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Abstract

The purpose of the research is to assess how beneficial the implementation of local Airport-
Collaborative Decision Making (A-CDM) has been for the involved stakeholders at Schiphol
Airport. Local A-CDM is implemented at Schiphol Airport in November 2015. Local A-CDM
focusses on main stakeholders (airlines, airport, Air Traffic Control and ground handlers) working
together and making decisions based on higher quality and accurate information which should
improve the operational efficiency, punctuality and predictability. The results suggest that local
A-CDM has been beneficial for some aspects of the operational efficiency such as gate planning,
resource and pushback planning, but mainly during days without major disruptions. Ground
handlers need to update the Target Off Block Time (TOBT) which triggers the departure planning
system to make a departure sequence of flights. The TOBT is updated much more often during
days with disruption which causes instability of the departure sequence and causes delays. This
is quantitatively analysed by calculating the on time performance (OTP), which is an overall
performance indicator at an airport, has declined since the implementation of local A-CDM. The
decline of the OTP is not fully related to local A-CDM, but also to the massively increased number
of movements that caused congestion. Overall, the local A-CDM is not performing optimally,
especially on days with major disruptions such as extreme weather conditions due to an instable
departure sequence.
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Definitions of terms

Airport Collaborative Decision Making (A-CDM)

A-CDM is a collaboration between stakeholders aiming to improve the operational efficiency of all airport
operators by reducing delays, increasing predictability of events during the progress of a flight and
optimizing allocation of resources.

Actual Off-Block Time (AOBT
The actual time that the aircraft went off-blocks, meaning the aircraft started-up and the pushback
process started.

Estimated Off-Block Time (EOBT)
The estimated time for the aircraft to be taken off-blocks, meaning the aircraft is ready for start-up and
pushback.

Network Manager Operations Centre (NMOC)
Formerly known as CFMU, NMOC is the organization appointed to regulate and control the fair use of
available airspace capacity.

Target Off-Block Time (TOBT)
The target time for completion of ground handling process.

Target Start-up Approval Time (TSAT)
The target time for start-up and pushback, to depart from the runway in time. TSAT window:

TSAT-5 min — TSAT+5 min.

Target Take-Off Time (TTOT)
The target time for take-off from the runway.

KDC/2018 iv
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Summary

The purpose of the research is to assess how beneficial the implementation of local Airport-
Collaborative Decision Making (A-CDM) has been for the involved stakeholders at Schiphol
Airport. The stakeholders involved A-CDM have been working on the implementation of total A-
CDM for 8-10 years at Schiphol Airport. Local A-CDM is implemented at Schiphol Airport in
November 2015. Local A-CDM focusses on that the main stakeholders (airlines, airport, Air
Traffic Control and ground handlers) work together and make decisions based on higher quality
and accurate information which should improve the operational efficiency. Total A-CDM has
supported and improved the performance of the main stakeholders at several major European
airports. However, it was unknown if local A-CDM had the same positive impact on the
operational efficiency at Schiphol Airport for each involved stakeholder, if not than the research
can provide the industry with solution to improve the performance of local A-CDM.

The objective of the research is researching how local A-CDM has impacted the operational
efficiency for each involved local A-CDM stakeholder at Schiphol Airport. Eventually the benefits
of local A-CDM are analysed and calculated, if applicable, for each involved local A-CDM
stakeholder. Therefore, the main research question used to achieve the objective is:

e How has local Airport — Collaborative Decision Making exactly impacted the operational
efficiency for each involved local A-CDM stakeholder at Mainport Schiphol?

The impact of local A-CDM on the operational efficiency is evaluated by a qualitative and
gquantitative analysis. The qualitative analysis consisted of desk research and interviews. The
desk research focussed on gathering information about the operation and benefits of total A-
CDM which formed the basis knowledge for the interviews. The interview focussed on obtaining
information about the operational changes and potential impact of local A-CDM on each
stakeholder’s operational efficiency. Interviews are held with several A-CDM experts working at
the stakeholders and A-CDM implementation company.

The quantitative analysis was focussed on calculating the on time performance (OTP). The OTP
was calculated for four seasonal periods Winter, Spring, Summer and Summer July months over
the year 2015, 2016 and 2017 to analyse the trend of the OTP before the implementation of local
A-CDM and the years after the implementation of local A-CDM. The dataset existed of over
165,000 departing flights. A flight did not depart on time if it left the gate more than 15 minutes
after the initial estimated pushback time which is the standard according IATA.

The following results were drawn from the analyses. The operational efficiency is impacted
differently for each stakeholder. The Air Traffic Control (ATC) has benefitted from the
implementation of local A-CDM. It has decreased the workload of the ATC staff by having a
departure planning system which makes the departure sequence of all flights. The ground
handlers benefit from local A-CDM by making their resource planning and pushback planning in
particular more efficient by increasing the predictability. However, the efficiency improvement is
gained on days without major disruptions. The gate planning department of the airport also
benefitted from local A-CDM by basing the planning on more accurate A-CDM information.
Furthermore, the OTP as overall performance indicator has declined over the past years even
with the implementation of local A-CDM which is partly caused by increasing congestion and
airspace regulations. The stakeholders have been trying to implement total as fast as possible
and have postponed the improvements that local A-CDM needed to provide the stakeholders
with the expected operational efficiency benefits.

The conclusions point out that the positive impact of local A-CDM is suppressed by the
stakeholders, departure planning system and other factors such as congestion. The following
three recommendations are stated to support the local A-CDM'’s performance at Schiphol Airport:

1. Improve the outbound planning system to decrease the impact of late TOBT updates on
the TSAT

2. Increase knowledge about the TOBT update system and its consequences for the whole
flight operation for especially the TOBT updating staff

3. Implement feedback loops to analyse what can be improved to increase the performance
of local A-CDM

KDC/2018
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1.1

Introduction

More and more airports in the world are facing congestion issues due to the continuous growth
of air traffic (Airbus, 2017). Some of which have the capability to expand their landside and airside
infrastructure to accommodate the increasing number of movements, passengers and cargo.
This is not the case for Amsterdam Schiphol Airport (AAS). AAS is reaching its capacity limits
and is searching for alternative solutions to increase its capacity at Schiphol Airport or at other
locations (e.g. Lelystad Airport). These solutions are hot topics in today’s political debates.
However, AAS is also changing the way of operation by implementing Airport — Collaborative
Decision Making on a local basis at first and has just started to connect its system to the
European network. A-CDM should make it possible for AAS to increase the utilization and
efficiency of the existing resources which supports the decrease of current capacity constraints
(Eurocontrol, 2016).

Amsterdam Airport Schiphol (AAS), KLM Royal Dutch Airlines (KLM) and Air Traffic Control the
Netherlands (LVNL) form a collaboration, the Knowledge Development Centre Mainport Schiphol
(KDC). KDC aims to clarify the current capacity problems at Mainport Schiphol and consequently
find valuable and innovative solutions to provide Mainport Schiphol with a sustainable future
development. In this field of research, the KDC focusses on the ever-growing capacity
constraints. These constraints will continue to grow, since the demand for air traffic will also
continue to grow each year (Airbus, 2017). Capacity related research is necessary to prevent
Schiphol from becoming too congested.

Schiphol Airport has started 8-10 years ago with implementing A-CDM as well to improve the
airport operations. They have finished implementing local A-CDM in November 2015 which
allows them to share information and make the operation more predictable. However, they did
not have implemented total A-CDM yet at that time (see paragraph 1.1). All stakeholders are
required to participate and share the required data on time. Research shows that total A-CDM
has been beneficial for other airports, however there are still uncertainties at Schiphol Airports
which need to be resolved such as the exact performance of local A-CDM and what how
beneficial it has been for the involved stakeholders.

Problem statement

AAS is at the final stage of having total A-CDM implemented. A-CDM is a platform that the five
main stakeholders at an airport use to exchange information. The stakeholders work together to
improve the decision making process which is based on more accurate and high quality
information. AAS has currently implemented local A-CDM which means that the Network
Manager (NM) is not yet connected. The airport, airlines, ground handlers and Air Traffic Control
(ATC) are the stakeholders who are involved in local A-CDM. Departure Planning Information
(DPI) messages have to be send to the European Network manager (Amsterdam Airport
Schiphol, 2015). These DPI messages are send by the CDM Airport notifying the European
Network Manager with the Target Take Off Time (TTOT). The TTOT is the time when an aircraft
is expecting and able to take off from the designated runway. The TTOT is calculated by adding
up the taxi time from the gate to the runway with the Target Off Block Time (TOBT). The TOBT
is the time when the ground handler and airline are done with their operations at the gate and
the aircraft is ready for push back. The TOBT is send to the Air Traffic Control (ATC). A departure
sequence system uses the TOBT to calculate the TTOT. The TTOT is send to the European
Network manager between the time that the ATC runs the sequences and the Actual Take Off
Time (ATOT). The ATOT is the time that an aircraft has exactly departed from the runway
(Eurocontrol, 2017). The link with the NM improves the whole European Air Traffic Management
(ATM) network by improving en-route and sectoral planning (Eurocontrol, 2017). In Europe 26
airports are connected to the NM so far (Eurocontrol, 2017). The network manager is not taken
into account in the research, because it is not yet implemented at Schiphol Airport. Further
research could be done to analyse the benefits of the NM for Schiphol Airport.

The four other main stakeholders (Airport operator, Aircraft operator, ATC and ground handlers)
are considered in the research. Local A-CDM should improve airport operations and efficiency.
This can differ for each stakeholder and airport, because there are many factors which have an
impact on the operation such as runway layout, weather influences, culture, etc. Itis still uncertain
how much all involved stakeholders have benefited from the implementation of local A-CDM at
Schiphol Airport. Especially, LVNL, KLM and AAS want to know what the exact benefits are and

KDC/2018

Page 3 of 63



knowledge &
development

centre of excellence centre

1.2

1.3

1.4
141

1.4.2

how much they have been beneficial. The second part of the problem is that it is still not specified
how involved each local A-CDM stakeholder is in the A-CDM operation. The level of involvement
is analysed for each involved stakeholder and also further specified for companies itself. It will
explain if the involvement of each stakeholder influences the performance of local A-CDM. In this
case involvement means how much the values and opinion from each stakeholder are taken into
consideration for the decision making.

Research objectives

The main aim of the research is researching how local A-CDM has exactly improved the
operational efficiency for each involved A-CDM stakeholder at Mainport Schiphol until now, and
what the exact benefits are. Research objectives are created to further elaborate the research’s
aim. The following objectives are applicable for this A-CDM research:

e To elaborate the operational characteristics of local A-CDM at Mainport Schiphol.

e To evaluate and quantify the current benefits of local A-CDM to the operation’s efficiency
for each involved stakeholder at Mainport Schiphol.

e To conclude how local A-CDM has improved the operation’s efficiency of involved A-
CDM stakeholders at Mainport Schiphol and what further improvement opportunities are.

The research is a quantitative and qualitative research, hence the fact that data is analysed to
quantify the efficiency benefits of local A-CDM at AAS. However, a part of the research is based
upon qualitative research. This part will focus on the link between the experts’ experiences of
local A-CDM and the results of the data analysis (quantitative research).

Research relevance/significance

The research is applicable for each stakeholder that is involved in the local A-CDM operation at
AAS. The involved stakeholders are the Airport Operator, Aircraft Operator, ATC, Ground
Handler and ATC. In this the stakeholders are AAS, KLM, LVNL and possible ground handlers.
Implementing A-CDM at an airport should provide all stakeholders and the operation with cost
savings and an improved efficiency. However, the stakeholders at AAS do not know if these
improvements are also realised at AAS. It is essential to know for all stakeholders to know how
much they have benefited and what parts of the operation could contain even further
improvements.

The research will be the benchmark for further research when the connection with the European
Network manager is made and total A-CDM is implemented (see paragraph 7.3). The research
will analyse the performance difference between the period before the implementation of local
A-CDM and the period after the implementation of local A-CDM. The period after the
implementation of total A-CDM is not relevant for the research.

