficient 

modeling skills and computational effort. It is obvious that there are many factors that can 

be managed such as turnaround process, flight schedule, and aircraft routing to maintain 

better on-time performance. For the airline industry, in order to manage forecasted demand, 

it is important that all parties make their contribution so that the whole airline industry can 

work as effectively and cohesively as possible.  
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3 Hub-and-spoke network operation at 

Keflavík Airport 

Keflavík Airport is the main international airport in Iceland and plays a key role in Iceland’s 

civil aviation. In the winter of 2017 and 2018 there were 15 airlines operating to and from 

KEF and in the summer of 2018 they were 28. Connecting passengers traveling through KEF 

made up 40% of passengers in 2018. In recent years, the airport capacity has been at its 

tolerance limits; therefore, the airport has been in constant development in order to keep up 

with the increase of tourism that has taken place in Iceland (Isavia, 2019).  

3.1 Operations at Keflavík Airport 

KEF connects Iceland to Europe and North America and is a hub for airlines operating from 

Iceland. There are two peak periods in KEF: the first occurs in the morning when flights 

from North America are arriving and flights to Europe are departing. The second occurs in 

the afternoon when flights from Europe arrive and then flights to North America depart. 

These are the waves described earlier in section 2.3. Thus, the first wave starts in the 

morning, when the flights depart to Europe, and ends in the afternoon in KEF. The second 

wave starts when flights depart to North America in the afternoon and ends the morning after 

in KEF. This is shown in Figure 3.1 below. 

 

Figure 3-1: Waves in a hub-and-spoke system. 

Prior to each wave the turnaround process is always performed. The time between waves 

needs to be well organized, so that flights in the following wave can depart on time. To 

guarantee the connectivity of passengers, flights from the previous waves need to be on time 

in KEF. The minimum connecting time (MCT) in KEF is 30 minutes. This is the amount of 

time passengers are given to travel from gate to gate. 

To utilize the airport as best as possible it is necessary to minimize the connecting time 

between flights. However, the connecting time is constrained by the physical capabilities of 

the airport. When KEF is at its tolerance limits during peak periods, the airport’s capacities 

are almost overburdened. Disruptions in flight schedules during peak periods may lead to 

congestion at the airport, thus reducing runway and bay capacity.  
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3.2 Flight disruptions 

In Figure 3.2, all times related to the flight are shown. The block time is the time when the 

aircraft is pushed from departure gate until it is pulled back to the gate at its destination. 

Blocks are used to keep the aircraft stationary; therefore, the term “block hours” is used. 

STD is the scheduled time of departure, BTD is the block time of departure, when the aircraft 

is pushed back from the gate. ATD is the actual departure time, ATA is actual arrival time 

and FT is the difference between ATA and ATD. STA is the scheduled time of arrival and, 

BTA is the block time of arrival, that is when the aircraft has been parked at the gate. 

 

Figure 3-2: On-time departure and arrival. 

Flight disruptions have different consequences depending on where they occur in the flight 

process. Figure 3.3 shows how delayed departures affect BTD and BTA.  

 

Figure 3-3: Late departure and arrival. 

If aircraft arrive late at the outbound station or the hub airport the ground handling might not 

be available when the aircraft arrives to perform the turnaround at the scheduled time, since 

they need to follow their own schedules as well. If this happens the actual turnaround time 

will be longer then scheduled, which can lead to propagated delays for upcoming flights. At 

the hub airport the daily operation department manages which aircraft should be serviced 

first, thereby reducing propagated delay. If the STD needs to be delayed at the outbound 

station, it is possible that the aircraft may lose its slot time. This means that the aircraft will 

be placed at the end of the queue for possible departures. This can be critical because the 

waiting time can vary from a few minutes up to hours. Losing slot time applies to the hub 

airport as well; however, the daily operation team can suggest to the air traffic controller 

which aircraft should be prioritized for take-off if the airline has a series of slot times. When 

aircraft arrive late to the hub airport and there are passengers with connecting flights, the 

flight they are going on to might have to wait for these passengers, therefore leading to 

propagated delay.  
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Delayed departure does not necessarily affect the BTA: as is shown in Figure 3.4, the delay 

from the departure can often be corrected in some way. The flight crew could get a better 

flight plan and shortened block time, or they could increase the speed of the aircraft, which 

means more fuel consumption and is more expensive then scheduled but at the same time 

corrects the delay. The airline needs to determine the trade-off between being late and the 

costs of correcting the delay.  

 

Figure 3-4: Late departure, on-time arrival. 

Figure 3.5 shows what happens when a flight departs on time and is late to arrive. When 

scenarios such as this happen there is little that can be done to correct the delay. Usually the 

scheduled block time is too short, or heavy weather causes the delay. It is also possible that 

the arrival airport is so busy that there are no bays available for to parking the aircraft. 

 

Figure 3-5: On-time departure, late arrival. 

As explained above, KEF airport is the hub connecting Europe and North America. Airlines 

want to make efficient scheduling plans and try to utilize their resources well, with tight 

aircraft and crew assignments. When the flight network is tightly scheduled it can be fragile 

to disruption; most of the time there are only one to two hours between the waves at KEF, 

so the time between the waves needs to be well organized. If there are disruptions in the 

network, then it is important to react as quickly as possible and try to reduce the damage that 

has occurred. Then the key goal for the airline is to get back to their original schedule and 

try to reduce all costs incurred when disruption occurs. There are several options which can 

be taken: aircraft swapping, delaying the flights of connection passengers, or cancelling their 

flights and re-routing the passengers to their destination. The aim is to plan what to do with 

the passengers; this needs to be done quickly in order, to reduce the inconvenience for the 

passengers that the delay might cause. The plan is then determined based on the factors 

described above, with the aim of finding the most cost-effective alternative. However, there 

is also a need to consider the alternatives with respect to the passengers. If the option chosen 

is very inconvenient for the passenger, then it is likely that the passenger will choose to fly 

with a different airline next time they travel by air.  
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3.3 Real case of daily operation 

The observation that was done of the daily operation of WOW air will be described in detail. 

