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Abstract

Amsterdam Airport Schiphol is the airport with the most airport Air Traffic Flow Management
(ATFM) delay in Europe in 2017. One of the causes of the ATFM delay is that airlines do not
adhere to their allocated airport slots. With providing insights into deviation between flight
schedules or flight plan and airport slot, causes of deviating to the airport slot are identified.
This research is done by means of analysing the deviations to identify the characteristics of the
deviations. In addition, interviews with airlines and a ground handler and literature about possible
causes are used to provide insights.

The main findings are that in winter season 2017 3.2% and in summer season 2018 3.3% of the
flight schedules deviate from the airport slot. The deviation between flight plan and airport slot is
in winter 2017 69% and in summer 2018 65% of arriving flights. This deviation of flight plans
means that the estimated in block time (EIBT), based on the flight plan, deviates more than 5
minutes from the airport slot.

Both in absolute amount and relative percentage, general aviation and cargo airlines are the
business models that cause the most deviation between flight schedule and airport slot. An
agreement between the general aviation ground handlers and the typical business of cargo are
the main reasons for the deviation. The full-service carriers and low-cost carriers cause in
absolute number, the most deviation between the EIBT based on flight plan and airport slots. If
the EIBT, based on the flight plan, is earlier than the airport slot, more than 90% of these arrivals
are planned earlier because of schedule buffers.

Keywords: Airport ATFM delay, Inbound traffic, Flight schedules, Flight plan, Schedule buffers
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ter ms

Permission to make use of the airport at a specific time,
allocated 6 months before start of season

Time between gate to gate (scheduled or estimated)
SSSS

EIBT calculated by adding the leadtime through Dutch airspace
from the expected FIR-entry time to the gate
EIBT calculated by adding the leadtime through Dutch airspace
from the expected FIR-entry time to the gate

Document that includes the route and expected times of the
aircraft. In this research gathered 3 hours before landing.
Scheduled times of an airline when the flight should depart and
land

Time embedded into a schedule to absorb delays
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Summar 'y

Amsterdam Airport Schiphol (AAS) is the airport with the most airport Air Traffic Flow
Management (ATFM) delay in Europe. In 2015 and 2016, AAS was second on the list with most
airport delay. However, in 2017 AAS became the airport with the most ATFM delay. One of the
main causes is that airlines do not adhere to the airport slots. Therefore, this research is initiated
to provide insights into deviation between flight schedule and airport slot and between flight plan
and airport slot. The second goal of this research is to identify the causes of the deviation. It
appears that deviations already occur in the planning stage, resulting in that AAS experiencing a
high amount of ATFM delay. In order to provide insight and determine possible causes of the
deviation, the following main question is formulated:

Why do flight schedules and planned flight plans not always adhere to their approved
arrival airport slots at Amsterdam Airport Schiphol?

In the analysis of the deviation, two seasons were chosen; winter 2017 and summer 2018. In
these seasons only arrivals were taken into account. By analysing the deviation in time, a
comparison was made between arrivals with different planning to the airport slot and arrivals with
no planned deviation. When the deviating flights are identified, the following points are taken into
account; How often there are deviations, how large are the deviations in time, which business
models deviate more than other business models, what is the origin of the flights, how are the
deviations distributed over the day and which month deviate more often. In addition, interviews
and literature are used to support the results of the data analysis and to clarify the reasons why
there are deviations.

The findings are that about 3% of the flight schedules deviate from the airport slot. In both
seasons cargo airlines and general aviation are the main contributors to the deviation. The
deviation caused by general aviation can be explained due to an agreement between all general
aviation ground handlers. Moreover, when an airport slot is requested that is not available,
another airport slot is assigned to the general aviation operator. When this is within one hour of
the schedule time, the operator does not receive an update that the slot time is changed. Cargo
airlines, on the other hand, shift schedules often in order to be able to continue the operation.
This means that the schedule times deviate from the slot times. In addition, having night slots is
very important for cargo airlines because it is not allowed to land at AAS at night. The aim for a
cargo airline is to have the permission to land at AAS at night, not to schedule the flight at the
allocated slot time.

About two-third of the Estimated In Block Time (EIBT), based on the flight plan deviates from the
airport slot. Full-service carriers and low-cost carriers have the largest share of deviation. The
main cause of deviation is because of schedule buffers. More than 90% of the arrivals with an
expected EIBT earlier than the airport slot is caused by the schedule buffers. Part of these buffers
is caused due to weather. Meteorological data is already included in the last filed flight plan. Due
to jet streams, intercontinental flights arrive earlier than the airport slot. The jet streams are taken
into account in the flight schedules, but the extra time is not always necessary.

The following recommendations are proposed to improve the slot adherence at Amsterdam
Airport Schiphol:

1 The slot coordinator should decline flight schedules that deviate from the airport slot.
During the slot conference, a solution for the deviating flight schedules has to be
established.

Monitor deviation to airport slots in future to recognise patterns and structural deviations.
Improve airlines awareness of the importance of adhering to airport slot.

Exploratory research of benefits of the tool Flight Plan and Airport Slot Consistency
Service (FAS) at Amsterdam Airport Schiphol.

E
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This chapter opens with the background of the problem of not adhering to airport slots (1.1). The
actual problem is described in the problem statement (1.2) followed by the objective (1.3) and
the relevance of this research (1.4). The research question and sub-questions are formulated in
paragraph (1.5). The topics that are taken into account in this research are described in the
research scope (1.6). The last two paragraphs provide the assumptions and limitations (1.7) and
the structure of this thesis (1.8).

Background

Amsterdam Airport Schiphol (AAS) is reaching the limit of its declared capacity of 500,000 flight
movements (ANP, 2018). Regarding the flight movements, AAS is one of the busiest airports in
Europe. When airlines are allowed to schedule and plan their flights as they prefer, all airlines
will depart and land at the most optimal time for the airline. That results in that more aircraft will
arrive in the same period than capacity is available. To prevent all airlines from arriving in the
same period and to match demand and capacity, airport slots are created. An airport slot is a
permission that an airline is allowed to operate at an airport at a specific time (IATA, 2018).
Unfortunately, airlines do not always adhere to these airport slots.

Since AAS is a very busy airport, it is classified as a level 3 coordinated airport. This means that
during a relevant period the demand for airport infrastructure significantly exceeds the capacity
of the airport. Expansion of the airport to meet the demand is not possible in short term.
Therefore, a slot coordinator will determine when and which airline can operate at AAS in order
to maximise the efficient use of airport infrastructure (IATA, 2018). Airport slots are divided in
brackets, with a declared capacity. AAS uses slot brackets of 20 minutes (Otto, 2017).

As a consequence of not adhering to arrival airport slots, arrival Airport Traffic Flow Management
(ATFM) delays occur. AAS, as one of the worst performers in Europe, has a poor performance
in arrival slot adherence (Eurocontrol, 2018). As a result of this, Air Traffic Control the
Netherlands (LVNL) is regularly being addressed on poor inbound performance by both the
International Air Transport Association (IATA), the European Union and other Air Traffic Control
(ATC) organisations. Hence, the poor inbound performance is a well-known problem, but insights
into the causes and the characteristics of the problem are missing to improve the arrival slot
adherence.

Problem Statement

Airlines should adhere to the airport slots since those slots are provided in order to have an
efficient flow at the airport. Also, the capacity of the airport infrastructure is used most efficiently.
However, it appears that some flight schedules and planned flight plans do not match with the
allocated slot times. Especially during peak hours, more aircraft arrived than expected according
to the arrival airport slots. This means that some aircraft arrive later or earlier than they should.
Accumulation in the air as well as on the ground occurs, also known as bunching. This can lead
to delays and inefficient use of capacity of the airport.

When aircraft arrive earlier or later than their allocated airport slot, the workload will be higher for
ATC and ground handlers. A higher workload seriously affects safe operations. During high
workload, personnel is vulnerable to errors (Skybrary, 2010). Moreover, gate planning and
terminal capacity are affected as well since there is a chance, gates are still occupied or are
occupied for a longer period than planned.
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1.3 Research Objective

The aim is to gain insight into the problem why airlines do not adhere all their flight schedules
and planned flight plans to the allocated airport slots and what the characteristics are of the
deviation. At this moment LVNL does not have sufficient insight into this problem. With providing
insight, LVNL, AAS and Airport slot Coordinator the Netherlands (ACNL) are able to create a
different approach to slot adherence and an adjusted process to manage the airport arrival slots.
Questions such as; is there a large deviation? how often does this occur? which airlines types?
which business models? and which routes? are answered to provide this insight. In addition,
possible causes why flight schedules and flight plans do not adhere to airport arrival slots are
ascertained. With the result and the possible causes, a recommendation is provided about how
airport slot adherence can be managed more effectively.

1.4 Research Relevance

This research is the start of a different approach to airport slot adherence and a better process
to manage the airport slots. Improvement in slot adherence is necessary and multiple
stakeholders will benefit from this research. LVNL, AAS, airlines and ground handlers will have
benefit when the arrival airport slots adherence is improved. The workload decreases for ATC
and ground handlers since aircraft will not arrive in the same period, but more evenly distributed.
The airlines will benefit in an economic way. When flights arrive according to the approved airport
slot, aircraft do not have to fly holding patterns until it is cleared to land or wait at buffers on the
ground until the gate is free. This will save fuel and time. When everything runs smoothly, an
airline might save enough time to make an extra rotation or can create a better plan for staffing.
This might lead to cost savings. In addition, delays will decrease, which improves the passenger's
flight experience.

The airport benefits on capacity management. The infrastructure, both aircraft movement area
and processes in the terminal, will be less congested due to a more and even distribution of
arriving aircraft.

In the end, all stakeholders will benefit. When airlines do not adhere to their arrival airport slot in
the morning, a snowball effect occurs. More and more aircraft could not adhere to their slots, due
to delays incurred from the start of the day. If every flight is planned and scheduled as it should,
everything should run smoothly in the planning stage. This results in fewer regulations declared
by LVNL.

If managing arrival slot adherence is ignored, bunching in the air and on the ground will be more
and more a problem. The number of delays and duration of delays will increase. Moreover,
maintaining a safe operation may become an issue.

Furthermore, this research is part of a comprehensive study performed by LVNL, AAS, KLM,
Martinair Cargo, Easyjet, ACNL and the ministry of infrastructure and water management (also
referred as sector). The results of this thesis provide answers to sub questions of the extensive
study. The findings and conclusions of this research are discussed in the sector meetings. All
stakeholders agreed to the results.

This research is also connected to the research of Casper Moll (Dynamic planning analysis of
airport slot planning and air traffic flow, 2018). Casper Moll provides insights into the bunching
problem at the EHFIRAM boundary and its relation to airport slots.
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15 Research Questions

The next research question provides answers to achieve the goals mentioned in the research
objective (1.3):

Why do flight schedules and planned flight plans not always adhere to their approved
arrival airport slots at Amsterdam Airport Schiphol?

In order to answer the main research question, sub questions are created. These questions help
to divide the main question into smaller parts, which help to answer the main question. The sub-
research questions are:

1. What are the characteristics of the deviations when flight schedules, planned flight plans and
allocated airport slots are compared?

2. What are reasons to not adhere flight plans and flight schedules to approved airport slots?

3. What circumstances can lead to not adhering flight plans and flight schedules to their
approved airport slot?

1.6 Research Scope

This research only considers the planning of inbound traffic. This means that only slot times,
flight schedules and flight plans of flights with the destination Schiphol are taken into account.
Outbound traffic is out of the scope of this research. Since the LVNL is regularly being addressed
on poor inbound performance by both IATA, the European Union and other ATC organisations,
the need to improve has a high priority. Therefore, the focus of this research is on inbound traffic.

In this study, only the deviations at AAS are analysed. Whether the problem of deviations to the
airport slot is also a problem at other airports is investigated by LVNL.

The data that is used is from winter schedule 2017 and summer schedule 2018. A winter
schedule starts at the end of October and ends at the end of March. From this point, the summer
schedule begins. This schedule runs from the end of October to the end of March.

Furthermore, an entirely new approach of slot allocation or a new concept of managing slot
adherence is also not part of this study. However, potential recommendations are provided on
how slot adherence could be managed more effectively.

1.7 Assumptions, Limitations, and Delimitations

Before the start of the analysis, assumptions are made in order to perform the analysis. Aircraft
land at runway 18R (Polderbaan). Since the data that is used does not include the estimated in
block time (EIBT), the EIBT is calculated based on a lead time table. This table (2.5.2) provides
the flying and taxiing time from the EHFIRAM to the gate. The lead time is based on a historical
average. The lead time table is used to avoid fluctuations in time and the influence of air traffic
control. In this way, the arrivals can be compared with each other. To calculate the worst case
scenario, 18R is used as reference runway. This is the runway with the longest approach time
and taxi time.