Research Questions

Main Research Question
The main research question for the research is:

e How has local Airport — Collaborative Decision Making exactly impacted the operational
efficiency for each involved A-CDM stakeholder at Schiphol Airport?

Sub-Research Questions
The following sub questions are applicable for answering the main research question:

e What are the operational procedure changes stimulated by local A-CDM for each
involved stakeholder at Schiphol Airport?

e How are the operational procedure changes stimulated by local A-CDM affecting the
operational efficiency for each involved stakeholder at Schiphol Airport?

e What are the exact operational benefits gained through local A-CDM according to data
analysis for each involved local A-CDM stakeholder at Schiphol Airport?
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1.5

1.6

Background Questions
The background questions for the research are:

What are the based principles of local A-CDM?

Who are the stakeholders involved in local A-CDM?

What is the difference between local A-CDM and total A-CDM?
Why is local A-CDM being implemented at Schiphol Airport?
What is operational efficiency?

Research objectives

The main aim of the research is researching how local A-CDM has exactly improved the
operation’s efficiency for each involved A-CDM stakeholder at Mainport Schiphol until now, and
what the exact benefits are. Research objectives are created to further elaborate the research’s
aim. The following objectives are applicable for this A-CDM research:

e To elaborate the operational characteristics of local A-CDM at Schiphol Airport.

e To evaluate the current benefits of local A-CDM to the operation’s efficiency for each
involved stakeholder at Schiphol Airport.

e To analyse available data in order to quantify the operation’s efficiency improvements
thanks to local A-CDM for each involved stakeholder at Schiphol Airport.

e To choose the appropriate research methodologies for the scope of this research which
takes the timeframe and data available in consideration.

e To conclude how local A-CDM has improved the operation’s efficiency of involved A-
CDM stakeholders at Schiphol Airport and what further improvement opportunities is.

Research scope

General scope

The research focusses on the capacity management of Amsterdam Airport Schiphol (AAS). AAS
is approaching its capacity limitations due to the Alderstafel regulations (Alders, 2013). The use
of its existing resources and operational efficiency is essential for accommodating the increasing
number of movement and passengers. AAS and its main stakeholders have, therefore,
implemented local A-CDM. It has stimulated several procedural changes for each involved
stakeholder. The research’s main focus is to analyse and quantify the exact operational efficiency
gains for the involved stakeholders.

Stakeholder scope
Five main stakeholders have to participate for A-CDM to improve the operational efficiency. The
following stakeholders are operating with A-CDM (Eurocontrol, 2017):
e Airport Operator (AAS)
Aircraft Operator (KLM)
Air Traffic Controller (LVNL)
Ground Handler (GH)
Network Management Operations Centre (NMOC)

These five stakeholders are applicable for total A-CDM. However, AAS has only implemented
local A-CDM so far which means that the NMOC is not yet linked at AAS. The link with Network
Manager includes sending DPI messages to European NM. Sending DPI messages is done by
each CDM airport. However, the TOBT given by the GH need to be more accurate to provide the
NM with usable DPI messages. The DPI messages contain the TTOT on which the sectoral and
en-route planning of the network is based (Eurocontrol, 2017). The planning is improved by
increasing the predictability of the aircraft. The improved planning can have an influence on the
airport operations as well (Zellweger & Donohue, 2001). The increased predictability supports
the stakeholders to plan their own operation and resources more efficient. However, the NMOC
is not yet implemented and therefore not included in the research. There will not be any data
available to analyse. There is data available for the other four stakeholders which means that for
all of these the operational performance is analysed. However, the ground handler stakeholder
will also not be analysed in depth due to time limitations. An analysis of the Airport Operator,
Aircraft Operator and ATC requires the available time to be in depth enough and to find proper
results.
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Operational efficiency scope

Local A-CDM should provide the stakeholders’ operation with multiple efficiency gains. Each
stakeholder measures its performance differently hence the fact that each stakeholders has a
different task to fulfil. The efficiency gains which are analysed are mainly calculated from data
which came from the A-CDM portal. The scope for the efficiency gains is bound to the A-CDM,
but each efficiency gain is required to be applicable for AAS, KLM and/or LVNL. is depending on
the data made available by AAS, KLM and LVNL.

It is essential that the optimal reference data is chosen for each efficiency gain. The reference
data form the data which is used to compare the current performance with. The difference
between the reference data and current data will provide the research with a result. The reference
point will depend on the implementation period of the specific procedures which influence the
operation’s efficiency. Knowing what the implementation data or period is, is required to assure
the optimal comparison is made and factors other than local A-CDM are minimised.

Assumptions, Limitations, and Delimitations

Eurocontrol has conducted several researches in order to validate the performance of A-CDM at
European CDM airports. Each research concluded that A-CDM had been beneficial for all
involved A-CDM stakeholders (Eurocontrol, 2016) (Eurocontrol, 2011). It becomes easy to
assume that the researches from Eurocontrol are also applicable for Schiphol Airport, however,
making such an assumption could create a limitation for the research. Schiphol had only
implemented local A-CDM at the time of the research which meant that it was not completely
comparable with other A-CDM airport. The research becomes less objective when assuming that
local A-CDM should improve the operational performance at Schiphol Airport. It is essential that
the assumption was not made in order to ensure an objective analysis.

A limitation to the research is the time available to conduct it. There are five months planned to
conduct the whole research in which a preliminary research, research plan, literature review, data
analysis and thesis is done. All these steps require a variable amount of time that depends on
several factors, such as available data, scoping and how much work it takes to complete. At first,
the research needed to be scoped because local A-CDM has impact on five stakeholders and
are all impacted differently hence the fact that they all have a different role in the operation. There
is much more time required to prove and quantify all operational improvements for each
stakeholder. A set of potential improvements need to be chosen which are influenced by local A-
CDM. It was not certain if they were positively or negatively influenced.

Thesis structure

The study is laid out to a set of 6 chapters, each with its own purpose to create a well-ordered
research report. Each chapter is divided into paragraphs which are written in the table of
contents.

e The first chapter is called introduction and illustrates an overview of the report. It provides
the reason for performing this research and details the research questions, aim and
objectives that once achieved will bring success to this research. Finally, it describes the
scope and structure of the research.

e The next chapter reviews the research methodology used for the research. This means
that the design and approach of the research is reviewed which ultimately leads to a
clear description of the path taken to get all the reliable data necessary. It describes how
and what data is used to gain enough knowledge for the literature review and to perform
the data analysis.

e The methodology chapter is followed by the literature review which concentrates on
analysing secondary data to provide answers to objectives mentioned in the first chapter.
The literature review forms the base of knowledge used to perform the data analysis.

e The fourth chapter contains the data analysis in which the operational improvements
stimulated by local A-CDM are described. Each choice made to calculate or find the
operational improvement is elaborated which eventually lead to the result which is
described in the next chapter. The data analysis is structured according the importance
of the operational efficiency improvement.

e The next chapter is called research findings and is completely related to the previous
chapter. The data analysis process is described previously and this chapter visualises
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and explains the results of the analysis. The chapter is structured similarly to the data
analysis chapter.

The last chapter puts all result and findings together to detail the answers to all research
questions which lead to the conclusion and discussion of the research. The conclusions
are meant to provide the reader with a short and clear overview of the data analysis
results combined with the literature. The discussion elaborates what could have been
done differently and which results are influenced by factors not applicable for local A-
CDM.
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2.1

211

Methodology

A set of research methods are used for each research to conduct. The methodology of the
research is mainly structured according to the Research ‘Onion” (see Figure 1). The ‘Onion’
contains several layers in which a part of the methodology is described. The methodology chapter
answers the question: “How can the research best be done?”. Each paragraph provides a part
of the answer to this question. The chapter with the research design paragraph in which the
philosophy, approach, strategy and choices are described (2.1). The following paragraph
elaborates the research methodology applied to answer each sub-research question (2.2) The
next paragraph is called research hypotheses and evaluates the hypotheses which was stated
at the start of the research (2.3). The research instruments paragraph explains the how the
hypotheses is tested, validated or disproved (2.4). The set of samples need to be chosen in order
to use the instruments mentioned previously. The choices made for the samples used are
described in this paragraph (2.5). The last two paragraphs explain how the data is collected, its
specifications and how it is analysed in order to find the results (2.6-2.7).

Pasitivism

Philosophies

Experiment

A h
Meno method pproaches

Realism
Cross-sectional

Data
collection
and data

Action
research
analysis Choices
Grounded
Longitudinal theory
Time
Multi-method horizons
Ethnography Interpretivism

Mixed
methods

\ Strategies

Archival research Inductive

Techniques and
procedures

Pragmatism
Figure 1 — The Research ‘Onion’ source: (Saunders, Lewis, & Thornhill, 2016)

Research Design

The research design paragraph describes the type of research and the main methods used to
perform the research. As mentioned above the research design paragraph starts with a
description of the philosophy, approach, choices and strategy which is linked to upcoming
paragraphs (hypotheses and instruments)

Research philosophy

The research philosophy is the outer layer of the research ‘onion’ (see Figure 1). For that reason,
the philosophy is chosen at the start of the study. The philosophy has an influence on the
development of the whole study. The researches needs to choose a philosophy which fits the
research strategy and primary data collection methods. The meaning of the philosophy is
founded in the gathering and use of knowledge (Dudovskiy, 2016). During the research, new
knowledge needs to be obtained to provide answers to the objectives (see paragraph 2.1.2). This
is called the creation of new knowledge (Saunders, Lewis, & Thornhill, 2009). The chosen
research philosophy is required to be in line with the rest of the research methodology and with
the researcher’s beliefs and assumptions. In business studies, there four main research
philosophies used, which are shown in the outer layer of the research ‘onion’ (see Figure 1). The
choice of philosophy is made by using Table 1. According to this table the pragmatism philosophy
is applicable for the research, because a deductive approach is used (see 2.1.2) and both
qualitative and quantitative data (see 2.1.3). This philosophy provides the researcher with
research strategy flexibility (Dudovskiy, 2016).
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Research Approach Research Strategy

Positivism Deductive Quantitative
Realism - Quantitative or
qualitative
ICIEVEI I Inductive Qualitative
Pragmatism Deductive/ Qualitative and/or
Inductive quantitative

Table 1 — Research Philosophy characteristics source: (Dudovskiy, 2016).

Research approach

The second aspect of the research that needs to be set is the research approach (see Figure 1).
There are two different research approaches, inductive and deductive (see Figure 2). The
research approach applied for the research is deductive (Easterby-Smith, Thorpe, Jackson, &
Lowe, 2008). A deductive approach means that a theory is set at the start of the research which
is confirmed by collecting and analysing data (Dudovskiy, 2016). A-CDM is considered as an
effective method to improve the operational efficiency at airport according to Eurocontrol
(Eurocontrol, 2016). This theory is applicable for all airports which have implemented A-CDM
and are experiencing a positive result. However, it is unsure if this is also the case for Schiphol
Airport.

Inductive Reasoning vs Deductive Reasoning

Figure 2 — Inductive reasoning approach (left) and Deductive reasoning approach (right) source: (Elmansy, 2016).

Research strategy and choices

An essential part of the Research Design is the research methodology and strategy. It is an
overall description of the research methods and strategies used to answer each sub-research
question which lead to the answer of the main research question. An understanding of both terms
qualitative and quantitative data analysis is required before choosing to use one of them or both.
Qualitative data is known as non-numerical data which generates words and not numbers
(Adams, Khan, & Reaside, 2014). Qualitative data is obtained by content analysis and interviews
for example. On the other hand, there is quantitative data which is numerical and provides
numbers and statistics. Quantitative data is obtained by questionnaires and graphs for example
(Saunders, Lewis, & Thornhill, 2009).

