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Optimizing and Sequencing Icelandair’s Arrival Times 

Perla Ásmundsdóttir 

June 2019 

 

Abstract 

 

At hub airports, multiple flights from the same airline often arrive at the same time. These 

arriving flights must be separated from one another and sequenced. This is done by air 

traffic control relatively close to the airport. From the point of view of the airline, how 

flights are sequenced and when they will arrive is often somewhat unpredictable. The final 

sequence may be suboptimal, and restrictions imposed to separate flights may cause 

delays or otherwise unnecessary fuel expenditure. Another issue is that en-route flights 

are in many cases flying at suboptimal speeds due to the unpredictability of delays during 

departure. Their planned speed may be too fast, causing needless fuel burn, or too slow, 

causing issues with passenger connections and aircraft schedules upon arrival. 

Furthermore, the estimated arrival times of inbound flights are often somewhat inaccurate, 

making the planning of ground operations on arrival more difficult. Inaccurately estimated 

arrival times may also complicate the job of air traffic control.  

 

This study sought to alleviate these problems by developing a process of a Fleet Arrival 

Management System, a system that optimizes speeds of airborne flights and sequences 

their arrival times. Application of the developed procedures promotes the eventual 

separation of flights upon arrival, resulting in improved sequencing and flight profiles. 

Speeds are optimized to improve fuel economy or to prevent passengers from missing 

connections or upsetting aircraft schedules. Icelandair is an ideal choice for implementing 

a Fleet Arrival Management System due to the nature of its route network and hub at 

Keflavík International Airport. In this thesis, the main components of a Fleet Arrival 

Management System were proposed and developed, and potential cost savings to 

Icelandair’s operations were identified and quantified. Trials were conducted in co-

operation with Icelandair to prove the concept of this thesis. Although limited in number, 

they were successful in demonstrating the potential of fully implementing the system. The 

results showed that arrival times may be estimated with higher accuracy benefiting all 

parties involved with the servicing of inbound flights. If successfully implemented, the 

system could provide considerable cost savings for Icelandair. While the system was 

developed specifically for Icelandair operations, the concept nevertheless applies to other 

airlines, especially those that operate in similar operational environments.  

 

This research project was supported in part by a grant from Icelandair.  

 

Keywords: Fleet arrival sequence, Fuel efficiency, Optimization, Cost Index. 
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Fleet Arrival Management System 

Bestun og uppröðun á komutímum Icelandair 

Perla Ásmundsdóttir 

júní 2019 

 

Útdráttur 

 

Á tengiflugvöllum er algengt að mörg flug frá sama flugfélagi komi inn til lendingar á 

sama tíma. Það er nauðsynlegt að aðskilja þessi flug og raða þeim í röð fyrir lendingu. 

Þetta er gert af flugumferðarstjórn þegar flugin eru komin tiltölulega nálægt flugvellinum. 

Frá sjónarmiði flugfélags er röðun fluganna og nákvæmir komutímar oft ófyrirsjáanlegir. 

Endanleg röð fluganna getur verið óhagkvæm og aðgerðir flugumferðarstjóra til að 

aðskilja flugin geta valdið töfum eða aukinni eldsneytiseyðslu. Annað vandamál er að í 

sumum tilfellum er flogið á óhagkvæmum hraða vegna ófyrirsjáanlegra tafa við brottför. 

Fyrirhugaður flughraði samkvæmt flugáætlun getur verið of hraður sem veldur óþarfa 

eldsneytiseyðslu. Á hinn bóginn getur hann verið of hægur og valdið erfiðleikum þegar á 

áfangastað er komið, hvað varðar tengifarþega og flugáætlun. Enn fremur eru áætlaðir 

komutímar fluga oft ónákvæmir sem veldur erfiðleikum hvað varðar skipulagningu 

þjónustuaðila á jörðu. Ónákvæmt áætlaðir komutímar geta einnig valdið erfiðleikum fyrir 

flugumferðarstjórn.   

Í þessari rannsókn var leitast við að draga úr ofangreindum erfiðleikum með því að hanna 

ferla fyrir “Fleet Arrival Management System”. Kerfi sem bestar hraða fluga á lofti og 

raðar komutímum þeirra. Beiting ferlana styðja við aðskilnað fluganna við komu þeirra til 

Keflavíkur, sem skilar sér í hagkvæmari röðun og flugferlum. Flughraðar eru bestaðir með 

það að markmiði að draga úr eldsneytiseyðslu eða til að koma í veg fyrir að farþegar missi 

af tengiflugum og að seinkun flugvéla raski flugáætlun. Leiðarkerfi Icelandair og 

tengiflugvöllurinn í Keflavík henta einkar vel til að innleiða “The Fleet Arrival 

Management System”. Í þessari rannsókn voru helstu eiginleikar “Fleet Arrival 

Management System” skilgreindir og þróaðir, enn fremur var hugsanlegur sparnaður fyrir 

starfsemi Icelandair settur fram. Tilraunir voru gerðar í samvinnu við Icelandair til að 

sanna hugmyndina á bak við verkefnið. Þó þær hafi verið fáar þá sýndu þær fram á kosti 

þess að innleiða slíkt kerfi. Niðurstöðurnar sýndu jafnframt fram á að komutímar gætu 

verið áætlaðir með meiri nákvæmni, sem myndi gagnast öllum hagsmunaaðilum. Ef kerfið 

yrði innleitt gæti það skilað sér í töluverðum sparnaði fyrir Icelandair. Þrátt fyrir að kerfið 

sé hannað með tilliti til Icelandair, þá er engu að síður hægt að innleiða kerfið fyrir önnur 

flugfélög, sérstaklega þau sem eru með líka starfsemi og Icelandair. 

Verkefnið var styrkt að hluta með sérstöku fjárframlagi frá Icelandair.  

 

Lykilorð: Röð komuvéla, Eldsneytiseyðsla, Bestun, Kostnaðarstuðull. 
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Chapter 1 

1Introduction 

The accuracy with which scheduled commercial flights arrive at airports is important for 

everyone involved, not the least the passengers. In order to efficiently control their resources, 

airports, air traffic control units and various ground services must know in advance at which 

time these flights will arrive and in what sequence the aircraft will be landing. Furthermore, 

the accuracy of arrival times is of key importance when several flights from the same airline 

arrive within a short time-frame, especially at a hub airport. Accurate arrival times improve 

predictability and consequently the operational efficiency and, in particular, the transfer of 

passengers to onward flights. The hub operations of Icelandair through Keflavik Airport are of 

special importance in this respect. Due to the diurnal air traffic cycles on the North Atlantic, 

flights from the numerous airports served by Icelandair in North America arrive at Keflavík 

early in the morning. Flights with destinations in Europe depart about one to two hours later, 

allowing passengers to make transfers within a relatively short time interval. However, the 

success of the relatively massive transfer of passengers in a short time period improves with 

the precision with which flights arrive at the hub where the transfers take place. Disruptions of 

the arrival pattern can negatively affect passenger connectivity and hence, passenger 

satisfaction and often causes a significant cost to the airline. These disruptions can potentially 

create snowball effect delays. Disruptions also have a direct impact on operational cost when 

airlines recover from delays by flying at higher than economical speeds causing higher fuel 

burn, waiting for late arrivals, with potential delays of departing flights, or missed connections 

requiring costly and time-consuming re-routing of passengers. 

 

Sequencing and altering the arrival times of flights that are airborne and en-route to their 

destination, by the airline, is not practiced to the extent proposed in this thesis, according to 

experts in the aviation industry [1]. Altering arrival times and sequencing of flights is 

performed by air traffic control (ATC) on a first come, first served basis. When multiple flights 

converge at an airport at the same time, they must be separated and sequenced for landing with 

a minimum interval. This is usually done during the descent and approach phases, which gives 

the airport and airlines limited time to prepare for their arrival. Adjusting arrival times, 

sequencing the flights at an earlier point in time, and allowing the airline and airport to 

influence the process is likely to result in positive effects for everyone involved. 

 

At many airports, multiple flights belonging to different airlines arrive at a similar time, 
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especially during busy traffic periods. This makes a fleet arrival system difficult to implement 

since it can only assert influence over the flights belonging to a single airline. The other arrivals 

would disrupt the sequence and reduce the efficacy of the system. Icelandair's flights are 

essentially free of disruptions from other airlines when arriving in Keflavik. Icelandair also 

has a good relationship with the airport and ATC, an important prerequisite to implement a 

system like this. These factors make Icelandair operations at Keflavík airport ideal for 

researching the potential of fleet arrival control, which is the subject of this thesis. 

 

This study was carried out in collaboration with Icelandair which carried out simple fleet 

arrival control trials in 2016 with Mario Chaves, at that time a consultant which developed this 

concept. These trials were successful, and Icelandair is interested in moving forward with the 

project. 

1.1 Research Objective 

The objective of this master’s thesis is to investigate the feasibility of developing an 

operational system for controlling more precisely the arrivals of Icelandair aircraft that are 

already in flight and inbound for Keflavik Airport. This system will be based on tracking of 

flights that are already airborne from their various departure airports in North America or 

Europe. The information available prior to take-offs, such as estimated time of departure and 

potential delays, will also be monitored to predict any pending variations of the schedule. 

Control advisories will be issued by the Fleet Arrival Management System to en-route aircraft 

to influence arrival times and ensure a properly sequenced arrival at the hub. This will be 

designed based on optimization principles to facilitate the transfer of passengers and aircraft 

between flights at the hub with the intent of making the operation as efficient as possible. The 

main goals of the system would be to improve predictability, flight profile improvement, and 

arrival sequence optimization.  

 

This research attempts to accomplish the following goals: 

 

• Develop a process of a system that optimizes the arrival sequence of inbound flights. 

• Identify the accuracy of estimated times of arrival for inbound flights. 

• Construct an excel tool that uses optimization principles to alter the arrival times and 

sequences the flights. 

• Perform trials on actual Icelandair flights inbound to Keflavik, using the optimization 

tool. 

• Identify potential benefits and cost savings of Icelandair’s operations, if a system that 

optimizes the arrival sequence of inbound flights were to be implemented. 
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Chapter 2 

2Background 

The aviation industry has grown steadily since the advent of flight and is still in rapid growth. 

According to present trends, the International Air Transport Association (IATA) predicts that 

the number of passengers could double from 4.1 billion in 2017 to 8.2 billion in 2037. This 

growth represents the increasing demand for air travel and the value of the industry [2]. As the 

number of passengers increases, the number of flight movements increases as well. In Figure 

2.1, the yearly increase in international flight movements at Keflavik airport is displayed from 

2009 to 2018 [3]. The average number of flights airborne at any given time can vary from 

8,000 to 20,000, depending on time and date [4]. The whole production process of the industry 

is infinitely complicated, and it is well beyond the scope of this thesis to explain but a small 

part of it. The following subchapters will explore some background information the author 

believed necessary to understand the Fleet Arrival Management System. 

 

 

Figure 2.1: Number of international flight movements at Keflavik airport. 
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2.1 Flight Operations 

A commercial transport flight starts with the generation of the flight plan. Among other 

information, it will contain the route, fuel required, altitudes and airspeeds to be flown in 

various phases of flight [5]. Today it is generally computer generated by the "dispatch" 

department of the airline or possibly a service company authorized to provide flight planning 

services. Once the flight plan has been completed, it will be made available to the flight crew 

who review and request changes if necessary. The pilots will enter information from the flight 

plan into the aircraft's flight management computer (FMC) as part of the preflight process. A 

snapshot of a control display unit; the input device of the FMC is shown in Figure 2.2. 

Meanwhile, the aircraft will be serviced and loaded with fuel, passengers, and cargo. The time 

required for the preflight process and servicing varies, and any unforeseen problems can cause 

significant delays. Once the flight is ready for departure, the flight crew will request permission 

from the airports Air Traffic Control (ATC) to push-back from the gate and start the engines. 

The time of aircraft push-back is known as "Off-Block Time." Generally, airlines will make 

an effort to ensure the off-block time is as close to the Scheduled Time of Departure (STD) as 

possible. 

 

Figure 2.2: A picture of a control display unit, the input device of the flight 

management computer, from one of Icelandair’s Boeing 757 aircraft. 
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Once the engines are running and the push-back equipment is removed, the pilots will request 

ATC permission to taxi (drive) to the runway. In Figure 2.3, the KEF airport layout is displayed 

for reference. The duration it takes the aircraft to reach the runway is known as "Taxi-Time" 

and can vary significantly depending on the distance to the runway and traffic conditions at 

the airport. Anywhere from 5 to 30 minutes is common, but in adverse conditions, at large 

airports, it may even take hours. The often unpredictable and uncontrollable nature of taxi 

times has a great effect on the actual arrival time of the flight at its destination. 

 

Figure 2.3: A simplified image of the KEF airport layout. The taxiways are 

highlighted with green, and the runways are highlighted with red. 

The flight will eventually receive permission to take-off and start its climb. At low altitudes, 

such as during departures and arrivals, flights will use the local air pressure to measure altitude. 

At high altitudes, airliners use a fixed reference air pressure to measure altitude, 1013hPa [6]. 

Altitudes measured by altimeters, using this reference setting, are known as flight levels (FL). 

Flight levels are expressed by using "FL," followed by three numbers representing hundreds 

of feet. For example, FL090 would represent 9,000 feet, and FL370 would represent 37,000 

feet. Once the flight has reached its optimal altitude, it will level off. Generally, for modern jet 

aircraft, this will happen in the range of FL300 to FL400. At this altitude the air is thin, and its 

resistance is much lower than at sea-level. In simple terms this means that the aircraft is more 

fuel efficient and can fly faster than at lower flight levels. The altitude selected will mostly 

depend on aircraft weight and winds, the lighter the aircraft, the higher the optimum altitude. 
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The pre-programmed FMC supports the pilots in determining the best altitude. 