All datasets of which no link is available between airport slot and the flight schedule or airport
slot and the flight plan, are left out. Only the linked flights are considered. This has been done to
ensure only the correct records of the arrivals are taken into account. However, if a link cannot
be made, this does not mean that the flight did not have a scheduled flight to Schiphol or that the
flight did not have an airport slot.
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For the analyses of the deviation between the flight plans and airport slots, a margin of 5 minutes
is assumed around the EIBT. The calculated EIBT is displayed in seconds while the airport slots
are issued per 5 minutes. Owing to this difference, it is unlikely that an EIBT will meet the airport
slot exactly. In agreement with the sector, this assumption is used.

The last assumption that is made is for the Scheduled Off Block Time (SOBT) that is used to
determine the schedule buffers. LVNL provides the SOBT that airlines have recorded in their
schedules. This SOBT is requested once per season. During a season the SOBT can change.

To cope with these changes, the assumption is made that the provided SOBT is the SOBT for
the entire season.

Thesis structure

This thesis is divided into nine chapters. The first chapter is the introduction to this research, of
which this paragraph is the last part. The following chapters are described in chronological order.

Methodology

The methodology describes the approach of this research. What types of analyses are used, how
are the analyses done and how large the datasets are, is described in this chapter.

Literature Review

The literature review describes what is already known about the problem that airlines do not
always adhere to airport slot times. Both background information and possible causes are
presented in this chapter on basis of literature.

Data analysis

The data analysis only relates to the analysis of the winter 2017 and summer 2018 datasets. The
result of the analysis are the graphs that are presented. This chapter is not about explaining the
remarkable issues, only to mention these issues. The explanation is presented in the chapter
research findings.

Interviews

In the chapter interviews, the most important findings from the interviews with the various
stakeholders are presented. The interviews are part of the overall analysis of the problem of not
adhering to airport slots.

Research Findings

When all analyses are done, the results are linked together. The literature and the interviews
support or reject the results from the data analysis.

Conclusions

Finally, the conclusions are made based on the research findings. These conclusions provide
answers to the sub questions and the main question of this research.

Discussion

In this chapter, the approach of the research is discussed. The limiting factors, the own
interpretation of the results and follow-up studies are discussed.

Recommendations

In the last chapter, recommendations are provided about how the problem can be tackled. These
are recommendations for both the short and long term.
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In this chapter the methodology that is applied in this research is explained. Firstly, the type of
research and the main methods that are employed (2.1) followed by the research instruments
(2.2). The next two paragraphs are about the collection of the data (2.3) and the size of the
samples that are used (2.4). The last paragraph, (2.5), describes how the analysis is performed.
2.1 Research Design

This research is a descriptive and explanatory research since it provides insights into the current
problem and it identifies reasons why there is deviation to the airport slots. By applying
quantitative and qualitative research, it is possible to identify the actual problem, the
characteristics, and why the problem occurs. The descriptive part, the characteristics of the
deviation (sub question 1), is performed by using only quantitative research, while the
explanatory part (sub question 2 & 3 ) is performed by using both quantitative and qualitative
research.

Quantitative Research

The decision for quantitative research is made to determine the characteristics of deviation to
airport slots. This is done by merging different datasets, to make databases to compare flight
schedules and flight plans to airport slots. By analysing these datasets, the first sub question
about the characteristics of deviation, stated in paragraph 1.5 is answered. Figure 1 presents the
structure of approach of the quantitative research.

|Slut Flight Schedule Planned Flight Plan
Flightnr. | X ¥ z

Axy pifference in time
Axz pifference in time

Time deviation to slot? Origin of flight?
Frequency of deviaton? Which Business models?
| |
Part of the day? Deviation per month?

This insight will contribute to find reasons for deviations

Figure 1: Structure of approach
Qualitative research

Qualitative research is used to ascertain whether this problem of deviation to airport slots is
actually experienced and how this problem is being managed. By using expert opinions, this
information can be gathered since those experts have to deal with this deviation daily. Data can
only be used to determine if there is deviation, but will not explain why certain problems occur.
Furthermore, interviews are used to provide information about the reasons of the deviation.
Also, desk research is used to provide information and findings from previous about deviations
to airport slots. Findings from previous research can contribute to support the results of the data
analysis that is performed in this research.
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Research Instruments

In the literature review that is performed, multiple sources are used. To search for previous
researches, databases such as Research Gate, Google Scholar and ScienceDirect are
accessed. Further, previous researches are not the only way to derive findings from the literature.
Industry reports and conference presentations are also used. Documents published by IATA,
International Civil Aviation Organization (ICAO), AAS, LVNL, Eurocontrol and other companies
are also part of the literature review. One of the most important documents is the Worldwide Slot
Guidelines (WSG) written by IATA. This document contains all information about slot allocation
and the guidelines that have to be followed.

The data analysis, used for answering sub question one, is performed by using Microsoft Excel.
All datasets are delivered in Microsoft Excel. After merging different datasets, all calculations are
done and graphs are made in the same application.

The interviews are semi-structured interviews. In this format, there are a couple of leading
questions. During the interviews, new opinions will be revealed since not all knowledge about the
subjects is already known. These opinions may require more information. During the interviews,
new questions about these opinions are asked too.

Since the interviews are conducted at different companies that do not work in the same business,
the questions per company are different. A general aviation ground handling officer does not
have the same knowledge as a flight tactical analysis and reporting officer about flight scheduling.
The interviews provide answers to sub question two and three.

Data Collection

The used data for the data analysis of the characteristics (sub question one) in this research is
provided by two parties, LVNL and AAS. Both parties, both stakeholders in this research, supply
the required datasets. These datasets are gathered by different applications.

AAS uses the application Central Information System Schiphol (CISS). This application provides
flight schedules, actual landing times, actual in block times and more. For this research only the
flight schedules are relevant. AAS has linked these schedule times to the airport slot times. These
times are provided by ACNL to Schiphol.

Network Strategic Tool (NEST) is used by LVNL to gather the required datasets. This tool is used
to obtain flight information over a specific period. The last filed flight plan, which is at least three
hours before departure, is data that is required to analyse the deviations of flight plans. In this
dataset, the expected time of entering the EHFIRAM (start LVNL controlled airspace) is provided.
The entry-time is the start of calculating the EIBT. The EIBT is calculated by adding the lead time
(chapter 1.7 and 2.5.2), also provided by LVNL, to the EHFIRAM entry time. The last dataset that
is used, is a dataset with SOBT. This is a dataset made by LVNL by requesting all passenger
and cargo airlines their schedules.

Beside the datasets that are collected, interviews are conducted to obtain answers to the reasons
and circumstances of deviation (sub question two and three). Each interview is held with respect
to the interviewee. Therefore, the questions whether the interview should be recorded and if the
name and function of this person should be mentioned in this research were asked as fist.
Another aspect is that all information told in the interviews are from the perspective of the
interviewee.

In the end, all data files and interviews are confidential and never shared with other people
without permission.
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Data Sample Used in Data Analysis

The data used for the data analysis are multiple datasets that are merged together. The size of
the samples is presented below.

AAS provides the dataset with the airport slots and the flight schedules. The total dataset contains
both arrivals and departures flights. Since only arrivals are taken into account, the dataset is
separated into only arrivals. However, if only the arrivals are remaining, a part of the dataset
either has no schedule or no airport slot*. These arrivals are removed out of the dataset as well.
The arrivals that remain afterwards is the dataset that is used. In Table 1 and Table 2, the
samples of respectively winter 2017 and summer 2018 are presented.

Table 1: Linked dataset schedule and airport slot winter 2017
Winter 2017 # Flights # Arrivals

Dataset in total 190,216 95,115
Arrivals with schedule and slot - 91,896

Table 2: Linked dataset schedule and airport slot summer 2018
Summer 2018 # Flights # Arrivals |
Dataset in total 328,326 164,253
Arrivals with schedule and slot - 158,793

The data provided by LVNL is the dataset of aircraft entering the EHFIRAM and the dataset of
entering the specific sector in Dutch airspace (paragraph 3.3). The sector-entry dataset includes
flights that also cross the Dutch airspace. Those flights are not part of this study. The sample that
is used is only about arrivals.

In Table 3, the sample of these datasets for the winter season 2017 is presented. Also, the
number of linked flights are presented. Table 4 shows the same for summer season 2018

Table 3: Linked dataset entry-times and sector winter 2017
Winter 2017 # Flights # Arrivals

Dataset Entry-times - 92,943
Dataset Sector-entry 229,362 92,881
Merged dataset Entry-times + - 91,760
Sector

Table 4: Linked dataset entry-times and sector summer 2018
Summer 2018 # Flights # Arrivals |

Dataset Entry-times - 160,610
Dataset Sector-entry 410,580 160,546
Merged dataset Entry-times + - 158,763
Sector

4 This does not mean that airlines do not have an airport slot or flight schedule. It was not possible to link

the schedule to the airport slot for certain flights.
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The last dataset that is received is a dataset with the SOBT of airlines. The Linked dataset Entry-
times + Sector is the same dataset that is made as mentioned before. This dataset is used to
add the SOBT. The amount of arrivals with an added SOBT is presented in the last row.
The sample of this dataset is presented for winter 2017 in Table 5 and summer 2018 in Table 6

Table 5: Linked dataset entry-times with sector and SOBT winter 2017
Winter 2017 # Flights # Arrivals

Linked dataset Entry-times + - 91,760
Sector
Linked SOBT with Entry-times + - 86,922
Sector
Table 6: Linked dataset entry-times with sector and SOBT winter 2017
Linked dataset Entry-times + - 158,763
Sector
Linked SOBT with Entry-times + - 148,755
Sector

Data Analysis

This paragraph explains how all analyses are done to answer the main question. In order to
explain the method of analysis, the data analysis is categorised into three parts; literature (2.5.1),
data analysis (2.5.2) and interviews (2.5.3).

Literature Review

Literature is used to answer sub-questions and provide background information about the
problem. Previous research about deviation to airport slots and the role of airline business models
are part of the literature review. This provides insights into the way of thinking of airlines how
they schedule and plan their flights, what supports to answer the second sub question. Literature
about the role of ATFM delays, weather conditions and slot allocation is also an important input
to answer the sub-questions. Insights into circumstances that an airline has to deal with and how
this influence the planning and scheduling of the airline are written in literature about these topics.
This answers the third sub question.

The findings of the literature are added in the chapter literature review. However, in the chapter
result findings, the literature is used to confirm or reject the findings from the data analysis.

Data Analysis

The method used to analyse the deviations and the characteristics of this deviation is done by
quantitative research. The first sub-question is answered with this method. Data that is used for
the quantitative research is described in the chapter data collection (2.3). In order to work with
the provided datasets, the datasets have to be merged to each other or have to be filtered to
remove data that cannot be used. The next steps are taken to merge the different datasets or to
remove data that cannot be used:

1 In the datasets provided by AAS, the link between airport slot and flight schedule was
already made. However, these datasets also contain departures and arrivals of which no
link could be made between airport slot and flight schedule. Therefore, these departures
and arrivals without link are removed from the dataset, because one of the two necessary
parts are missing.
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1 The datasets provided by LVNL have to be linked to each other to calculate the EIBT.
The first step is to link the sector, that the flight has arrived in, to the dataset with the last
filed flight plans. With the function Vertical.Lookup in Excel, this data is merged into the
file with the last filed flight plan. The unique key that is used is the flightID. In this new
created dataset, there are flights whose sector cannot be matched. These flights are
removed. Also, the flights that do not have Schiphol as arrival airport are removed.

1 The next step is to calculate the EIBT, based on the flight plan, by landing on runway
18R. The lead time from entering the EHFIRAM to the gate is added to the entry time
EHFIRAM. However, every sector has a different lead time. The lead time is presented
in Table 7. Finally, the EIBT is calculated by the next formula:
0'06GW I DRENG@'Y & OE 0 d ‘QOMOOYHDQWMXNEGE o €1 (1)

Table 7: Lead time per sector in minutes

Sector Flying time to runway  Taxi time to gate Lead time
1 00:25 00:12 00:37
2 00:25 00:12 00:37
3 00:23 00:12 00:35
4 00:21 00:12 00:33
5 00:21 00:12 00:33

1 In order to calculate deviations between airport slot and flight plan, the airport slot time
from the dataset of Schiphol has to be merged into the new dataset with EIBT. This can
also be done with the function Vertical.Lookup. The unique key that is used for this
formula is the callsign of the arrival combined with the date of the allocated airport slot.
Similar to the other steps, all arrivals that cannot be linked are filtered out of the dataset.

1 Thelast link that has to be made is the link in order to calculate the schedule buffer. The
SOBT has to be merged into the dataset described above. For this link, the
Vertical.Lookup function is used again with the unique key callsign combined with the
date of the allocated airport slot.

After the merging and filtering process, the new dataset is used to perform the comparison
between airport slot versus flight schedule and airport slot versus planned flight plan. By
comparing the times, deviation is calculated. All arrivals that have a deviation in time are
analysed. Formula (2) and (3) shows this calculation.