The research will both be qualitative and quantitative at the same time, because the data used
for the research is both numerical and non-numerical (Saunders, Lewis, & Thornhill, 2016). The
research becomes more reliable when combining qualitative and quantitative data thanks to the
fact that the results of the quantitative data is validated by the qualitative data and vice versa.
The qualitative data is gathered from interviews, surveys and archival research. Experts from all
KDC Mainport’s stakeholders are interviewed to ensure reliable data, moreover in paragraph 2.3.
The quantitative data is acquired from the A-CDM and LVNL databases.
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Furthermore, the next choice is related to the strategy chosen above. There are three options:

e Mono-method: using a single data collection technique which is quantitative or
qualitative.

e Mixed methods: combination of more than one data collection technique which is
qualitative and quantitative data, but both can only be used parallel and/or sequential.
Both types of data can never be used in combination.

e Multi-method: combination of more than one data collection technique, but restricted to
quantitative or qualitative data analysis.

The mixed method option is applicable for the research because both qualitative and quantitative
data is acquired and used during the research. The mixed method is chosen to ensure the quality
of the research’s outcome thanks to the opportunity to validate and substantiate both data forms.

Research Hypotheses

Previous research about the performance of A-CDM is mainly performed by Eurocontrol, the
founder of A-CDM. There are 28 European airports which have fully implemented A-CDM to their
daily operation. Eurocontrol has conducted a research to quantify the operational efficiency
improvements stimulated by A-CDM for each airport. The results were positive and there were
significant cost savings and an increase of operational efficiency. Factors that were improved are
shown in Figure 3:

75

§ e

Figure 3 — Efficiency improvements stimulated by A-CDM of 17 CDM airports in 2015 source: (Eurocontrol, 2016)

|
!
&

These results are based on airports that have fully implemented A-CDM. The research focusses
on the local A-CDM performance at Schiphol Airport. Local A-CDM means that the Network
Manager is not connected, but the departure sequencer is in use and that the ground handlers
and airlines are providing the system with the milestone information. The milestones are
significant elements following the progress of a flight and on which the planning is made. It should
improve the predictability of the operation.

Local A-CDM is implemented at Schiphol Airport in November 2015. Each new implemented will
most likely not work accurately from the beginning. This is the same for local A-CDM at Schiphol
Airport. The planning was to first finish the connection with the Network Manager which was done
in May 2017. An improvement plan was then set in action to improve the performance of A-CDM.

Itis likely that local A-CDM has been slightly beneficial for the flight operation at Schiphol Airport
by improving the predictability and therefore the planning of each involved stakeholder, because
A-CDM has been very beneficial for other European airports according to Eurocontrol
(Eurocontrol, 2016). However, the benefits are suppressed by the fact that Schiphol is becoming
more and more congested, especially the growth of the past years has affected the performance
of local A-CDM (see Graph 1).
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Graph 1 — Passenger and movement growth at Schiphol Airport source: (Schiphol, 2018)

Research instruments

The research instruments paragraph follows-up the research strategies in depth. Multiple
research instruments are applied to answer the research questions both main and sub. The two
main research instruments that are applied to prove whether local A-CDM has been beneficial
for the operational efficiency of each involved stakeholder. The interviews will be held with
experts who work with A-CDM and the results can validate the results from the quantitative data
or will provide different insight on how to analyse the quantitative data.

All interviews will have fairly similar questions and can be found in appendix Il. However, each
interview in held in an unstructured way. This means that all preliminary thought of questions are
not asked in same sequence in each interview to the interviewee (Sekaran & Bougie, 2016). The
sequence depends on the answers given by the interviewee in order to provide the research with
the most valuable information. All answers are written down in key words to be typed in full detail
later.

e SQ1: What are the operational procedure changes stimulated by local A-CDM for each
involved stakeholder at Schiphol Airport?

Research instruments: Desk research and interviews

Desk Research

Two methods are applied to answer the first sub-research question, desk research and interviews.
The desk research is based on an articles and books analysis in which the operational changes
are described in previous research. There are A-CDM manuals available that describe the A-
CDM implementation process in general and for Schiphol Airport specific step-by-step.
Eurocontrol has also conducted research about the performance of A-CDM at other airports in
Europe. Each airport cannot not be literally compared with other, however the research can
support the understanding of A-CDM changes to the airport operations and from which the
operational efficiency improvements is taken. The observed changes to operation will become
clear using this method and information.

Interviews

The second method is interviews. There are several A-CDM experts at the LVNL who have been
working on the implementation of A-CDM at Schiphol Airport. The experts can provide the
researcher with more information about the operational changes at Schiphol Airport and what the
barriers were when implementing the changes. This is different from the literature and could
provide topics to analyse later on in the research with the support of data analysis. Other A-CDM
experts of KLM and AAS will be interviewed to attain information about their point of view towards
the implementation of local A-CDM and what is changed in their daily operation. They can also
provide information about how local A-CDM has been beneficial for them which is used in the
following sub-research questions. The main interview questions are seen in appendix Il.

KDC/2018

Page 12 of 63



centre of excellence centre

knowledge &
development

e SQ2: How are the operational procedure changes stimulated by local A-CDM affecting
the operational efficiency for each involved stakeholder at Schiphol Airport?

Research instruments: Desk research and interviews

Desk research

Each operational change, identified in the previous sub-research question, can affect the
operational efficiency for the involved stakeholders. In this sub-research question the impact of
the operational changes is analysed to find the potential performance improvements. These
performance improvements are categorized based on their influence on the operational efficiency
according to the literature and interviews. The most essential performance improvements are
further analysed and quantified in the next sub-research question. The same research methods
are used to answer the question as for the previous question, desk research and interviews with
experts. There are articles available about the A-CDM’s performance gains at other European
airports which are made by Eurocontrol. These results support the identification of performance
gains at Schiphol Airport for each involved stakeholder. Airport and operation characteristics,
such as runway layout, weather and type of airport, can differ between airports and need to be
taken into account. These characteristics can influence the performance of A-CDM and need to
be considered when using them for Schiphol Airport. The articles combined with information
attained from interviews with A-CDM experts of all parties will provide a clear overview of potential
performance gains stimulated by local A-CDM at Schiphol Airport.

Interviews

Interviews are held with multiple experts from each involved local A-CDM stakeholders in order
to create a clear overview of how each stakeholder is experiencing local A-CDM. The
stakeholders will have a different opinion about the system and what is does to their operation.
This can either be a positive effect or negative effect. The interviews lead not only to a set of
operational efficiency improvements but also the downsides and perhaps even a decline of the
operational efficiency. The list of benefits and downsides of local A-CDM is applied to answer
SQs.

e SQ3: What are the exact operational benefits gained through local A-CDM according to
data analysis for each involved local A-CDM stakeholder at Schiphol Airport?

Research instruments: Quantitative data analysis and interviews

Quantitative data analysis

The quantitative data analysis focusses on the calculation of the on time performance at Mainport
Schiphol. OTP is an essential key performance indicator (KPI) used in the aviation industry. The
OTP is calculated by extracting the Estimated Off Block Time (EOBT) from the Actual Off Block
Time (AOBT) (see Figure 4). The EOBT which is used for the calculation is the initial EOBT. The
initial EOBT is the same as the Scheduled Off Block Time (SOBT). The difference between the
SOBT and AOBT is the total delay of the flight.

Scheduled turnaround

Delay Delay out

Actual turnaround
SIBT  AIBT SOBT AOBT

Figure 4 — Difference in scheduled and actual blocktimes including delay calculations source: (Ringelberg, 2018)

KDC/2018

Page 13 of 63



centre of excellence

2.4

knowledge &
development
centre

The quantitative data is derived from the A-CDM database which is updated every day. The LVNL
has provided the data for the research. A specific time period needed to be set which is explained
in paragraph 2.4. The data analysis program used is Microsoft Excel. The results will eventually
answer the sub-research question which leads to a quantification of the performance
improvements stimulated by local A-CDM. These results will be used for a comparison with the
situation before local A-CDM and as a benchmark for further research after the connection is
made with the network manager. An overview of the Excel datasheet is displayed in appendix
IV. The datasheet contains the following categories, some of the categories are added to perform

the calculation and to decrease the amount of filters (see Table 2).

Table 2 — A-CDM datasheet category titles and description

Data category

Comments

Time A-CDM timestamp Timestamp generated by A-CDM system,
same as ATD or ATA.

acid Aircraft identification Showing which airline operated the flight.

Reg Aircraft registration

Adep Departure airport Based on ICAO

Dest Destination airport Based on ICAO

Actype Aircraft type International standard codes

WTC Wake turbulence category | According ICAO standard

Eobt_time Estimated Off-Block Time

Aobt_time Actual Off-Block Time

DepGnr Departure gate number

ArrGnr Arrival gate number

Arr/Dep Arrival or Departure flight

AOBT-EOBT Number of delay minutes

WIBO/NABO Widebody or narrowbody

RECAT-EU Weight class category According Eurocontrol standard

A set of predefined categorizations is applied to classify the flights in order to filter out the
unnecessary rows such as business jets. The categorizations are aircraft type, arriving and
departure flight and airport. There are two filters used for the aircraft type categorization,
widebody or narrowbody and the wake turbulence category. The categorization is done
according the NABO/WIBO and RECAT-EU categories. These categorizations are done provide
the research with the results needed.

The research focusses on proving if local A-CDM has been an improvement of the operational
efficiency for each local A-CDM stakeholder. The on time performance KPI shows whether all
airport operations have run smoothly and according to schedule. In most cases one of the
stakeholders is responsible for the delay, but it can also be weather or passenger (see paragraph
5.3-5.6). It is essential that all factors are taken into account which are different than local A-
CDM. The OTP results are accompanied by interviews and literature research in order to ensure
the reliability and validity.

Interviews

The data analysis forms the basis of SQ3 as mentioned before, but interviews are necessary to
prove if the results are also felt in the operation itself by the different stakeholders. The interviews
point out whether the stakeholders are experiencing the data analysis’ result and if there is a
difference in their opinion and the data, an explanation and possible improvement is searched
for. Stakeholder could experience the system differently and this is also the case for the KPlIs.
Each stakeholder has its own opinion about the KPI results and may provide the research with
new insights which are discussed with other stakeholders to combine each perspective and lead
to the desired result. This is especially essential for local A-CDM factor which should improve but
did not or are not experienced as improved. The interviews questions are shown in appendix II.

Sample

Choosing a sample that will lead to reliable results is essential for a research in order to become
a success. Sampling is specific method which is applied to select members of a population that
are included in the research’s analysis. The main reason for sampling is that in most cases the
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population is too large to investigate, so a sample is taken from a population for the research to
make the analysis performable. The same sample is applicable for each sub-research question.

A time period was required to be set before deriving the data from the databases. Local A-CDM
was implemented in November 2015. The reference period data is taken from the months before
November in 2015. The comparison data comes from the months in 2016 and 2017. Both years
are chosen to provide the analysis not with a single comparison but also a trend. A trend provides
the research a clearer overview of local A-CDM’s performance. The four comparison that are
chosen as the sample are:

Winter
Spring
Summer
Summer July

e

These four periods are chosen as the sample in order to calculate if the systems functions most
efficient in busy periods (Summer) or less busy periods (Winter). The next step is to choose which
months will form the optimal comparison. The number of movements have been increasingly
rapidly the past year which is causing congestion during e.g. peak hours (see Graph 1). The
months that are chosen in the Winter, Spring and Summer period come from the year 2015, 2016
and 2017. The months are selected by their number of movements and therefore are in some
cases different over the years (see paragraph 4.2). Several data analysis techniques are applied
to analyse the data.

The interviews which need to validate and discuss the data analysis results are held with at least
5-10 different interviewees. They are all required to work with A-CDM or have the knowledge how
A-CDM works. These experts are working are at one the main local A-CDM stakeholders, but are
from different companies to ensure that the results are not coming from a single company. This
could influence the research’s reliability negatively. The experts interviewed that are interviewed
work at different departments at companies such A-CDM implementation project ground services,
etc. These experts will provide the research with different insights on the operational impact of
local A-CDM to their daily operation.