The morning of 22 March 2019 eight flights were scheduled to fly to Europe, all of them 

departed on time from KEF, six flights were scheduled to fly to North America in the 

afternoon. Two of the morning flights did not arrive on time back into KEF: these flights 

were Frankfurt (FRA) and Amsterdam (AMS). In Frankfurt there was an air traffic control 

(ATC) problem, which caused delayed departure from FRA. The STA in KEF for FRA was 

14:20, BTA was 15:37. In AMS ground handling was the cause of delayed departure. STA 

in KEF for AMS was 14:00, and BTA was 14:30. There was bad weather in KEF and all 

afternoon departures had been moved forward, as can be seen in Table 3.1.  

Table 3-1: Scheduled time of departure from KEF and updated scheudled time of 

departure. 

Destination  Code STD Updated STD 

Newark EWR 15:15 15:00 

Detroit DTW 15:20 15:00 

Toronto YYZ 15:30 15:00 

Baltimore BWI 15:30 15:00 

Boston BOS 15:50 15:30 

Montreal YUL 16:00 15:30 

The MCT in KEF is 30 minutes. Therefore, all passengers from AMS were able to get their 

connection flights. However, when needed, the daily operation department can decide to 

delay departures so that connection passengers can make their connection flight. Information 

about where connection passengers from FRA were flying to next is shown in Table 3.2.  

Table 3-2: Connection passengers coming from FRA. 

Destination Code Connection PAX 

Newark EWR 2 

Detroit DTW 7 

Toronto YYZ 10 

Baltimore BWI 6 

Boston BOS 20 

Montreal YUL 2 
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Since FRA arrived in KEF at 15:37, the daily operation team needed to plan what to do with 

the connection passengers. Because the weather in KEF was getting worse as the day 

progressed, it was crucial to get the flights out as soon as possible; otherwise the operation 

would have to delay the afternoon departures. Therefore, it was decided that all connection 

passengers from FRA would miss their connection flights in KEF. This was with the 

exception of passengers going to Montreal (YUL), and it was also decided to re-route 

passengers going to Toronto (YYZ) to YUL and from there send them with another airline 

to YYZ. It was not possible to re-route any other passengers that same day since it was not 

possible to find another flight which would take them to their final destination. The rest of 

the passengers were allocated to a hotel and the plan was to send them to their final 

destination the following day. However, another problem arose. The flight to Boston (BOS) 

the day after was overbooked and there were 20 passengers that were supposed to go to BOS. 

In addition, there was no scheduled flight to Detroit (DTW) the following day. The operation 

then needed to find alternatives for these passengers, re-routing them with either WOW air 

or another airline. Passengers that were going to DTW had to spend two nights at a hotel in 

Iceland and then got to DTW with WOW air. At the time when the observation was 

performed no solution had been found for the passengers going to BOS. So, it will be 

assumed that these passengers were all re-routed with another airline. Disruptions such as 

these are very expensive for airlines. The airline needed to cover flights for 10 passengers 

who were supposed to go to YYZ: that comes to a total of $3.500. The airline also needed 

to cover hotel accommodation for 35 passengers, which comes to $7.000, without travel 

costs, and an additional night for seven passengers going to DTW, which cost an additional 

$1.400. In this case passengers could not claim compensation since the delay was not the 

airline’s fault, but rather the delay was due to ATC issues which where beyond the airline’s 

control. In Table 3.3 the cost is summarized. Assumptions were made that the cost of re-

routing one passenger was $350, and the cost of hotel accommodations was $200 per 

passenger.  

Table 3-3: Costs related to passengers that missed their connection flight. 

Destination Code Passengers 

(number)  

Hotel (USD) Re-route (USD) Total 

(USD) 

Newark EWR 2 400 0 400 

Detroit DTW 7 2.800 0 2.800 

Toronto YYZ 10 0 3.500 3.500 

Baltimore BWI 6 1.200 0 1.200 

Boston BOS 20 4.000 7.000 11.000 

Montreal  YUL 2 0 0 0 

Total   47 8.400 10.500 18.900 

 

In this scenario the daily operation team was proactive, deciding to move all departures 

forward in KEF to North America to avoid the bad weather that was forecasted, thereby 
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preventing delays to afternoon flights. This plan was made in the morning before all 

departures from KEF to Europe had taken place. This had to be done because approval is 

needed from all crew members when the STD is moved to an earlier time than was 

scheduled. What happened then, as explained here above, there was ATC problem in FRA 

causing it to arrive late into KEF. This caused a problem for the daily operation team because 

they needed to decide what to do with all connection passengers coming from FRA. As a 

result, all the passengers missed their connecting flights except passengers going to YUL. 

However, the departure for YUL was moved back to the original STD and left on time. It is 

questionable whether the decision to move all afternoon departures in order to avoid 

forecasted bad weather was the right one, since YUL was able to depart on time at 16:00. 

This led to excessive costs for the airline because of the passengers that missed their 

connecting flight. On the other hand, if the daily operation team had not developed this 

proactive plan and weather had affected the afternoon departures, it would have led to 

propagated delays for the whole flight network. This was a difficult decision to make, 

because when passengers lose their connection flight, they become dissatisfied with the 

service and are thus likely to choose another airline to fly with next time. However, if all of 

the afternoon departures had been delayed due to the weather forecasted more passengers 

would have been delayed and therefore more passengers would be dissatisfied with the 

service, which can lead to loss of future revenue for the airline.  

Another tactic employed by the daily operation team to avoid propagated delays for the flight 

to YYZ was to apply aircraft swapping: the aircraft coming from AMS was scheduled to go 

to YYZ, but since the arrival time of the AMS aircraft was 14:30 and the departure time for 

YYZ was 15:00 there was not enough time to perform the turnaround process. So instead of 

using the AMS aircraft, an aircraft that had recently arrived from LGW was used for the 

flight to YYZ, since the aircraft did not have any additional flights scheduled for the day.  