YYEDQ6 o (0o @WEN Qo@4E @ Qi 7'¥d &®a Q 2)
Y oa " @0a 006G I REDG @D (& Qi NYE QG Q 3)
Schedule times and airport slot times are both created in steps of 5 minutes. No deviation means
that the times are exactly the same. The EIBT, based on the flight plan, is accurate to the second.
Since it is very difficult to plan an EIBT exactly at the airport slot time, a margin of 5 minutes

around the airport slot is considered as no deviation as described in paragraph (1.7). Table 8
presents when a schedule or flight plan is deviating.

Table 8: Deviation or no deviation
Difference in time

Positive value Deviation (Too late)
00:00 (schedule) No deviation
Within 5 minutes of airport slot (flight plan) No deviation
Negative value Deviation (Too early)
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To identify the business model of an airline, CAPA is used. The business model of airlines is
mentioned on the website of this company (CAPA, 2019). A list is drawn up in Excel with all
airlines flying to AAS. In the column next to the airline, the business model is displayed. The next
step is to count how often there is deviation per business model which is used to calculate the
share of deviation per business model, formula (4). The relative percentage deviation per
business model is calculated by using formula (5).

"YH 1 @O0 "QiddRE@é © IQIQ & (4)

YQa g QD QQEWAD WBLHERERE ¢ QQ & (5)

Another part of the analysis is the origin of the flight. For all the flights with a deviation, the
destinations are counted. With these numbers, a list is made of the origin of the flights. The
origins are divided into continents. In the end, the relative percentage of arrivals with deviation
(too late or too early) and no deviation are calculated by using formula (6). Only the formula for
the relative percentage earlier is presented.

YQa & f QD Q0D WELDERE % Qe QEb (6)

To determine where most deviations occur on the day, the slot brackets that are issued by
ACNL's slot declaration, are plotted over an axis. For each slot bracket, it is counted how many
schedules and EIBTSs, based on the flight plan, deviate from the slot time. This is shown on the
axis with slot brackets. Formula (7) is used to determine in which slotbracket the deviation flight
schedule or flight plan. The x in the formula is the number of slotbracket according ACNL
(Appendix Il) and are the same. For example; when the first x is 15 the second x is also 15.

Yo £ O i éa")‘gﬁ»mn@ gm:emm&n QoaiRa @A © ¢ (1
YO i 00€ 0 @i OYER'0 6 0E @ 06 | ENGAING GEO0E RAé 0 I ®QQO

In addition, the relative percentage of deviations per month is part of the analysis, formula (8).
This calculation is performed similar to the calculation for the business models.

YQda g QD QQEQD WEHOE GER (8)

The last analysis is the schedule buffer and is calculated by using the next formula (9).
Y& QO @ AQQQIY08 "W 6 Y 006 "0 6 Y 9)

The time that is followed by this calculation is the schedule buffer. By categorising the schedule
buffers in time differences, the schedule buffer is divided into time-intervals. This method
identifies the most common time-interval. A schedule buffer is positive or negative. Positive
means that the flight plan is shorter in time than the flight schedule. Negative means that the
flight plan is longer in time than the flight schedule. Table 9 shows when a buffer is positive and
when a buffer is negative.

Table 9: Sort of buffer

Schedule Buffer |

Positive value ' Positive buffer
Exactly zero minutes No buffer
Negative value Negative buffer

By analysing these characteristics, it will be clear how many times the problem occurs, which
business models, which slot bracket has the most deviation, how large the time differences are
and what the origin is of the flights that do not adhere to airport slots. This will provide insights to
search for explanations of why there is a deviation.
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Interviews

Interviews are conducted to acquire expert opinions about the reason of deviation to allocated
airport slots. They can provide new insights or explain why the results of the data analysis
happen. Also, these interviews help to understand the background of the problem. Since the
interviews are semi-structured, only the predefined questions are noted. The interviewed
companies are KLM, Martinair and Aviapartner Executive. All questions are related to the second
and third subquestion - respectively the own causes and circumstances why deviation occurs.
The decision to interview only these airlines is because the airlines were part of the extensive
sector study. The interview with Aviapartner Executive was conducted since general aviation is
a different business than the other business models. All interviewees gave permission to mention
their name and their position.

Questions asked to Mr. van Miltenburg, Flight Tactical and Operations Officer, KLM are:

- How are schedules created?

- Are slots requested according to the wishes of the airline or are they just allocated?
- Why do airlines not adhere to the schedules to the allocated airport slot?

- Which factors have a role in deviations between flight plans and airport slots?

More specific questions about the cargo business are asked to Mr. van der Peppen, Director
Network Operations, Martinair Cargo

- How does the cargo operation differ to the passenger airlines?
- What is the relationship between flight schedules and airport slots for cargo airlines?
- What is the relationship between flight plans and airport slots for cargo airlines?

- What is the role of night slots in the deviations to airport slots?

Different questions are asked to Mr. van der Krogt, Aviation Officer Executive (operations),
Aviapartner Executive since they work in a different business. Those questions are:

- How are airport slots allocated for general aviation?

- How are updates processed?

- Considering the aircraft that deviate from the airport slot, do they arrive earlier or later than
planned?
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Review of the Literature

This chapter describes the reason for this research (3.1), what airport slots, flight schedules and
flight plans are (3.2) and how the Dutch airspace is structured (3.3). In addition, the
characteristics of airline business models are enlightened (3.4), what role schedule buffers (3.5)
and jet streams (3.6) have on the planning and what a possible solution is for deviation of the
flight plans (3.7). This chapter is categorised in order of this research. First background, followed
by possible causes of deviation and finally literature about a possible solution.

ATFM Arrival Delay

When traffic demand exceeds the available capacity of the airport or specific part of airspace,
the air navigation service provider (ANSP) can request a regulation. Aircraft that are expected to
arrive during this period of congestion, receive an ATFM-delay. This delay is already provided to
the aircraft at the departure airport by the Network Manager (NM), in order to regulate the traffic
flow at the airport of arrival or specific airspace (Skybrary, 2018).

A closer look at the ATFM delay for European airports shows that Schiphol has a poor
performance on ATFM delay. As mentioned in the introduction (chapter 1), this is a well-known
issue. Figure 6, Figure 7 and Figure 8 in Appendix Il shows that Schiphol airport is respectively
31, 3d and 1stin average airport delay per day.

When the yearly ATFM arrival delay is shown over the past five years (Figure 2), an increase of
ATFM arrival delay is noticed (except in 2016). Although airport weather has a significant
influence of this ATFM arrival delay, airport capacity is still a growing actor in this delay
(Eurocontrol, 2018).

Yearly ATFM arrival delay by cause of delay (* 1000)
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Figure 2: Yearly ATFM Arrival delay in minutes 2013-2017 (Eurocontrol, 2018)

Airport Slot, Flight Schedule, Flight Plan

According to the WSG (IATA, 2018), an airport slot is a permission that an airline is allowed to
operate at a level 3 coordinated airport at a specific time. Since particular airports are congested
or runway throughput cannot deal with the demand, an airport is assigned as a level 3
coordinated airport. Schiphol airport is classified as a level 3 coordinated airport, which means
that during a relevant period the demand for airport infrastructure will significantly exceed the
capacity of the airport. Expansion of the airport to meet the demand is not possible in short term.
Therefore, a slot coordinator will determine when and which airline can operate at Schiphol
Airport in order to maximise the efficient use of airport infrastructure.

Schiphol airport uses a slot bracket of 20 minutes. This means that a certain amount of airport
slots can be issued to airlines within these 20 minutes. During inbound- and outbound peaks, the
amount of available slots is higher than in relative calm periods (Otto, 2017). A part of the list
with slot brackets of summer 2018 is presented in Appendix I
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Airport slots are not allocated every day. Twice a year, airport slots are allocated to airlines.
These slots are provided for a season. In aviation, two seasons are active, winter and summer.
About a half year before the season starts, the slots are allocated (Butcher, 2017). First, the
airport slots are assigned according to grandfather rights (historical slots). Airlines which
operates a slot at least 80% in the season achieve historical precedence. When this percentage
is reached, that slot is called a historical slot and is returned to the airline in the same season
next year (VQ, 2016). Secondly, if an airline wants to change its historical slot to another time,
this has priority over other airlines that want to make use of the same slot bracket (IATA, 2018).
Finally, a slot pool is created with the slots that are not occupied. All airlines can request new
airport slots. The slots in the slot pool are allocated to these airlines. When a requested slot is
not available, another slot is allocated to the airline. However, the slot coordinator and airline
have to agree to this adjustment (VQ, 2016).

After this process, airlines will match their created schedules for next season on basis of the
obtained airport slots. The process of creating schedules is a complex method. Different
limitations must be taken into account. Examples are crew based limitations, aircraft limitations,
predictable weather conditions and minimum connection time (Simmons, 2012). When the
schedules have been made, the block-to-block time is presented, which are time times in the
timetable of airline (Eurocontrol, 2015). In the end, the published schedule should usually align
with the airportslots (| vanov, Netjasov, & Jovanovi i, 2016)

Between 24 hours and 3 hours before, airlines will file their flight plan to the NM. In this flight
plan, among else, the desired route that will be flown, estimate off-block time (EOBT), departure
and arrival airportare presented ( | vanov, Net | asov (Skykrary,2008.novi | , 20

3.3 Sectors of Dutch Airspace

The Dutch airspace is divided into five sectors that are under control of LVNL, clockwise from
sector 1 to sector 5 (appendix IV). The blue lines are the borders of each sector. In the middle of
the figure, a sixth area is presented. This is the SPY/PAM area (LVNL, n.d.). This particular area
is the Terminal Movement Area (TMA).

When an aircraft arrives, the aircraft follows an arrival route through a sector in Dutch airspace.
This route guides the aircraft to an initial approach fix (IAF). The Dutch airspace has three IAFs,
ARTIP, RIVER and SUGOL as presented in appendix IV. To arrive at ARTIP, an aircraft follows
a route through sector 1 or 2. Sector 3 is only used to fly to RIVER. The last two sectors, Sector
4 and 5 are part of the route to SUGOL (LVNL, n.d.). From the IAF, the air traffic controller
provides instructions to the pilots how to approach the runway (Ministry of Infrastructure and the
Environment, 2011).

34 Airline Business models

Every airline in the world has its own business model. Some airlines are mainly focussed on
holiday passengers, while another airline is focussed to transfer a passenger via the hub of that
airline to the passengers destination (Bitzan & Peoples, A comparative analysis of cost change
for low-cost, full service, and other carriers in the US airline industry, 2016). The airlines are
divided into five categories: Full-Service Carriers (FSC), Low-Cost Carriers (LCC), charter
airlines, regional carriers and Cargo airlines (Ehmer, et al., 2008). Furthermore, a sixth business
model is identified. This is General Aviation (GA) (Kirschnerova, 2017).

Full-Service Carriers has an operation that provides both continental and intercontinental flights.
The continental flights are mostly used as feeder flights for the intercontinental flights (Cento,
2009). The continental flights arrive at the hub of the airline. At the hub, the passenger can
transfer to connecting flights. This is also valid for the reverse cycle, intercontinental flights that
act as feeder for the continental flights (Ehmer, et al., 2008). This kind of network is called hub-
and-spoke. The connecting passengers are important for the FSC since these passengers have
a large share of the total amount of passengers in this business model (Zhang, Derudder, &
Witlox, 2014).
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The main focus of Low-Cost Carriers is to operate the flights as cost-effectively as possible. This
is done by using a uniform fleet, mostly consisting of a single type of aircraft. Due to the uniform
fleet, a reduction in maintenance- and labour costs can be achieved (Ehmer, et al., 2008).

The network characteristic of LCC is focussed on point-to-point traffic. Transfer passengers do
not play a role in this business model. Moreover, the utilisation of the fleet is higher than other
business models (Cento, 2009). When an aircraft has a higher utilisation, more money can be
earned. An aircraft that is not flying is always losing money. However, a high aircraft utilisations
means that there is less time to recover unexpected delays (Belobaba, Odoni, & Barnhart, 2016).

Charter airlines are airlines that operate the flight without a fixed schedule. Therefore, a charter
airline do not sell the tickets for the flights. In most cases, a tour operator buys a certain amount
of seats. These seats are sold in combination with a holiday. However, an aircraft can also be
chartered by a sports team or a company. A charter airline has the similar aim to reach a high
fleet utilisation and lower labour costs (Bitzan & Peoples, A Comparative Analysis of Cost
Change for Low-Cost, Full-Service, and Other Carriers in the US airline industry, 2016).

Regional carriers operate mainly with small airplanes. These aircraft have about 20-100 seats.
The distance of the flights is shorter than the other business models. Examples are flights within
Scandinavia or the Benelux (Ehmer, et al., 2008).

Cargo is a different business than passenger airlines. Flights of cargo airlines are generally one-
way flights and not return flights like flights of passenger airlines (Ehmer, et al., 2008).
Moreover, the difficulty for cargo airlines is to operate flights according to a fixed schedule.
Because of unpredictability in cargo delivery and delays in a rotation, execution according to
schedule is difficult (Schiphol, 2019). This also has consequences for historical rights since it is
difficult for freighter airlines to execute 80% of the schedule correctly (Air Cargo News, 2018).