Data Collection

This paragraph describes how the research instruments are applied to find the answers to the
sub-research questions. Furthermore, each research needs to have a certain level of reliability
and validity, the issues and limitations are explained. Interviews are held to collect data and
gquantitative data is analysed to provide content for the research and therefore a set of ethical
considerations and data confidentiality is required. The use of data collection methods is
described for the overall research.

KDC Mainport Schiphol consists of the local A-CDM stakeholders at Schiphol Airport except for
the ground handlers. However, KLM has its own ground services companies which can be used
for the research. The data required for the research easy to collect via these KDC relations. It is
easier to obtain data from parties other than the KDC stakeholders, because each stakeholders
have its own relation to parties in the industry which provides more opportunities. There are
several common questions asked by companies when asking for data such as what kind of data
do you want and for what research purposes will it be used. Companies are always concerned
about their reputation when they need to provide data. A clear overview of this information is
provided to the company in order ensure a good cooperation with these stakeholders.

The data required for this research is obtained from the A-CDM portal. A-CDM records thousands
or even millions rows of data each day. Each A-CDM stakeholder has infinite access to these
data, because A-CDM is type of operation where information is shared in confidence. The
research also honours these rules in order to prevent any negative effect on stakeholders’
relations. The millions of data rows need to be filtered before use, otherwise every data analysis
tool will fail and the possibility for a reliable result becomes less significant. Several months in
the years 2015, 2016 and 2017 are applied in the research. In the end each stakeholder is well
informed about the data purposes and the results.
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The second data collection technique applied in the research is the interviews. Every interview
is held with a different person who can have a different about the use of their opinion. Therefore,
ethical considerations are taken into account for each interview in order to maintain a trustworthy
interview strategy for every interviewee. The interviewees will maintain anonymous in the report,
however the company and job title is mentioned to provide the reader with an insight of the
interviewee’s knowledge. The following ethical considerations are applicable for the research:

Ethical considerations
The following Ethical guidelines retrieved from nine professional social sciences research
associations are applicable for the research:

Research participants should not be subjected to harm in any ways whatsoever.

Respect for the dignity of research participants should be prioritized.

Full consent should be obtained from the participants prior to the research.

The protection of the privacy of research participants has to be ensured.

Adequate level of confidentiality of the research data should be ensured.

Anonymity of individuals and organizations participating in the research has to be

ensured.

Any deception or exaggeration about the aims and objectives of the research must be

avoided.

8. Affiliations in any forms, sources of funding, as well as any possible conflicts of interests
have to be declared.

9. Any type of communication in relation to the research should be done with honesty and
transparency.

10. Any type of misleading information, as well as representation of primary data findings in

a biased way must be avoided.

ok~ wnE

~

Data Analysis

The last paragraph called data analysis focusses on the techniques and tools used to analyse
the qualitative and quantitative data. This will check the validity and reliability of the data and
results as well. The paragraph explains the tools and techniques used for all sub-research
question.

More and more tools for analysing data are being invented and are all used to finding results in
a different way. Some of them are providing researches with a clear result such as Microsoft
Excel. Excel is, therefore, applied to analyse the data retrieved from the A-CDM portal. Excel
contains many different functions to easily filter and analyse data to improve the way of finding
reliable results. The researcher always needs to consider the consequences of each filter which
is used. The filter may never remove rows which are necessary for the research’s result.

Excel has also functions that visualise data results. These functions are applied in the research
to display the results clearly. However, there are also other programs available that use Excel
data as input but can create more accurate and applicable visualisations such as Tibco Spotfire.
This program is used by KLM (KDC Mainport Schiphol stakeholder) to display they performance.
The visualisation makes it easy for employees to see what the performance and results are from
a company. Spotfire allows the user to filter out values that are not applicable for the research’s
result (Tibco Spotfire, 2018). The results are easily analysed when the applicable visualisation is
created and makes it possible for the researcher to find the desired conclusions produced by the
data.

Desk research has also been done to create a literature background to the problem and to
describe what is already known about the subject. It is essential that the sources used to create
the literature background are reliable and validated. Most of the sources are retrieved from
Researchgate and Mendeley which are both trustworthy and commonly used by researchers all
over the world (Researchgate, 2018) (Mendeley, 2018). Eurocontrol is also an essential
information source, because A-CDM is created by Eurocontrol (Eurocontrol, 2017). They have
done many studies to the performance of A-CDM at other European airports and have their own
implementation manual of A-CDM (Eurocontrol, 2017) (Eurocontrol, 2016). Other sources are
provided by the KDC stakeholders, KLM, AAS and LVNL.
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Review of the Literature

The literature review elaborates the local A-CDM benefits at Schiphol Airport. Local A-CDM is a
current topic which requires more research, because many airports have implemented it and
others are still working on the implementation implementing it. However, it is still uncertain how
beneficial it is for any specific airport in particular. This is also the case for Amsterdam Airport
Schiphol. The following elaborates how A-CDM operates and what its benefits are for each
stakeholder provided by previous research on current A-CDM airports.

Airport — Collaborative Decision Making platform

A-CDM is a platform that the five main stakeholders (see Figure 6) at an airport use to exchange
information. The stakeholders work together to improve the decision making process which is
based on more accurate and high quality information. They have to provide the required
information on time. The use of resources will be optimised and the predictability of the whole
operation will be improved. A-CDM focusses mainly on aircraft turn-around and the pre-departure
sequencing processes. Local A-CDM is currently implemented at AAS which includes the four
main stakeholders (Airport operator, Aircraft operator, ATC and ground handlers), the connection
with the network manager is not yet implemented. Local A-CDM should improve the stakeholders’
operational efficiency by improving the predictability and decision making.

Operational changes stimulated by A-CDM

The implementation of A-CDM has usually takes several years at current European CDM Airports
(Eurocontrol, 2017). This is mostly caused by the fact that A-CDM is based on data sharing which
is not in the culture of all involved stakeholders. Airlines and ground handlers are less likely to
share data, because they have to compete with each other and confidential information sharing
will decrease their market position. However, A-CDM does not require them to share that much
confidential data but still slows down the process. Data sharing is not the only change stimulated
by A-CDM. There are also several operational changes which influence the daily operation of
involved stakeholders.

A-CDM milestone approach

CDM Airport will operate by the milestone approach. The milestone approach is part of the A-
CDM operation in which particular information is shared on specific times in the flight operation
(milestones). The selected milestones (see Figure 5) represent the progress of the flight such as
arrival, landing, taxi-in, turn around, taxi-out and departure (Eurocontrol, 2017). Each milestone
is applicable for a change in the flight process. The milestone approach is used to further improve
the common situational awareness of all partners especially in the inbound and turn around
phase of the flight (Eurocontrol, 2017).

INBOUND

TURN ROUND

___OUTBOUND
13 14 ASAT

Taxi Out
(EXOT)

AOBT

16

Figure 5 — A-CDM milestone approach source: (Eurocontrol, 2011)
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Airports need to implement as many milestones as possible to improve the performance of A-
CDM. The following milestones are implemented at Schiphol Airport (Amsterdam Airport
Schiphol, 2015):

Milestone 2, EOBT -2 hours
Milestone 4, Local Radar Update
Milestone 5, Final Approach
Milestone 6, Landed

Milestone 7, In-block

Milestone 11, Boarding starts
Milestone 13, Start-up requested
Milestone 15, Off-Block
Milestone 16, Take Off

The milestones form the basis of the A-CDM operation at Schiphol Airport. These milestone
information moments were not in their operation before A-CDM. All involved stakeholders had to
change their operational procedures to ensure the performance of the milestone approach. Each
stakeholder has to provide the real-time information on time to the applicable receiver(s). Other
requirements also need to be met to distribute the information over the stakeholders such as
technical infrastructure which shares information and displays the output of milestone processes
to determine the performance.

3.3 Benefits of A-CDM

Each stakeholder should experience its own set of benefits which are stimulated by A-CDM.
The airport operator will be able to improve its gate
usage by a reduction of late gate changes. This is Airport

possible, because data of flight arrivals and Operations
turnaround disruptions is shared which makes it
possible to proactive handle the situation and
preventing a late gate change (Eurocontrol, 2016).
Furthermore, the taxi times will reduce and there will
be fewer queues on runways which decreases
congestion on the apron and taxiways (Eurocontrol,
2017). This is useful to prevent Schiphol Airport from
becoming more congested (CAPA, 2017). platform

Air Traffic Aircraft
Control Operators

A-CDM

The second stakeholder is the aircraft operator. A-
CDM is also very beneficial for this stakeholder. The
aircraft operator is provided with an increase of
aircraft awareness. The location and status of the Ground
aircraft will be more accurate which makes Handling
scheduling and preparing for the departure easier.
The fuel burn of the aircraft W!” .aISO be reduced Figure 6 — Involved stakeholders in total A-CDM source:
thanks to the decrease of taxi time and runway (eyrocontrol, 2016)

queues (Eurocontrol, 2016). This will benefit airlines

in an economic way and environmental way. The EOBT and TOBT will also be more accurate,
because the NMOC automatically files a DLA message using the TOBT values in the DPI
messages (Eurocontrol, 2017). This optimizes the flight operations for the airlines.

The next stakeholder is the ATC. The ATC will be able to improve the runway and capacity
planning thanks to the predictability, this is especially useful at Schiphol Airport because the
airport is getting increasingly congested. The ATC receives information such TOBT and ELDT
earlier in the process. This increases their awareness of where aircraft are and when they will
become their responsibility. They will be able to plan ahead to prevent any disruptions.
(Eurocontrol, 2016). Furthermore, they can make more accurate take-off time prediction thanks
to the Collaborative Pre-Departure Sequence Planning system (CPDSP) (Eurocontrol, 2016)
(Amsterdam Airport Schiphol, 2015). The CPDSP (see Figure 7) is a system that uses the TOBT
provided by the GH or airline in order to assign a TSAT to the aircraft at the gate (Amsterdam
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Airport Schiphol, 2015). The system creates the optimal departure sequence and provides the
airlines with a more accurate take-off time.

1 CPDSP 2
+ taxitime = =
Target Off-Block Time (EXOT) Eamftkpag:;tf:.f Target
(TOBT) ake- : me
(TTOT") Algoritm
Startup delay Sequencing rules
|_ based on :
o -> Time
CTOT, SID, WTC,
. RWY capacity
'I:lrget o LD Target Take-Off Time
pproval Time 10T
(TSAT) - tahitime (TTom)
(EXOT)
& 3

Figure 7 - Collaborative Pre-Departure Sequence Planning system (CPDSP) source: (Amsterdam Airport Schiphol, 2015)

The last main stakeholder is the ground handler. The most essential benefit for the ground
handler is that the resource schedule is optimized in every situation thanks to data sharing. The
accurate arrival times are communicated which allows the ground handler to schedule its
resources optimally and preventing any unnecessary delays. This benefits the passengers as
well (Eurocontrol, 2017).

Research has shown that the above mentioned factors improve the operation’s efficiency for
each involved stakeholder (Eurocontrol, 2016). However, more research needs to be done at
Schiphol Airport if these benefits also are realized at Schiphol Airport.
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4.1

Qualitative and quantitative analysis

The analysis chapter is essential aspect of the research. Every research contains data which is
collected differently and requires an analysis. The researcher is responsible for choosing the
optimal research methods and analyses. The methodology is described in chapter 2. The
analysis chapter focusses on how the research is conducted to find the result using several
research methods. The exact application of the research methods is explained. The chapter is
divided by the two types of analysis used during the research, qualitative and quantitative
analysis. The qualitative analysis paragraph describes how the interviews are held and with
whom, followed by the interview results. The results are structured according the local A-CDM
stakeholders, ATC, ground handler, airlines and airport. The quantitative analysis is based on
the on time performance calculation. Firstly, the analysis decisions and process are elaborated.
The results of the quantitative analysis are evaluated in chapter 5.