3.4 Summary 

In this chapter a brief overview of the operation at Keflavík Airport was discussed, 

highlighting how important it is that the time between waves is well organized, so that flights 

in the following waves depart on time. Then flight disruption was explained, as were the 

possible consequences it may have for the flight network. A detailed description of the 

observation that was done within the daily operation of WOW air was then reviewed. In the 

next chapter a detailed data analysis of selected flight routes from the flight network of 

WOW air will be conducted, where flight delays will be the focus.  
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4 On-time performance of flight 

routes and reliability of flight route 

sequences  

In this chapter delays at Keflavík Airport will be analysed for flights flown with WOW air 

in order to determine which delays are problems for them. Individual flight routes will be 

chosen and analysed in order to investigate how they may cause propagated delays to the 

flight network. A simulation will be carried out to determine whether it is possible to 

complete a sequence of flight routes flown by the same aircraft within the given time frame. 

To be able to carry out the simulation the turnaround and flight time had to be investigated. 

The turnaround process will be further analysed in order to determine whether the turnaround 

process is performed within the scheduled time. The flight time will also be investigated to 

see if it is necessary to add slack into the flight schedule 

4.1 Data description 

Raw data for the data analyses was gathered from WOW air and Isavia. The data collected 

from Isavia was all relevant information about actual arrival times and actual departure times 

at KEF from all destinations WOW air flew to and from. Information about all flights that 

depart and arrive in KEF is well documented by Isavia. The information is collected in a 

database for further analysis by data analyst employed by Isavia. The raw data collected 

from Isavia consisted of 16 variables and 14.316 observations. The period of the data is from 

17 May 2017 to 31 December 2018. The relevant data for this study is the date of the flight, 

registration number of aircraft, flight number, STA, STD, BTA, ATA, BTD, ATD, and if 

there was a delay or not, in minutes. The flight number indicates the destination and the 

registration number indicates which aircraft is assigned to which destination.  

4.2 Delays 

Generally speaking, being late is when arriving or departing later than the exact scheduled 

time. According to DOT a flight is considered to be delayed when the flight arrives or departs 

more than 15 minutes later than the scheduled arrival or departure time. However, in a tightly 

scheduled network every minute counts and therefore a comparison will be made between 

the DOT definition and being later than scheduled. Destination selected for the comparisons 

were those that WOW air had been flying to most regularly over the time period of the 

dataset. In Figure 4.1 European flights are shown, to and from KEF. There are a lot of 

delayed departures and arrivals, the average ratio of delayed departures and arrivals is around 

70% and 55%, respectively. Frankfurt is the only destination that has more delayed arrivals 

into KEF than delayed departures from KEF: this, could be because the flight time or the 

turnaround in FRA is longer than scheduled. When the definition of DOT is applied, there 

are fewer delays, as can be seen in Figure 4.2; however, the average ratio of delayed flights 

is still quite high, around 40% of departures from KEF and around 30% of arrivals into KEF.  
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Figure 4-1: Delayed departures and arrivals, flights to and from Europe. 

 

Figure 4-2: Delayed departures and arrivals with DOT definition, flights to and from 

Europe. 

Figure 4.3 shows flights to and from North America. These flights show the same pattern as 

European flights: there are a lot of delayed departures and arrivals, the average ratio of 

delayed departures and arrivals is around 75% and 60%, respectively. Both delayed arrivals 

and departures to and from North America are a bit higher than European flights. Again, 

when applying the DOT definition there are fewer delays: as can be seen in Figure 4.4, the 

average ratio of delayed departures and arrivals is around 35% to and from KEF. 
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Figure 4-3: Delaeyd departures and arrivals, flights to and from North America. 

 

Figure 4-4: Delayed departures and arrivals with DOT definition, flights to and from 

North America. 

As shown in Table 4.1, the average ratio of delayed flights for both Europe and North 

America is very high, even after the DOT definition has been applied.  

Table 4-1: Average ratio of delayed flights for Europe and North America. 

Cases Delayed flights % Delayed flights (DOT) % 

Departures from KEF to Europe 70 30 

Arrivals to KEF from Europe 55 40 

Departures from KEF to USA 75 35 

Arrivals to KEF from USA 60 35 
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4.3 On-time performance for single flight routes 

In the following sections flights to and from FRA, EWR, BOS, BWI, and YYZ will be 

analysed in more detail. The reliability of on-time performance for these selected 

destinations will be determined. First the pre-processing of the data will be described and 

thereafter the result will be presented.  

4.3.1 Data pre-processing 

The analysis and processing of the data was performed with the statistical software R. In the 

pre-processing phase the dataset was filtered by choosing appropriate data, which included 

selecting specific destinations for the data analysis. It was decided to use flights from FRA, 

since FRA is one of the latest scheduled arrivals in KEF from Europe in the network and it 

has one of the longest block hours among the destination that have flights from Europe to 

KEF. Furthermore, the delay analysis shows that flights from FRA have the highest ratio of 

delayed arrivals into KEF. The destinations in North America that were selected are EWR, 

BWI, BOS, and YYZ. Before performing calculations and visualizing the data, outliers and 

missing values were eliminated from the dataset; if values were missing it was mostly due 

to flights being cancelled.  

To investigate the distribution of arrivals into KEF from FRA a histogram plot was created. 

In Figure 4.5 the histogram shows the arrival times of flights to Keflavík from FRA in 

minutes. The zero pint indicates the scheduled arrival time for FRA in KEF. From the 

histogram it can be seen that the distribution has a positive skew; however, there are several 

negative values, occurring when aircrafts arrive earlier than their scheduled arrival time. The 

theoretical distribution that will be tested are Gamma, Log-logistic and Weibull distribution 

to see which one of the fits the distribution of the data. 

 

Figure 4-5: Histogram of arrival times from FRA to KEF. 