General Aviation is a different part of the industry than passenger and cargo airlines. Aircraft are
generally smaller, can be flown by only the pilots and are more luxury than passenger aircraft.
The flexibility of this kind of traffic is much higher. (Kirschnerova, 2017) Business flights are also
part of general aviation ( National Business Aviation Association, 2019).

Schedule Buffer

A schedule buffer is extra time built in a schedule to deal with unforeseen disruptions such as
ATFM delay and delay caused by weather conditions. To make the schedules robust, time buffers
are embedded into the schedules to absorb such delays (Muzik, 2018). When there is no buffer,
the delay affects other flights of the specific aircraft throughout the day. Those flights might have
a delay too. Therefore, flight schedules have embedded the buffers to recover from the delays.
Besides the recovery of delays, punctuality and passenger satisfaction will increase. Airlines can
achieve higher on-time performance and the passenger is more satisfied because flights are less

delayed. (Forsberg & Strom, 2016) ( | vano v, Netjasov, & Jovanovi
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An example of the embedded schedule buffers is presented in Figure 3. An airline schedules its
flight from airport A to airport B. The flight is scheduled from 10:00 to 12:00. This means that the
schedule blocktime is 2:00 hours, while the actual time from gate-to-gate is just 1:30. This means
that there is a gap of 30 minutes. Those 30 minutes left, is the buffer time. If the airline is affected
by ATFM-delay, or another disruption, the airline has 30 minutes to absorb this delay (lvanov,
Netjasov, & J oshaavstbisiexample.2 01 6)

10:00h 12:00h
Airline Commercial Schedule
(airline timetable) .
Scheduled Time of Departure Scheduled Time of
from Gate (STD) Arrival at gate (STA) |
|
» Airport Slot
(0] (@ Coordinated airports) e
2 Departury: AlrportSlot Arrival Airport Slot
$ /' Schedule
P C EOBT ETOT ETA
E o
D E ATFM
ATFM Regulated ICAO flight plan dolay
(NM)
COBT CToT CTA

Actual Flight phase
AOBT ATOT ‘ ATA

(ouT) (OFF)
Figure 3: Schedule bufferexample ( | vanov, Netjasov, & Jovanovil, 2016)

The schedule planning is constructed separately for the summer and the winter traffic program.
In the summer, the weather conditions are more suitable for airline operations. Furthermore, the
demand for flights is generally higher than in the winter. Therefore, the number of flights is higher
in the summer and the amount of buffer time is kept lower than in the winter (Forsberg & Strom,
2016).

Jet streams

Weather conditions have an impact on the operation of flying. One of the weather conditions that
flights have to deal with are jet streams. Wind with a high velocity, generated by the movement
of air in the higher layers of the atmosphere is called a jet stream (National Weather Service,
n.d.). A jet stream is relatively neither a very wide nor a very deep ribbon, but it can be thousands
of kilometres long. The wind in such called ribbon is powerful and can exceed 300 km/h (Met
Office, 2018). Due to temperature contrast, the pressure of the air differs. In areas with a high
temperature, the air pressure is higher while in areas with low temperature, the air pressure is
lower. Air always wants to flow from high pressure to low pressure. In the area where the hot
and cold air come into contact with each other, the jet stream is created. Because the earth
rotates, this stream is not a straight line but winds the jet stream. (Koninklijk Meteorologisch
Instituut van Belgié, 2019)
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There are four jet streams on earth, but these are divided into two types. These jet streams are
the polar jet stream and the subtropical jet stream. In Figure 4, the two types are presented. The
Polar jet stream is around the 30° northern- and southern latitude. The subtropical jet stream is
between 50° and 60° northern- and southern latitude. (National Weather Service, n.d.)

Polar Jet

Subtropical Jet

Figure 4: Jet stream (National Weather Service, n.d.)

In aviation, pilots and flight planners often make use of the jet streams. Especially trans-Atlantic
flights from North-America to Europe have benefit of the jet stream. The aircraft saves fuel and
is earlier at the airport of arrival than when the jet stream is not used (Irvine, Shine, & Stringer,
2016). However, if the jet stream does not reach a speed that is high enough to have benefit of
the jet stream, the jet stream can cause delay. Furthermore, flying in the opposite direction of the
flow of the jet stream can cause delay and extra use of fuel (Met Office, 2018) .

Flight Plan and Airport Slot Consistency Service (FAS)

Birenheide, project manager FAS, explains in the YouTubec | i p 1 Eigh#plan and Airport
Consi stency Ser principles of(FAR Biyenheide h2614). In Europe, 79 airports
exceed their capacity. Therefore these 79 airports are coordinated airports. To operate at these
airports, airport slots are issued to the airline operators. These airport slots are provided in the
strategical phase, as described in paragraph (3.2). In the pre-tactical phase, one day before
operation, (D-1), these airport slots are not always included in the planning. In fact, it is not always
verified whether the expected EIBT also corresponds to the airport slot. This leads to a higher
demand at times when it is not expected. Also, other moments of the day are less busy than had
been agreed in advance. In the end, this leads to delays and higher costs for all stakeholders.

In order to improve these irregularities, FAS has been established. All airport slots are stored in
a central database. The flight plan that is filed, is compared with the airport slot that corresponds
with the flight plan. If no match can be found between flight plan, an update is sent to the airline
that there is no match (Birenheide, 2014).

In the end, the goal of FAS is to reduce delays and improve predictability and consistency
(Eurocontrol, 2014). However, this tool is not used at any airport at this moment.
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In this chapter, the data analysis is done to determine the characteristics of deviations between
flight schedules and airport slots (4.1 & 4.2) and between flight plans and airport slots (4.3 & 4.4).
Furthermore, the schedule buffers are determined (4.5) since these may contribute to the
deviation of flight plans.

All parts of the data analysis, except the schedule buffer, are done in the same structure and with
the same method described in chapter (2.5). Different steps are taken to determine the
characteristics that are stated in the scope. These steps are performed in the following order:
(a) Determine the frequency of deviation to airport slot

(b) Distribution time difference in magnitude and frequency

(c) Distribution business model, overall and relative per business model

(d) Distribution continent

(e) Distribution per slot bracket

(f) Relative distribution per month

Winter 2017 Schedule

The first step (a) in the analysis of the deviation in winter season 2017 is to determine how many
flight schedules have a deviation to the approved airport slot. This comparison is made to
determine if there are arrivals that have deviation between flight schedule and airport slot.

In the winter season of 2017, 91,896 schedules are available with a slot that is matched with an
airport slot. Considering all arrivals that are linked, 96.8% of these arrivals have no deviation in
time between the flight schedule and approved airport slot. However, the remaining 3.2% of these
91,896 arrivals have a different schedule time than the airport slot time.

Step (b) is about the distribution in magnitude and frequency to determine if a particular time-
interval occurs more often than other time-intervals. As mentioned before, 96.8% of the arrivals
is has no deviation. The 3.2% deviating schedules are spread over different time intervals,
presented in Graph 1. One to five minutes earlier and later than the airport slot is the most
common time-interval of deviation. However, the percentages of these two time-intervals do not
differ much from the other time-intervals. Since these percentages of more than -60 and 60
minutes give a distorted picture, the outer bars are replaced by arrows. This means that the
percentages are spread over several time intervals that are not visible. If these bars are spread
over multiple time intervals, there is not a time interval that is different.
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Graph 1: Distribution magnitude schedule deviation winter 2017

* If the difference is more than -60 minutes and 60 minutes, the distribution is spread out over
multiple time-intervals.
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The next step (c) is to determine what share the deviations per different business model is in
relation to all business models and what share these deviations have in their own business
model.

In the first part, the dataset is reduced to 2,948 arrivals, all arrivals that do not deviate are not
considered. The result of the distribution of deviation per business model is presented in Graph
2. It is noticeable that cargo and GA traffic has the largest share in deviation. Together it is
responsible for 70% of the mismatches. Cargo is in the winter season of 2017 the business model
that has the most flight schedules that do not match their airport slot.

Distribution deviation business models
Winter 17

BFSC mLCC mCargo mGA mcCharter mRegional

Graph 2: Distribution schedule deviation business model winter 2017

In the second part, the share of deviation in the own business model, multiple samples are used.
All business models are separated so that the deviations per business model can be calculated.
FSC has 65,534 arrivals in this season, LCC 19,860, cargo airlines 3,123, GA 1,593, charters
1,511 and regional carriers 275.

In Table 10, the share of mismatches in the own business model is presented.

Remarkable is that cargo and general aviation has the largest share. Both have a mismatch of
at least 40% while the other business models remain below 7%. These two business models are
also the largest in absolute values.

Table 10: Deviation business models winter 2017

Business Model % slots % deviation in business Amqunt of_ar_rivals
model with deviation

FSC 71.3% 0.6% 398

LCC 21.6% 1.8% 360

Cargo 3.4% 40.9% 1,276

GA 1.7% 50.3% 802

Charter 1.6% 6.9% 105
Regional 0.3% 2.5% 7
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The distribution of the deviation per business model is divided in three categories: schedules that
are planned earlier than the airport slot, schedules with no deviation or schedules later than the
airport slot. The sample of this analysis is the total amount of arrivals. If a schedule of a GA operator
has a deviation to the airport slot, this is slightly earlier than later. The other business models do
not have a noticeable difference between earlier or later. This is presented in Table 11.

Table 11: Relative distribution schedules per business model winter 2017
No deviation

Business Model

FSC 0.3% 99.4% 0.3%
LCC 1.1% 98.2% 0.7%
Cargo 19.2% 59.1% 21.6%
GA 27.8% 49.8% 22.4%
Charter 4.2% 93.1% 2.7%
Regional 2.2% 97.5% 0.4%

Step (d) is the next analysis in the winter schedule, Table 12. This analysis is to determine if arrivals
from a specific continent deviate more than other continents. The relative percentage of the number
of arrivals that are scheduled earlier, corresponding or later than the airport slot are taken into
account. The sample for this analysis is the total amount of 91,896 arrivals. This sample is
separated in the different continents. Arrivals from European airports have 70,389 arrivals, Africa
4,744, Asia 9,050, North-America 6,171 and South-America has 1,373 arrivals.

Only the schedules of which the arrival flight originates from South America, a noticeable difference
is recognisable. 25% of the schedules deviate from the airport slot.

Table 12: Relative distribution schedules

per continent winter 2017

Continent Earlier No deviation
Europe 1.3% 97.9% 0.8%
Africa 3.3% 91.3% 5.4%
Asia 2.4% 94.2% 3.4%
North America 1.6% 96.9% 1.5%
South America 12.7% 74.9% 12.5%
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Another part of the scope is analysing the total deviation over the day, step (e). The day is divided
into the various slot brackets issued by ACNL. In these brackets, all mismatches are counted of the
entire season. This means that in the slot bracket from 10:00 to 10:20 all mismatches are displayed
for the season in that particular slot bracket. In this figure, the sample is just the 2,948 arrivals that
have deviation.

In Graph 3 the deviation per slot bracket is visualised. The frequency of mismatches is divided into
two different parts. The part above the x-axis, the blue bars, are the arrivals whose schedules are
planned later than the airport slot. On the other hand, the part under the x-axis are arrival schedules
that are planned before the airport slot. The amount of deviation is the total amount deviations in
the slot bracket in entire winter season 2017.

Deviation schedule to airport slot Winter 17

Slotbracket {UTC)

Frequency deviation
o
Relative Percentage

mm scheduletime earlier mm Scheduletime later Relative percentage earlier —Relative percentage later

Graph 3: Distribution schedule deviation per slot bracket winter 2017

There is one particular peak that protrudes above the others, in the bracket from 10:00 to 10:20. In
this peak, 130 schedules deviate from the airport slot time. Furthermore, there are some outliers,
but generally, it is evenly distributed except in the evening and night.

However, if the same graph is presented in relative percentage, a different result is obtained. The
relative percentage is represented by the two lines running in Graph 3. The purple and the green
line indicate respectively the relative percentage for the schedule times later and earlier than the
airport slot. At night, at certain times, the relative percentage is very high. In slot bracket 02:40 the
percentage is 65%. However, almost no slots are allocated in this period. During the day this
percentage stays at a low level. Although there is a small peak in some slot brackets, the relative
percentage remains below 10%.

In appendix V the number of deviations per business model is visualised over the different slot
brackets. In these graphs, it is striking that business model cargo causes almost all deviations
during the night. These deviations are mainly earlier than the airport slot. However, when the
deviation over the day is taken into account, scheduled times are rather later than earlier than the
airport slot. General aviation is also responsible for the deviations, but only during the day. At night,
GA has no deviations. Finally, there are a few peaks at FSC. These are in slot brackets that start
at 07:40, 10:00, 14:40, and 18:40. FSC has a large share in these slot brackets. The other business
models have no significant differences.