Qualitative analysis

The qualitative analysis part of the research was performed by interviewing A-CDM experts
working at the stakeholders of local A-CDM and consultancy company at Schiphol Airport. Each
interview was planned by e-mail and took at least 30 minutes. However, in most cases 60 minutes
were scheduled in the agenda to ensure there was enough time to discuss every subject
necessary. The interviews started with a personal introduction, sharing work experience and
explained the purpose of the research to inform the interviewee about what kind of questions he
or she could expect. They were always held at the office of the interviewee to provide them with
the least amount of used time. All interviewees were asked the same four main questions (see
appendix Il). The interviewees were all A-CDM experts working at different companies which
have another role in the local A-CDM system. The following A-CDM experts were interviewed:

A-CDM implementation consultant, at To70 (Ground Handler, Airport, Airline and ATC)
Aviation expert, at Aviation Academy (Ground Handler, Airport, Airline and ATC)

Duty Hub Manager, at KLM (Ground Handler and Airline)

Data analyst, at To70(Ground Handler, Airport, Airline and ATC)

Supervisor Operations NL, at Aviapartner (Ground Handler)

A-CDM data analyst, at Amsterdam Airport Schiphol (Airport)

Explanation of interview questions
The following explains the purpose of each main interview question and for which research
question they will provide an answer:

e How do you experience working with local A-CDM at Schiphol? How has the
implementation impacted your operation?

The first essential question answering what operational changes were implemented to the
stakeholders’ operation contains two parts. The first part is to gather information from each
stakeholder on what their opinion is about local A-CDM so far. This provides the research with
an overall thought about the rest of the interview. The interviewee will provide answers according
his opinion. This can either be positive, negative or neutral. The question will explain how
stakeholders work with local A-CDM.

The second part of the question will provide a more detailed answer to what operational changes
were implemented to the stakeholders’ operation. The impact on their operation will be explained
as operational changes, if not a follow-up question is asked about the operational changes.
Furthermore, the impact on their operation leads to more variety of answers because impact is
interpreted differently.

e What does your company do to ensure the quality of information the local A-CDM
requires?

The functionality of local A-CDM is based on sharing accurate information to other stakeholders.
Data sharing methods have been changed for each stakeholder thanks to local A-CDM (see
paragraph 3.2). Stakeholders need to make sure that all the information they share is accurate,
because other stakeholders make their planning according information from others. Providing
inaccurate information will eventually influence their own operation as well, because it could delay
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other aircraft or provide them with a delayed TSAT. This question will explain how the
stakeholders provide others with that accurate information.

The answers of the interview question form the basis of the research question and is validated
by available literature. It depends per airport which A-CDM milestones are implemented and
therefore the requirements for stakeholders can differ. The interviews will point out exactly what
each stakeholder had to change to their operation.

e How has local A-CDM affected the operational efficiency of your company? Can you name
benefits and downsides applicable to this question?

The question above is quiet to the point and asks the stakeholders if local A-CDM has been
beneficial for their operational efficiency. It will provide an answer which can either be positive or
negative. The stakeholders provide the research with a list of benefits and/or downsides of local
A-CDM. The essential part of this question is to link the benefits and downsides to operational
changes which are stimulated by local A-CDM and not to other factors that influence their
performance. Each benefit and downside given by the interviewees requires an explanation in
which the cause, consequence and importance. After the full description is given for each benefit
and downside the next question is asked.

e What aspects of local A-CDM need to be improved to provide a more beneficial system?

The next question follows-up the previous one, because if the system has any downsides or
benefits which could be improved, the interviewee shares his/her thoughts in this part of the
interview. The system is not fully implemented yet, so the chances are high that are still aspects
which need to be improved. Each stakeholder will give their insights on those improvement
aspects. This provides the research with a better understanding on how the stakeholders see the
system working at this moment and how they would like to see it working in the future. The
answer to this interview questions also supports the recommendations of the whole research.

The following part of the chapter describes the information gathered during the interviews. The
information is structured according the four main stakeholder operating the local A-CDM system
(ATC, Ground Handler, Airline and Airport).

Air Traffic Control (LVNL)

The ATC is one of the stakeholders which really needed to change their work method for local
A-CDM. They did not have to change their whole operation, but a part of it. The departure
sequence was made by people instead of a machine before local A-CDM. An outbound departure
planning system was implemented thanks to local A-CDM, called Collaborative Pre-Departure
Sequence Planning system (CPDSP) (see paragraph 3.3). This had an impact on how the
outbound worked, because he did not have to make the whole departure sequence anymore, the
ground handlers and airlines provided most of the information required for the system to create
the optimal departure sequence. However, the outbound planner could adjust the departure
sequence if necessary. A reason could be that a flights needs to get prioritised over other flights
and the reasoning behind the prioritisation is not implemented is the algorithm of the system. The
outbound planner’s daily task is changed from making the outbound planning to operating and
controlling the CPDSP and providing the pushback and runway details to the cockpit crew.

Local A-CDM has had an effect on the operations of the ATC. The ATC only has to communicate
with the cockpit crew of a flight according the planning made by the CPDSP. The ATC had contact
with flights more often before local A-CDM this increases the workload. Therefore, the workload
of the ATC decreases thank to the fact that the TOBT updates go to the outbound planner and
directly into the local A-CDM system. The system does the work for the ATC by providing a
departure sequence according several input variables (see paragraph 3.3). However, the
workload of the outbound planner itself is not significantly decreased, because the produced
departure sequence needs to be monitored at all times and adjustments are made when
necessary. The CPDSP must be monitored more closely on days with major disruptions, because
other stakeholders experience significant TSAT changes when they update their TOBT which is
not desirable (see paragraph 4.1.2).
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The ATC experience a small reduction in taxi times as well. Aircraft are held at the gate till there
is a runway almost directly available for take-off, hence the fact that otherwise aircraft will have
to wait on taxiways which will block them. Blocking taxiways can cause a traffic jam or delays to
other aircraft that have to wait. The CPDSP produces the TSAT for flights is such a way that
there is minimal waiting time for runways or that will not be another aircraft delayed due to the
waiting aircraft. However, the reduction is small because the ATC was already using Start-Up
control before local A-CDM which also keeps aircraft at the gate will there is a runway available.
The Start-Up control was, on the other hand, not always the system which was used, because it
was more an indication and the departure sequencer which produces TSAT times sets the time
for pilots which they will have to follow.

Ground Handler

The ground handler provides essential information to the ATC. The information provided is the
TOBT. The TOBT is the input for the CPDSP and based on that TOBT a TSAT is produced for
each flight. The ground handlers did not have to provide the ATC with a TOBT before local A-
CDM. They only had to contact the ATC when they were ready for pushback on which the ATC
decided the departure sequence at that moment. The difference between the situation before
and after the implementation of local A-CDM is that the ground handler has to provide a TOBT
as soon as possible to improve the predictability of the system. They have to update the TOBT,
whenever the ground handler is not going to be ready for pushback on its TOBT. Providing and
updating the TOBT is the new operational task for the ground handlers and is essential for local
A-CDM to work. The ground handlers have educated the platform supervisors with knowledge
about how local A-CDM operates including the TOBT and TSAT. The supervisors need to make
sure that the TOBT is provided and updated on time.

Local A-CDM increases the predictability of the airport operations. The ground handlers
experience that their resource planning and their pushback planning in particular is improved
thanks to local A-CDM. However, they experience the improvement mostly on days without major
disruption such as extreme weather conditions. The TSAT provided by the CPDSP is much more
stable on non-disrupted days than on days with disruptions. The TSAT instability is caused by a
combination of factors. The ground handlers and airlines update the TOBT more often on
disrupted days and in most cases in the last 15 minutes before the previous TOBT. The late
updates lead to changes in the TSAT which can be shifted must further in future due to the
CPDSP depending on the calculation input of each flight. the TSAT will shift constantly, if several
flights update their TOBT more often in the last 15 minutes. A shift of the TSAT further away from
the TOBT leads to delays which are undesirable. The consequence of the shifting TSAT is that
the ground handlers have to change their pushback planning constantly as well as having staff
and equipment waiting at gates due to an occupied gate caused by a shifted TSAT. The cause
of the shifting is partly due to the late TOBT updates and outbound planner algorithm which is
very sensitive for TOBT updates. The system produces a whole new departure sequence
whenever a TOBT is updated which in some cases does not change many TSATs and
sometimes it does.

Furthermore, the platform supervisors of ground handler are educated to have the knowledge
about what the TOBT is and what an update of the TOBT has a consequence. However, the
platform staff is not aware of the possible consequences late TOBT updates can have. The
platform staff have to focus on their turn around tasks in order to provide the airline with a quick
and reliable turn around. The workload of platform staff would increase if they would also have
to focus on updating the TOBT or not. The late updates can cause TSAT instability and efficiency
gains could decline or disappear as mentioned above.

Airlines (KLM) and Airport (AAS)

Providing and updating the TOBT is the task of the ground handler. However, the airline has to
update the TOBT whenever it causes a delay which influences the TOBT. The TSAT is produced
by the CPDSP which is based on the TOBT given by the ground handler or airline. The TSAT is
normally shown on a display in front of the aircraft. The cockpit crew have to ask the ATC what
their TSAT when there is not a display with the TSAT available and have to provide an update if
they will not be able to be ready in time for their TSAT. They will be provided with an updated
TSAT. An essential part of local A-CDM is that the airline is responsible for the performance of
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the ground handler and has the task to monitor its performance of TOBT updates. The quality of
the TOBT information is, therefore, ensured by the airlines.

The airport is an essential stakeholder in local A-CDM, because it provides the infrastructure and
gates for the other stakeholders. However, not much has changed for the airport operationally
by implementing local A-CDM. It only had an impact on the gate planning. The gate planning
department now uses more accurate and predictable in block times and off block times for
assigning the aircraft to gates such as Estimated In Block Time (EIBT) and Estimated Off Block
Time (EOBT). Their system is updated to use these milestones times. AAS conducts research
on how the airlines are performing by analysing the TOBT stability and adherence. Those results
indicate if airlines are providing accurate TOBT on which they can really leave the gate
(adherence) and whether they provide the ATC with many late TOBT updates or not (stability).
Both results are published to the airlines and ground handlers in order to improve local A-CDM
performance.

Local A-CDM does not have direct benefits for the airlines, but can benefit from a well-functioning
local A-CDM system. Airline schedule their flights with a certain buffer which differs per airline.
Local A-CDM makes the flight operation more predictable, therefore, buffer schedules can
become more compact which leads to a higher aircraft utilisation. The airlines should reach a
higher on-time performance (OTP) (see chapter 5). Local A-CDM has limited benefits for the
airlines, however, total A-CDM should have more impact on the airlines’ operational efficiency.

Local A-CDM has a positive impact on the airport operations of AAS, especially the gate planning.
The gate planning is based on more accurate information thanks to local A-CDM milestones.
EIBT and EOBT form the basis of the gate planning. These milestones provide the gate planning
system with the required data further before the actual arrival time. The predictability is increased
which supports the gate planning process. A benefit is that the waiting times for gates is
decreased when there are enough gates available. However, the gate capacity at Schiphol is not
always sufficient during peak hours. The gate planning is in that case influenced by other factors
than local A-CDM, but local A-CDM provide the gate planning department with the predictability
to know earlier in the process that there are not enough gates available at certain point of the
day. The gate planning is the only process on which local A-CDM has a significant impact on for
the airport.

Quantitative analysis

In the qualitative analysis the operational changes stimulated by local A-CDM and the potential
operational benefits are analysed. The next step is to prove whether these potential
improvements are actually realised and are supported by local A-CDM. The A-CDM system
generates many rows of data every day which contain the flight information (registration, flight
number, etc.) and milestone information (EOBT, TOBT, TSAT, etc.). The A-CDM data is used to
calculate the OTP which is an essential KPI for ground handlers and airlines is on-time
performance. The cause of the OTP result is connected to local A-CDM and other factors that
influence the operation in order to validate the results. Factors that influence the OTP are delays.
Each delay has a different cause and are based on IATA delay codes (see appendix VI). The
further link to the delays is elaborated at the end of the paragraph. The following explains what
steps are taken and which decisions are made to calculate the OTP.