Since the data has negative values it is necessary to shift the data by the location parameter 

γ, so there will be no negative values. To estimate the location parameter the Dubey method 

is applied (Dubey, 1967). The estimated location parameter 𝛾 is calculated with (1). X is the 

data points and k is the smallest integer (2, 3,…,n-1) so X(k) > X(1). 

𝛾 =
 𝑋(1)𝑋(𝑛)−𝑋(𝑘)

2

𝑋(1)+𝑋(𝑛)−2𝑋(𝑘)
     (1) 
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The theoretical distributions were compared with the distribution of the data as can be seen 

in Figure 4.6. Goodness of fit tests were also performed, where a Kolmogorov-Smirnov test 

was performed. Log-logistic distribution fitted the best, with a significance level of 0,01. 

 

Figure 4-6: Comparison of empirical data for arrivals from FRA and theoretical 

distribution. 

The same technique was used to investigate the distribution of the departures from KEF to 

North America. Histograms were created and are shown in Figure 4.7. It can be seen that the 

distribution of all the departures has a positive skew, with some negatives values as well; 

therefore, it was needed to estimate the location parameter 𝛾 for all of the distributions. This 

was done with (1).  

 

Figure 4-7: Histograms of departure times from KEF to North America. 
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The theoretical distributions were compared with the distribution of the data, as can be seen 

in Figures 4.8 and 4.9. Goodness of fit tests were also performed, where a Kolmogorov-

Smirnov test was performed. Log-logistic distribution fitted the best, with a significance 

level of 0,01. 

 

Figure 4-8: Comparison of empirical data and theoretical distribution for departure to 

EWR (left) and BWI (right). 

 

Figure 4-9: Comparison of empirical data and theoretical distribution for departure to 

YYZ (left) and BOS (right). 
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4.3.2 Results for on-time performance 

Now it is possible to calculate the probability of on-time performance for these selected 

destinations. The probability can be read directly from Figure 4.10. The probability of the 

aircraft arriving at KEF from FRA on time or before STA is 25%. This indicates that the on-

time performance reliability for this single flight route is very low. The probability of EWR, 

BWI, YYZ and BOS departing on time is around 12%, 37%, 37% and 55% respectively. 

The STA for FRA is 14:20, which is the latest STA in KEF for flights within WOW air. The 

analysis shows that when STD is further from the STA in KEF it is likelier that flights depart 

on time. Because then there is more slack to perform the turnaround and more time for 

connection passengers to get their next flight. It can be concluded that the STD for EWR is 

too close to the latest STA in KEF for WOW air, which can explain all of the late departures 

to EWR that are over 85%.  

 

Figure 4-10: Cumulative distribution function for arrivals from FRA (1) into KEF and 

departures to EWR (2), BWI (3), YYZ (4) and BOS (5) from KEF. 

The dotted lines in Figure 4.10 represent MCT for passengers that have connection flights 

arriving from FRA. The probability of passengers arriving from FRA then getting a flight to 

EWR is around 70% and the probability is higher when there is more time between the STA 

and STD. In addition, the probability of passengers getting their connection to BOS is over 

90%. If the flight from FRA is delayed and there are passengers that have connecting flights, 

the airline can decide to delay afternoon departures. This makes the connection passengers 

the cause of propagated delay. Calculations were made to see if there is a correlation between 

delayed arrivals from FRA and delayed departures to EWR, BWI, YYZ and BOS. This 

correlation was found, as is shown in Table 4.2. It can be estimated from the correlation that 

when departures are delayed to EWR, BWI, YYZ or BOS it is because these flights were 

waiting for connection passengers arriving from FRA. To verify that the correlation is 

significant, the correlation needs to be greater than 2/√n, were n is the sample size, in this 
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case the number of flights. There were over 450 flights to all of the destinations, and the 

significance level for the flights was 0,09; therefore, all the correlations are significant.  

Table 4-2: Correlation between delayed arrivals from FRA and delayed departures from 

EWR, BWI, YYZ and BOS. 

Destination  Code  Correlation  

Newark EWR 0,138 

Baltimore BWI 0,158 

Toronto YYZ 0,169 

Boston BOS 0,153 

 

As a comparison, the correlation between delayed arrivals from Dublin and delayed 

departures to Montreal were calculated, which has the most slack in KEF. The correlation 

was 0,02; therefore, the correlation is not significant. This illustrates the effect of passengers 

causing delays when the time between flights is limited.   

4.4 Flight routes sequences 

Airlines usually develop monthly aircraft routing schedules. Regular maintenance needs to 

be considered when developing routing schedules. Optimally, airlines would be able to stick 

to their schedules; however, this is not the case, as flight routes schedules are frequently 

disrupted by delays and other unforeseen events.  

In this section sequences of aircraft routing will be analysed, such as the sequence KEF-

FRA-KEF-EWR-KEF flown by the same aircraft. Figure 4.11 shows how aircraft are routed; 

however, it is hard to determine if there are any sequences in the routing. Many of the 

sequences are only flown a few times due to aircraft swapping, which is done to reduce 

propagated delays, or if an aircraft needs sudden maintenance. Destination that were either 

seasonal or that WOW air flew infrequently to, they were set as other as is shown in Figure 

4.11. 
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Figure 4-11: Routes of flights flown with same aircraft. 

Figure 4.12 shows flights from FRA to North America and vice versa which are flown by 

the same aircraft. The sequence of the flight routes shown in Figure 4.12 will be analysed 

further, to see whether the sequence is a sensible option for the routing schedule. For routing 

to be valid, it needs to include the turnaround time, which will be analysed in the next section.  

 

Figure 4-12: Routes of flights flown with same aircraft from and to Frankfurt. 