The last step that is made, step (f), is the relative mismatches per month. In this part, all arrival
flights, 91.896, are taken into account to determine how many schedules do not match with the
airport slot in that specific month. Though all arrivals are taken into account, the months are
separated to calculate the relative mismatches per month. November has 19,283 arrivals, 18,431
arrivals in December, 18,812 arrivals in January and 17,778 arrivals in February and March has
15,554 arrivals. The month October is excluded since that month has only a few days due to the
start of the season. March is the month when the season ends. Therefore, this month has fewer
days than the other months.
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When these arrivals are compared relative to each other per month, the percentages are nearly
equal to each other. It is slightly decreasing over the season, but this is not a significant change.
Graph 4 presents this result.

4.0%
3.5%
3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
0.0%

ismatch

Percentage m

Relative deviation per month Winter 2017

3.5%
3.3%
3.1% 3.0%
I 2.8%
I I I I T
November December January  February March

Month

Graph 4: Relative schedule deviation per month winter 2017

4.2 Summer 2018 Schedule

Similar to the analysis of the winter schedule (4.1), the first step (a) of the analysis of the summer
schedule is to determine the percentage mismatches of that season. The sample that is used for
this part is provided by Schiphol, as described in chapter (2.4), and contains 158,793 arrivals
with a link between flight schedule and airport slot. 3.3% of these arrivals have a deviation
between the flight schedule and airport slot in summer 2018.
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The magnitude and frequency are determined in Step (b) and presented in Graph 5. In this graph
it can be determined if an time-interval is more common than others. The 96.7% of no deviation
to the airport slot is not taken into account in analysis. The other 3.3%, the schedules that deviate
to the airport slot, are distributed over all other categories. The time intervals 1 to 5 minutes
earlier and later than the airport slot contains the most deviation. However, the difference to the
other percentages is small. The bars on the outside of the graph are not visible since these
present an incorrect representation. Those percentages are spread over multiple time intervals
after 60 minutes earlier or later. No remarkable values after these 60 minutes later or earlier are

present.
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1.0%
Too early Too late
0.8% -
Z 0.6%
c
s 0.5%
g
& 0.4% 0.4%
" 02% 0.2%
-2% 01%  0.1% 01%
£ 01% oo 9 Ol 0% ) 1 0as *
8 < . .
o.0% 1% 0.0% 0.0% 0.0% D.UAI I I I 0.0% 0,0% 0.0% g g9 0.0% 0.0%
0.0% - . | B | | . . H m B o = B
S LT PP IFTPDET OO SO PN IS PSS
Rl O B B I~ 2 T S~ Bl S~ B VU - o N VN L U L
o A S A S © N LN LN oo o N o
;*‘@é"@é’;?é”@r{?r\?u‘?'ﬁ' '»Nw'»n:%vv%‘o@*
O
& &

Time-interval (minutes)

Graph 5: Distribution magnitude schedule deviation summer 2018
* If the difference is more than -60 minutes and 60 minutes, the distribution is spread out over
multiple time-intervals.

In step (c), Graph 6, the share of each business model is shown. The sample size is reduced to
5,185 arrivals, the 3.2% arrivals with deviation.

The distribution in the summer season shows that cargo has still the most mismatches. LCC has
a larger share in total mismatches than in winter. General Aviation has also a large share in the
mismatches, similar to the winter season.

Distribution deviation business model
Summer 18

Charter Regional

39%

mFSC mLCC mCargo = GA wmCharter m Regional

Graph 6: Distribution schedule deviation business model summer 2018
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Considering the deviation per business model, it is noticed that Cargo and GA have the most
mismatches within their own business model, Table 13. When the absolute number of
mismatches are calculated, it is striking that, despite only 3.1% mismatches in the business
model of LCC, this percentage ensure that they are second in absolute mismatches. This can
also be seen in Graph 6. Since each business model is determined, the dataset is divided into
several samples. FSC has in the summer season 109,600 arrivals, LCC 36,872 arrivals, Cargo
4,547 arrivals, 2,097 arrivals, Charters 5,143 arrivals and regional carriers 534 arrivals.

Table 13: Deviation business models summer 2018

% deviation in

Business Model % slots business model Amount deviation
FSC 69.9% 0.5% 590
LCC 23.2% 3.1% 1,129
Cargo 2.0% 44.6% 2,029
GA 1.3% 48.4% 1,015
Charter 3.2% 8.1% 415
Regional 0.3% 1.1% 6

In Table 14 schedules earlier, with no deviation and later, are presented. No clear differences
whether an arrival is scheduled earlier or later is identified. Again, Cargo and GA have the fewest
matches with the airport slot. The same sample for the business models was used as described
above. In summer season 2018, schedules earlier and later have an even share in business
models FSC, LCC and regional. Cargo, GA and charter airlines are slightly scheduled earlier
than the airport slot.

Table 14: Distribution schedules per business model summer 2018
Business model Earlier No deviation Later ‘

FSC 0.3% 99.5% 0.2%
LCC 1.5% 96.9% 1.6%
Cargo 24.5% 55.4% 20.1%
Regional 0.6% 98.9% 0.6%
GA 26.0% 51.5% 22.4%
Charter 5.5% 91.9% 2.6%

The next step (d) presents the distribution per continent. The sample size of each continent is
122,612 arrivals from European airports, 6,614 arrivals from Africa, 15,528 arrivals from Asia,
11,691 arrivals from North-America and 2,169 arrivals from South-America.

Also in the summer season 2018, flights from South America relatively has the most mismatches
within the continent. Besides the mismatches from South America, there are no notable issues
to be noticed as presented in Table 15.

Table 15: Distribution schedules per business model summer 2018
Continent Earlier No deviation Later ‘

Europe 1.1% 97.8% 1.1%
Africa 5.0% 92.0% 3.0%
Asia 4.6% 91.9% 3.5%
North America 1.5% 97.7% 0.8%
South America 11.0% 79.4% 9.6%
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In contrast to the winter season, a different pattern is shown in the deviation over the day. Graph
7 shows this pattern. The blue bars are the number of arrivals with a scheduled time later than
the airport slot time, brown bars are the amount of arrivals with a scheduled time earlier than the
airport slot time. Every bar is the absolute amount of the total deviation, earlier or later scheduled,
in a specific slot bracket of the total season.

The number of peaks in the summer season are, compared to the winter season, higher. Also,
the magnitude of the peaks is higher. The relative percentage is also included in this graph. The
green and purple lines reflect the relative percentage of scheduling times that are scheduled
earlier or later. The relative percentage is low during the day. This percentage does not exceed
11%. Compared to all allocated airport slots per slot bracket, the number of deviating schedule
times is not significant.

Deviation schedule to airport slot Summer 18
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Graph 7: Distribution schedule deviation per slot bracket summer 2018

In addition, the deviations per business model are also shown per slot bracket. These are shown
in appendix VI. The deviations in the night period are again mainly due to cargo. However, in the
2018 summer season cargo is also responsible for a large proportion of daytime deviations. In
this case, the daytime deviations are not only later than the airport slot, but also many flights are
scheduled earlier than the airport slot.

The deviation of LCC appears both earlier and later. However, the large peaks are at a schedule
time later than the airport slot.

Because of the larger share of total deviations by general aviation, the deviations per slot bracket
are also visible at GA. These are only during the day and not at night.

The last observation is a large peak of FSC at 20:40. FSC causes almost all deviations in this
slot bracket.
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The last step (f) is the relative mismatch per month. This is presented in Graph 8. Each month has
another sample size. April has 21,110 arrivals, May 22,603 arrivals, 22,009 arrivals in June, 22,997
arrivals in July, August has 23,020 arrivals, September 22,318 arrivals and finally October 20,000
arrivals.
The relative frequency of mismatches of months May, June and July are slightly higher than the
other months. August is the month with relatively the least mismatches.

Relatief percentage deviation Summer 18
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Graph 8: Relative schedule deviation per month summer 2018

4.3 Winter Flight Plan

To study the deviation between the last filed flight plan and the airport slot, a linked dataset is
used again. This time it is the linked dataset between the calculated EIBT and airport slot as
described in paragraph (2.5.2)

The first step (a) is to determine how many percent deviation there is in the winter season
between the last filed flight plan and the airport slot. The total sample of 91,760 arrivals is taken
into account.

69% of the flight plans have a deviation to the airport slot. 31% of the arrival flights have a flight
plan that is filed within the margin of 5 minutes around the airport slot, as explained in paragraph
a.7).
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Step (b), the distribution in magnitude and frequency, shows a different pattern than the schedule
analysis since more flights deviate from the airport slot.

In Graph 9, it is noticed that in the most flight plans, 47.4%, the EIBT is earlier than the airport
slot. The other 21.8 % are flight plans with an expected EIBT later than the airport slot. When the
expected arrival time is earlier based on the flight plan, the EIBT will gradually decrease from
18.3% to 0.5%. In this graph, it is remarkable that a peak at more than 60 minutes later occurs.
However, as explained in the schedule analysis, this percentage is spread over multiple time
intervals more than 60 minutes later.
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Graph 9: Distribution magnitude flight plan deviation winter 2017
* If the difference is more than -60 minutes and 60 minutes, the distribution is spread out over
multiple time-intervals.

The share of deviations per business model is presented in Graph 10. This is step (c) in the
analysis. In this part, the sample is reduced to 63,477 arrivals. Only the flight plans with a
deviation are taken into account. FSC is the business model with the highest amount of deviation.
71% of the arrivals has a deviation between the EIBT based on the flight plan and the airport slot.
LCC is the other business model with a larger share of deviation.

Distribution deviation business model

Winter 17
GA | | Charter || Regional
2% 2% 1%
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Graph 10: Distribution flight plan deviation business model winter 2017
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The second part of the analysis of the business model is the percentage of mismatches in the
own business model. The different samples for each business model are; 66,568 arrivals for
FSC, 19,774 arrivals for LCC, Cargo have 1,487 arrivals, GA 1565 arrivals, charter 1487 arrivals
and regional 275 arrivals.

FSC and LCC have the lowest percentage of deviation in their own business model. All other
business models have a deviation of more than 80% in their own business model. Although, both
business models have the lowest percentage of deviation, they have the highest amount of
deviation. This is presented in Table 16

Table 16: Deviation business models flight plan winter 2017

% deviation in

Business Model % slots business model Amount deviation
FSC 71.5% 68.8% 45,088
LCC 21.5% 65.1% 12,863
Cargo 3.4% 87.0% 2,692
GA 1.7% 88.5% 1,385
Charter 1.6% 82.5% 1,227
Regional 0.3% 80.7% 2,222

Graph 11 shows the relative distribution per business model in categories earlier, no deviation
and later. General aviation and cargo are, similar to the schedule analysis, the business models
with the most deviation in their own business model. Another noticeable issue is that GA and
charter airlines have their EIBT later than the airport slot while FSC has their EIBT mainly earlier.

Relative distribution earlier, no deviation or later business model
Winter 17
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Graph 11: Relative distribution flight plan per business model winter 2017
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In Graph 12, the relative distribution per continent is presented. Step (d). Apart from Africa, flight
plans from intercontinental (ICA) flights have mainly an EIBT that is earlier than the airport slot.
Africa is the only continent where there is a roughly even distribution of flights with an EIBT
earlier, corresponding or later than the airport slot. Flight plans from destinations in Europe have
an EIBT rather earlier than later compared to the airport slot. Moreover, this continent is the

continent with the most matches per continent.

Relative distribution earlier, no deviation or later continent

Winter 17
100%
90%
80%
70%
60%
50%
40%
30%
20% I I
10%
0% . l . . . .
Europe Africa Asia North America | South America
B Flight plan earlier 42.8% 38.0% 64.6% 75.3% 64.8%
B No deviation 35.3% 26.4% 15.2% 10.6% 9.5%
Flight plan later 21.9% 35.6% 20.1% 14.0% 25.6%

Graph 12: Relative distribution flight plan per continent winter 2017

The next step (e), is the distribution over the day per slot bracket. Compared to the schedule
analysis, the x-axis is divided into the different slot brackets declared in the capacity declaration
of ACNL. The bars under the x-axis are the flight plans with an EIBT earlier than the airport slot,
the bars above the x-axis are flight plans with an EIBT later than the airport slot. As mentioned
in step (b), the share of EIBT earlier than the airport slot was larger than an EIBT later than the
airport slot. In Graph 13 this is presented too. Two clusters of peaks, both EIBT earlier, are
noticeable, 07:00 to 08:20 and 17:40 to 19:00. These timeframes are also the inbound peaks at
Schiphol Airport.
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Graph 13: Distribution flight plan deviation per slot bracket winter 2017
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If the relative percentage of deviations per slot bracket is considered in graph 13, several issues
are noticeable. During the first inbound peak, from 07:00 to 08:00, the relative percentage of
deviation is high. If the EIBT based on the flight plan is earlier than the airport slot, the percentage
in this first inbound peak is around 80%. Almost all arrivals in this period have an EIBT earlier
than the airport slot. The green line presents the relative percentage of an EIBT earlier than the
airport slot. The purple line is the relative percentage later than the airport slot. Also, the last
inbound peak, from 17:40 to 18:40, has a high percentage with an EIBT before the airport slot.
The period between these two peaks has no notable peaks in percentage.