Several choices were made to calculated the OTP. The first step was choosing the most selected
sample (see paragraph 2.4). Local A-CDM was implemented in November 2015 and therefore
the months before November in 2015 are the reference point for the research. The other two
comparison months are in 2016 and 2017 (see Table 3Table 3 - OTP comparison periods, selected by
monthly movements source: (Schiphol, 2018)). Both years are chosen in order to find a progressive,
digressive or stable trend. Comparing just two periods from the past will only show an
improvement or decline, however a trend shows how the system is performing over a longer
period of time. It is always possible that a new system starts with negative results just after
implementation. A trend shows how the OTP is changed over the years at Schiphol Airport.

KDC/2018

Page 24 of 63



knowledge &
development

centre of excellence centre

Mainport Schiphol

Table 3 — OTP comparison periods, selected by monthly movements source: (Schiphol, 2018

Comparison period Monthly movements
Winter January 2015 32.032
February 2016 32.959
February 2017 33.400
Spring May 2015 41.072
May 2016 43.419
April 2017 41.873
Summer July 2015 42.494
June 2016 42.418
June 2017 44.012
Summer July July 2015 42.494
July 2016 45.260
July 2017 46.496

The months are chosen based upon the number of movements. The impact of the congestion
factor which is influencing the performance of stakeholders at Schiphol Airport is reduced by
choosing the months with the most similar number of movements (see Graph 2). The last
comparison called Summer July focusses on the system’s performance during a busy period and
by reducing the influence of other factors such as holidays and weather because they fluctuate
less in the same months each year. So, the first three seasonal comparisons (see Graph 2) focus
on the Winter (blue), Spring (green) and Summer (red). The month analysed can differ slightly
within in a comparison in order to decrease the influence of the increased number of movements
which causes congestion and delays. The Summer July (yellow) comparison is not focussed on
decreasing the impact of the congestion, but focusses more on the performance of the system
in the exact same month and climate each year.

Movements per month at Schiphol Airport
in 2015-16-17

50.000

40.000
30.000
20.000
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January February April
2015 2016 2017

Graph 2 — Monthly number of movements at Schiphol airport in 2015-16-17 coloured by comparison period source:
(Schiphol, 2018)

The selected data was obtained after deciding which periods will form the basis of the data
analysis. A-CDM data retrieved from the A-CDM portal which is afterwards processed to filter out
the unnecessary periods and data columns. The initial data included arrival and departure flights.
The arrival flights are not applicable for calculating the OTP and filtered out of the data sheet.
The OTP calculation is based upon the departure of flights. Arrival flights are only applicable for
delays caused by late arrival flights, but they are further evaluated by analysing delay statistics.

The data sheet contains the two essential columns are the EOBT (initial) and AOBT. The Excel
data sheet columns are in appendix IV. The AOBT is chosen as the moment of departure instead
of choosing the ATOT. The taxi times would be included as a variable when choosing the ATOT.
However, Schiphol Airport was using start-up control before the implementation of local A-CDM.
Start-up control means that aircraft are kept at the gates if there is not a runway available yet for
an aircraft to depart from. Normally this method is used by airports when A-CDM is implemented
thanks to the departure sequencer. The AOBT is, therefore, the moment of departure in the
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research. The minutes of delay per flight is calculated by subtracting the EOBT from the AOBT.
In Table 4 is shown what the outcome of the sum means for the result.

Table 4 — Description of AOBT-EOBT outcomes
AOBT - EOBT Description

Positive Delayed
Neutral Exactly on-time
Negative Early

An aircraft has departed from the gate later than planned when the outcome is positive as shown
Table 4. For example: a flight had as the initial EOBT a time of 10:00 AM and an AOBT of 10:10
AM. The following calculation is done:

10:10 —10:00 = 0:10

The result is positive which means that the aircraft departed 10 minutes later dan initially planned
according the EOBT, this results in a delay of 10 minutes. However, this does not directly mean
that an aircraft did not depart on time according to IATA standards (Bureau of Transportation
Statistics, 2018). The IATA standards acknowledge that an aircraft is delayed when it leaves the
gate more than 15 minutes after EOBT. This standard is implemented in the analysis of the OTP
in the research. In the calculation of the OTP all values are counted which are lower or equal to
15 and divided by the total number of values. This calculation is made for each month that is
included in the research. An overview is made in which the results for each month and trend
periods are compared.

The OTP is directly linked to the delay minutes and the cause of the delay. Analysing the causes
of each delay longer than 15 minutes support the validation of the data analysis. This done by
interviewing experts and delay results provided by previous researches.

The result of the OTP calculation is visualised in several graphs (see paragraph 5.6). Each of
them requires a different analysis technique. The first step is to analyse and compare the OTP
averages for each month and trends. The averages provide a quick overview of how the OTP
developed the past years. The next step is to link these results to the delays and causes of the
increased or decreased OTP as mentioned above. Other graphs are made in order to further
analyse the changes in OTP. The changes are further analysed by comparing the Summer July
period months on a daily scale. The daily OTP results are sequenced from high to low. There are
initially three different outcomes possible for the increase or decrease of the OTP. The following
figures show what the normal situation and other possibilities are.

OTP %

Date S
Figure 8 — Schematic drawing of the OTP per date of a single month

The normal OTP situation in month is shown in Figure 8. The y-axis is the OTP in percentage
and the x-axis shows each date which is applicable for the OTP percentage result. The upper
horizontal line is the overall OTP on which the airport wants to perform. The horizontal line will
move upwards when the OTP increases and vice versa. Furthermore, the arrow shows the
disrupted days in that particular month which differ significantly from the OTP goal. The upper
part of the arrow can move from left to right and moves up and down according the OTP goal.
The lower part on the other hand can only move up and down. This is depending on the lowest
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OTP value of that month. The next figures explain the possible outcome situation when analysing
the OTP.

OTP %

Date DI

Figure 9 — Schematic drawing of the OTP goal changes in a single month

The OTP goal line can move up and down according the performance in that month (see Figure
9. The past years the OTP has been impacted at Schiphol Airport, however it is unknown if the
impact is positive or negative. Local A-CDM is one of the possible factors. The first change is
overall OTP is increased or decreased. An overall OTP change is a significant improvement to
the local A-CDM stakeholders’ operation if the OTP change is positive. A shift of the overall OTP
has a large impact on the whole operation and if the OTP change is negative further research is
required to analyse the cause and potential solutions.

OTP %

Date I

Figure 10 — Schematic drawing ot the O 1P on the number of disrupted days in a single month

The second possibility (see Figure 10) is that the number of disrupted days has increased or
decreased when comparing it to other years. Upper part of the arrow moves left when more days
have an OTP value which is lower than the OTP goal and vice versa. The number of disrupted
days differs each month and is influence by many other factors such as weather. However, local
A-CDM could also influence the number of disrupted days. The number of disrupted days will
decrease when local A-CDM works optimal and will increase when there are days on which the
system is not operating as it should.
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OTP %

Date —  »

Figure 11 — Schematic drawing of the OTP values of disrupted days in a single month

The last possible influence is also an impact on the disrupted days. However, it is hot an impact
on the number of days but the OTP result of each disrupted day (see Figure 11. Local A-CDM has
an impact on the performance when a disruption occurs. The system increases the predictability
and therefore should improve the OTP on non-disrupted days as well as disrupted days.
However, experts experience that local A-CDM has a negative impact on the OTP (see
paragraph 4.1). The data will show whether this is the case or not.

These possibilities show which part of the OTP has changed and with how much. The severity
depends on which part of the OTP has changed. The result is explained in paragraph 5.6.
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On Time Performance Research Findings

The on time performance research findings chapter is connected to the quantitative analysis
explained in the previous chapter. The analysis has described how the OTP is calculated. The
research findings chapter focusses on presenting the results of the quantitative data analysis
objectively. The presentation of results is supported by graphs and tables. Furthermore, the
chapter is organized by the data analysis of the on time performance (OTP). Firstly, the average
OTP for each month is compared, followed by the results of the distribution. The seasonal
comparisons results are explained next by describing what caused the OTP changes. Finally,
the daily OTP results are compared for the July month of 2015, 2016 and 2017 to analyse the
shift of the overall OTP line.

5.1 Monthly average on time performance results
The on time performance is calculated by a data analysis and evaluated by the delay causes.
The OTP is analysed per seasonal period (see paragraph 4.2). The OTP results are shown in
Graph 3. The graph shows that the OTP is declined during the past three years. Each month has
its own total minutes of delay which are shown in Graph 4. In most cases the total delay minutes
increase whenever the OTP declines as expected. However, in February 2016 the OTP has
increased by 1% but the total delay minutes have increased slightly (see Graph 4). This is
explained by the fact that more aircraft have departed on time but the delayed flights have
experienced longer delays.
Monthly OTP at Schiphol Airport in %
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Graph 3 — Monthly OTP at Schiphol Airport in percentage for each season comparison
KDC/2018 Page 29 of 63



knowledge &
development

centre of excellence centre

5.2

4

Mainport Schiphol

Monthly total delay minutes
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Graph 4 — Monthly total delay minutes per comparison per year

On time performance distribution

The distribution of the OTP for each month and year is shown in Graph 5. The graph shows that
there are a significant number of departures above the delay boundary line which is the AOBT
+15 minutes. The box plot squares which contain 50% of all flights are coming closer to the delay
boundary line each year. This means that the OTP is declining which is accompanied by a
declining OTP trend. The results of the OTP need to be linked to the delays and interview results
in order to explain why the OTP is decreasing and what the link is to local A-CDM. The following
explains the OTP results per comparison period.

There is another aspect to the distribution which stands out. The median is not significantly
changing over the years (the white stripes in Graph 5). The median is value that is in the exact
middle of all values. The OTP has changed significantly in most cases over the year when
analysing each comparison (see Graph 3). Another part of the boxplot has changed in order to
validate the declining OTP. The upper rectangle (above the median) is increasing in size which
means that those 25% of all values are more spread out. There is an increasing number of flights
which have a slightly longer delay than before. A consequence of this is that the bottom of the
upper 25% (de line between the box and dots) in getting higher and more flights rise above the
delay boundary line. The OTP trend is therefore in comparisons negative as seen in Graph 3.
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Graph 5 — OTP distribution for each month and year source: (Tibco Spotfire, 2018)

Winter

The OTP results are shown in Graph 3. The graph shows that the OTP is declined during the
past three years. The Winter period which is January 2015, February 2016 and February 2017
experienced a growth of one percent during the first after the implementation of local A-CDM.
However, this was declined by six percent the next year. The share of delays for those months
in both years explain why the OTP has declined. Graph 6 shows that weather has played a role
in the performance of the airport. More delays were caused by weather conditions. The weather
factor can be linked to several interview results. The experts from Aviapartner and KLM stated
that the local A-CDM is not performing as it should in disrupted situations due to TSAT instability
(see paragraph 4.1.1-4.1.3). The ground handlers have to update the TOBT whenever they are
expecting to miss it. Each time the TOBT is updated the sequencer has to renew the departure
sequence which causes new TSATSs for each flight (see paragraph 3.3). The TOBT is updated
more frequently during disrupted situations which leads to TSAT fluctuations. A TSAT which is
pushed further in the future causes an aircraft to get a delay. This is caused by the weather
conditions and many TOBT updates. The OTP decline in the Winter period is in this case linked
to the weather conditions.
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Mainport Schiphol
Share of delay minutes at Schiphol Airport in February 2016-2017
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Graph 6 — Share of delay minutes at Schiphol Airport in February 2016-2017 source: (Eurocontrol, 2018)

Spring

The spring comparison contains the smallest decline of OTP compared to the other three. These
months contain the least amount of weather influence and therefore less disrupted situations
(see Graph 7). The only aspect which has caused the delays are restrictions at the departure
airport. This means that the infrastructure was not sufficient for the number of movements at

Schiphol Airport in those months.