The point the aircraft reaches its initial cruising altitude is known as Top-Of-Climb (TOC). At 

this point, the most significant factors that can cause an unforeseen delay in the arrival time 

have passed. These are the preflight process1, the taxi-time, and climb. From this point onward, 

the flight is unlikely to encounter significant delays and especially so if the traffic at the 

destination is insignificant and weather conditions are favorable.  Modern flight plans are quite 

reliable, and therefore, the estimated time of arrival (ETA) established at TOC is usually fairly 

accurate. 

The point at which a flight starts its initial descent, i.e., lowering its altitude in order to prepare 

for landing, is known as Top-Of-Descent (TOD). Ideally, aircraft will reduce thrust to idle and 

essentially glide into the airport in a low-drag configuration. Descending in this manner allows 

the aircraft to use its potential and kinetic energy to fly the last portion of its flight without 

using significant fuel in the process. The engines are more efficient at altitude, and anything 

that causes the further use of thrust during the descent is generally considered inefficient and 

is consequently kept to a minimum. The speed selected for descent is also important; the faster 

the aircraft flies the more fuel it will use. Flying an optimal profile during decent is therefore 

important as it reduces fuel burn and costs. The FMC calculates an ideal profile and supports 

the pilots in this effort. 

Once the aircraft has landed, it must taxi from the runway to its assigned gate. The duration 

of the taxi-in varies between airports and depends on traffic but is generally more 

predictable than taxi-out. At the gate, the aircraft will shut down its engines and unload the 

passengers and cargo. The time the aircraft arrives at the gate is known as "On-Block Time." 

The entire flight process described above is now repeated as aircraft are often scheduled to 

depart for another flight with a short delay. The process of unloading, servicing, and 

reloading the aircraft for a new flight is known as a "turnaround." 

2.1.1 Weather 

Aviation is greatly affected by the weather. Wind, temperature, humidity, precipitation, and 

pressure extremes affect all airline operations and may cause significant disruptions and 

impose high costs [7]. The accuracy of weather information is vital as the safety and efficiency 

of flight operations depend on it. 

 

Airport ground operations are sometimes not only made difficult but may be impossible due 

to extreme weather conditions. Wind and precipitation make the work of ground staff arduous 

and slows down operations. Furthermore, for safety reasons, weather phenomena such as 

thunderstorms may require all ground operations to stop while the storm passes. This is 

common at airports located in thunderstorm-prone regions and is the cause of many significant 

                                                      
1 The preflight process in this context includes all steps necessary to prepare the aircraft for departure, such as 

passenger embarkation, loading of baggage and cargo, fueling and aircraft servicing.  
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delays. In areas where high winds are common, such as at KEF, the airport that is the focus of 

this thesis, they may cause ground service providers to be unable to service aircraft. For 

example, at KEF, the airport facilities do not permit the use of jet-bridges or jet-stairs when 

wind speeds reach 50 knots (26 m/s) [8]. This prevents passengers from embarking or 

disembarking aircraft that have landed. Given accurate weather forecasts airlines may 

preemptively plan for this by delaying or canceling flights in a timely manner. 

 

Flight operations are also dependent on weather conditions. Wind speed and direction are the 

major factors that determine which runways to use for take-off and landing. Aircraft generally 

land into the wind and have limited capability to land in crosswind or tailwind [9]. During 

winter operations, ice or snow often accumulates on aircraft surfaces, increasing weight and 

drag and impeding the proper operation of airfoils by altering their shape. For departing flights, 

this accumulation must be removed or prevented by de-icing procedures. Such procedures 

generally involve two steps; first, any snow or ice contamination is removed by spraying 

aircraft with de-icing fluid. Once this is complete aircraft may be treated with a layer of anti-

icing fluid that prevents further snow or ice accumulation for some time [10], [11]. The time 

it takes to de-ice flights varies and may cause delays. Furthermore, in freezing conditions, the 

surface of taxiways and runways may be degraded to the point of flights being unable to make 

use of them. The performance of airport snow-removal equipment is therefore critical to 

prevent delays and ensure safe and efficient operations. For arriving flights, runway surface 

conditions are a special concern since fights may be unable to land. This could force flights to 

burn fuel by flying in holding patterns waiting for surfaces to be cleared. If surfaces are not 

cleared in time flights are compelled to divert to alternate airports. Another concern is visibility 

during landing, while modern airliners are capable of landing in extremely poor visibility, such 

conditions increase separation requirements, therefore reducing the traffic capacity of airports 

and may cause traffic to get backed-up. This may lead to delays and diversions. Accurate 

weather forecasts increase safety and help pilots determine the need for extra fuel to account 

for any potential delays and prevent diversions. 

 

During the cruise portion of the flight, en-route winds may have a significant effect on flight 

time and fuel burn. The accuracy of weather forecasts is critical to ensure flights have the 

correct amount of fuel onboard and to help pilots select the most favorable altitudes regarding 

head- or tailwind. The presence of turbulence is often caused by wind shear, i.e., the difference 

in wind speed or direction over short distances [9]. The ability to predict such conditions helps 

flight crews avoid turbulence, increasing passenger safety and comfort. Modern jet aircraft are 

designed in such a way that they usually fly at altitudes where they can avoid most adverse 

weather conditions. However, thunderstorms may sometimes reach cruising altitudes, 

especially at latitudes near the equator. Since flying through such storms must be avoided for 

safety reasons, flights may be required to deviate from their preferred routes around the storms, 

using up limited fuel and increasing flight times. 

 

The effects of weather listed above are only a part of its influence on flight operations. Suffice 

it to say that the accuracy of weather forecasts is valuable to airlines, and having the 

information updated and distributed as frequently as possible is critical to safe and efficient 

operations. 
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2.1.2 Air Traffic Control 

The role of Air Traffic Control (ATC) is to prevent collisions and organize the flow of air 

traffic. Furthermore, ATC provides flight crews with support and information to ensure safe 

and efficient operations. ATC provides flights with separation, ensuring that a minimum 

amount of space exists between all flights. This may reduce the efficiency of individual flights 

since optimal routes or altitudes may be unavailable due to these separation standards. ATC 

generally serves aircraft on a first come first served basis, and individual aircraft are not given 

priority unless they have an emergency. 

 

In flight, aircraft are generally separated vertically, laterally and longitudinally in accordance 

with complex rules and procedures. Vertical separation minima are usually 1000 feet, that 

means flights are considered separated if they maintain an altitude difference of at least 1000 

feet. If flights are at the same altitude, they may be separated laterally, by establishing different 

positions in reference to geographic locations. Furthermore, they may be separated 

longitudinally by establishing a minimum distance between one another and ensuring flights 

on the same track maintain speeds that do not compromise this minimum distance. Today, in 

most congested airspaces, flights are separated by use of surveillance systems; usually, radar, 

and the minimum distance between aircraft varies depending on factors such as ATC 

equipment and phase of flight. 

 

Another important factor in ATC separation is to ensure that flights avoid wake vortex 

turbulence encounters. All aircraft in flight generate wake vortices, as seen in Figure 2.4,  from 

the point when they take off until they land. This type of turbulence can potentially be 

hazardous for the trailing aircraft. The factors that control the strength of the vortex are the 

shape of the wing, speed and weight of the aircraft, generally larger aircraft generate stronger 

vortices. Normally the vortices last for one to three minutes, but it depends on the size of the 

aircraft, altitude, and air density [12]. A wake vortex encounter at low altitude, during takeoff 

or landing, presents a significant threat to safe flight as it may cause a temporary loss of control 

and impact with terrain. To mitigate this threat, more restrictive separation is used during 

takeoff and landing. These separation rules differ depending on aircraft weight category. 

 

 

Figure 2.4: Wake Vortex Turbulence. 
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Additionally, for safety reasons, only one flight may occupy a runway when departing or 

arriving and therefore efficient usage of the runways is critical at airports with a high volume 

of traffic. When determining the preferred sequence of flight arrivals at a given airport, the 

runway occupancy time (ROT) needs to be considered. ROT is the time an aircraft occupies 

the runway. For an arrival, the ROT is calculated from the time the aircraft crosses the runway 

end until it leaves the runway taxiing to the assigned parking spot. For a departure, the ROT is 

calculated from the time the aircraft enters the runway until it is airborne. The ROT needs to 

be calculated for each runway as it can vary depending on the airport and taxiway layout. If a 

runway has a highspeed exit, then ROT is significantly reduced. A high-speed exit enables the 

pilots to rapidly taxi from the runway to the taxiway. If the runway does not have a high-speed 

exit, then the aircraft needs to almost come to a stop before making the tight turn to exit the 

runway. A simplified image of the runways in Keflavik is shown in Figure 2.5, where two of 

four runways have a highspeed exit. The average Arrival Runway Occupancy Time (AROT) 

for KEF airport is currently 78 seconds with a standard deviation about the mean of 18 seconds 

[13].  

 

 

 

Figure 2.5: A simplified image of the KEF airport layout. The red circles show 

traditional exits and the green circles show high-speed exits. 
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All these ATC separation rules may impose delays or inefficiencies on flights. During climb 

after departure, a flight may be forced to take a different path than the most direct one or to 

intermittently level off during climb. At cruising altitude flights are often forced to route via 

airways that do not reflect the most optimal path to the destination. Furthermore, they may 

sometimes be vectored or directed off route or be restricted to a suboptimal altitude. Finally 

arriving flights may be subject to extended delays, vectoring or holding due to backed up 

traffic. These arrival delays are usually the most significant compared to those encountered in 

other phases of flight. On the other hand, they are usually only experienced at the busiest 

airports or when adverse weather conditions prevail. 

 

It is apparent that the efficiency of ATC is critical to the industry. As traffic volume increases, 

the demands placed upon ATC will also increase. The industry must ensure that ATC 

technology and standards keep up with the forecasted growth to safeguard continued safe and 

efficient operations. 

2.2 Icelandair Operations 

Keflavik airport (KEF) is a hub airport which is a part of a “hub and spoke” system. The hub 

is a transfer point where passengers arriving from one city may transfer to a different flight 

and continue to their destination. This system, as opposed to “point-to-point” systems, has the 

advantage of offering passengers a far greater amount of possible destinations at the cost of 

having to transfer at the hub airport. Icelandair operates flights from several spoke cities in 

both Europe (EUR) and North America (NA) via the hub at Keflavik, as shown in Figure 2.6. 

More than half of Icelandair customers are connecting passengers, and the rest are traveling 

either to or from Iceland. Icelandair offers connecting passengers to extend their stay in Iceland 

when transferring as part of their stopover program. 

 

 

Figure 2.6: Icelandair’s Route Network 
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In recent years Icelandair has been rapidly expanding the aircraft fleet and route network. In 

2008 they operated 10 Boeing 757-200 and a single Boeing 757-300, today they operate 24 

Boeing 757-200, two Boeing 757-300, four Boeing 767-300 and three Boeing 737-MAX. They 

plan to implement another six Boeing 737-MAX in the summer of 2019 [14]. The number of 

passengers has expanded from 1.3 million in 2009 to 4.4 million in 2018 [15]. The company 

is faced with the challenge of airport facilities in KEF not keeping up with the growth of the 

airline and must structure the route network in a way to cope with this problem. 

 

Today Icelandair operates from KEF through one “bank,” shown as “Bank 1” in Figure 2.7. 

The peak hours are in the morning when flights arrive from NA and continue to EUR and then 

again in the afternoon when they arrive from EUR and continue to NA; finally, the NA flights 

arrive back in KEF the next morning, and the process is repeated. At peak hours KEF is packed 

with passengers transferring between flights and the airport is unable to accommodate more 

flights at these times. Icelandair is, therefore, implementing a new bank, shown as “Bank 2” 

in Figure 2.7. This additional bank will spread the load at the airport and offer new connections 

for passengers between the two banks, as shown in Figure 2.7.  

 

 

Figure 2.7: Icelandair's banks at Keflavik airport. 

2.2.1 Arrival Management Today 

The current concepts of Icelandair’s arrivals management are shown as an open-loop control 

system in Figure 2.8. The dispatch department uses the flight schedule to produce a flight plan 

a few hours before departure. It dictates the route to be flown, flight altitudes and speeds, 

among other information. The flight plan contains an estimate of the overall flight time to the 

destination, and once the flight is airborne, the arrival time can be estimated with some 

accuracy. Within Icelandair, there is currently no formal procedure of determining whether or 

how the speeds or the sequence of the arriving flights should be altered. However, in some 

cases, the dispatch duty manager may on his own accord contact an inbound flight and request 

the speed to be increased to ensure connecting passengers make their connections at the 

Keflavik Hub. 
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As flights approach KEF airport, ATC will actively sequence them without any input from the 

airline. As a result, ATC’s preferred sequence could contradict that of Icelandair’s. ATC 

sequencing is generally based on a first come first served principle, and when two flights are 

arriving at the same time, they will arbitrarily choose one to slow down and one to speed up. 

This is necessary to ensure enough spacing between the two aircraft and is a significant part of 

the air traffic controller’s workload. The implementation of a system that reduces the need for 

the controller to separate inbound flights actively might be of considerable benefit to ATC due 

to the decreased workload, as well as the airline. 

 

Figure 2.8: Open loop control system of Icelandair’s current process. 

2.2.2 Cost Index 

The Cost Index (CI) is a variable used by airlines to optimize the speed at which a flight is 

operated. In simple terms, it is the ratio of time cost to fuel cost, as shown in Equation 2.1. A 

high CI means the cost of fuel is low compared to the higher cost of increased flight time. 