When comparing business models per slot bracket, FSC is the main cause of the deviations in

almost every slot bracket. This is presented in appendix VII. The other business models have a
too small share to notice differences.

The last step (f), Graph 14: Relative flight plan deviation per month winter 2017, in the analysis
of the winter flight plans is the relative deviation per month. November has a slightly lower
percentage of deviations than the other months. The other months has relatively the same
percentage of deviation per month. The sample size per month is; 19,249 arrivals in November,
18,384 arrivals in December, 18,805 arrivals in January, 17,750 arrivals in February and 15,539
arrivals in March.
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Graph 14: Relative flight plan deviation per month winter 2017

4.4 Summer Flight Plan

In the analysis of the deviation for the last filed flight plans in summer season 2018, the share of
flight plans with deviation to the airport slot is smaller than in winter season 2017. In summer

2018, 65% of the flight plans have a deviation. In this step (a), 158,763 arrivals are taken into
account.
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Step (b) in the analysis is to determine the magnitude and frequency of the distribution of
deviation. In the summer season, the largest share of deviation is to the left of the matches.
38.2% of the arrivals has an EIBT that is earlier than the airport slot. 26.4% of the arrivals has an
EIBT later than the airport slot. A deviating part in this graph is in the time interval of more than
60 minutes later. Comparing to the time-intervals before, this time-interval has a larger frequency
of deviations. (Graph 15)
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Graph 15: Distribution magnitude flight plan deviation summer 2018
* |f the difference is more than -60 minutes and 60 minutes, the distribution is spread out over
multiple time-intervals.

The next step (c) is presented in Graph 16. In this graph, the share of the deviation of all business
models are shown. FSC is the business model with the largest share of deviation followed by
LCC. The other business models have relatively a small share in the total amount of mismatches.
In this analysis, the sample is reduced to only the mismatches of the flight plans in summer
season 2018. The amount of arrivals with deviation is 102,583 arrivals.

Distribution deviation business model
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Graph 16: Distribution flight plan deviation business model summer 2018
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The percentage of deviation in the business model itself is shown in Table 17. The sample that
is used is different per business model. FSC has 109,274 arrivals, LCC 36,627 arrivals, Cargo
4,540 arrivals, GA 2,739 arrivals, Charters 5,049 arrivals and finally Regional carriers 533
arrivals.

Despite FSC is not the business model with the larger share deviation in its own business model,
the amount of deviations is, on the other hand, the largest number, as correspond with Graph
16. GA and Cargo airlines have the largest share of deviation in their own business model.
Respectively 88.8% and 87%. However, the share of the absolute amount of deviation is just 2%
and 4%. Despite both business models has a bad performance in their own business model, they
do not produce the most deviation in absolute numbers.

Table 17: Deviation business models flight plan summer 2018

Charter 3.2% 76.3% 3,851

Regional 0.3% 54.8% 292

If the percentage deviation in business model is split into earlier, no deviation and later, three
business models have a larger share in flight plans later than earlier. This applies GA, Regional
and charter. Cargo and FSC have a flight plan relatively earlier than later compared to the airport
slot. This is presented in Graph 17.

Relative distribution earlier, no deviation or later business model

Summer 2018
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Graph 17: Relative distribution flight plan per business model summer 2018
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Step (d) in the analysis is the relative distribution per continent. Each continent is analysed
separately. The sample of each continent is: 122,745 arrivals from European airports, 6,532
arrivals from Africa, 15,468 arrivals from Asia, 11,667 arrivals from North-America and 2,167
arrivals from South-America.

The same as the winter flight plans, the largest share of deviation is from ICA arrivals, in which
Africa is again an exception. Europe has, similar to the analysis in the winter, an even spread of
deviation and matches. Presented in Graph 18.

Relative distribution earlier, no deviation or later continent
Summer 2018
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Graph 18: Relative distribution flight plan per continent summer 2018

Graph 19 presents the distribution of the frequency of deviation over the day, step (e). Similar to
the graphs in the winter season, the brown bars are flight plans with an EIBT earlier than the
airport slot, the blue bars are flight plans with an EIBT later than the airport slot. The peaks that
point out are all peaks that represent the inbound peaks at Schiphol.
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Graph 19: Distribution flight plan deviation per slot bracket summer 2018

The relative percentage of deviations in per slot bracket indicates in summer season 2018, that
in the first and last inbound peaks the relative percentage is relatively high for an EIBT earlier
than the airport slot. 75% and 55% respectively. This percentage is for arrivals with an EIBT,
based on the flight plan, earlier than the airport slot. This is presented with the green line.
Furthermore, the percentage increases at the end of the day at arrivals with an EIBT later than
the airport slot. Whereas at the beginning of the day this percentage is almost negligible, at the
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end of the day this is remarkably higher. The purple line shows the relative percentage of these
EIBTs.

When the amount of deviation is divided into the different business model, the FSC has the most
amount of deviation over the day. In summer 2018, LCC has a larger share in amount of
deviation.

The last step (f), Graph 20, in the analysis of the summer flight plans is the relative distribution
per month. For the month April, 20,718 arrivals are taken into account. May has 22,641 arrivals,
June has 22,090 arrivals, July 23,083 arrivals, August 23,068 arrivals, September 22,368 arrivals
and October has 20,035 arrivals The last four months in the summer season have a slightly lower
percentage of deviation than the first three months.
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Graph 20: Relative flight plan deviation per month summer 2018

4.5 Buffers
IETS MEER UITLEG WAAROM DEZE STAP

After the calculation of the block times in the flight schedules and flight plans, the schedule buffers
are calculated. This process is explained in chapter 2.

After the calculation of the buffers, the buffers are plotted in a graph to present the magnitude
and the frequency of the buffers. The graph is divided into two parts; positive buffer and negative
buffer. A positive buffer means that the block time of the flight schedule is longer than the block
time of the flight plan. A negative buffer means that the block time of the flight schedule is shorter
than the block time of the flight plan.
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The share of a positive buffer, the right side of the black line, is larger than the negative buffer.

Respectively 77.6% and 22.4%. The first two categories in the positive buffer side are the time-
intervals with the highest frequency, both 23.3% as is presented in Graph 21.
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Graph 21: Distribution magnitude schedule buffer winter 2017
* |f the difference is more than -60 minutes and 60 minutes, the distribution is spread out over
multiple time-intervals.

In the summer a different distribution is presented. This is presented in
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Graph 22. Arrivals with a positive buffer have a share of 69.7%. Arrivals with a negative buffer
have a share of 30.3%.

0 to 5 minutes is the time-interval with the highest frequency of buffers. The surrounding time-
intervals, all have a lower percentage of frequency. This is different than in the winter season, in
which two time-intervals has the same amount of frequency.
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Schedule buffer Summer 18
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Graph 22: Distribution magnitude schedule buffer summer 2018
* If the difference is more than -60 minutes and 60 minutes, the distribution is spread out over
multiple time-intervals.
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In this chapter, the most important items of the interviews conducted with experts are described.
The first paragraph (5.1), contains the interview conducted with the KLM followed by the
interviews with Martinair Cargo (5.2) and Aviapartner Executive (5.3). The transcription of the
interviews is worked out in Appendix IX, Appendix X and Appendix XI.

KLM

The interview with the KLM is conducted with Mr. van Miltenburg, officer flight tactical analysis &
reporting (van Miltenburg, 2018).

- How are schedules created?

Flight schedules of ICA and European flights are created differently. However, the punctuality of
the arriving flight at Schiphol is for both flights most important. Since KLM is a transfer catrrier,
the schedules are made to guarantee the transfer.

Schedules are developed on the entire rotation, so Amsterdam-outstation-Amsterdam. By
analysing historical data, the arrival punctuality is monitored. The results of this analysis are
considered in determining how much buffer has to be embedded in the schedules. On the other
hand, buffer cannot be added indefinitely. Some flight schedules are limited due to crew
limitations. In the end, all schedules are created to meet the arrival punctuality.

- Are slots allocated according to the wishes of the airline or are they just allocated?

Airport slots are allocated according to grandfather rights. As airline, it is known which airport
slots are returned to us. Schedules are created with these historical slots in mind. After multiple
schedule optimisations, the schedules are connected to the airport slots. However, some
schedules do not connect to an airport slot. During the slot conference, the created schedules
that do not match with an airport slot are discussed.

Due to the scarcity of available airport slots at Schiphol, it became difficult to obtain airport slots
that meet flight schedules. Depending on the outstation, the schedule time can be changed more
easily.

- Why do airlines not adhere to their schedules to the allocated airport slot?

Airlines might deviate because they do not know the rules at AAS or airlines deviate consciously.
For instance, airline x was aware of the rules established by ACNL. However, that airline did not
make use of 80% of the slots for specific routes. Therefore, they lost their grandfather rights.

- Which factors have arole in deviations between flight plans and airport slots?

Delays and wind are the main factors that contribute to deviations. If an aircraft is already delayed
at departure, the aircraft also returns later at Schiphol. This is reflected in the last filed flight plan.
Especially, when an aircraft has a high utilisation, delay in the first rotation can lead to delay to
the next flights.

The last filed flight plans contain already meteorological data. This is reflected in the EIBT based
on the flight plan. Flights with a strong tailwind generally hves an EIBT earlier than the airport
slot.
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The questions asked to Mr. van Peppel, director network operations are transcripted in this
paragraph (van de Peppel, 2019)

How does the cargo operation differ to the passenger airlines?

iThe dynamics of c aletghodifferentefrora those of the passage aperation
(passengers)o. The |l ength of the rotation i
A rotation of a cargo aircraft has sometimes six stops before the aircraft is returned in
Amsterdam. Flights operated by passenger airlines usually are based on return flights.

Deviation to the airport slot is more common since cargo has mostly long-haul flights. Long-haul
flights are more intended to have an EIBT earlier than the airport slot Furthermore,
unpredictability is part of the business. Parcel services have a different operation. On-time
performance is a priority in that segment of cargo. Their aim is to deliver parcel quickly.

What is the relationship between flight schedules and airport slots for Cargo airlines?

The amount of arrivals of cargo airlines is relatively low compared to the total arrivals. Perhaps
this small share contributes to the problem of deviations and bunching.

Schiphol has several inbound peaks. If it is preferred to shift cargo out of those peaks, that is not
an issue. A flight schedule can easily be rescheduled to another time. The network can also be
adapted to this change. Adjusting the airport slots is less relevant for the airline. More important
is to maintain flexibility.

When a schedule is designed, potential delays and maintenance should be taken into account.
To absorb this, extratime on the ground at AAS is included. This time at AAS is used to exchange
flights between aircraft. An aircraft with extra time at AAS can take over the flights from the other
aircraft. This results in more time for maintenance, for instance. Flight cannot be shifted without

l'imitations. iSome f tausg bftarsairgora thag closes guting the riightmm s

flowers that still have to go to the Netherlands food and consumer product safety authority for
approval . o

Because there is no strict control on AAS, flight schedules can be shifted. However, when strict
control to slot adherence is implemented, cargo operation becomes almost impossible.

What is the relationship between flight plans and airport slots for cargo airlines?

In the cargo business, there is more deviation compared to other business models since a late
departure from the airport is more common than for passenger flights. After all, the aircraft waits
until freight has arrived. That freight is able to be carried by the aircraft is more important than
having the flight plan in line with the airport slot. However, this has consequences for the capacity
of Schiphol. In addition, cargo also experiences delays and weather conditions like other airlines.

What is the role of night slots in deviations to airport slots?

Night slots are very important to continue with the operation when delay occurs. Some schedules
are created to arrive two hours before the night starts at AAS. When that aircraft has a delay of
more than two hours, the expected EIBT is at night. Without a night slot, this aircraft is not allowed
to land at AAS. This results in that the aircraft has to stay at outstation. Furthermore, sometimes
schedules are created earlier than the airport slot because there is no night slot available. In this
way, extra certainty is added to ensure the flight arrives at AAS within the daytime period.
However, not all night slots are used but it is necessary to have these slots for the operation and
to ensure historical rights are guaranteed.
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Aviapartner Executive

In this interview, Mr. van der Krogt, aviation officer executive (operations), is interviewed (van
der Krogt, 2018).

- How are airport slots allocated for general aviation?

Airport slots are requested differently for general aviation than for cargo and passenger airlines.
The ground handler at AAS has to request an airport slot in the computer system of the slot
coordinator. This airport slot is the flight schedule time that is submitted in a handling request.
The requested airport slot is not always available. In summer, the first available airport slot is
sometimes six hours later than preferred. The reason is that there are more arrivals in summer,
which have been allocated in advance. General aviation operators request an airport slot a
couple of days to a few hours before departure.

- How are updates processed?

When updates are received a couple of days before the arrival, the airport slot can be adjusted
easily. However, updates on the day of arrival cannot always be processed. If an update is sent
within an hour before the airport slot time, this update cannot adjusted. This is a limitation of the
software.