Share of delay minutes at Schiphol Airport in May 2015-2016
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Graph 7 — Share of delay minutes at Schiphol Airport in May 2015-2016 source: (Eurocontrol, 2018)

Summer

The most obvious difference in the summer comparison which compares the OTP of the months
July 2015, June 2016 and June 2017 is between 2015 and 2016. The month July 2015 has
around 42,5 thousand movements and June 2016 has around 42,4 thousand movements. The
number of movements in those months are more or less the same, however the OTP has
decreased from 81% to 76% which is significant. The share of delays are shown in Graph 8 and
Graph 9. In Graph 8 the green part of the diagram (June 2016) is and the blue part (July 2015)
is used from Graph 9. The most significant difference is found in the delay share of the weather.
In the month July 2015 extreme weather conditions were experienced such as tropical heath
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temperatures and heavy rain (KNMI, 2015), however, the weather conditions did not influence
the OTP significantly. A difference in the restrictions at the departure airport is registered and
has influenced the OTP at Schiphol Airport significantly negative.

Share of delay minutes at Schiphol Airport in June 2015-2016
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Graph 8 — Share of delay minutes at Schiphol Airport in June 2015-2016 source: (Eurocontrol, 2018)

Share of delay minutes at Schiphol Airport in July 2015-2016
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Graph 9 — Share of delay minutes at Schiphol Airport in July 2015-2016 source: (Eurocontrol, 2018)

Summer July

The reason for the OTP drop in July 2015 and 2016 is much more obvious, because the share
of delays caused by restrictions at the departure airport is around 10-15% (see Graph 9). This
caused the OTP to decline in combination with an increase of ATFM en-route delays. These
delays occur when the capacity or a particular part of the airspace is reached at a certain point
in time and aircraft are hold at an airport till there is space available in the airspace. ATFM en-
route delays occur more often during the Summer season, because there are more flights being
executed and the airspace will get too full which if not regulated becomes a safety hazard for the
aircraft in that particular area.
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Share of delay minutes at Schiphol Airport in July 2016-2017
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Graph 10 — Share of delay minutes at Schiphol Airport in July 2016-2017 source: (Eurocontrol, 2018)

Shift of the daily on time performance over the month July

A second OTP analysis is performed for the Summer July comparison which contains the years
2015, 2016 and 2017 (see paragraph 4.2). The analysis focusses on explaining how the daily
OTP is developing in the Summer month July over the years. The first aspect of July 2015 which
stands out is that there are four values significantly less than the rest. The OTP was between
60% and 70% in the first four days of July which is almost 10% lower than the worst day of the
months’ remaining days. Weather had large impact on the operation in July 2015 according the
delay share of weather (see Graph 9). A tropical heatwave struck the Netherlands from 30 June
2015 which had an influence on the flight operation at Schiphol. The runway temperature climbed
above the maximum boundary, therefore, Schiphol was required to cool the asphalt down by
spraying water over the runways to prevent damage and cracks from coming in the runways (Het
Parool, 2015). Cooling the runways meant that the runways were part of the days unusable and
caused delays which is validated by the delay share of weather seen in Graph 9. The first week
of July causes the OTP to be lower. The fact that these significantly low OTP days are present
means that the stakeholders handled the situation too late in order to minimize the potential
delays caused by the severe weather conditions. Operating in this type of weather conditions is
possible, because in several airports in the world the temperature rises even much above the
temperature measured in the first week of July 2015 in the Netherlands.

Another aspect which stands out is the fact that the OTP results are sequenced from the highest
value to the lowest value and that the x-axis represents the day of the month and is almost
completely in the sequence from 315t of July till the 1t of July. The OTP improved during the
whole month July 2015. The recovery of the heatwave is a reason for the improving OTP. The
airlines operate with a tight schedule during the Summer season and so does the airport with its
gate planning. The next step is to analyse the daily OTP results of July 2016 and 2017 to see
what the impact was of implementing local A-CDM.
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Daily OTP July 2015 in %
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Graph 11 — Daily OTP results for the month July 2015 in percentage

The first possibility shown in Figure 9 is that the overall OTP is increased or decreased. The orange
line in the graph is the weighted average which is the overall OTP for that particular month. The
weighted average has dropped 4% when comparing July 2015 and 2016. There is only a 1%
difference between July 2016 and 2017. The overall OTP is therefore declined, but it is also
essential to analyse the variation of the values. A very wide spread of values was experienced
in July 2015 which vary from 60% till 88%. However, in July 2016 the variety of values is much
less. The total variety is in 2016 only 18% which is 10% less than in 2015 (see Graph 11 and
Graph 12). The daily OTP results show that in July 2016 not a single day was above 85% in
contrast with 7 days in July 2015. This is explained by the fact that the number of movement
increased with 6,5% which is around 3000 movements. The increased amount of movements
caused extra delays according the delay shares (see Graph 9). Furthermore, especially the
lowest values in the month July 2015 cause a wide variety of values and is explained previously.
An improvement in variety is seen between July 2015 and July 2016, but the overall OTP was

declined.
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Graph 12 — Daily OTP results for the month July 2016 in percentage
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The variety of OTP values had increased again from 18% till 26% when comparing July 2016
with July 2017 which is seen in Graph 12 and Graph 13. The difference is found in the upper and
lower values in July 2017. There are five days that have an OTP above 85% in contrast with
none in July 2016. July 2017 also contains seven value below 70% which cause the 1% decline
of overall OTP. This was caused by an increase of ATFM en-route delays and handling delays
(see Graph 10). The increased number of movements is a reason both delays. It seemed that
the OTP variety had improved from 2015 to 2016, but in 2017 it worsened again. In paragraph
4.2 several possibilities of OTP changes were described and shown (see Figure 9, Figure 10 and
Figure 11). The result show that the OTP goal line has moved down over the years which means
a decrease in OTP. The number of disrupted days has decreased from July 2015 to July 2016,
but has increased again to July 2017. The last possibility was that the OTP of disrupted days
would be suppressed by local A-CDM. This was the case for July 2016, because the variety of
OTP values was much lower. However, in July 2017 the high variety returned even with local A-
CDM.

Daily OTP July 2017 in %
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Graph 13 — Daily OTP results for the month July 2017 in percentage
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6.1

6.2

6.3

Conclusions

The stakeholders involved in Airport-Collaborative Decision Making (A-CDM) have been working
on the implementation of A-CDM for 8-10 years at Schiphol Airport. The first step was to
implement local A-CDM which is operating the milestone approach and using a departure
planning system based on those milestones. Local A-CDM is implemented in November 2015.
A-CDM has supported and improved the performance of several major European airports.
However, it was unknown if local A-CDM had the same positive impact on the operation at
Schiphol Airport for each involved stakeholder. The research question is, therefore:

e How has local Airport — Collaborative Decision Making exactly improved the operational
efficiency for each involved A-CDM stakeholder at Mainport Schiphol?

Operational changes stimulated by local A-CDM

The first sub-research question analyses the changes stakeholder had to implement to their
operation. The research question is answered by literature research and interviews with aviation
experts from the key stakeholders. Both types of information gathering are used to validate the
results.

Each stakeholder is impacted by local A-CDM differently, because all stakeholders had to
implement a different operational change thanks to local A-CDM. The ATC and ground handlers’
daily operation was impacted the most. The ATC had to implement a departure planning system
called CDPSD. The system produced a departure sequence of all flights according several input
data of which the Target Off Block Time (TOBT) was the most important. The ground handlers
provide the system with the TOBT whenever they think the aircraft will be ready for pushback.
The airline can update the TOBT as well, but is only done when the airline causes a delay. The
cockpit crew has to know how local A-CDM in order to provide the system with the milestone
data during the flight and on the ground. The airport has to change less to its operation. The
airport had to some adjustments to the input data of the gate planning system. The gate planning
system is now based on local A-CDM milestone information such as the Estimated In Block Time
(EIBT) and the Estimated Off Block Time (EOBT). The current data used by the gate planning
system is more accurate.

Effect of operational changes on the operational efficiency

The second sub-research question focusses on what the effect is of the operational changes to
the operational efficiency of each involved stakeholder of local A-CDM. The same research
methods are applied to answer this research question.

The operational efficiency is impacted differently for each stakeholder. The Air Traffic Control
(ATC) has benefitted from the implementation of local A-CDM. It has decreased the workload of
the ATC staff by having a departure planning system which makes the departure sequence of all
flights. The ground handlers benefit from local A-CDM by making their resource planning and
pushback planning in particular more efficient by increasing the predictability. However, the
efficiency improvement is gained on days without major disruptions. The system does not provide
the same benefits on disrupted days such as extreme weather due to TSAT instability. The TSAT
instability is caused by late TOBT updates. The platform staff is not aware of the possible
consequences late TOBT updates can have, because they are not as well as educated with the
local A-CDM as the platform supervisors. Furthermore, the airline does not have direct clear
benefits from local A-CDM but should get them from total A-CDM which contains the connection
with the Network Manager (see paragraph 7.1). Airlines have implemented buffers in their flight
schedule which can be become more compact to increase the aircraft utilisation. The buffers
should only become more compact as the on time performance is already high enough (see
paragraph 7.3). Local A-CDM is beneficial for the gate planning department of the airport. The
gate planning is based on more accurate data retrieved from local A-CDM which improves the
predictability and reliability of the gate planning.

Exact operational benefits gained to local A-CDM

The last sub-research question is a deeper analysis of the operational efficiency improvements.
The operational efficiency change is analysed by a data analysis of A-CDM. The results are the
validation of the interviews and literature research of the other sub-research questions.
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The on time performance (OTP) is calculated for four seasonal periods and over three years:
e Before the implementation of local A-CDM
e The year after the implementation of local A-CDM
e Two years after the implementation of local A-CDM

The three years show a trend of the OTP development. In each seasonal period it is clear that
the OTP is decreasing and when analysing the daily OTP of a single month of a seasonal period,
it becomes clear that the overall OTP is decreasing. The decrease of the OTP is partly caused
by other factors than local A-CDM such as airport infrastructure congestion, weather and
airspace regulations which limits the number of aircraft in particular part of the airspace. However,
it is partly caused by local A-CDM, because the system has been implemented very quick without
already trying to improve it. The improvements of the system were planned after the
implementation of total A-CDM (see chapter 8).

Overall conclusion
The following main research question is answered by the answers of paragraph 6.1-6.3:

e How has local Airport — Collaborative Decision Making exactly impacted the operational
efficiency for each involved A-CDM stakeholder at Schiphol Airport?

When analysing the answered provided above, it becomes clear that implementing local A-CDM
was successful decision, because it was the step between a normal airport and a total A-CDM
airport, when combining the conclusions of each sub-research question. Local A-CDM has not
been as beneficial as hoped, but brought light to the problems which the stakeholders are facing
at Schiphol Airport. The performance of the system will improve when the system is fully
implemented. The following factors need to be controlled to ensure an optimal performance of
local A-CDM. It is shown in a Ishikawa diagram (see Figure 12). Several factors influence the
performance and need to be managed (see chapter 8). All in all, the system is supporting the
operations at Schiphol Airport, but needs improvements to be beneficial in every situation for
each involved stakeholder.

Airport Airline

Gate Capacity TOBT updating

Airport lay-out On time performance

N Inefficient local A-CDM

performance

TSAT fluctuations Emploays(? ;::xla:élgz
Outbound planning : —_—

system Handling activities
Run- and taxiway

capacity TOBT updating

ATC Ground handling

Figure 12 — Ishikawa diagram of the influences on local A-CDM performance source: (Realtime Board, 2018)
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7.1

Discussion

The conclusion is a concise overview of the research’s outcome. The discussion of the research,
on the other hand, is a more in-depth analysis of the results, limitations and further research
opportunities. The chapter is divided into three paragraphs:

e Interpretation of results
e Limitations of the research
e Further research opportunities

Interpretation of results

The research analysed the benefits which local A-CDM has had for the four involved
stakeholders. The research was designed by firstly analysing the potential benefits of total A-
CDM by performing a literature research. There is difference between total A-CDM and local A-
CDM. The connection with the European Network Manager is still missing when using local A-
CDM. Both guantitative and qualitative research was conducted to find answers to the sub-
research questions and main research question. Interviews were held with several A-CDM
experts working at each local A-CDM stakeholder. The interviews pointed out what the potential
operational efficiency were stimulated by local A-CDM on which a data analysis was possible.
The literature review is the base of the research which is further analysed by the interviews and
validated by the data analysis.