4.4.1 Turnaround in Keflavík Airport 

The turnaround time is the time between the arrival of an aircraft and the time it is ready for 

the next flight. The turnaround process is the second most common factor where delays 
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occur; therefore, it is important that all procedures are clear, and all parties involved work 

together to perform the turnaround efficiently. Planned turnaround time (PTT) is the time 

between STA and STD of the same aircraft. Minimum turnaround time (MTT) is the 

minimum time required to finish the turnaround process. The difference between the PTT 

and MTT can be described as the slack between flights. When the slack is large it is possible 

to eliminate propagated delay. The slack increases when aircraft arrive earlier then the STA.  

The STA and STD for flights with WOW air are shown in Table 4.3. The planned time 

between STD and STA varies from 55 minutes to 2 hours and 25 minutes; a requirement is 

that the same aircraft is scheduled to fly both flights. Thus, if an aircraft is scheduled to fly 

FRA-KEF-EWR then it has 55 minutes for the turnaround process in KEF. 

Table 4-3: Scheduled time of departure from KEF and scheduled time for arrival to KEF 

for destination WOW air flew to. 

Destination  Code Flight number STD STA 

Amsterdam AMS 442 06:00 14:00 

Berlin SXF 720 06:00 14:20 

Frankfurt FRA 760 06:00 14:20 

Paris CDG 404 06:00 14:20 

London Gatwick LGW 810 06:20 13:55 

Brussels BRU 462 06:25 14:10 

Copenhagen CPH 902 06:30 14:10 

Dublin DUB 852 06:55 13:35 

New York EWR 103 15:15 04:45 

Detroit DTW 121 15:20 04:40 

London Gatwick LGW 814 15:25 23:20 

Toronto YYZ 213 15:30 04:45 

Baltimore  BWI 117 15:30 05:00 

Boston BOS 125 15:50 04:50 

Montreal YUL 251 16:00 04:35 

 

Calculations were made to estimate how long it took to perform the turnaround process for 

the minimum planned turnaround, which was 55 minutes. In Figure 4.13 a histogram of the 
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turnaround time of aircrafts coming from FRA, CDG, SXF to KEF and continuing to EWR 

is shown.  

 

Figure 4-13: Histogram of turnaround time in KEF, when aircrafts arrive from FRA, 

CDG, SXF and continue to EWR. 

In Table 4.4 a summary of the real turnaround time is shown. It is clear that the planned 

minimum turnaround time is never achieved; this causes propagated delays for the EWR 

flights. However, if the flights from FRA, CDG or SXF are ahead of schedule then there is 

more slack when performing the turnaround time and the total turnaround time will be 

greater than planned. 

Table 4-4: Summary of turnaround time in KEF, when aircrafts arrive from FRA, CDG, 

SXF and continue to EWR, in minutes. 

Min Median Mean Max 

64 80 85,22 152 

 

It can be seen that the minimum turnaround time achieved is 64 minutes, which is 9 minutes 

more than planned. The median is 80 minutes, which is 25 minutes more than planned.  

4.4.2 Flight time  

The flight time and turnaround time can vary between aircrafts, depending on the type of 

aircraft and how old they are. To compare the distribution of the flight time between different 

types of aircrafts, a Wilcoxon signed-rank test was performed. Flight times to FRA, EWR, 

BWI, YYZ, BOS, and YUL were tested. For the test the aircraft had to fly over 30 flights to 

the destination. Flight time was calculated as the difference between the BTD from KEF and 

BTA at KEF from the given destination. Included in the flight time is the turnaround time at 

the outbound station. The significant level chosen was 0,1, therefore there is a significant 

difference between aircrafts if the p value is lower than 0,1, which is shown in the Wilcoxon 

signed-rank tables below. In the summary tables of the flight times, the aircrafts marked in 

bold font are the ones that do not have a significant difference between them. N in the tables 

represents the number of flights flown by each aircraft.  



28 

Frankfurt 

The result of the Wilcoxon signed-rank test for flight times to FRA are shown in Table 4.5. 

There is a significant difference between TFWIN and TFSON and the rest of the aircrafts. 

A summary of the flight times is shown in Table 4.6. TFSON and TFWIN fly faster to FRA, 

although the difference between the median time is not actually that much; 7 minutes at the 

most. 

Table 4-5: Wilcoxon signed-rank test, for aircrafts flying to FRA. 

 TFMOM TFKID TFDAD TFSON TFWIN TFSIS TFNOW 

TFMOM 1 0,9592 0,5027 0,6041 0,1490 0,1645 0,8801 

TFKID  1 0,4690 0,0492 0,1454 0,2223 0,9300 

TFDAD   1 0,1790 0,0813 0,7638 0,6690 

TFSON    1 0,5000 0,0568 0,4398 

TFWIN     1 0,0122 0,2070 

TFSIS      1 0,4120 

TFNOW       1 

 

Table 4-6: Summary of flight time, KEF-FRA-KEF, in hours. 

Plane Min Median Mean Max N 

TFMOM 7,78 8,37 8,42 9,75 76 

TFKID 7,88 8,38 8,41 9,40 66 

TFDAD 7,90 8,42 8,44 9,47 49 

TFSON 7,80 8,33 8,40 10,65 57 

TFWIN 7,83 8,30 8,36 9,50 57 

TFSIS 8,02 8,40 8,53 12,50 69 

TFNOW 7,83 8,37 8,49 11,63 51 

All 7,78 8,38 8,46 12,50 311 
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Newark 

The results of the Wilcoxon signed-rank test for flight times to EWR are shown in Table 4.7. 

There is a significant difference between TFJOY and TFGMA and the rest of the aircraft. A 

summary of the flight times is shown in Table 4.8. TFJOY and TFGMA fly slower than the 

rest of the aircrafts and the greatest difference between the median time is 17 minutes, which 

can have a significant on punctuality if the flight plan is poorly executed.  

Table 4-7: Wilcoxon signed-rank test, for aircrafts flying to EWR. 

 TFJOY TFGMA TFWIN TFNOW TFCAT 

TFJOY 1 0,9386 0,0030 0,0013 0,0000 

TFGMA  1 0,0146 0,0063 0,0000 

TFWIN   1 0,4510 0,0042 

TFNOW    1 0,3743 

TFCAT     1 

 

Table 4-8: Summary of flight time, KEF-EWR-KEF, in hours. 