Therefore, a high CI will direct the flight to operate at high speeds to shorten the flight time at 

the cost of increased fuel consumption. In the same manner, a low CI means the cost of fuel is 

high compared to the cost of additional flight time. Therefore, a low CI will direct the flight to 

operate at a low speed and conserve fuel [16]. In practice, Icelandair flights are generally 

operated at a low CI to conserve fuel since, if the flight is on schedule, there is relatively little 

benefit of operating at high speeds and arriving early. In that case, the time cost is relatively 

low, and therefore, the CI is low. If a flight is expected to be behind schedule, it may be planned 

at a high CI since the cost of passengers missing connections or the aircraft arriving late for 

another flight is high. In that case, the time cost is relatively high, and therefore, the CI is high. 

 

𝐶𝑜𝑠𝑡 𝐼𝑛𝑑𝑒𝑥 =  
𝑇𝑖𝑚𝑒 𝑐𝑜𝑠𝑡 [$/ℎ𝑜𝑢𝑟]

𝐹𝑢𝑒𝑙 𝑐𝑜𝑠𝑡 [𝑐𝑒𝑛𝑡𝑠/𝑙𝑏]
 

(2.1) 

 

In this context, the cost of fuel is considered a stable factor since it does not fluctuate 

significantly from day to day. However, as evident in the above paragraph, the time cost will 

fluctuate and depends on many factors. Some of these factors are relatively stable, such as the 

cost of crew and labor, leasing of aircraft, maintenance, and general operational costs. Other 

factors are more variable, such as the chance of a late flight causing passengers to miss 

connections or the cost of the aircraft arriving late for its next sector. Additionally, if the 

weather is expected to worsen with time or if the destination airport has a night curfew, time 

may be unusually valuable. Many factors may increase the time cost and therefore, affect the 

CI.  
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While the CI correlates with speed, the relationship is complex, and the actual speed flown 

depends on many factors. In modern airliners, a Flight Management Computer uses the CI as 

one of its inputs. Other inputs are weight, wind, temperature, and altitude. The optimal speed 

to be flown will depend on all these factors. Furthermore, these factors are constantly changing 

throughout the flight, and therefore, the optimal speed will vary. In Boeing aircraft, this speed 

is known as economy or ECON speed. At low altitudes during climb and decent, it is an 

indicated airspeed displayed in knots, and at higher altitudes, it represented as a Mach number, 

a percentage of the local speed of sound. Sometimes ATC restrictions will require a flight to 

maintain a constant speed, and in these cases, flights must disregard the optimal, variable, 

economical speed, in favor of a fixed Mach number [17]. 

 

The effect of CI depends on the aircraft type. Icelandair operates Boeing 757, 767 and 737 

aircraft. In this context, the B757 and B767 behave similarly, but the B737 is a bit slower. It 

is not optimal to use CI 0 since these aircraft use a similar amount of fuel flying at those low 

speeds as they do flying a slightly higher CI while considerably increasing flight time. On the 

other end, increasing the CI will result in diminishing results in terms of flight time while 

linearly increasing fuel consumption. Therefore, the minimum CI used in Icelandair operations 

is just above 20, and the maximum is 200. The effect of changing the CI from zero to a higher 

CI is displayed in Figure 2.9. The graph was formed using data from an Icelandair flight plan 

of a flight arriving in KEF from NA on a B767 aircraft. 

 

 

Figure 2.9: Change in fuel burn and flight time by increasing the CI from zero to a 

specific CI value shown on the graph. 
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Chapter 3 

3System concept 

The concept of the Fleet Arrival Management (FAM) system is to establish a feedback control 

system. A feedback control system is a system that feeds its outputs back into the system as 

inputs and forms a closed loop. This allows the system to constantly make improvements to 

the process being controlled. Feed-back systems are a part of our daily life and can be found 

in almost everything we do. An example of a feedback system that is a part of our daily life is 

the steering of an automobile. The input into the system is the desired position on the road and 

the error detector is the driver’s brain based on instruments and visual cues. This activates the 

driver’s muscles, which control the steering wheel, which controls the steering mechanism in 

the car and controls the position of the car. The output of this system is the actual position on 

the road. The feedback part of this system is the driver’s vision, which corrects the position if 

it’s not the same as the desired position [18]. Control systems often have a disturbance signal 

affecting the system in some way. A disturbance signal in the car example above could be 

bumps in the road or bad weather which affect the output of the control system.  

 

The concept of the FAM system is explained by the feedback control system, in Figure 3.1. 

This system is the same as the system from Chapter 2.2.1, but with the added feedback loops, 

updated weather forecasts, information about the connecting passengers and operations (OPS) 

advisories. Once the aircraft has reached its cruising altitude, updated weather information is 

entered into the aircraft’s Flight Management Computer (FMC) to recalculate the flight profile 

and re-estimate arrival times for improved accuracy. Furthermore, the effect of any Air Traffic 

Control (ATC) constraints imposed on flights may be realized. At this point, the Estimated 

Time of Arrival (ETA) has become more reliable. The feedback loop takes the new ETA and 

sends it to the Operations Control Center (OCC)/dispatch. This information may be used to 

create OPS Advisories to alter the speed of inbound flights. Another new ETA will result, and 

the process may be repeated. 
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Figure 3.1: The Fleet Arrival Management System as a feedback control system. 

 

The implementation of a FAM system may result in cost savings and various positive effects 

on Icelandair’s operation, both direct and indirect. Some effects are easily recognized and 

quantified, while others are more difficult since there are so many variables that impact the 

operation. In this research, three effects are going to be quantified in terms of annual cost 

savings for Icelandair’s operations. These three effects are improved flight profiles, fewer 

missed passenger connections, and fuel savings by decreasing the speed of flights where early 

arrivals are not essential. Another important factor is the effect this system would have on 

ground services, although it is hard to determine the cost savings. These effects will be 

explained in Chapter 3.4.  

3.1 Improved Flight Profile 

The flight profile of each flight is important since it determines the fuel burnt during the flight. 

If a flight flies its optimal flight profile, it results in fuel savings. As flights approach KEF, 

ATC must ensure that spacing between them is sufficient. If separation standards are not met, 

ATC may create separation by slowing down or speeding up flights. Flights that are sped up 

must increase thrust and flights that are slowed down may need to employ drag or high-lift 

devices to facilitate their descent, both resulting in increased fuel consumption. In many cases, 

flights subject to these restrictions will level off during decent making a so-called “step,” 

instead of maintaining a more economical constant descent. Another common way for ATC to 

ensure separation is by directing flights to fly a route longer than the one planned, this can be 

done by vectoring or clearing the aircraft to fly an alternative arrival procedure. A flight being 

vectored away from the optimal track will burn more fuel, and the vectors may result in steps 

[19]. 

 

By implementing a FAM system, this separation can be ensured prior to arrival at KEF by 

speeding up or slowing down flights from the point where they reach cruising altitude. This 
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will potentially result in reduced negative interaction by ATC and fuel savings. In Chapter 

4.2.1, the methodology of how these cost savings will be estimated is explained. 

3.2 Fewer Missed Connections 

Icelandair operates flights from several spoke cities in both Europe and North America via the 

hub in KEF. Passengers traveling between these cities need to make connecting flights at the 

hub to get to their destination. To facilitate the 24-hour route network structure and reduce the 

total travel time of passengers the time-frame to make connections in KEF is relatively short, 

often less than two hours. There are many advantages to this, but a vulnerability exists in that 

a delayed arrival may result in lost connections or outbound flight delays.  

 

Icelandair must re-route passengers that miss their connections. The re-routing costs depend 

on many factors including the passenger fare category and whether the passenger can be re-

routed with Icelandair or another airline or if the passenger needs to stay for the day or night 

in Reykjavik [20]. In 2018, 1% percent of Icelandair connecting passengers lost their 

connection in KEF. Given the estimated average re-routing cost of Icelandair of 700 $, the 

total re-routing cost was approximately 9 million dollars. Therefore, improvement in this 

respect could be of significant value. 

 

If a FAM system were implemented, it would allow the dispatcher and OCC to prioritize and 

speed up flights based on the number and importance of connecting passengers. This would 

decrease the number of missed connections and reduce imposed re-routing costs. In Chapter 

4.2.2, the methodology of how these cost savings will be estimated is explained. 

3.3 Fuel savings by decreasing the Cost Index 

The Cost Index is a flight plan variable that is determined by dispatch for each flight. This 

number is entered into the FMC, and it outputs a speed that varies with changing flight 

conditions. Dispatch may select a high CI to ensure that flights arrive on time in KEF if it is 

deemed necessary, for example, if a flight is expected to be delayed or strong headwinds are 

anticipated.  

Once flights reach cruising altitude, the uncertainty of when they will arrive is greatly reduced, 

and ETAs have become more accurate. If the new ETAs are earlier than anticipated and flights 

are ahead of schedule the flight plan CI may be unnecessarily high, resulting in suboptimal 

fuel economy. 

By implementing a FAM system dispatch/OCC may reevaluate and alter the CI to either speed 

up or slow down the flights. Reducing the CI by a large amount may result in considerable fuel 

savings. In Chapter 4.2.3, the methodology of how these cost savings will be estimated is 

explained. 
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3.4 Effects on Ground Services 

The role of ground services is to facilitate the disembarking and embarking of passengers, 

service aircraft, and prepare them for another flight. Ground services are heavily dependent on 

manpower, therefore the success of this operation is to a great extent influenced by how well 

ground services can plan, organize, and allocate the resources for the arrival of flights. The 

complexity of this task may increase exponentially when many aircraft arrive at the same time, 

and limited resources may be strained in order for the services to be timely and effective. In 

this case, the efficient use of resources is critical. 

 

Implementing the FAM system should benefit ground services. Knowing arrival times and 

their sequence earlier in the process would allow them to better plan the use of their resources. 

This may result in greater efficiency and reduced cost. Furthermore, aircraft arriving in KEF 

may be scheduled for a quick turnaround, maintenance, or a long wait for another flight. It is 

therefore important to consider the schedule of the arriving aircraft when the sequence of 

flights is being determined. Aircraft making a quick turnaround could be assigned a higher 

priority, and others may be assigned a lower priority. This may have a significant impact on 

the whole operation since a delay of an aircraft that is destined for another flight with a short 

ground-time can cause a snowball effect and disrupt the next few banks. Speeding up such 

aircraft and preventing this may result in considerable cost savings.  

 

In this research interviews with Icelandair’s ground service provider in KEF revealed that 

estimating how much could be saved on their part by implementing the system would be 

difficult or impossible. Therefore, no estimation is provided in this thesis. However, the 

interviewees agreed that cost savings may be considerable. 

3.5 Effects on Operations Predictability 

The predictability of arrivals is important to the aviation industry and has improved 

substantially as new technology has become available. Increased predictability results in both 

improved productivity and cost efficiency. By implementing a FAM system, the predictability 

of ETA is expected to improve, but it may be difficult to estimate by how much. The primary 

reason for the improved predictability is due to the meticulous monitoring of ETAs inherent 

in the system.  

 

Another reason is the improved support of flight crews. If the pilots know that someone in 

dispatch is monitoring all the flights and at what speed they are, it may increase confidence 

and discipline in their procedures. Since crews understand that they are sequenced and 

expected to arrive at a pre-determined time, they are more likely to stick to the scheduled 

speeds, which will result in improved predictability.  

 

The third reason why the FAM system increases predictability is that sequencing is performed 

early by the company instead of by ATC. In that case, the sequence of flights will be known 

and, if successful, ATC will not have to change it or further alter arrival times. This benefits 
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the airline, ATC, and airport. 

 

Furthermore, Icelandair ground operations use ETAs provided by the airport systems. These 

ETAs are provided by Isavia, which in turn are in large part provided by systems under the 

control of Icelandair. However, due to deficient and underdeveloped processes, these ETAs 

displayed by the airport systems are often inaccurate. The predictability of the ETAs used by 

Isavia and the airport could, therefore, be improved by implementing a FAM system, since 

better monitoring of the ETAs and better-defined processes would be in place.  

 

There may be other ways the FAM system could increase predictability since it is difficult to 

identify everything the implementation will affect. It is also hard to estimate how much the 

predictability would increase, and it won’t be known until the system has been up and running 

for some time. 
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Chapter 4 

4Methodology and Analysis 

The objective of this thesis is to investigate the feasibility of developing a company operational 

system for controlling more precisely the arrivals of Icelandair flights en-route to Keflavik 

(KEF) hub. A flowchart of the systems process is displayed in Figure 4.1. The first step of the 

system is to receive and process a flight plan for each flight and monitor the Actual Time of 

Departure (ATD), then shortly after top of climb (TOC), the Aircraft Communications 

Addressing and Reporting System (ACARS) would send a message containing the Estimated 

Time of Arrival (ETA). The Fleet Arrival Management (FAM) system would then use this 

information to optimize ETAs and prioritize the sequence of all the inbound flights and make 

changes if necessary. The output of this process is a Required Time of Arrival (RTA) for each 

of the inbound flights. The Operations Control Center (OCC) needs to communicate the new 

RTAs of flights to Ground Operation Control (GOC) and Reykjavík Area Control Center 

(RACC) for feedback or required changes to the RTA’s. Next, the RTA would be sent to the 

flight crew. The ideal system would perform this process constantly in order to better estimate 

and optimize the arrival time. The last step is to define, measure, analyze, improve, and control 

the process. 