An update that is not provided by GA ground handlers at Schiphol is when an airport slot is
allocated within an hour of the schedule time. The airport slot at the schedule time is not available,
thus another airport slot is allocated. If this is within an hour of the schedule time, the general
aviation operator is not updated about a different airport slot. This is an agreement made between
all GA ground handlers.

- Considering the aircraft that deviate from the airport slot, do they arrive earlier or later
than planned?

In general, later. General aviation is more likely to depart later since the aircraft waits until the
passenger arrives, On the other hand, flights are sometimes earlier due to weather conditions.
Especially flights from North-America are earlier. Furthermore, several flights arrive earlier on
purpose. When such a flight has an allocated airport slot than they prefer, sometimes they ignore
the new airport slot and arrive according the initial flight schedule. That is the responsibility of
that operator.
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6 Research Findings

This chapter is about the findings from the various analyses, deviation of schedules in paragraph
(6.1) and deviation of flight plans in paragraph (6.2). By combining literature review, data analysis
and interviews, explanations are identified to answer the sub questions.

All findings were discussed during the sector meetings and confirmed by all stakeholders in the
sector. If any findings are confirmed or rejected by means of literature and/or interviews, this is
mentioned separately.

6.1 Deviation Schedules

The findings of the deviation between the flight schedule and the airport slot are that both
seasons (winter 2017 and summer 2018) have about the same percentage mismatch,
respectively 3.2% and 3.3%. Although these percentages of deviation are not very high, these
percentage should not appear. Flight schedules must match the airport slot according to the
WSG (IATA, 2018). Therefore, the percentages have to be 0%.

In both seasons, cargo is the business model with the most deviation, both in absolute amount
and relative percentage. (van de Peppel, 2019) explained in an interview that cargo airlines
change the schedules sometimes. If an airplane has to be maintained or when it is already known
that flights are delayed, schedules can be changed. Due to this, the schedules deviate to the
airport slot. Another issue are allocated airport slots before the night. When an airport slot is
provided to a cargo airline close to the start of the night period at Schiphol, these airlines schedule
the flight earlier to be sure the flight will not arrive in the night. If the aircraft has a delay and the
cargo airline does not have a night slot, the aircraft is not allowed to land at Schiphol. The aircraft
has to wait until the next morning to land at Schiphol. Therefore, flights close to the start of the
night are scheduled earlier than the airport slot.

Furthermore, literature indicates that grandfather rights are difficult to maintain. This complicates
flying based on a fixed schedule (Schiphol, 2019). This is also confirmed by (van de Peppel,
2019).

Another business model that has a large share of deviation is general aviation. For this business
model, an explanation is found. (van der Krogt, 2018) explained that general aviation ground
handlers do not update the airline operator when the approved airport slot is between 60 minutes
later or earlier than the flight schedule. The GA operator cannot do anything about this deviation
because they do not know, another airport slot has been requested for their flight. Therefore the
operator cannot adjust their schedule to the new airport slot. Moreover, some general aviation
operators do not care about allocated airport slots. Those operators schedule the flight when
they want to arrive. These two explanations contribute to the deviation to the airport slot for GA.

When the origin of the deviating schedules is analysed, flights from South-America has relatively
the most schedules with deviation. If this analysis is combined with the business models, 99% of
the amount of deviations originating from South-America is caused by cargo airlines. No
explanation is found. Neither in literature nor in interviews.

In certain slot brackets, there are peaks in amount of deviations. In summer 2018 these peaks
are larger than in winter 2017. The same applies in relative percentage. Because AAS processes
more arrivals in the summer, the magnitude of the peaks in absolute numbers is also higher.
Difference between the business models is identified over the slot brackets. Especially at night,
the deviations are mainly caused by Cargo. This is because cargo requests night slots to ensure
that they can land at Schiphol. However, the schedules are scheduled at a different time than the
airport slot. The most important aspect is that a night slot is available for the cargo airline. The
importance of scheduling a slot according to the airport slot is not an issue (van de Peppel, 2019).
Another striking characteristic is that cargo is scheduled later than the airport slot during the day
in winter 2017, while in summer 2018 the deviation is both earlier and later. Despite an interview
with Martinair Cargo and the sector meetings, no explanation was found for this. There are almost
no passenger flights in the night that deviate to the airport slot. Since these airlines barely use
night slots, the amount of deviation in the night is negligible.
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The other analyses that have been done do not present remarkable differences. These are the
analyses about the magnitude of the deviation and the relative deviation per month.

6.2 Deviation Flight Plans

The deviation between the last filed flight plan and the airport slot is in share larger than the
deviation between the flight schedule and the airport slot. The percentage deviation increases in
the winter season to 69% and in the summer season to 65%. Two business models have the
largest share of deviation to the airport slot at Schiphol in both seasons, FSC and LCC. Since
both business models also have the largest share of arrivals in both seasons, it can be explained
why these business models have the largest share of deviation.

The expected EIBT of FSC is in both seasons mainly earlier than later than the airport slot. This
is the result of the type of operation of the FSC. The network of an FSC is based on transfer
passengers (Zhang, Derudder, & Witlox, 2014). This means that an airline aims to have a high
on-time performance to ensure passengers can connect to the next flight (van Miltenburg, 2018).

Although Cargo has a small share in the total amount of EIBT that deviate, Cargo has a high
percentage of deviation in its own business model. (van de Peppel, 2019) explained in an
interview, the cargo business is very unpredictable. Several variables have a role in the deviation
to the airport slot. One of the reasons is that cargo has barely return flights. Almost all flights
have a rotation with sometimes six stops. The probability of delays that are not recoverable
becomes very high. Examples are unexpected maintenance, late delivery of goods and
restrictions at airports. At the moment the flight plan is filed, these effects can already be
detected. This can also be noticed in the data. However, the distribution of deviation for cargo is
mainly earlier than later in summer 2018. No explanation has been derived why the summer
period 2018 is specifically earlier.

GA also has a high percentage of deviations in its own business model. As with cargo,
unpredictability plays a role for GA. As explained by (van der Krogt, 2018), the passenger who
has booked a flight is the only passenger. Therefore, the plane will wait for this passenger. On
the other hand, if the passenger is arriving earlier, the flight plan will also be filed earlier. In
addition, a limiting factor is involved with the ground handler. If an update is sent from the GA
operator to the ground handler that the flight is planned to arrive earlier or later, the airport slot
cannot always be updated. If the update is received within one hour of the airport slot, this airport
slot cannot be adjusted.

Furthermore, in summer seasons GA should have a higher percentage expected EIBT later than
the airport slot than in winter season according to (van der Krogt, 2018). However, this is not
visible in the data analysis. In winter 2017 the percentage EIBT later than the airport slot was
65.9% while in summer this percentage was 61.8%

Another finding in the analysis of the deviation to the airport slot is that flights from outside Europe
mainly have an EIBT that is planned earlier than the airport slot. Africa is an exception. Weather
is a significant factor of deviation to the airport slot, especially jet streams. Since jet streams do
not go from north to south or vice versa, flights arriving from Africa do not suffer from the jet
streams (National Weather Service, n.d.) (Koninklijk Meteorologisch Instituut van Belgi&, 2019).
Both (Irvine, Shine, & Stringer, 2016), (Met Office, 2018), and (van Miltenburg, 2018) indicate
that jet streams have a major influence on the flight plans. As (van Miltenburg, 2018) explains,
airport slots are requested for the entire season. This means that flights are scheduled at fixed
times. This results in a standard flight time. However, wind is different every day. The slot times
do not change. This results in daily differences between the flight plan and the airport slot.

Furthermore, the deviation over the day is another finding. In both seasons, the deviation to the
airport slot occurs mainly at the inbound peaks at Schiphol Airport. The inbound peaks are the
parts of the day that Schiphol has the most arrivals. The morning peak is the peak with the most
deviation to the airport slot. Both in absolute number and relative percentage. This can be
explained by the fact that airlines want to have as little delay as possible in the first rotation. If in
the morning an aircraft has a delay, this delay is hard to recover (van Miltenburg, 2018).

(van Miltenburg, 2018) explained in an interview that most differences can be noticed between
the shoulder months and the months in between. In the winter this means November and March
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compared to the other months. In the summer is this April and March compared to the other
months. When this is compared to the data analyses, in both season this statement is rejected.

Whereas in winter there is hardly any difference between the months indicated, in summer the
difference is between other months. This difference is in fact between, on one side, April, May
and June and on the other side July, August, September and October.

The last finding is the schedule buffer. If the results of the buffers are combined with the time-
intervals of deviation in the flight plan analyses than the following results are discovered:

If an arrival has an EIBT earlier than the airport slot in winter season 2017, 94.7% of these arrivals
are explained due to a positive schedule buffer. In summer season 2018, this percentage is
91.3%. A small percentage remains. This percentage presents arrivals that have a longer flight
plan blocktime than schedule blocktime.

When an arrival has an EIBT later than the airport slot in winter season 2017, 47.2% are arrivals
with a negative schedule buffer. This means that the flight plan time is longer in duration than the
scheduled times. In summer season 2018, this percentage is 51.0%. The remaining percentage
of both seasons is caused due to a later expected departure time than is scheduled. The EOBT
is later than the SOBT. In these cases, the flight plan time is shorter in duration than the flight
schedule time

If the buffers are split into two types of flights, ICA and European flights, it can be noticed that
80% of the ICA arrivals and 76% of the European arrivals has a positive buffer in winter season
2017. In summer season 2018, the ICA flights have a slightly higher percentage of positive
buffers than in the winter, 83%. European arrivals, on the other hand, has a drop in positive
buffer. The European arrivals drop to a percentage of 66% in the summer season. The drop of
positive schedule buffer for European flights in the summer can be explained because in winter
seasons, winter weather is taken into account (Forsberg & Strém, 2016). In winter airlines add a
buffer for de-icing. Due to this, the block time of the schedule is longer than in summer. Since an
aircraft does not have to be de-iced every time, this extra time is calculated but is not used every
day. So more European flights will have a positive buffer in the winter season. ICA flights suffers
from de-icing, but the time required for this extra process can be recovered during the flight.
(SOURCE)

Similar to the research findings of the schedule deviations, not all analyses indicate remarkable
results.
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7 Concl ussi on

This research aimed to provide insights into the deviation between flight schedules and airport
slots and flight plans and airport slots. These insights are used to find causes for the deviation.
The research question to provide an answer to the causes is:

fWhy do flight schedules and planned flight plans not always match their approved arrival
airport slots at Schiphol Airport?6

According to the world slot guidelines, there should be no deviation between airline schedules
and airport slots. However, data analysis presents that in winter 2017 and summer 2018
respectively 3.2% and 3.3% of the flight schedules has a deviation to the airport slot.

Two business models have a large share of mismatches in both seasons. These are general
aviation and cargo airlines. Cargo airlines deviate from the airport slot to ensure that the operation
can continue. Schedules are often shifted. The resulting deviations are sort of buffers that are
created to deal with disruptions. In addition, having night slots is an important factor since those
are necessary to land at Schiphol at night. Without a night slot, an airline do not have permission
to use the airport at night. For Cargo, it is not an issue to schedule according to the night slots
as long as they have these slots to operate their flights.

The deviation at GA traffic is partly explained by the result of an agreement between the GA
ground handlers. However, this is beyond the control of the GA operators. Another explanation
is that some GA operators do not adjust their schedule times when another airport slot is
allocated than the schedule time.

The deviation between the EIBT, based on the flight plan, and the airport slot is larger. In winter
season 2017, 69% of the arrivals have a deviation to the airport slot. In summer season 2018
this percentage is 65%

A significant influence in the number of deviations is the cause of the airlines itself. Airlines embed
schedule buffers in their schedules. Buffers are built in the schedules to absorb delays. As a
result, a longer scheduled block time is created than is required. More than 90% of the arrivals
with an EIBT earlier than the airport slot is caused due to the schedule buffers. The
unpredictability of the GA passenger is also a cause in the deviation to the airport slot. The
departure time is less accurate than a passenger airline. The same applies to cargo. Therefore,
these two business models have relative the most deviation. However, in absolute number FSC
and LCC have the largest share.

Weather is an important cause of deviation between flight plans and airport slots. Metrological
data is already included in the last filed flight plan. This causes deviation to the airport slots since
weather is different every day. Airlines have to deal with this because they cannot do anything
about the weather itself. What only bothers GA, is that the airport slot cannot be updated when
an update is sent within an hour of the airport slot.

In summary, various causes are involved in deviating from the airport slot. Factors that airlines
do not have control on, do have an important role. On the other hand, a part of the deviation is
also caused by the airlines themselves.
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8 Di scussi on

The discussion is divided into three parts. Firstly, the interpretation, which describes the possible
causes of which no solid evidence has been revealed. Then the limitations are discussed. A
value is determined how the limitations influence the research. The chapter ends with possible
follow-up studies resulting from this research.