Aircraft Min Median Mean Max N 

TFJOY 12,63 13,43 13,42 13,98 223 

TFGMA 12,72 13,45 13,43 13,98 65 

TFWIN 12,67 13,28 13,28 13,98 43 

TFNOW 12,58 13,18 13,22 13,80 35 

TFCAT 12,08 13,14 13,15 13,97 88 

All 12,63 13,43 13,42 13,98 288 
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Baltimore 

The results of the Wilcoxon signed-rank test for flight times to BWI are shown in Table 4.9. 

There is a significant difference between TFWIN and the rest of the aircrafts. A summary of 

the flight times is shown in Table 4.10. TFWIN flies faster to BWI than the rest of the 

aircraft, which explains the significant difference; however, the difference between the 

median time is not that that much, about 7 minutes.  

Table 4-9: Wilcoxon signed-rank test, for aircrafts flying to BWI. 

 TFJOY TFPRO TFWIN TFNOW TFSKY 

TFJOY 1 0,4720 0,0012 0,0442 0,0394 

TFPRO  1 0,0132 0,1516 0,1701 

TFWIN   1 0,4416 0,2623 

TFNOW    1 0,8221 

TFSKY     1 

 

Table 4-10. Summary of flight time, KEF-BWI-KEF, in hours.  

Aircraft Min Median Mean Max N 

TFJOY 13,20 13,63 13,63 14,00 45 

TFPRO 13,03 13,62 13,59 13,92 48 

TFWIN 12,75 13,50 13,49 14,00 112 

TFNOW 12,62 13,54 13,51 14,00 74 

TFSKY 12,95 13,55 13,53 13,88 49 

All 12,62 13,58 13,56 14,00 216 
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Toronto 

The results of the Wilcoxon signed-rank test for flight times to YYZ are shown in Table 

4.11. There is a significant difference between TFJOY, TFGMA and TFSKY and the rest of 

the aircrafts. A summary of the flight times is shown in Table 4.12. TFJOY, TFGMA and 

TFSKY fly faster to YYZ than the rest of the aircrafts, which explains the significant 

differences; again, the differences between the median time is not that much. 

Table 4-11: Wilcoxon signed-rank test, for aircrafts flying to YYZ. 

 TFJOY TFDAD TFGMA TFWIN TFNOW TFSKY 

TFJOY 1 0,0213 0,6742 0,2483 0,0022 0,1929 

TFDAD  1 0,0317 0,3077 0,3445 0,5175 

TFGMA   1 0,3988 0,0042 0,2932 

TFWIN    1 0,0987 0,7144 

TFNOW     1 0,2096 

TFSKY      1 

 

Table 4-12. Summary of flight time, KEF-YYZ-KEF, in hours. 

Aircraft Min Median Mean Max N 

TFJOY 12,23 13,10 13,07 13,73 80 

TFDAD 12,83 13,18 13,20 13,75 49 

TFGMA 12,47 13,08 13,10 13,27 100 

TFWIN 12,60 13,15 13,15 13,95 44 

TFNOW 12,47 13,22 13,26 13,97 49 

TFSKY 12,28 13,15 13,16 13,98 31 

All 12,23 13,12 13,10 13,98 211 
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Boston 

The results of the Wilcoxon signed-rank test for flight times to BOS are shown in Table 4.13. 

There is a significant difference between TFSON, TFDAD and TFWIN and the rest of the 

aircrafts. A summary of the flight times is shown in Table 4.14. TFMOM flies fastest and 

TFKID slowest, which explains the significant differences between the aircrafts.  

Table 4-13: Wilcoxon signed-rank test, for aircrafts flying to BOS. 

 TFMOM TFKID TFDAD TFSON TFWIN 

TFMOM 1 0,0040 0,0204 0,0149 0,1580 

TFKID  1 0,3741 0,5163 0,0727 

TFDAD   1 0,7903 0,3247 

TFSON    1 0,2492 

TFWIN     1 

 

Table 4-14. Summary of flight time, KEF-BOS-KEF. 

Aircraft Min Median Mean Max N 

TFMOM 11,92 12,68 12,72 13,97 94 

TFKID 11,85 12,84 12,85 13,93 98 

TFDAD 11,80 12,80 12,81 14,00 132 

TFSON 11,85 12,82 12,83 13,92 114 

TFWIN 12,18 12,77 12,77 13,55 73 

All 11,80 12,80 12,81 14,00 319 
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Montreal 

The results of the Wilcoxon signed-rank test for flight times to YUL are shown in Table 

4.15. There is a significant difference between TFNEO and the rest of the aircrafts. A 

summary of the flight times is shown in Table 4.16. TFNEO flies faster than the rest of the 

aircraft which explains the significant difference between the aircraft.  

Table 4-15: Wilcoxon signed-rank test, for aircrafts flying to YUL. 

 TFNEO TFMOM TFKID TFDAD TFSON 

TFNEO 1 0,0903 0,0153 0,0149 0,0208 

TFMOM  1 0,6138 0,3450 0,5165 

TFKID   1 0,5970 0,7944 

TFDAD    1 0,8927 

TFSON     1 

 

Table 4-16. Summary of flight time, KEF-YUL-KEF. 

Aircraft Min Median Mean Max N 

TFNEO 11,12 11,82 11,93 13,55 89 

TFMOM 11,35 11,90 12,03 13,35 69 

TFKID 11,37 11,93 12,04 13,82 101 

TFDAD 11,37 11,97 12,07 13,63 66 

TFSON 11,17 12,00 12,06 13,70 102 

All 11,17 11,95 12,05 13,82 338 

 

It is difficult to determine what causes the differences between the flight times and 

turnaround times of aircrafts. One cause be that the turnaround was always faster or slower 

for particular aircraft. Some aircrafts had ETOPS certification which allows the pilot to 

shorten the flight plan and therefore reduce the flight time (more information about ETOPS 

in Appendix A). Then there is the case of TFNEO which has a new type of engine that allows 

the it to fly faster.  