 

Figure 4.1: A flowchart of the Fleet Arrival Management System 
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4.1  The Fleet Arrival Management System in Detail 

The arrival system involves different parties such as Icelandair’s OCC, Dispatch, pilots, the 

ground service provider, and the Air Navigation Service Provider (ANSP) both en-route and 

at Keflavik Airport. To get a clear image of the arrival system and how it affects each of the 

parties, the process of the system was presented for all five parties, shown in Figure 4.2. The 

OCC, in this case, is the duty manager who makes all final decisions regarding the arrival 

sequence. Dispatch is responsible for producing flight plans for each flight, the real-time 

organization of the route network, communications with flights via ACARS, and optimization 

of Cost Index (CI). The pilots conduct the flights and communicate with Air Traffic Control 

(ATC) and dispatch. The ANSP encompasses both ATC in each airspace the flights pass 

through and relevant parties of Reykjavík ATC. The Ground is defined as Icelandair GOC 

which coordinates gates and resources to service the aircraft once it has landed.  

4.1.1 Tasks Performed in the Arrival Management Process 

The following section explains the process as depicted in Figure 4.2. 

 

The first task is one-hour prior to departure of the first flight of the bank. That’s when the 

preparation for the bank starts. At this point Dispatch sets up the RTA tool.2 Preliminary ETAs 

from flight plans are imported along with information regarding connecting passengers and 

aircraft schedules, that is when the aircraft’s next departure is. Later this information will be 

used to prioritize flights based on the number and priority of connecting passengers and the 

schedule of each aircraft. The second task is for OCC to set up a list of the anticipated arrival 

sequence.  

 

Once a flight has reached TOC, the pilots import a new weather forecast and ensure the Flight 

Management Computer (FMC) has all available information to give the most accurate ETA 

possible. When this is complete, they send Dispatch a message via ACARS with the now more 

reliable ETA. The pilot procedure will be explained in further detail in Chapter 4.1.2 and 4.1.3. 

Once dispatch has received the ETAs of relevant flights, they share the information with GOC. 

They may then influence the arrival sequence based on their coordination of gates and other 

resources. The next task is for the dispatcher to optimize arrival times by adjusting the CI of 

the flights using the RTA tool. Now OCC uses the list with the arrival sequence established 

earlier in the process, and it is updated with the optimized time of arrival. This task and how 

the tool was developed will be explained further and in more detail in Chapters 4.1.4 and 4.1.5. 

The list is now sent to RACC for feedback. Next, Dispatch sends the new CI and RTA to each 

flight along with the arrival sequence with ETAs of all the aircraft in the bank. This allows the 

pilots to better understand the plan and how the flights will be sequenced into KEF. The pilots 

coordinate with ATC as required, enter the new CI into the FMC and then confirm the new 

ETA with Dispatch. If the pilots are unable to fly the assigned CI, for example, due to ATC 

speed control or fuel constraints, they inform Dispatch which in turn adapts the arrival 

                                                      
2 The RTA Tool is an optimization tool developed to optimize and sequence the arrival times. This tool is 

explained in detail in Chapter 4.1.5. 
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sequence.  

 

The second phase of the process can start once some flights are airborne, and others are still 

on the ground by using the more accurate ETAs from flights en-route and the preliminary 

ETAs for the flights that are still on the ground. However, the system will only achieve full 

utilization once the final flight has reached TOC, and all ETAs have become reliable. 

Furthermore, the second section can be repeated as necessary to adjust the arrival sequence. 

 

The final phase starts about 30 minutes before the bulk of inbound flights enter the North 

Atlantic Oceanic Area (NAT). At that point, pilots must request an oceanic clearance from 

ATC to enter the area which always includes a route, fixed speed, and altitude. Beyond this 

point, it is difficult to make significant changes to arrival times, and as flights get closer to 

KEF, ATC will start separating flights in real time. At this point, OCC can make some final 

changes if necessary and then sends the final arrival sequence to RACC and GOC. After 

feedback, the dispatcher sends the updated RTA to the pilots, if it was changed, along with the 

final arrival sequence of all the flights. Finally, once all flights have landed a post bank analysis 

is performed. 
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Figure 4.2: The process of the Fleet Arrival Management System 
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4.1.2 Pilot Procedure and Accuracy of FMC ETA 

The system, as outlined above, relies on the accuracy of FMC calculated ETA. Given time and 

resources, a tool may be developed that could estimate ETAs with higher accuracy than the 

FMC and without requiring pilot input. This would simplify the whole process, and exploration 

of this option is suggested for any large-scale implementation of the system. However, the 

development of such a tool is beyond the scope of this thesis. Therefore, it is critical that pilot 

procedures ensure that the FMC ETA is as accurate as possible. 

 

Shortly after TOC, the pilots must have inserted the most accurate winds available along with 

expected flight levels, oceanic speeds, arrival procedures, and approaches into the FMC. The 

en-route wind information contained in the flight information pilots receive prior to departure 

may be several hours old by the time the flight reaches TOC. Calculations were performed to 

estimate how much impact it would have on the ETA accuracy if the wind information were 

updated at TOC. The results and how these calculations were performed is explained below. 

Once pilots have programmed the FMC, the calculated ETA of the flight is as accurate as the 

FMC can provide.  

 

A test was conducted during this thesis where pilots were asked to take snapshots of FMC 

ETAs throughout the flight. This test was conducted twice, first pilots of 12 flights were asked 

to take snapshots at TOC of the ETA at KEF, which were subsequently compared to the actual 

time of arrival (ATA) at KEF. In the second test pilots of another 12 flights were asked to take 

snapshots at TOC of the ETA over a fixed waypoint close to Keflavik, which were compared 

to the ATA at those fixed waypoints. This data was then used to determine how accurate the 

ETA from the FMC is. The ETAs were compared to the ATAs, and the average and standard 

deviations were calculated. This resulted in the average error of 12 seconds and the standard 

deviation of 2 minutes and 49 seconds.  

 

In hopes of getting a more accurate ETA from the FMC, another test was conducted during 

the two trials of this thesis. Flights that depart before 00:00 Universal Time Coordinated (UTC) 

are dispatched with winds that are outdated by the time the flights are airborne. Therefore, if 

an updated wind forecast is sent to the flights en-route, the accuracy of the ETA should 

theoretically improve. Wind updates were sent to 10 flights at TOC, and they were asked to 

take snapshots of the ETA at KEF before and after inserting the new winds. Not all pilots 

responded to this request, and data from only four flights were usable. The ETAs before and 

after the wind updates were compared to the ATAs, and the average and standard deviations 

were calculated. The average of the difference between the ETAs before the wind updates and 

the ATAs was 4 minutes and 45 seconds, and the standard deviation was 1 minute and 42 

seconds. The average of the difference between the ETAs after the wind updates and the ATAs 

was 2 minutes and 45 seconds, and the standard deviation was 1 minute and 30 seconds. While 

the data was very limited, the results seem to indicate that sending an updated weather forecast 

to en route aircraft may increase the accuracy of ETA. 

 

The accuracy of FMC ETA must be evaluated further to ensure that it can be used as a basis 

for separating and sequencing flights. If it is determined that the accuracy of FMC ETA is 
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insufficient, a more complex tool must be developed to estimate ETAs. Chapter 5 of this thesis 

describes trials that were performed to, among other things, evaluate whether FMC ETA is 

accurate enough to use for this purpose. 

4.1.3 ACARS Message Formats 

As part of the FAM system, standardized message formats for communication between 

Dispatch and flight crew were developed. They are explained below: 

 

After flights reach TOC and the FMC calculated ETA has become more accurate the pilots 

transmit the ETA to dispatch via ACARS in the following format: 

 

ETA KEF 0630 CURRENT CI 30    (If the flight is flying at FMC econ speed) 

ETA KEF 0630 CURRENT SPEED M.79   (If the flight is restricted to a fixed Mach number) 

 

This message shows that the ETA at KEF is 06:30 UTC and the current CI or fixed Mach 

number that is being used.  

 

After Dispatch has optimized the RTA’s and generated a new arrival sequence, they will send 

messages to the pilots in the following format: 

 

FIXXX – FOR KEF HUB SEQUENCING – PLEASE REDUCE CI (IF ABLE): XX – NEW RTA XXXX 

FIXXX – FOR KEF HUB SEQUENCING – PLEASE INCREASE CI (IF ABLE): XX – NEW RTA XXXX 

FIXXX – NO CHANGE NEEDED – MAINTAIN PLANNED CI (IF ABLE): XX – RTA XXXX 

FIXXX – ARRIVING AHEAD OF SCHEDULE – PLEASE REDUCE CI (IF ABLE): XX 

 

There are four different types of messages that Dispatch can send to the pilots. Dispatch may 

request the pilots reduce or increase the CI to sequence the flight, request the pilots maintain 

the planned CI if no changes are necessary or request the pilots to reduce the CI since the 

aircraft is ahead of schedule. The reason for including “if able” in the messages is due to 

limitations that might prevent the pilots from changing the CI, such as ATC commands, fuel 

quantity, significant weather, etc. The Required Time of Arrival (RTA) may be omitted if 

sequencing is not required.  

 

Once the pilots have coordinated with ATC, if required, they respond to dispatch with the 

following messages: 

 

WILCO3 MAINTAINING/REDUCING/INCREASING CI/SPEED TO XX 

UNABLE DUE TO ATC/FUEL/WEATHER/OTHER 

 

 

 

 

 

                                                      
3 WILCO: I understand your message and will comply with it. 
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The final RTA and arrival sequence sent to the pilots would be as follows: 

 

FIXXX – PLEASE REDUCE/INCREASE/MAINTAIN CI: XX 

 

SEQUENCE FOR KEFLAVIK: 

 

FIXXX – ETA: XXXX 

FIXXX – ETA: XXXX 

FIXXX – ETA: XXXX 

FIXXX – ETA: XXXX 

 

Sending the complete arrival solution to flights may increase flight crew situational awareness 

and confidence that the RTA for the flight is optimal.  

4.1.4 Optimization of Arrival Time by Altering the Cost Index 

To optimize the arrival time of flights, certain factors need to be considered. First, the type of 

aircraft must be taken into account, as the speed range of different types is not the same. The 

CI that a flight is using also matters since it determines how much the speed can be increased 

or decreased. If the CI in use is for example 200, then the aircraft can only decrease its speed. 

(Icelandair generally does not operate at higher cost indexes than 200). The fuel price and time 

cost also matter since they determine the cost or savings of changing the speed of the flight. 

The effect the CI has on the FMC economy speed, flight time, and fuel burn differ depending 

on aircraft type, weather, weights, and altitude. Due to the complex nature of the CI and its 

effects on a given flight, it is impossible to accurately measure the effects of changing it 

without access to a computer program developed for this purpose such as the FMC or a flight 

planning program. Developing such a program specifically intended for use within a FAM 

system may simplify the process and give more accurate results. Exploration of this option is 

suggested for large-scale implementation of the system. However, the development of such a 

tool is beyond the scope of this thesis. 

 

For the purposes of estimating the effect of changing the CI for a given flight, six flight plans 

were produced using the PPS flight planning software4 for each aircraft type being operated 

by Icelandair. This includes three plans at medium weight using three different wind 

components, significant headwind, significant tailwind, and still air, and three plans with still 

air at different weights, i.e., heavy, medium and light. For each scenario, the delta time and 

delta fuel5 were calculated by increasing CI in six intervals from 0 to 200 for B757/767 and 

from 0 to 140 for B737. A table was formed for each scenario and aircraft type and then the 

average of delta time and delta fuel were used to create three tables for each aircraft type, delta 

time table, delta fuel table, and delta cost table. The delta cost table was calculated using the 

information from both the delta time and delta fuel tables along with fuel price and time cost.  

 

Since the fuel price and time cost in Icelandair operations is confidential, the actual numbers 

                                                      
4 The PPS flight planning software is used by Icelandair dispatchers to develop flight plans. 
5 The uppercase letter Δ or delta is used to denote change of any changeable quantity. In this context delta time 

and fuel are referring to the change in time and fuel. 
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are not available for the purposes of this thesis. The fuel cost used is provided by the 

International Air Transport Association (IATA) and is 0.613$/kg [21]. The time cost used is 

an approximation provided by Icelandair and is 975$/hour [22]. By factoring this information 

with the cost index tables as described above, the cost savings or expenditure of changing the 

cost index can be assessed. For example, if the CI were to be increased from 30 to 100 on a 

B757 average flight, it would decrease the flight time by 7 minutes, which results in the saved 

time cost of 114$. The extra fuel burnt would be 326 kg, which results in extra fuel cost of 

200$. When subtracting the time cost from the cost of fuel, the result is a final cost of 86$ for 

increasing the CI from 30 to 100. The results from these calculations are shown in the tables 

in Appendix A.  

 

Figure 4.3, was developed to get a better understanding of the costs and ranges of the cost 

indexes for the aircraft types. The graph displays the delta cost and delta time from increasing 

the CI from the standard CI to the maximum CI used by Icelandair and decreasing the CI from 

the standard CI to CI 0. The negative minutes indicate that the flight time would be shortened 

by that amount if the CI would be increased. The positive minutes indicate that the flight time 

would be lengthened by that amount if the CI would be decreased. These figures are derived 

from the table in Appendix A. 

 

 

Figure 4.3: Costs and delta time from increasing and decreasing the Cost Index on 

the B757, B767, and B737. 

 

The tables in Appendix A approximate the results of changing the CI. However, to increase 

accuracy beyond just the six CI intervals displayed in the tables, an equation representing the 

change in flight time resulting from a change in the CI was produced. The average delta time 

from all six flight plans was plotted against the corresponding CI. This scatter plot revealed 

that the relationship between change in flight time and CI behaves as an exponential function. 

A scatter plot was drawn for all three aircraft types and a corresponding exponential trendline 

for each aircraft type, as seen in Figure 4.4. The exponential equations for each aircraft are 

displayed in Equations 4.1, 4.2, and 4.3. The “x” variable in the equations represents the 

change in flight time and the “y” output represents the CI. 
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B757 𝑦 = 5.4𝑒247.5𝑥 (4.1) 

B767 𝑦 = 16.6𝑒171.1𝑥 (4.2) 

B737 𝑦 = 4𝑒805.1𝑥 (4.3) 

 

 

Figure 4.4: The exponential relationship between delta flight time and CI for 

B757/767/737. 