Interpretation

This research is based on large datasets. Multiple datasets had to be merged in order to do the
analysis. During the merging process, not all data was able to link. Several causes are found for
the data that could not be linked. For example, arrivals with an airport slot on a specific date but
with a flight plan the next day. Another example is arrivals that are present in the first dataset but
that was not included in the second dataset. Although these arrivals could not be linked, a
minimum percentage of at least 94% was achieved in each linked dataset. This is not the full
100% of arrivals at Schiphol, but 94% is enough to determine the validity of the data analysis.
Also in consultation with the sector, it has been agreed that this percentage is sufficient to be
able to make conclusions about the analysis.

A possible explanation for the deviations is that airlines deviate intentionally from the allocated
airport slots. Due to the scarcity of airport slots at Schiphol airports, airlines do not always obtain
the desired airport slots. An airport slot at another time is allocated to the airline. In order to
execute flights in a way that the airline is able to have a sufficient schedule for an aircraft, the
airline could plan the flights differently than the airport slots.

In summer 2018, the relative percentage of deviation between EIBT, based on the flight plan,
and airport slot is in the evening higher than in winter. A possible explanation is that in summer
there is more traffic. The risk to have delay is higher than in winter. Therefore, an explanation for
a higher percentage of deviation can be the snowball effect of delays incurred during the day.

Limitations

In the analysis of the flight plans compared to the airport slot, the assumption is made to analyse
the deviation when runway 18R (Polderbaan) is used. When another runway was chosen, the
results of the deviation to airport slots are different. This was taken into account since runway
18R has the longest lead-time from the EHFIRAM to the gate. This means that the worst case
scenario was used. However, when another runway was chosen to do the analysis, the results
of deviation are even worse. Because the lead-time from the EHFIRAM to the gate is lower when
another runway is used, aircraft will be earlier at the gate. This means that even more arrivals
will have a deviation to the airport slot.

During the multiple consultations with the sector, it was decided to not spread this research widely
to other parties. Due to this, the decision was made to interview only KLM and Martinair Cargo
as airlines. These two airlines were members of the sector consultations. This means that not
the complete picture of how each business model creates its flight schedules and flight plans is
identified. However, KLM is the airline with the most aircraft movements at Schiphol Airport. The
results of the interview with KLM provides answers to reasons and circumstances for the
deviation between flight plan and airport slot that other airlines also have to deal with. Therefore,
the interview with only KLM as passenger airline is still very valuable. Although Martinair Cargo
is not the largest cargo operator on Schiphol, the value of the interview with Martinair Cargo is
still useable. The cargo business is basically the same. Other cargo operators have a similar
planning, as (van de Peppel, 2019) explained.

In the sector meetings, EasyJet was involved too. this airline takes part in the final stage of this
study. This airline did confirm the results, but it was not possible to interview this airline anymore.
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Further research

This research is the start of monitoring the deviations to the airport slot. In this research, the
decision was made to only analyse the deviation of the previous two seasons, winter 2017 and
summer 2018. To recognise trends over multiple years, over similar seasons and structural
deviations, further research in the future and about past years will have an added value to
recognise the trends.

Another further research is to compare the planning with the actual flight execution. The planning
of a flight is not the actual execution of the flight. Differences can be found between those two
stages such a s é é é A study into de deviation between planning and actual execution
provide insights into the accurateness of the planning.
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9 Recommendati ons

The analysis and findings of this research lead to four recommendations to reduce the airport
ATFM delay at Schiphol. These recommendations may help to reduce de deviations between
the flight schedule and airport slot and between the flight plans and airport slot. Although not all
recommendations will have immediate results, these recommendations may contribute to long-
term improvement.

The first recommendation is a recommendation to the slot coordinator. Since the time of a flight
schedule has to be the same time as an airport slot, flight schedules that do not match to the
airport slot should be rejected. During the slot conference, the flight schedules with a time that
deviate from the airport slot should be discussed with the slot coordinator. This conference is
organised to solve issues such as a flight schedule that does not meet the airport slot.
Therefore, the recommendation is to reject flight schedules with a deviation to the airport slot.
The slot coordinator should sit down with the airline of these flights at the slot conference in order
to find a solution.

The second recommendation is to monitor the deviation actively. This research only focussed on
the winter season 2017 and summer season 2018. To recognise patterns and structural
deviation, monitoring in the future is important. Moreover, when further monitoring will be done,
more evidence about deviation will be found. Due to this, airlines can be actively addressed on
their planning performance at Schiphol. This will help with the awareness of the problem.

Awareness of the problem leads to the third recommendation. Starting the conversation with
airlines about the mismatches and deviation to the airport slot. Awareness of the problem is an
important issue. If airlines start to realise how important the planning of flights is, multiple benefits
are created for all stakeholders. When there is less deviation in planning, fewer regulations are
issued by LVNL. This will result in less delay for airlines, which causes higher customer
satisfaction and in the end, fewer costs for the airline. Also, the workload will be reduced because
everything runs more smoothly and according to planning. Ultimately, this will lead to less stress
for all stakeholders.

The last recommendation is for the long-term. In the literature review, FAS is explained. This is
a tool that rejects flight plans when an airport slot cannot be found that should match the flight
plan. This will help to reduce the number of deviations with the airport slot. However, the
resistance against this tool is active in airlines perspective. Moreover, this tool is currently not
used at all. No airport supports this tool at this moment. Therefore, it is not recommended to
implement this tool immediately. However, more research to this tool can help to communicate
the benefits and potential of this tool to the airlines and airports. When there is enough interest
from all stakeholders, an explanatory research into the benefits and implementation at Schiphol
airport is recommended.
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Appendi x IRefl ecti on

The reflection is divided into two parts. The first part is about the reflection of the research. Topics
such as research skills and personal development are discussed. The second part is about the
scrum method that is used during the internship and includes also the sprint reviews.

Both parts are described by using the STARR method (situation, task, action, result, reflection)

Research

The research | did was about determining why there are deviations with the airport slot. This was
mainly done by means of data analysis but also the consultations with CMA and the sector
meetings had a major role in finalising my research. The reflection of the research is therefore
about both aspects.

Situation

Every Wednesday, a meeting with CMA was scheduled. Furthermore, about every second week,
a sector meeting was planned. | was also allowed to attend these meetings, where | contributed
to my part of the total research.

During the internship, a lot of data is used. This data was analysed by using Excel. Microsoft
Excel is a program that | used before during the previous year at the HvA. However, processing
the amount of data was new for me.

Task

In these consults with CMA, | had to show the progress of my research. Sometimes this was a
presentation, another consult was to discuss the results of an interview. During these consults, |
get feedback about the findings.

For the data analysis, on the tasks was to link all datasets to each other. This was tough, but |
was able to link all datasets. After the linking process, the data analysis was done. However, |
did not have the knowledge about how to do all analyses.

Action

The consults were also the moment to ask for help when certain formulas in excel did not work
or when problems with the analysis occur. By haming these, it was possible to think with all the
participants about solutions.

Excel issues | was facing were; unknown formulas in excel and crashes of Microsoft Excel.
Following online courses about Excel helped me to learn new formulas. Also, the courses
explained why Excel crashes and how to solve this.

Result

The consults and meetings helped to achieve better results due to the feedback | received.
Without the feedback, | did not achieve the results that | have achieved now.

Since this research is part of an extensive and important study of the sector, of which | have
answered some of the sub-questions, the formulation of conclusions has a high priority. With
assistance from the CMA of LVNL, it was possible to formulate all conclusions in a way that all
stakeholders agreed to the formulation.

Following online courses about Excel, helped me to solve all problems | was facing.
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Reflection

Because | was allowed to be present at the consults with performance and the sector meetings,
| really had the feeling | was part of the team. This helped me to understand the importance of
the research, which increased my motivation to achieve a good result. Being allowed to attend
these meetings has given me experience in how meetings are held. Also, the importance of
explain clearly my findings and arguing why an analysis was done in a particular way, helped to
improve my presentation skills.

The data analysis that | did, was tough. A lot of time has been spent on linking data and a lot of
time has been lost by doing this since it was very difficult. Although, this did not stop me to tackle
the bottlenecks and provide good results. Sometimes support was needed, but that led to better
results.

Scrum and Sprint Reviews

During the graduation internship at the KDC, the scrum method was used to successfully
complete the internship.

Situation

Twice a week, a stand up took place. This stand-up was held on Monday and Thursday with the
scrum master and the other students. The progress of my research was discussed during these
meetings.

Every other week on Monday, a sprint review was held. The students gave a presentation to the
KDC-managers about their progress.

Also, a scrum board was used to make the planning of tasks that had to be done visible.

Task

For the stand ups, the scrum board had to be updated. New post-i t 6 s had t o be adc
scrum board or were moved to another category.

A presentation was made for every sprint review. In this presentation, the results and findings

from the previous two weeks and the steps to do in the next two weeks were presented.

Action

During the stand-up | told about which analyses | had done and what | was currently doing. Then
| told what actions were planned for the upcoming days. The last part of the stand-up was to tell
what bottlenecks you experience.

Besides the stand-ups, the sprint review was also an important part of the scrum method. The
presentation | made was presented to the KDC managers to update the managers about my
progress. The managers gave feedback about the results and finding | showed. The feedback
the managers provided, was processed in my analyses

Result

The stand-ups helped me to stay focussed on one particular task. Regularly reporting about the
progress of my research gave me a good overview of my progress. Also identifying the
bottlenecks was useful because the other students and the scrum master support me how the
solve these bottlenecks.

The sprint reviews were a trigger push myself to achieve better results every time.

Reflection
The scrum method was a new way of working. | never used this method before. In the first weeks

of my internship, it was difficult to see what benefits the scrum method provides. Later, the added
value became visible. Looking back to the use of the scrum method, the scrum method helped
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me to achieve better results and helped me to work in a more structured way. It was also easier
for me to stick to the planning

Also the sprint reviews helped to push me to deliver results. The feedback of all the KDC
managers provided a different view on the research. This helped me to see the research and the
result in another perspective. Moreover, give a presentation every other week to the KDC
managers has made presenting a lot less exciting for me. Furthermore, similar to the sector
meetings, | was able to improve myself in explaining clearly.

Afterwards, | could have made more use of the scrum board. That would have given me even
more structure. But overall, | am satisfied with the result of using the scrum method.
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Apendi:kPart of sl ot bracket | i st
Time from [UTC] | Time to [UTC] | # Arrivals | # Departures | # Rolling hour Arr | # Rolling hour Dep
0:00 0:15 8 9 -
0:20 0:35 8 9 - -
0:40 0:55 8 9
1:00 1:15 8 9
1:20 1:35 8 9
1:40 1:55 8 9
2:00 2:15 8 9
2:20 2:35 8 9 24 2
2:40 2:55 8 9
3:00 3:15 8 9
3:20 3:35 8 9
3:40 3:55 8 9
4:00 415 8 10
4:20 4:35 8 10
4:40 4:55 8 14
5.00 5:15 12 25
5:20 5:45 18 20
5:50 5:55 1" 3
6:00 6:15 23 13
6:20 6:35 23 13
6:40 6:55 23 13 o8 %
7:00 7:15 23 13
7:20 7:35 12 25
7:40 7:55 12 25
8:00 815 12 25 . 7
8:20 8:35 12 25
B:40 8:55 12 14
Figure 5: Example ACNL slot declaration summer 2018
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In this appendix the average airport delay per day will be shown for the years 2015-2017

2015

In 2015, Schiphol airport has an average airport delay of 2015 minutes per day (Fig 5) . This is an
increase of 1004 minutes compared to 2014. The two main factors of this delay were airport
weather and airport capacity, respectively 1151 minutes and 524 minutes. With this result Schiphol
airport is 39 in ranking of airports in Europe with the most delay (Eurocontrol, 2016).
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Figure 6: Top 20 airports average airport delay per day, 2015 (Eurocontrol, 2016)

2016

In 2016 Schiphol airport is still the number 3 performing airport with the most average airport delay
per day. An increase to 1457 minutes per day shows that the average airport delay is still increasing.
Weather and airport capacity are still the two main factors of delay (Eurocontrol, 2017).
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Figure 7: Top 20 airports average airport delay per day, 2016 (Eurocontrol, 2017)
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Also in 2017 an increase in average airport delay is noticed. This year an increase to 2422 minutes
per day makes Schiphol Airport the leader in average airport delay. The main reasons of this delay
were still weather and airport capacity. (Eurocontrol, 2018)
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Figure 8: Top 20 airports average airport delay per day, 2017 (Eurocontrol, 2018)
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u Schedules later

M Schedules earlier

Total schedules later
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Graph 25: Amount schedule deviation winter 2017 Cargo
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Graph 28: Amount schedule deviation winter 2017 Regional
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Graph 31: Amount schedule deviation summer 2018 Cargo
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Graph 34: Amount schedule deviation summer 2018 Regional
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Graph 36: Amount flight plan deviation winter 2017 GA

Graph 37: Amount flight plan deviation winter 2017 Cargo
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