After the flight time was calculated, comparisons of the planned flight time and the median 

flight time were done, as is shown in Table 4.17. This was done to visualize any slack present 

in the flight schedule. If the STD needs to be delayed for some reason, it can be done to the 

extent the slack allows. As can be seen in Table 4.17 the slack is not very high for the flights 

except for YUL; therefore, YUL is not as sensitive to delays in the network. The planned 

flight time for FRA and BWI is clearly not enough as the slack is -3 and -4,8 minutes, 

respectively. This means that the flights are not very likely to arrive back on time. As was 

calculated before, 85% and 75% of arrivals from FRA and BWI were delayed, respectively.  
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Table 4-17: Comparison of planned flight time and median flight time. 

Destination Code STD STA Planned time 

(hours) 

Median flight 

time (hours) 

Slack (min) 

Frankfurt FRA 06:00 14:20 8,33 8,38 -3,0 

Newark EWR 15:15 04:45 13,50 13,43 4,2 

Baltimore BWI 15:30 05:00 13,50 13,58 -4,8 

Toronto YYZ 15:30 04:45 13,25 13,12 7,8 

Boston BOS 15:50 04:50 13,00 12,80 12,0 

Montreal YUL  16:00 04:35 12,58 11,95 37,8  

4.4.3 Results of simulation for flight routes sequences 

When selecting a new destination for a flight network, it is necessary to verify whether the 

route fits into the already existing flight network. If it is not possible to complete a sequence 

within 24 hours, than it is likely that the new route will cause a propagated delay to the flight 

network. Simulations of the flight times and turnaround times were done to determine the 

probability of two routes flown by the same aircraft being completed within 24 hours. In 

Figure 4.14 the process is shown. For the simulation, flights from FRA were always used in 

combination with the destinations in North America that were analysed earlier.  

 

Figure 4-14: Combination of routes flown by the same aircraft. 

The flight times that were used for the simulation were the flight times of aircrafts that did 

not have significant differences between them. The turnaround times that were achieved 

between flights arriving from FRA, CDG, SXF and flights departing to EWR were used. 

Sample in R was used to generate random orders of both flight times and turnaround times: 

1000 combinations of random flight times and turnaround times were used. The results are 

shown in Table 4.18. For comparison a simulation was also done with tree different fixed 

turnaround times. They were: a minimum planned turnaround time, which was 55 minutes. 

A minimum turnaround time that was achieved compared to the minimum planned 

turnaround time, which was 64 minutes. The median value of the turnaround time that was 

achieved compared to the minimum planned turnaround time, which was 80 minutes.   
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Table 4-18: Result of the simulation, for two routes to be completed within 24 hours. 

Destination  Random 

Turnaround % 

Turnaround 

(55min) % 

Turnaround 

(64 min) % 

Turnaround 

(80 min) % 

FRA - EWR 14,6 83 70,2 45,7 

FRA - BWI 13,0 74,1 55,5 25,3 

FRA - YYZ 32,6 91,1 81,2 62,7 

FRA - BOS 51,4 95 91,5 85,2 

FRA - YUL 85,0 98,3 97,1 95,1 

 

When FRA is routed in a sequence with EWR, BWI, YYZ or BOS and both the flight time 

and the turnaround time are randomly selected the reliability for these sequences is very low. 

It is therefore not reasonable to schedule these routes together. Even when the turnaround 

time is fixed the reliability for EWR, BWI and YYZ is still quite low. The best sequence to 

be routed with FRA is YUL.  

After the simulations were done these routes were analysed further to see how delays might 

propagate when these routes were scheduled into a sequence. In Table 4.19 it is shown how 

many times the delay was corrected and how many times the delay propagated in KEF, when 

aircraft were scheduled as a sequence beginning with FRA and followed by a flight to EWR, 

BWI, YYZ, BOS or YUL. The table also shows how far the delay was corrected and how 

far the delay propagated in minutes. As expected, the delay propagated in KEF for flights to 

EWR, BWI or YYZ. This indicates that it is inadvisable to route these flights with the same 

aircraft. The median propagated delay is also quite high for these destinations. The further 

apart the STA and STD are between flights, the more slack is available to reduce the delay, 

as can be seen for BOS and especially for YUL.  

It is not very often that EWR, BWI and YYZ are routed in the same sequence as FRA; 

however, when delay propagates it can affect other flights further downstream in the network 

and may cause propagated delay for these routes as well.  
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Table 4-19: Propagated delay when flight routes are scheduled in a sequence with FRA. 

Destination Delay 

corrected in 

KEF 

Propagated 

delay in 

KEF 

On time Median time 

corrected 

(min) 

Median 

propagated 

delay (min) 

EWR 0 9 1 0 17 

BWI 2 9 2 5.5 14 

YYZ 3 12 4 4 17.5 

BOS 36 35 7 11 8  

YUL 77 16 3 18 12.5 

4.5 Summary 

In this chapter an analysis of delays in the flight network of WOW air was presented. Both 

single flight routes and sequences of flight routes were analysed in order to evaluate which 

routes were particularly likely to cause delay. In the next two chapters a discussion is 

presented, followed by the conclusion of this thesis along with possible directions for future 

work.  
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5 Discussion 

The main goal of this thesis was to increase understanding of propagated delay patterns and 

the ways in which delays may be prevented through better aircraft scheduling.  

The first finding was that delays are a problem for WOW air as for other airlines in the world. 

Whereas the average ratio of delayed flights within North America and Europe is about 15-

20% for 2017 across all airlines. For WOW air around 35-40% of all flights to and from 

North America and Europe were delayed. Where an airline operates a hub-and-spoke system, 

they are providing a service which allows passengers to connect between two destinations. 