This process of forming equations for the CI and delta flight time was repeated, but instead of 

delta flight time, the delta fuel was used. The CI was plotted against the average delta fuel in 

kilograms from all six flight plans. Equations were created that approximated the data points 

in the scatter for each aircraft type, as shown in Figure 4.5. An online tool was used to produce 

the equations for the data points, and a four parameter logistic regression was estimated to fit 

the data points best [23]. The equations for each aircraft are displayed in Equation 4.4, 4.5, and 

4.6. The “x” variable in the equations represents the CI, and the “y” output represents the 

change in fuel burn. 

 

B757 
𝑦 = 1,319 × 106 +

13.28 − 1,319 × 106

1 + (
𝑥

1,830 × 106)
0.87 

(4.4) 

B767 
𝑦 = 1,268 +

−0.09 − 1,268

1 + (
𝑥

132.8)
2.51 

(4.5) 

B737 
𝑦 = 3,040 × 105 +

5.55 − 3,040 × 105

1 + (
𝑥

9,309 × 104)
1.05 

(4.6) 
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Figure 4.5: The relationship between CI and delta fuel burn for B757/767/737. 

4.1.5 Generation of Final Arrival Solution 

An Excel program, called the “RTA tool,” was created for the purposes of the FAM system 

trials. Excel is a common user-friendly program, and it is relatively easy for a dispatcher to 

learn how to operate it. The Solver in Excel was chosen to optimize the arrival times by using 

the objective function and constraints described in the following chapter. 

 

To use the RTA tool, flight data needs to be inserted manually. First information from the 

flight plans are needed, departure airport, aircraft type, Cost Index (CI), Scheduled Time of 

Departure (STD), Estimated En-route Time (EET), and Scheduled Time of Arrival (STA). 

Next, the aircraft schedule and connecting passenger information are inserted. Once this is 

done, the arrival times can be optimized. Since only flight plan data is available at this stage, 

the tool will not give an accurate result. Once flights reach TOC, they will transmit more 

accurate ETAs which will be used to optimize the arrivals precisely. 

 

When all ETAs, obtained at TOC, are received they are sent to GOC for feedback. If GOC has 

requirements regarding specific flights, for example, a flight needs to arrive at a certain time, 

then the tool is configured with that as a hard constraint. Next, a calculation is performed by 

the RTA tool to estimate the earliest and latest possible arrival time for each flight, given that 

each aircraft is assumed only to have 500 kg of extra fuel to burn.6 The tool calculates the 

minutes deducted from the arrival time by increasing each flight's CI to the maximum possible 

and calculates the minutes added to the arrival time by decreasing each flight's CI to 

Icelandair’s minimum. Furthermore, the tool ensures that CI is never reduced by more than 

what is required for flights to arrive 5 minutes ahead of STA.7 If flights are expected to arrive 

                                                      
6 This reference amount was chosen in consultation with Icelandair flight crew, however, it can easily 
be altered [19]. 
7 The 5 minutes were chosen in consultation with Icelandair flight crew to accommodate for taxi time 
in KEF [19]. 
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after STA, it will not allow the CI to be reduced. The process described above results in a time 

window that defines the latest and earliest possible arrival time for each flight.  

 

The tool also calculates whether the minimum turnaround time of one hour and the minimum 

passenger connection time of 35 minutes, is sufficient [20]. If the tool determines that the flight 

can be and should be sped up due to aircraft scheduling or connecting passengers, then the 

latest arrival time, as determined previously, is reduced accordingly.  

 

Now the tool is ready to search for the optimum arrival times. The tool attempts to minimize 

the total fuel and time cost of all arriving flights subject to both the time window determined 

previously and the criteria that flights must be separated by at least two minutes.8 The 

optimization considers that flights could reduce their speeds, potentially reducing fuel costs. It 

also considers the increased time cost of doing so. 

 

The Excel Solver offers different methods. For this optimization problem, the evolutionary 

method was chosen. This is a non-smooth optimization problem; it may have multiple feasible 

regions and multiple locally optimal points within each region and when a feasible solution is 

found it may be difficult for the program to find a better solution immediately. The user may 

run the program a few times to get a better solution. In order to know if the first solution the 

solver finds is close to the ideal solution, the solver was run numerous times for two different 

arrival banks. The settings of the solver were changed in each run to try and find a better 

solution. For the previous arrival bank, the second run gave a solution that was 12$ better than 

the first run. Then the solver was run nine more times, but it did not find a better solution than 

in the second run, even though the settings were changed. For the second arrival bank, the 

second run gave a solution that was 1$ better than the first run. Then in the sixth run, it found 

a solution that was 2$ better than the previous one. The solver was then run four more times 

without finding a better solution. This suggests that the evolutionary method is finding a near 

optimal solution in the first and second try that is relatively close to the ideal solution.  

 

When the optimization is done, and the arrival sequence from the tool is ready, Dispatch and 

the OCC duty manager can make minor adjustments if they desire. Next, Dispatch sends the 

arrival sequence to RACC in case they have any suggestions. If they do, the arrival sequence 

can be altered. Finally, the new CI and arrival sequence can be sent to the pilots.  

4.1.5.1 Objective Function and Constraints 

The optimization model was created in order to generate an optimal arrival sequence. The 

objective of the model is to minimize operational costs by altering the arrival times of inbound 

flights as explained above. The model estimates the new CI using Equations 4.1, 4.2, and 4.3. 

Then it calculates the delta fuel, caused by changing the CI, by using Equations 4.4, 4.5 and 

4.6. Next it calculates the delta fuel cost, denoted as ∆𝐹𝐶𝑖, by multiplying the delta fuel and 

the fuel cost 0.613 $/kg. Finally, it calculates the time cost, denoted as ∆𝑇𝐶𝑖, by multiplying 

975$/hour and the delta time. The minimized costs in the objective function are therefore, the 

                                                      
8 The 2 minutes were chosen since the ROT in KEF airport is just under 2 minutes [1].  
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fuel cost and time cost.  

 

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒             ∑ ∆𝐹𝐶𝑖 + ∆𝑇𝐶𝑖

𝑁

𝑖=1

 

(4.7) 

Subject to   

                                      𝑥𝑖 ≤ 𝑈𝑖 (4.8) 

                                      𝑥𝑖 ≥  𝐿𝑖 (4.9) 

                        𝑥𝑖 − 𝑥𝑖−1 ≥ 𝑀𝑆𝑇 (4.10) 

 

 

i: i represent each flight arriving in KEF, i=1: first flight arriving, i=2: second flight 

arriving and so forth. 

𝑥𝑖: 𝐴𝑟𝑟𝑖𝑣𝑎𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑓𝑙𝑖𝑔ℎ𝑡 𝑖 

𝐶𝑖: 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑎𝑙𝑡𝑒𝑟𝑖𝑛𝑔 𝑓𝑙𝑖𝑔ℎ𝑡 𝑖 

𝑈𝑖: 𝑈𝑝𝑝𝑒𝑟 𝑏𝑜𝑢𝑛𝑑 𝑜𝑓 𝑎𝑟𝑟𝑖𝑣𝑎𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑓𝑙𝑖𝑔ℎ𝑡 𝑖 

𝐿𝑖: 𝐿𝑜𝑤𝑒𝑟 𝑏𝑜𝑢𝑛𝑑 𝑜𝑓 𝑎𝑟𝑟𝑖𝑣𝑎𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑓𝑙𝑖𝑔ℎ𝑡 𝑖 

𝑀𝑆𝑇: 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 

𝑁: 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑙𝑖𝑔ℎ𝑡𝑠 𝑎𝑟𝑟𝑖𝑣𝑖𝑛𝑔 𝑡𝑜 𝐾𝐸𝐹 𝑖𝑛 𝑎 𝑏𝑎𝑛𝑘 

 

 

The first constraint, Equation 4.8, ensures that the arrival time of flight i does not exceed the 

specific upper bound of the arrival time, that is, the latest time the flight may arrive. The upper 

bound varies depending on the status of each flight. The number of minutes a flight must 

reduce its arrival time by due to aircraft scheduling is denoted as ∆𝐴𝑆𝑖 where i identifies each 

flight in the bank. The number of minutes a flight must reduce its arrival time by due to 

connecting passengers is denoted as ∆𝐶𝑃𝑖 where i is the number of each flight in a bank. If 

either of these instances occur for an arriving flight to KEF, then the upper bound of the arrival 

time is calculated using Equation 4.11. 

 

𝑈𝑖 =  𝐸𝑇𝐴𝑖 −  min (∆𝐴𝑆𝑖 −  ∆𝐶𝑃𝑖) 

 

(4.11) 

When neither of these two instances occurs, and the flight is expected to arrive ahead of 

schedule, then the upper bound of the arrival time is calculated using Equation 4.12. Here the 

upper bound is the minimum of either 5 minutes ahead of the scheduled time of arrival (STA) 

or the arrival time of the flight when the CI is decreased to the minimum CI for the specific 

flight, denoted as 𝐷𝐶𝐼𝑖. The reason for using the minimum function is to ensure that the upper 

bound is not too high, so the arrival time is not later than 5 minutes ahead of STA.  

 

𝑈𝑖 =  min ((𝐸𝑇𝐴𝑖 + (𝑆𝑇𝐴𝑖 − 𝑜𝑛 𝑏𝑙𝑜𝑐𝑘 𝐸𝑇𝐴𝑖)), 𝐷𝐶𝐼𝑖) (4.12) 

 

If a flight is expected to arrive past the STA at KEF, then the upper bound is set to the ETA of 

that flight, shown in Equation 4.13, to prevent the flight from arriving any later than it already 

is. 
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𝑈𝑖 =  𝐸𝑇𝐴𝑖 (4.13) 

 

The second constraint, Equation 4.9, ensures that the arrival time of a flight is not earlier than 

the specific lower bound of the arrival time. That is the earliest time a flight can arrive in 

Keflavik if the speed is increased to the maximum CI for that flight.  

 

The third constraint, Equation 4.10, ensures that the minimum separation time between flights 

arriving in KEF is larger or equal to 2 minutes.  

4.1.5.2 A Visual Illustration of the Optimization Process 

In order to explain the optimization process, a visual illustration is provided in this subchapter. 

Four flights, displayed in Table 4.1, are going to be used. The description below refers to 

Figure 4.6. 

Table 4.1: Departure airport, aircraft type, Cost Index, and scheduled time of 

arrival of four flights arriving in Keflavik. 

Dep. A/C Type CI STA 

BOS 767 100 06:05 

EWR 757 100 06:00 

JFK 767 100 06:10 

SEA 757 37 06:05 

 

All necessary information regarding these four flights was inserted into the RTA tool. There 

were no conflicts regarding passenger connections nor the aircraft schedule. The ETAs are 

displayed as yellow cells; they were used to calculate the earliest and latest possible arrival 

times of each flight, defining the arrival window, displayed in light grey. This arrival window 

is now further constrained by defining upper and lower bounds. The lower bound is always the 

same as the earliest possible arrival times. Since there are no conflicts regarding passenger 

connections nor aircraft schedule, the only thing that needs to be taken into consideration 

regarding the upper bound is STA, displayed as red cells. The upper bound needs to be 5 

minutes lower than STA, to account for taxi time. The upper and lower bounds are displayed 

as black borders. Now, the tool optimizes the arrival times using the objective function, that 

minimizes the cost of fuel and time, while respecting the minimum separation constraint of 2 

minutes, and the upper and lower bounds. The resulting RTAs are displayed as green cells. 
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Figure 4.6: A visual illustration of the optimization process. 

The flights inbound from BOS and EWR were planned at CI 100. The new arrival times for 

these two flights were delayed as much as possible, to save fuel, since there is no need for the 

flights to arrive earlier. The flight from JFK was also planned at CI 100, however, the 

optimization did not delay the arrival time as much as possible because at a certain point the 

extra time cost starts to outweigh the fuel savings. The arrival time of 5:59 is the least costly 

for the flight from JFK, but due to the minimum time separation between JFK and BOS the 

arrival time is set at 5:58, the next best arrival time for that flight. The flight from SEA was 

arriving early and therefore delayed like the others. However, since it was planned at CI 37, it 

could not be delayed as much as the others. The estimated total fuel saving by optimizing the 

arrival times of these four flights is approximately 1.5 tons. 

4.2 Estimation of Cost Savings 

The following subchapters detail how the cost savings, resulting from the implementation of 

the FAM system, were estimated. For the purposes of these calculations, the fuel cost is 

assumed to be 0.613 $/kg [21], and the time cost is assumed to be 975 $/hour [22]. 

Furthermore, the calculations are based on flight statistics from 2018. It is assumed that this 

result represents a typical year, and the future annual savings are comparable. Furthermore, as 

the Icelandair route network is currently growing each year, it may be assumed that the 

potential cost savings will increase proportionally. 

4.2.1 Improved Flight Profile 

As mentioned in Chapter 3.1, restrictions imposed by ATC to separate flights often result in 

steps. Icelandair collects statistics on these steps and the extra fuel burn caused by them. By 

using these statistics, the incurred fuel costs can be estimated. This method does not include 

extra fuel burn caused by ATC restrictions that do not result in steps.  

 

A database of flights provided by Icelandair contained the number of steps and the extra fuel 

burn caused by these descent steps. The data was however limited since not all Icelandair 

flights are documented in this database. The number of steps varied from one to seven. Since 

only one flight used seven steps, it was considered an outlier and was excluded from the data. 

Flights with only one step were also excluded from the data since a single step often results 
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for reasons other than ATC restrictions. The average of the extra fuel burn caused by decent 

steps was then calculated. This average extra fuel burn was multiplied by the assumed cost of 

fuel. The result was an estimation of the typical cost penalty incurred by arrival ATC 

restrictions due to separation issues for an average flight. 

 

To estimate the possible cost savings on a yearly basis, it is necessary to estimate how many 

arrivals are affected by separation restrictions from ATC. In this estimation, it is predicted that 

all flights, arriving within 3 minutes of another flight at KEF, were affected by restrictions 

from ATC. Icelandair provided a second database of all flights arriving in KEF in 2018 

containing arrival times. This database was used to find the number of flights arriving within 

3 minutes of each other. This number was multiplied with the estimation of the typical cost 

penalty incurred by ATC restrictions for an average flight. This resulted in the final potential 

fuel cost savings, due to improved flight profile, if the FAM system had been implemented in 

2018.  

4.2.2 Fewer Missed Connections 

As mentioned in Chapter 3.2, implementing the FAM system may reduce the number of missed 

passenger connections and reduce the incurred re-routing cost. To estimate the potential 

savings, the flights that arrived passed STA at KEF in 2018 were examined.  

 

A database from Icelandair, containing all flights of 2018, was used to conduct this estimation. 

The data contained the flight number, date, origin, CI, aircraft type, arrival time, and the 

number of passengers that missed connections. The data did however, not include where the 

passengers who missed their connection were going, what kind of passengers they were or how 

they were re-routed. Due to these limitations, the exact re-routing cost could not be used and 

an approximated average re-routing cost of Icelandair passengers was used, which is $700 

[20].  

 

Icelandair’s schedule is structured in such a way that flights arriving within 15 minutes past 

STA will rarely cause missed connections. It was therefore decided to select all flights in the 

database that arrived in KEF more than 15 minutes late for further review. Of the selected 

flights, the ones that were using a very high CI were excluded from the data since those are 

unable to increase their CI further. Each flight was evaluated, and the CI tables in Appendix A 

were used to estimate which flights could have arrived on time by increasing the CI and how 

much the CI had to be increased for the flight to arrive no later than 15 minutes past STA. 

Since increasing the CI causes extra fuel burn and flights do not have an endless amount of 

extra fuel, all flights that could have been altered to arrive on time but had to use more than 

500 kg of fuel to do so were excluded from the calculations [19]. The flights that could be 

influenced were aggregated, and the cost of extra fuel burnt, and the benefit of extra time saved 

by increasing the CI was calculated. These factors were quantified using fuel costs and time 

costs from Appendix A and documented. 

 

Next, the number of missed connections that resulted from the late flights that were selected 

in the previous paragraph were aggregated. This number was multiplied by the approximated 
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average re-routing cost resulting in the potential savings. Finally, the extra cost caused by 

increasing the CI was subtracted from the re-routing savings. This resulted in the final potential 

re-routing savings if the FAM system had been implemented in 2018.  

4.2.3 Fuel Savings by Decreasing the Cost Index 

As mentioned in Chapter 3.3, some flights may be using an unnecessarily high CI and arriving 

ahead of schedule, which results in avoidable fuel burn. To evaluate the possible cost savings 

on a yearly basis, by decreasing superfluous CI, an estimation was conducted on how much 

Icelandair could have saved in 2018. 

A database with all Icelandair flights to KEF was used for this estimation. The database 

contained the date, flight number, departure airport, ATA, type of aircraft, and CI. All flights 

that arrived ahead of schedule were selected for further study. All flights with CI equal to or 

higher than 100 were used since they could be lowered significantly. 

The CI tables from Appendix A were used to select a new lower CI that would result in the 

selected flights arriving on time. The CI tables were also used to determine how much fuel 

would be saved and how much time would be added to the flight time. 

To estimate the possible savings on a yearly basis the aggregate of the extra time cost was 

subtracted from the aggregate of the saved fuel cost of flights that could have decreased their 

CI and still arrived on time. This resulted in the final potential cost savings, by decreasing 

superfluous CI, if the FAM system had been implemented in 2018.
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Chapter 5 

5Trials on Flights Arriving at Keflavik 

Airport from North America 

To prove the concept of the Fleet Arrival Management system, two trials were performed on 

flights arriving from North America (NA) en-route to Keflavik Airport. The objective of these 

two trials was to get a better understanding of the process and seek out any improvements that 

could be made. Furthermore, to prove that the system can successfully sequence and deconflict 

flights, saving fuel and costs. The trials were performed on flights arriving from NA instead 

of Europe (EUR) since the flight time is longer providing more room for improvement. The 

concept also applies to the shorter flights from EUR, but the results are expected to be more 

modest. 

 

These trials were not done in cooperation with Reykjavik Area Control Center (RACC) or 

Ground Operations Control (GOC) at KEF since a meeting needs to take place with all parties 

involved where the process is explained. This could not be done in time for the trials due to 

conflicting schedules. This meeting, as well as further trials involving all parties, are planned 

in the summer of 2019. Even though RACC and GOC were not involved in these two trials, 

the concept of the system could be tested. It will also be useful to demonstrate the results of 

these two trials to RACC and GOC when that meeting takes place.  

 

The trials were performed with short notice, and a simple e-mail was sent to the pilots 

explaining the procedure. Not all pilots noticed the e-mail and were unprepared, which resulted 

in subpar response on a couple of flights. The Dispatch department in KEF was very supportive 

during the trials and provided resources and in-flight communications with flight crew.  

 

The biggest difference between these two trials is that in the first trial the Estimated Time of 

Arrival (ETA) in KEF consisted of the ETA to an arrival fix from the Flight Management 

Computer (FMC) and a manual calculation of the flight time from the fix to KEF. The theory 

and calculations behind the flight time from fix to KEF were developed during the trials in 

2016 [24]. The reason for using this method in the trials in 2016 was that it was assumed that 

the FMC did not estimate the approach into KEF accurately enough. The calculations behind 

this method are explained in Chapter 5.1.1. In the second trial, the FMC KEF ETA was used 

to evaluate whether the assumption was true and determine the differences in accuracy. 
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5.1 Trial from 24th until 25th of April 

In the first trial, there were 14 flights in the bank, listed in Table 5.1. 

Table 5.1: Flight numbers, departure airport, and scheduled time of arrival of flights 

in the first trial. 

Flight number FROM On-Block STA in KEF 

FI614 JFK 05:55 

FI622 EWR 05:55 

FI696 YVR 06:00 

FI664 PDX 06:05 

FI630 BOS 06:05 

FI680 SEA 06:10 

FI688 MCO 06:10 

FI670 DEN 06:15 

FI692 YEG 06:15 

FI644 IAD 06:20 

FI602 YYZ 06:20 

FI862 SFO 06:25 

FI656 MSP 06:30 

FI852 ORD 06:35 

 

5.1.1 Estimating the Flight Time from Fix to KEF 

In this trial, the ETA at KEF was estimated by using data from the FMC and computer 

calculations. These calculations are based on FMC ETA at a certain arrival fix, and then the 

time from the fix to KEF is calculated. The fix used in this trial was the first point in the 

standard arrival route (STAR) planned for each flight. Each runway has different STAR, and 

for flights arriving from NA to KEF, there are four arrival fixes available. In this trial, runway 

10 in KEF was used, and a map of the STAR for that runway is in Appendix B [25]. 

 

The time from the arrival fix to KEF was calculated using Equation 5.1. The distance from the 

fix to a runway depends on its position and runway in use and is found in a lookup table. True 

airspeed (TAS) depends on the aircraft type and CI and is also found in a lookup table. The 

wind component (WX) is calculated using Equation 5.2. The “WX dir. FL100” is the wind 

direction at 10.000 feet and the “WX speed FL100” is the wind speed at 10.000 feet. The 

“heading to KEF” is the direction from the fix to KEF.  

 

𝑇𝑖𝑚𝑒 𝑓𝑟𝑜𝑚 𝑓𝑖𝑥 𝑡𝑜 𝐾𝐸𝐹 =  
𝐷𝑖𝑠𝑡. 𝑓𝑟𝑜𝑚 𝑓𝑖𝑥

(𝑇𝐴𝑆 + 𝑊𝑋 𝐶𝑜𝑚𝑝. ) × 60
 (5.1) 

𝑊𝑋 𝐶𝑜𝑚𝑝. = (cos(𝑤𝑥 𝑑𝑖𝑟. 𝐹𝐿100) − 𝑟𝑎𝑑(ℎ𝑒𝑎𝑑𝑖𝑛𝑔 𝑡𝑜 𝐾𝐸𝐹))

× 𝑤𝑥 𝑠𝑝𝑒𝑒𝑑 𝐹𝐿100 − 1 
(5.2) 
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The calculated KEF ETA and the FMC KEF ETA were both compared to the Actual Time of 

Arrival (ATA) in KEF in the first trial. The result was that the standard deviation was the same 

for both methods. This indicates that the FMC KEF ETA is comparably accurate as the 

calculated ETA. 

5.1.2 The Procedure of the Trial 

1. An email was sent out to the pilots with the procedure. 

2. The RTA tool was set up, and the information from each flight plan was inserted. 

a. Origin, aircraft type, CI, STD, EET, STA, arrival fix. 

b. Information regarding the aircraft schedule and connecting passengers.  

3. Updated winds were sent to flights, departing before 00:00 UTC, shortly after TOC. 

a. They were asked to take snapshots of the FMC ETA before and after 

importing the new winds.  

4. Shortly after TOC, each flight sent to dispatch the following message: 

a. ETA FIX XXXX KEF XXXX MAC.XXX/CURR CI XX 

b. ETA GIRUG 0556 KEF 0609 MAC.797/CURR CI 100 – MCO 

5. When all ETAs at FIX were received, the RTA tool was used to calculate the ETA in 

KEF, instead of using the ETA in KEF from the FMC.  

a. This was done in hopes of getting a more accurate arrival time at the runway. 

6. When the tool had calculated the ETA in KEF, those arrival times were used to 

optimize the sequence.  

a. The optimization takes into consideration the aircraft schedule, connecting 

passengers and the aircraft's ability to slow down or speed up. 

b. The arrival times of the flights were optimized with 2 minutes separation in 

KEF.  

c. The optimized arrival times were then used to estimate the recommended CI. 

d. The CI estimation uses an equation that resembles the behavior of the CI and 

the change in arrival time.  

7. The estimated change in CI was sent to the pilots 3 hours before the first arrival, as 

seen below: 

a. JFK Recommended CI XX 

EWR Recommended CI XX 

… 

b. Some of the pilots confirmed the recommended CI, and some did not.  

8. 90 minutes before the first arrival, a message was sent to the pilots asking if there was 

a change in ETA.  

a. All pilots except for two responded with the current ETA. 

b. These arrival times were used to generate the final arrival solution with inputs 

from the OCC duty manager. 

c. The arrival sequence was altered manually with 3 minutes separation. 

9. The final arrival solution was sent to the pilots one hour before the first arrival. The 

entire sequence of the flights was sent to all pilots; this allowed them to know the 

preferred sequence of arrivals.  
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a. YVR 05:43 

EWR 5:46 

DEN 5:48 

… 

b. Only three pilots confirmed their arrival time after getting the arrival 

sequence.  

10. No further changes were made to the RTA. 

5.2  Trial from 25th until 26th of April 

In the second trial, there were 12 flights in the bank, listed in Table 5.2. This trial was not done 

in cooperation with the ATC, but they were notified before the trial that a sequence was going 

to be formed and that they would receive the sequence and RTA 3 hours before the arrivals. In 

this trial, the FMC KEF ETA was used. 

Table 5.2: Flight numbers, departure airport, and scheduled time of arrival of flights 

in the second trial. 

Flight number FROM On-Block STA in KEF 

FI614 JFK 05:55 

FI622 EWR 05:55 

FI630 BOS 06:05 

FI680 SEA 06:10 

FI884 TPA 06:10 

FI688 MCO 06:10 

FI670 DEN 06:15 

FI602 YYZ 06:20 

FI644 IAD 06:20 

FI862 SFO 06:25 

FI656 MSP 06:30 

FI852 ORD 06:35 

 

5.2.1 The Procedure of the Trial 

1. Pilots of all flights were contacted and informed about the procedure.  

2. The RTA tool was set up, and the information from each flight plan was inserted. 

a. Origin, aircraft type, CI, STD, EET, STA, Arrival FIX. 

b. Information regarding the aircraft schedule and connecting passengers. 

3. Updated winds were sent to flights departing before UTC 00:00, shortly after TOC. 

a. They were asked to take snapshots of the FMC ETA before and after 

importing the new winds.  

4. Shortly after TOC of each flight, the pilots sent the following message: 

a. ETA FIX XXXX KEF XXXX MAC.XXX/CURR CI XX 

b. ETA GIRUG 0556 KEF 0609 MAC.797/CURR CI 100 – MCO 
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5. It was immediately apparent that flights FI656 (MSP) and FI644 (IAD) were ahead of 

schedule and planned on a high CI. 

a. Therefore, both flights received new recommended lower CI. 

b. Pilots confirmed the new CI and new ETA. 

6. The arrival times of MSP and IAD were considered fixed since those had already 

been altered, and the optimization tool was used to develop optimal arrival times for 

the rest of the flights.  

a. After getting arrival times from the optimization tool, the arrival sequence 

was reviewed by the OCC duty manager, and some minor changes were made 

to the sequence.  

7. 3 hours before the first arrival, the recommended RTA and the sequence were sent to 

all pilots and ATC. 

a. Two pilots responded with the recommended RTA; the rest did not respond.  

8. No further changes were made to the RTA. 
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Chapter 6 

6Results 

6.1 Trial from 24th until 25th of April 

The first trial went well, and the communication with the pilots was good except for lack of 

response from two flights. Shortly after Top Of Climb (TOC), the pilots sent their updated 

Estimated Time of Arrival (ETA) after receiving information on the probable runway in use 

and new winds if available. About 3 hours before the arrival of the first flight, the final arrival 

solution was formed, and the corresponding estimated Cost Index (CI) was sent to all flights. 