To fulfil the service, it is important that passengers catch their connection flight the hub 

airport. Not less important is that the flights are on time. The flight schedule is very tight, 

with little room for mistakes, and there are high chances of propagated delay.  

In terms of the statistical analyses of the on-time performance of the selected routes, FRA, 

EWR, BWI, YYZ and BOS, the on-time performance of arrivals in KEF from FRA were 

significantly low, at about 25%, and on-time performance for departures to EWR were even 

worse, at about 12%.  

There are only 55 minutes scheduled between STA for FRA and STD for EWR at the hub 

airport. If FRA is delayed and there are connection passengers coming from FRA continuing 

to EWR on-time performance of the EWR flight may be affected. The EWR flight has to 

wait for the connection passengers, causing propagated delay. To prevent the delay from 

propagating it is possible to cancel the flight for the connection passengers and thereby allow 

the EWR flight to depart on time. The trade-off the airline needs to consider is between, 

being on time and fulfilling the needs of passengers getting a connection flight. The larger 

the gap between STA and STD in KEF, the less likely it is that connection passengers will 

cause propagated delay. The results indicate that the on-time performance for departure for 

BOS is over 50% as the STD is 15:50 for that flight.  

Turnaround time in KEF was calculated and the results indicated that the minimum 

turnaround time of 55 minutes was never achieved. The best time achieved was 64 minutes. 

This does not necessarily mean that the turnaround process is poorly executed; however, the 

turnaround process involves boarding passengers, meaning that if a flight has to wait for 

connection passengers the turnaround time will increase. When the simulation was done, the 

results indicated poor reliability when routing FRA in a sequence with EWR, BWI or YYZ, 

especially when the fixed turnaround time was increased. This should be taken into account 

when routing is scheduled. To highlight this, the results showed that propagated delays 

occurred almost every time these routes were scheduled into a sequence. By avoiding 

scheduling these routes as a sequence it is possible to prevent propagated delay.  

When selecting a new destination for a flight network, it is necessary to verify whether the 

route fits into the already existing flight network. It is therefore important to make similar 

calculations to those done in the simulation in this thesis. If it is not possible to complete a 

sequence within 24 hours, then it should be considered whether a specific route would work 

better as a point-to-point destination in the flight network or let the aircraft wait overnight. 

Significantly, FRA flights were usually late into KEF, causing propagated delays to the flight 

network. The whole flight network might be less vulnerable to disruption if FRA were taken 

out of the flight network. Late arrivals from FRA were over 80% and the median flight time 
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was 3 minutes longer than scheduled; included in that time is the turnaround in FRA. 

Therefore, the turnaround process in FRA might be the cause for some of the late arrivals 

into KEF. It would be interesting to investigate the turnaround process in FRA.  
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6 Conclusion 

Adding slack to airline flight schedule and in between flights, at the hub airport, is not a 

preferred option by airlines as it can affect the competitiveness of the airline. The slack 

increases the total travel time which is an important factor when passengers book itineraries. 

On-time performance is also an important factor for passenger and if their flight is not on 

schedule passengers are likely to choose another airline next time they travel. If airlines 

flight schedule is too tight, flight delays are more likely to occur, and the outcome will be 

unsatisfied costumer. Assuming that everything possible has been done to minimize flight 

delays, adding slack into the flight schedule and in between flights, at the hub airport, is 

critical to absorb delays and for airlines to maintain a good on-time performance and 

therefore satisfied customers.  

The slack in between flights in KEF is not very high, especially between flights from 

Frankfurt and departures in the afternoon to North America. It is shown that delayed arrivals 

from Frankfurt are positively and significantly correlated with connecting flights from KEF, 

which implies that the connecting hub is sensitive to connection passengers. 

On the routes that were analysed there was not much slack in the flight schedule: the slack 

for Montreal was the highest, it was 38 minutes. This implies that Montreal is less sensitive 

to delayed departure at KEF. However, for both Frankfurt and Baltimore the slack was 

negative; -3 and -4,2 minutes, respectively, meaning that these flights are very vulnerable to 

delays. The scheduled flight time to both of these destinations needs to be increased, as it is 

affecting the overall on-time performance of the airline. 

Different aircraft have different flight times. There are many possible reasons for this, and 

further analysis is required in order to draw conclusions. Some aircraft may have minor 

defects which need to be examined by a mechanic. Some aircraft simply fly slower or their 

turnaround process takes a longer time than that of other aircraft. Factors like these eat up 

the slack that is built into the network and in a tight flight schedule every minute is very 

valuable. Knowing this information, it might be clever to route the aircrafts that are known 

to fly faster than others to destinations that are more likely to be vulnerable to delays.  

There are serval directions for future work, one could be developing a stochastic 

optimization model, since the turnaround and flight times are both stochastic, that will 

optimize the routing of the aircraft. Where the objective would be to minimize delays in the 

flight network, thus creating a robust routing system. The work could be approached in a 

similar way as was done in the report by Lan et al. (2006), where they build a robust aircraft 

maintenance routing model. With better routing of aircrafts, delays across the whole network 

could be reduced and at the same time the number of passengers who miss their connecting 

flight could be reduced. 
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Appendix A 

ETOPS is an acronym for Extended operations. Airlines that operate aircraft with two 

engines can fly almost any route as long as the aircraft is within 60 minutes flying time to 

an airport in case of an emergency. When airlines get ETOPS certification this time can be 

extended to 120 minutes and for larger aircraft up to 180 minutes. With the ETOPS 

certification it is possible to shorten the flight plan, thereby reducing flight times. There are 

two approvals that an airline needs in order to obtain ETOPS: the first is the aircraft type 

approval, whereby the manufacturer needs to include extra reduces for key systems in the 

aircraft. Secondly, the airline needs their own approval based on the routes they plan to fly, 

and the airline must develop a special maintenance program for each aircraft that is intended 

to obtain certification. The flight crew also needs special training in order to operate aircraft 

that have ETOPS certification (AeroSavy, 2015).  