Only three flights responded with a new ETA, and this new ETA differed from the one 

calculated by the Required Time of Arrival (RTA) Tool by 3 minutes on an average. This 

shows that the RTA Tool CI estimation must be improved for it to be used in further trials. 

However, even though the CI estimation is not accurate enough to send an exact new CI and 

ETA to the pilots, it is accurate enough to calculate the approximate fuel savings of changing 

the CI. 

 

Three flights which were planned at a high CI due to the uncertainty of taxi times were asked 

to reduce their CI in order to save fuel. The fuel savings from reducing the speed of these three 

flights was estimated to be approximately 2 tons. This shows that it is important to follow up 

on flights that have a high CI planned since the taxi time can be shorter than planned resulting 

in the flight arriving ahead of schedule and burning excess fuel.  

 

In this trial, there was successful deconfliction of four flights that were arriving too close to 

each other. This is explained below: 

 

The separation between flights FI688 from MCO and FI602 from YYZ: 

 

• MCO FMC KEF ETA was 6:12, FL370. 

• YYZ FMC KEF ETA was 6:13, FL350. 

Using the RTA Tool and input from OCC duty manager it was determined that the 

preferred arrival times were: MCO 6:11 and YYZ 6:14, since the MCO aircraft was 

planned to undergo time-critical maintenance. Therefore, it was crucial to create enough 

separation between those two flights, otherwise, Air Traffic Control (ATC) would likely 
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have prioritized YYZ ahead of MCO since YYZ was at a lower altitude than MCO. When 

the flights landed the separation between them was 3 minutes as preferred, but due to a 

sick passenger on another flight, they were both delayed and arrived at the following times: 

MCO 6:18 and YYZ 6:21. 

 

The separation between flights FI862 from SFO and FI670 from DEN: 

 

• SFO FMC KEF ETA was 5:45. 

• DEN FMC KEF ETA was 5:47. 

 

Using the RTA Tool and input from the OCC duty manager, it was determined that SFO 

should slow down 2 minutes to increase the separation between the two flights. The ATAs 

were SFO 5:47 and DEN 5:50. 

 

The ETAs of all flights in the bank are documented in Table 6.1. The empty cells are missing 

data because of the lack of response from the pilots. As seen in the table, the FMC KEF ETA 

in most cases gives a much more accurate ETA than the initial ETA from the flight plan. This 

is usually due to all the uncertainties before the flight reaches TOC. The ETA in the fourth 

column is the calculated ETA using the FMC ETA at an arrival fix and Equations 5.1 and 5.2, 

which provide the estimated time from the fix to KEF. 

 

As seen in column seven, the ATA shows that the sequence did not go as planned. The reasons 

for that is thought to be more than one. First, the recommended CI sent to the flights 3 hours 

before arrivals was not accurate enough. Second, the RTA was sent to the flights 60 minutes 

before arrival, which is not early enough.  

 

Icelandair ground operations use an ETA supplied by the airport (Isavia) as explained in 

Chapter 3.5. The first trial demonstrated that the ETAs and flight sequence determined by the 

Fleet Arrival Management (FAM) System were more accurate than those supplied by Isavia. 

Furthermore, this demonstrates that the predictability of these ETAs provided by Isavia could 

be improved if a FAM system would be implemented.  

 

To summarize the results from the first trial, it was generally successful and identified some 

important areas for improvement. There were approximately 2 tons of fuel saved by decreasing 

the speed of three flights. The fuel savings due to improved flight profiles could not be 

determined since it is unknown to what degree ATC restricted the inbound flights. In future 

trials, when ATC is involved, this may be estimated. There were no issues to resolve regarding 

connecting passengers; however, one aircraft destined to undergo maintenance was 

successfully expedited. It was identified that in future trials, the corresponding RTA should be 

sent instead of sending a CI three hours before the first arrival. If a CI is to be sent, then the 

estimations used to determine the CI must be improved. Overall this trial successfully 

demonstrated some of the potential benefits of implementing a FAM system.  
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Table 6.1: ETA of all flights throughout the process of the first trial. 

Number FROM 
 Flight 

Plan ETA 

Isavia 

ETA 

FMC 

ETA 

Calc. from 

fix ETA 

90 min 

ETA 

60 min 

FINAL RTA 

RWY 

ATA 

FI622 EWR 05:34 05:28 05:42 05:45 05:39 05:37 05:43 

FI696 YVR 05:40 05:36 05:39 05:42 05:40 05:40 05:40 

FI862 SFO 05:58 05:40 05:46 05:50 05:45 05:43 05:47 

FI670 DEN 05:53 05:44 05:44 05:47 05:47 05:47 05:50 

FI664 PDX 06:00 05:44 05:48 05:51 05:50 05:50 05:57 

FI630 BOS 06:11 05:51 05:50 05:51 05:50 05:53 05:53 

FI680 SEA 05:59 05:50 - 05:55 - 05:56 06:00 

FI614 JFK 05:44 06:04 06:03 06:04 06:02 06:02 06:10 

FI644 IAD 06:07 06:07 06:05 06:04 - 06:05 06:07 

FI656 MSP 06:24 06:00 06:05 06:06 06:05 06:08 06:05 

FI688 MCO 06:19 06:09 06:14 06:17 06:12 06:11 06:18 

FI602 YYZ 06:23 06:12 06:13 06:16 06:13 06:14 06:21 

FI852 ORD 06:23 06:24 06:22 06:25 06:23 06:23 06:30 

FI692 YEG 06:22 06:30 06:31 06:34 06:34 06:34 06:41 

 

6.2 Trial from 25th until 26th of April 

The second trial went well with everything working a bit smoother than in the first one. The 

communication with the pilots was good, and they were better prepared for what was expected 

of them. The trial was again not done in cooperation with ATC, but RACC9 was notified before 

the trial that a sequence was going to be formed and that ATC would receive the sequence and 

RTA one hour before the arrivals.   

 

Shortly after TOC, the pilots sent their updated ETA after getting the probable runway and 

winds if available. Two flights, MSP and IAD, were using an unnecessarily high CI, and a 

recommendation was sent to them immediately to reduce their CI. By doing so, approximately 

650 kg of fuel were saved. 

 

The ETAs of all flights in the bank throughout the process were documented in Table 6.2. The 

empty cells are missing data because of the lack of response from the pilots. As seen in columns 

5 and 6 in the table, the actual arrival sequence matches the preferred sequence except for TPA 

and SFO, which were swapped by ATC. The likely reason for the swap was an interruption 

from a domestic flight which arrived in between TPA and SFO. The reason why the last few 

flights in the bank were late is that a Delta flight, DL246, arrived at 6:31 within the bank, 

which was not known when the arrival sequence was formed, and this delayed some of the 

flights. 

 

As in the first trial, it was demonstrated that the ETAs and flight sequence determined by the 

FAM system were more accurate than those supplied by Isavia. However, the accuracy of the 

                                                      
9 RACC refers to Reykjavik Area Control Center, the ATC center that controls the airspace around KEF airport. 
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ETAs could have been better if the domestic flight and the Delta flight hadn’t disrupted the 

arrivals of Icelandair.  

 

To summarize the results from the second trial, it was generally successful and identified 

further areas for improvement. There was approximately 650 kg of fuel saved by decreasing 

the speed of two flights. The fuel savings due to improved flight profiles could not be 

determined since it is unknown to what degree ATC restricted the inbound flights. In future 

trials, when ATC is involved, this may be estimated. There were no issues to resolve regarding 

connecting passengers nor the aircraft schedule. Even though the sequence was mostly 

successful, the accuracy of the arrivals could be improved. This might be solved by asking the 

pilots for an updated ETA one hour before the arrivals and making some minor changes if 

necessary, and possible. This would likely increase the accuracy of arrival times. Furthermore, 

the disruptions caused by the non-company arrivals give reason to review the process to see if 

such disruptions can be foreseen and mitigated. Overall this trial further substantiated some of 

the potential benefits of implementing a FAM system.  

 

Table 6.2: ETA of all flights throughout the process of the second trial. 

Number FROM 
Flight 

Plan ETA 

Isavia 

ETA 

FMC 

ETA 

Calc. from 

fix ETA 

3 hours 

FINAL RTA 

RWY 

ATA 

FI622 EWR 05:55 05:46 05:42 05:44 05:42 05:43 

 FI614 JFK 05:48 05:51 05:46 05:47 05:44 05:47 

FI602 YYZ 06:23 06:00 05:55 05:57 05:57 06:00 

FI670 DEN 06:05 06:05 06:01 - 06:00 06:03 

FI656 MSP 06:17 05:58 06:03 06:01 06:02 06:07 

FI680 SEA 06:01 06:03 06:06 06:09 06:04 06:10 

FI884 TPA 06:19 06:10 06:06 06:09 06:07 06:18 

FI862 SFO 06:04 06:06 06:10 06:13 06:10 06:14 

FI644 IAD 06:22 06:28 06:13 06:08 06:13 06:22 

FI688 MCO 06:19 06:20 06:15 06:18 06:15 06:28 

FI630 BOS 06:23 06:32 06:30 06:32 06:30 06:33 

FI852 ORD 06:23 06:38 06:32  - 06:32 06:37 

 

 

Below in Figure 6.1, 6.2, and 6.3 are snapshots of the arrivals from the second trial from 

“Flightradar24” [4]. These figures show how the approaches were sequenced for KEF. In 

Figure 6.1, the flights are leaving the coast of Canada and entering the NAT area. Figure 6.2 

and Figure 6.3 show the resulting sequence produced by the FAM system being realized. 
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Figure 6.1: Snapshot from Flightradar24 of arriving flights at 3:00 UTC. 

 

 

Figure 6.2: Snapshots from Flightradar24 of arrivals at 5:38 UTC. 
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Figure 6.3: Snapshots from Flightradar24 of arrivals at 5:49 UTC. 

6.3 Summary of Trials Results 

The objective of these two trials was to get a better understanding of the process and seek out 

any improvements that could be made. Furthermore, to prove that the system can successfully 

sequence and deconflict flights, saving fuel and costs.  

 

While communications were not a significant problem, it was evident that they could have 

been better. This may be solved once pilots have been trained and the system is implemented 

fully. Furthermore, programming the onboard communication systems to automatically send 

FMC ETA to dispatch at regular intervals may reduce pilot and dispatcher workload. 

 

One of the concerns raised in this study is whether the FMC ETA is accurate enough to use as 

a basis for separating and sequencing flights inbound to KEF. A test described in Chapter 4.1.2, 

compared the en-route FMC ETA to ATA. This test provided evidence that the FMC ETA 

may be accurate enough to use for this purpose. Therefore, the study proceeded to trials under 

this assumption. While the first trial was only partially successful regarding sequencing, it was 

determined to be due to the inaccuracy of CI estimations and late communication of RTAs 

rather than due to FMC ETA inaccuracy. In the second trial, these issues were addressed, and 

as a result, the separation and sequencing of inbound flights was successful. While these results 

are promising further evidence must be gathered before a reliable assessment of FMC ETA 

accuracy can be made. This is an important factor to consider when determining the difficulty 

of implementation since if the FMC ETA is not accurate enough, developing a more complex 

tool to estimate ETAs is complicated and time-consuming. 

 

The RTA Tool, described in Chapter 4.1.5, worked well in the trials. The optimization was 

successful, and flights inbound during the second trial arrived in the planned order, except for 

two flights, which were switched by ATC. This shows that a simple optimization tool like the 
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RTA Tool may be used to optimize the arrival sequence of inbound flights. However, arrival 

times may be estimated with greater accuracy by improving communications between flights 

and dispatch. Further evaluation is necessary to determine to what degree the accuracy of ETAs 

can be improved. 

 

In the first trial, CI estimations were used. When the RTA was known, the corresponding CI 

was estimated and sent to flights instead of an RTA. As mentioned in Chapter 6.1, only three 

flights responded with a new ETA, and this new ETA differed from the one calculated by the 

RTA Tool by 3 minutes on an average. This indicates that the CI estimations may not be 

accurate enough and need to be examined in greater detail. The CI estimations, described in 

Chapter 4.1.4, are based on six different flight plans that were developed for each aircraft type 

and the average of them was used. The CI estimations can be made more accurate by producing 

more flight plans and have different estimations for different routes, winds, and weights of the 

aircraft instead of using an average.  

6.4 Cost Savings due to the Fleet Arrival Management 

System 

As mentioned in Chapter 3, the implementation of the FAM system may result in substantial 

cost savings in Icelandair operations. In the following chapters, estimations of how much could 

be saved are presented. 

6.4.1 Improved Flight Profile due to Early Separation 

The estimation of the possible annual savings due to improved flight profiles was calculated 

by estimating the average cost penalty incurred by arrival ATC restrictions and by estimating 

the number of flights subject to such restrictions in 2018.  

The average extra fuel burn caused by arrival ATC restrictions was 135 kg. Multiplied by the 

assumed cost of fuel, the result was approximately $ 83. This means the typical cost penalty 

incurred by arrival ATC restrictions due to separation issues for an average flight was $ 83. 

The number of flights that arrived within 3 minutes of each other at KEF in 2018 was counted. 

The results showed that there were 1483 flights from North America (NA) that arrived at KEF 

within 3 minutes of each other and that is 29% of all flights from NA to KEF. There were 1914 

flights from Europe (EUR) that arrived at KEF within 3 minutes of each other, and that is 26% 

of all flights from EUR to Kef.  

The estimated total cost that could have been saved in 2018, if the spacing of all arriving flights 

had been sufficient, is $ 281,951. The results are shown in Table 6.3. 
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Table 6.3: Estimated total savings due to improved flight profile. 

 

 

6.4.2 Fewer Missed Connections due to the Fleet Arrival Management 

System 

The estimation of the possible annual savings due to fewer missed connecting flights was 

calculated by estimating the number of connections that could have been recovered in 2018 by 

increasing the speed of flights and multiplying this number with the average cost of re-routing 

Icelandair passengers. The cost of speeding up the relevant flights was then subtracted from 

the re-routing savings.  

The estimated number of passengers that could have made their connection if their previous 

flight had increased its speed was 282 going to EUR and 102 going to NA. The re-routing costs 

for these passengers given the average re-routing cost of $700 is $ 268,800. The time cost for 

these flights was subtracted from the extra fuel cost, which resulted in a total cost of $ 10,139 

for speeding up the relevant flights. Therefore, the estimated total cost that could have been 

saved in 2018, if a FAM system had been in place, is $ 258,661. The results are shown in Table 

6.4. 

 

Table 6.4: Estimated total savings due to fewer missed connections. 

 Average re-routing cost $ 700  

Number of PAX lost EUR connection 282 

Number of PAX lost NA connection 102 

Re-routing cost $ 268,800  

Fuel and time cost $ 10,139  

Total savings per year: $ 258,661  

 

6.4.3 Fuel savings by decreasing the Cost Index 

The estimation of the possible annual savings due to reduced superfluous CI was calculated by 

reviewing all high CI flights that arrived ahead of schedule in 2018. A new, optimal, lower CI 

was selected for each flight, where possible, and the saved fuel cost and incurred time cost was 

evaluated. The total savings were then aggregated to find the final potential cost savings. 

The number of flights from NA that could have decreased their CI was 554 and from EUR was 

271. The fuel cost that could have been saved was $ 219,503 from NA and $ 93,448 from 

Cost penalty incurred by ATC restrictions $ 83 

Number of flights ≤ 3 min spacing, NA-KEF 1483 

Savings per year, NA-KEF $ 123,089 

Number of flights ≤ 3 min spacing, EUR-KEF 1914 

Savings per year, EUR-KEF $ 158,862 

Total savings per year $ 281,951 
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EUR. The extra time cost that would have been spent was $ 73,665 from NA and $ 26,487 

from EUR. Therefore, the estimated total cost that could have been saved in 2018, by 

decreasing the CI of aircraft arriving ahead of schedule, is $ 212,799. The results are shown in 

Table 6.5. 

 

Table 6.5: Estimated total savings due to reduced superfluous CI. 

Number of flights from NA: 554 

Fuel cost saved, NA:  $ 219,503  

Time cost spent, NA:  $ 73,665  

Number of flights from EUR: 271 

Fuel cost saved, EUR:  $ 93,448  

Time cost spent, EUR:  $ 26,487  

Total savings per year:  $ 212,799  

6.4.4 Total Cost Savings due to the Fleet Arrival Management System 

The estimated cost savings of implementing the FAM system in Icelandair operation were 

calculated by quantifying three of its benefits. Those benefits are improved flight profiles, 

fewer missed connections, and fuel savings by decreasing the speed of flights arriving ahead 

of Scheduled Time of Arrival (STA). The calculations are based on data regarding Icelandair 

flights en-route to KEF in 2018. The cost savings were estimated to be approximately 800,000 

$, had the FAM system been operating in 2018. The potential cost savings and benefits that 

were identified are not exhaustive, and further savings and benefits may be identified by further 

research or implementation. Furthermore, as the Icelandair route network is currently growing 

each year, it may be assumed that the potential cost savings will increase proportionally. 
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Chapter 7 

7Summary and Conclusions 

7.1 Summary 

At hub airports, multiple flights from the same airline often arrive at the same time. These 

arriving flights must be separated from one another and sequenced. This is done by air traffic 

control once flights are relatively close to the airport. From the point of view of the airline, 

how flights are sequenced and when they will arrive is often somewhat unpredictable. The 

final sequence may be suboptimal, and restrictions imposed to separate flights may cause 

delays or otherwise unnecessary fuel expenditure. Another issue is that en-route flights are in 

many cases flying at suboptimal speeds due to the unpredictability of delays during departure. 

Their planned speed may be too fast, causing needless fuel burn, or too slow, causing issues 

with passenger connections and aircraft schedules upon arrival. Furthermore, the estimated 

arrival times of inbound flights are often somewhat inaccurate, making the planning of ground 

operations on arrival more difficult. Inaccurately estimated arrival times may also complicate 

the job of air traffic control.  

This study sought to alleviate these problems by developing a process of a Fleet Arrival 

Management (FAM) system, a system that optimizes speeds of airborne flights and sequences 

their arrival times. Icelandair was an ideal choice for implementing a FAM system due to the 

nature of its route network and hub at Keflavík International Airport. The process of the system 

was developed involving all relevant parties, Operation Control Center (OCC), dispatch, flight 

crews, Air Navigation Service Provider (ANSP), and the ground service provider. 

Furthermore, message formats between different parties were established. The behavior of the 

Cost Index was examined, equations were formed that estimated the exponential relationship 

between CI and change in flight time, and the relationship between Cost Index (CI) and change 

in fuel burn. Next, an optimization tool was developed to optimize and sequence arrival times 

regarding fuel and time cost, as well as preventing passengers from missing connections and 

scheduling conflicts. An evolutionary Solver method in Excel was selected to optimize the 

arrival times.  

The potential benefits of implementing the FAM system in Icelandair operations were 

documented, and the induced cost savings of three of these benefits were quantified, by 

estimating potential savings, had the system been implemented in 2018. These three effects 
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were improved flight profiles resulting in less fuel burn, fewer missed connections resulting in 

less re-routing cost, and fuel savings by decreasing the CI of flights arriving ahead of schedule. 

These calculations were done with respect to inbound Icelandair flights, from both North 

America and Europe. The potential cost savings and benefits that were identified are not 

exhaustive, and further savings and benefits may be identified by further research or 

implementation. 

Two trials were conducted in co-operation with Icelandair to prove the concept of this thesis. 

They were successful and showed the potential of fully implementing the system. The fuel 

savings resulting from improved flight profiles during the trials were not quantified since it is 

unknown to what degree Air Traffic Control (ATC) restricted the inbound flights. 

7.2 Conclusions 

1. The trials performed indicate that the Fleet Arrival Management System can 

successfully optimize and sequence inbound flights. 

2. Cooperation with ATC may be beneficial for further trials and implementation. 

3. During trials, FMC ETA was accurate enough to sequence the flights. 

4. The Cost Index estimations need to be further examined and made more accurate. 

5. Estimated yearly cost savings in Icelandair’s operation are approximately 800,000 $. 

Further cost savings were identified but not quantified. 

6. Arrival times are likely to be more predictable if the Fleet Arrival Management System 

is implemented. 

7. The author recommends Icelandair proceed with implementation. 

 

The objective of the FAM system was to optimize and sequence the arrival times of inbound 

flights to Keflavik. The two trials performed during this thesis confirmed that the system can 

in fact do that. The estimated fuel savings from both trials were at least 2.65 tons, and this 

amount only includes the fuel savings from decreasing the CI of flights that were expected to 

arrive unnecessarily early. The fuel savings due to improved flight profile in the approach 

phase were not identified since it is unknown to what degree ATC restricted the inbound 

flights. Nevertheless, the savings may be significant. Inbound flights were also sequenced; in 

the first trial, this was only partially successful. Some flights arrived in the planned sequence, 

but others did not. This is thought to be caused by two factors, first inaccurate CI estimations 

and secondly since Required Time of Arrival (RTA) was sent too late. In the second trial, all 

flights arrived in the planned sequence except two, which were switched by ATC. These trials 

indicate that the system can successfully optimize and sequence the arrival times of inbound 

flights. However, more trials need to be performed to further improve the process and confirm 

this statement. 

 

The two trials were performed without ATC involvement. However, further trials and 

implementation may benefit from ATC cooperation. ATC may provide a beneficial input 

regarding sequencing, and if they have information about Icelandair’s planned and preferred 

sequence, they may be less likely to alter it. This may increase the reliability of the system and 

enable further cost savings. 
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The FMC ETA was used to estimate the arrival times of the inbound flights. The trials and 

accuracy calculations provided evidence that the FMC ETA may be accurate enough to 

optimize arrival times and sequence inbound flights. Calculations were made to estimate the 

accuracy of the FMC ETA, and the average of the difference between the FMC ETA and 

Actual Time of Arrival (ATA) was 12 seconds, and the standard deviation was 2 minutes and 

49 seconds. While these results are promising further evidence must be gathered before a 

reliable assessment of FMC ETA accuracy can be made. This is an important factor to consider 

when determining the difficulty of implementation since if the FMC ETA is not accurate 

enough, developing a more complex tool to estimate ETAs is complicated and time-

consuming. 

 

The behavior of CI was examined, and two equations were formed to describe it. The first 

equation described the relationship between the change in flight time and CI. The second 

equation described the relationship between the change in fuel burn and CI. These equations 

were used during the first trial to estimate a new CI for inbound flights based on an optimized 

RTA. These CI were sent to the flight crew 3 hours before the arrival of the first flight. As 

mentioned in Chapter 6.1, only three flights responded with a new ETA, and this new ETA 

differed from the one calculated by the RTA Tool by 3 minutes on an average. This indicates 

that the CI estimations may not be accurate enough and need to be further examined. The CI 

estimations, described in Chapter 4.1.4, are based on six different flight plans that were 

developed for each aircraft type and the average of them was used. The CI estimations can be 

made more accurate by further examination and by producing more flight plans and form 

equations with respect to different routes, winds, and aircraft weight. 

 

The estimated cost savings of implementing the FAM system in Icelandair operation were 

calculated by quantifying three of its benefits. Those benefits are improved flight profiles, 

fewer missed connections, and fuel savings by decreasing the speed of flights arriving ahead 

of STA. The calculations are based on data regarding Icelandair flights en-route to KEF in 

2018. The cost savings were estimated to be approximately 800,000 $, had the FAM system 

been operating in 2018. The potential cost savings and benefits that were identified are not 

exhaustive, and further savings and benefits may be identified by further research or 

implementation. Furthermore, as the Icelandair route network is currently growing each year, 

it may be assumed that the potential cost savings will increase proportionally. 

 

The predictability of arrivals is important to the aviation industry, and by implementing the 

FAM system, the predictability of ETAs is expected to improve. The primary reason for 

improved predictability is due to the meticulous monitoring of ETAs inherent in the system. 

Another reason is the improved support of flight crews. If the pilots know that someone in 

Dispatch is monitoring all the flights and at what speed they are, it may increase confidence 

and discipline in their procedures. The third reason why the FAM system increases 

predictability is due to earlier sequencing performed by the airline instead of by ATC just 

before the arrivals. There may be other ways the FAM system could increase predictability 

since it is difficult to identify all scenarios the implementation will affect. It is also hard to 

estimate how much the predictability would increase, and it won’t be known until the system 
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has been up and running for some time. 

 

The author encourages Icelandair to consider implementing the FAM system. By 

implementing this system, the airline may save significant costs every year. The cost of 

implementing this system has not yet been identified; however, since much of the required 

infrastructure is already in place it is expected to be insignificant relative to possible cost 

savings. The trials demonstrated that little needs to be done to implement a basic version of 

the system that may be improved and further developed over time. There is little need for the 

recruitment of additional employees since those that operate the system are assumed to have 

the capacity for the additional workload imposed on them, without it adversely impacting their 

previous duties. However, training of dispatchers and pilots is required, and it may be 

incorporated into their scheduled recurrent training courses. One specialist may have to be 

recruited to develop, observe, and improve the system. The next steps that Icelandair needs to 

take if they want to go ahead with the implementation are described in the chapter below.   

7.3 Next Steps Towards Implementation 

For Icelandair to implement the Fleet Arrival Management system, some further work needs 

to be done. The necessary steps are listed below:  

 

Due to the complex nature of the CI and its effects on a given flight, it may be impossible to 

accurately measure the effects of changing it without access to a computer program developed 

for this purpose. However, a substantially more accurate estimation of the effects of changing 

the CI than the one produced during this thesis may be created given time and resources. This 

more detailed estimation may consider the effects of different wind conditions, aircraft 

weights, and estimated flight time remaining. 

 

The accuracy of FMC ETA must be evaluated further to ensure that it can be used as a basis 

for separating and sequencing flights. While calculations and trials provided evidence that it is 

accurate enough, more data is required to make a reliable determination. This evidence may 

be provided by further trials and tests or by implementing the system. If it is determined that 

the accuracy of FMC ETA is insufficient, a more complex tool must be developed to estimate 

ETAs. 

 

Procedures and systems that automatically transmit FMC ETAs of flights may be developed 

in order to reduce pilot and dispatch workload. Furthermore, communications between 

Icelandair systems, dispatch, ATC, and the airport may be improved. Doing so will improve 

the predictability of arrivals, especially for the ground service provider. 

 

Estimated on-block times can be made more accurate by estimating the taxi-in times better. 

When RTAs are transmitted to flights, gate assignments are known. A precise estimation of 

taxi times from each runway to each stand can be made, resulting in improved accuracy of on-

block times. 
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More trials need to be performed in cooperation with Isavia and GOC in order to get more data 

and identify further areas for improvement. Additional trials with Isavia are planned in the 

summer of 2019 on flights inbound from both NA and EUR. 

 

Icelandair staff must be provided with training regarding the FAM system. All employees that 

will be affected by this implementation must understand in basic terms how the system works, 

their role in it, and the potential benefits. Specifically, dispatchers, OCC duty managers, the 

staff of GOC, and flight crew need training. 
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