The results pointed out that benefits realised by total A-CDM were much more significant than
with local A-CDM. The connection with the network manager has brought several significant
benefits to other European airports according Eurocontrol’s research. Total A-CDM has had the
following significant benefits for the European airports (Eurocontrol, 2016):

o Decrease of fuel (-7.7%)

Decrease of taxi minutes

ATFM delay time reduction (-10.3%)
Reduction of emissions (-7.7%)

These benefits are yet realised by local A-CDM because the connection with the Network
Manager is essential to provide these benefits for the airport. There are several other factors
which are influenced positively by total A-CDM, but those are the most significant and
measurable which was not the case with several other factors influenced by local A-CDM (see
paragraph 7.2). Operational efficiency performance measurements which are influenced by local
A-CDM are the on time performance, gate planning, workload ATC, airline buffer schedules,
resource and pushback planning of ground handlers.

Furthermore, the results of Eurocontrol’s research has led to positive expectations of local A-
CDM’s impact on the operational efficiency. The positive expectations were even more
stimulated by interviewing A-CDM experts working at To70, LVNL and AAS. However, airlines
and ground handlers were slightly less positive about the performance of local A-CDM so far.
The ground handlers and airlines experienced TSAT instability during days with major disruptions
which were not felt by the other stakeholders. The varying opinions were an indication of the
potential outcomes of the data analysis and results. However, the introduction, motivation,
theoretical framework, hypothesis and research questions were more based on a positive
outcome of local A-CDM’s performance at Schiphol Airport. It was already known that total A-
CDM has been beneficial before starting the research, but it was not clear how beneficial local
A-CDM has been for Schiphol Airport’s stakeholders. Along the way of the research, it became
clear that local A-CDM has not yet been as beneficial as expected. The statement is based on
the outcome of the literature review combined with the quantitative and qualitative analysis.

The literature review focussed on the operational efficiency benefits stimulated by total A-CDM
as mentioned above. The interviews, on the other hand, were focussed on the benefits provided
by local A-CDM, because that is applicable for the research. Each interview contained four main
questions and was further specified depending on the answers given by the stakeholders. The
experts of each stakeholder provided their opinion and thought about the impact of local A-CDM
on their daily operation. They experienced the benefits of local A-CDM mostly during days without
major disruption and a slightly negative impact of local A-CDM on days with a major disruption.
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A major disruption could be extreme weather conditions, runway maintenance, etc. These factors
also have an influence on the on time performance (see paragraph 7.2). The OTP, therefore,
was declined over the past years.

The hypothesis was based on already existing knowledge and partly preliminary research
derived from Eurocontrol. The outcome of the research is matching with the part of the hypothesis
that is based on already existing knowledge and not corresponding with the results of the
Eurocontrol. The preliminary research pointed out that especially total A-CDM should be
beneficial for the stakeholder, but that local A-CDM is also improving the operational efficiency
thanks to the A-CDM milestones and departure planning system (Eurocontrol, 2016). However,
the research did not take into account several other factors that can influence the performance
of local A-CDM and airport operations such as congestion which is currently a problem at several
airports in the world (International Airport Review, 2018).

There is one more factor which has supressed the benefits of local A-CDM. It was essential that
Schiphol Airport was connected to the Network Manager as soon as possible after implementing
local A-CDM. The performance of local A-CDM was not analysed thoroughly for that reason in
order to improve the new system, before connecting to the Network Manager. A new system will
most likely have aspects which need to be improved to have a well-functioning system. However,
the improvements were of local A-CDM were planned after the connection was made with the
Network Manager. This also explains why the performance of local A-CDM is not experienced
as optimal which meets the results of the quantitative and qualitative analysis.

Limitations to the research

The on time performance is measured over several periods before and after the implementation
of local A-CDM to analyse whether the overall performance is improved. The OTP is key
performance indicator which shows the performance of the whole flight operation at the airport.
However, the OTP is influenced by several factors some of which are not local A-CDM such as
congestion, weather and airspace regulations. The results made clear that the overall OTP is
declined during each seasonal comparison over the years 2015, 2016 and 2017. In chapter 4 the
quantitative analysis is explained. A limitation to the quantitative analysis of the OTP is that the
OTP is also negatively influenced by the factors mentioned above. These factors make it harder
to connect the OTP results to local A-CDM as the cause for the negative result. It seems that
since local A-CDM the OTP is declined, but the decline could also be mainly caused by the
increased number of movements. Furthermore, the number of movements has been massively
increasing the past years and caused more and more congestion at the airport. This leads to an
increased amount of delays that were less applicable a couple years earlier. The limitation to the
analysis is that the result is slightly affected by factors which are not related to local A-CDM.
However, it is not measurable what the overall OTP would have been if local A-CDM was not
implemented. The result of the OTP calculation could even have been much worse when local
A-CDM was not implemented.

The interviews also pointed out that other local A-CDM benefits were not really measureable by
a quantitative analysis such as gate planning, resource planning and workload ATC during the
time frame of the research. Especially a calculation for the gate planning and workload ATC
improved was not provable by data calculations. These benefits are acknowledged by several
experts from the stakeholders, but a data calculation could have validated their opinion. The
reliability of the result would have been increased.

Further research

In paragraph 1.3 research relevance is stated that the research will be the benchmark for further
research before the connection with the European Network manager is made and total A-CDM
is implemented. The research will analyse the performance difference between the period before
the implementation of local A-CDM and the period after the implementation of local A-CDM. The
period after the implementation of total A-CDM is not relevant for the research. However, the
further research which analyses the operational efficiency benefits after the implementation of
total A-CDM including the connection with the Network Manager. The results of that research
can be compared with this research to analyse what the exact improvements have been by
implementing total A-CDM in comparison with the situation before and after the implementation
of local A-CDM. Several other aspects of the operational efficiency are influenced by total A-
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CDM which are not influenced by local A-CDM and are also interesting to analyse such as ATFM

delay time, emissions and fuel burn. These results cannot be compared with this research, but
will complete the results of the further research.

The quantitative analysis part of the research contained an analysis of the on time performance
before the implementation of local A-CDM compared with the OTP after the implementation of
local-A-CDM. Other operational efficiency factors are influenced which are mentioned in the
elaboration of the interviews in chapter 4, especially the resource and pushback planning cost
savings can be calculated in further research by gathering the data from ground handlers. The
result of the data analysis can validate the interview results whether the resource and pushback
planning is improved. It will improve the benchmark reliability for the further research after the
implementation of total A-CDM mentioned above.
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Recommendations

The results and conclusions of the research lead a set of recommendations which can be used
by the involved local A-CDM stakeholders. Local A-CDM is not living up to its full potential and
all the stakeholders can together improve the system which will lead to more benefits for each of
them. The following recommendations are applicable for the optimisation of local A-CDM
performance:

1. Improve the outbound planning system to decrease the impact of late TOBT updates on
the TSAT

2. Increase knowledge about the TOBT update system and its consequences for the whole
flight operation for especially the TOBT updating staff

3. Implement feedback loops to analyse what can be improved to increase the performance
of local A-CDM

The ATC uses a departure planning system called CPDSP. The CPDSP is influence by several
factors such as the TOBT. The TOBT is updated by the ground handler or airline. Each update
of a TOBT triggers the CPDSP to run again and create a completely new departure sequence.
The CPDSP provides TSATSs to the flights and they can change negatively when the system is
run again. The TOBT is updated must more often during disrupted days which influences the
TSATSs negatively for many flights. The algorithm behind the system needs to change in order to
be less influenced by these TOBT updates. The benefits of the change are a decrease of the
ATC workload and an increase of the TSAT stability.

Many TOBT updates are performed during days with a disruption which influence the TSATs as
mentioned above. The platform staff is not learned what the TOBT exactly is and what especially
late TOBT updates can have as a consequence. The platform supervisors are aware of the
consequences of the TOBT updates. The platform staff should be learned how local A-CDM
exactly works and also what consequences late TOBT updates can have. There will be less
unnecessary TOBT updates when the staff is aware of these consequences. The workload of
the staff will increase, but it will become a daily task which limits the impact on their workload.

Last but not least, the involved local A-CDM stakeholders should implement a feedback loop in
which the performance of good days and bad days are discussed and learned from. Analysing
what went wrong on disrupted days with the local A-CDM system, will support system
improvement. The stakeholders will experience a better functioning system when they know what
is going wrong and what causes even more disruptions. Furthermore, it is also essential to
analyse days on which the system was work properly. The stakeholders need to know why the
system was working as good as it did in order to find solutions for days with a bad local A-CDM
performance.
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Appendix | — Reflection

The research report is written as a part of the graduation process for obtaining the Bachelor of
Science degree in Aviation Operations. A set of skills and competences is necessary to make
the research a success to fulfil the requirements of the degree. A reflection is written to elaborate
the development of primary and secondary research skills, improvement of time-management
skills and increase the level of self-confidence. The following set of skills and competences are
set by the Amsterdam University of Applied Sciences (AUAS) that are required to have:

e Solve an industry issue or problem based on solutions which are in the context of the
issue and makes use of the most recent developments in the industry.

e Apply relevant industry insight and/or research methods, concepts and theories to solve
the issue.

e Propose a solution which is in the context of the problem with a visible link between
relevant theories and research.

e Provide a solution of which the client is satisfied and willing to implement.

The reflection on these topics is structured according the STARR-method. The STARR-method
provides a reflection on behaviour from the past which gives a good indication from the behaviour
of a person in the future. STARR stands for: Situation, Task, Actions, Result and Reflection. The
STARR-method is used to reflect on the primary, secondary research skills and Scrum/sprint
review.

Primary and secondary research skills

Three different primary and secondary research skills are applied to achieve the desired result
for the Aviation Operations degree according AUAS’s requirements. A quantitative data analysis
and interviews are held to form the primary research aspect and desk research is performed as
the secondary research aspect. The following explains the reflection on these skills according
the STARR-method as mentioned above.

Situation

The initial plan for the quantitative analysis was to calculate several operational efficiency impacts
of local A-CDM on the stakeholders’ operation. The potential operational efficiency impacts were
identified by desk research and several interviews with A-CDM experts of stakeholders.
However, it was obvious that calculating several impacts would not be possible during the
research period. The on time performance was chosen as the major factor influenced by local A-
CDM. A-CDM data was used to analyse the on time performance before and after the
implementation of local A-CDM. At first, only one period before the implementation of local A-
CDM was compared with a period after the implementation, but it seemed more useful when two
periods after the implementation were measured to analyse the OTP development over several
years.

Task

Interviews

The qualitative research was mostly performed before the quantitative analysis. The interviews
in combination with the literature have led to a list of potential benefits which are caused by local
A-CDM. The experts provided me with a fairly similar list even when they were from different
stakeholders. It was essential during the interviews that | maintained as objective as possible,
because some stakeholders tried to convince me to continue on their way of thinking. This was
new for me.

Quantitative analysis

In the current curriculum of Aviation Operations, the focus is not completely on processing large
amounts of data which was essential for the quantitative analysis, hence there were several
hundreds of thousands rows at the start of the analysis. The analysis is performed in Excel on
which attention is dedicated during the study. However, the analysis and filters were applied by
formulas and Excel functions which cost more time than writing a code in VBA when able to write
an applicable VBA code. My main goal for the analysis was to become faster and more efficient
in filtering, analysing and visualising large amounts of data in Excel, because it has been a very
commonly used program in companies for analysing data. There were other programs possible
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to analyse the data, however | was unfamiliar with each offered program and would cost too
much to learn to work with during the research.

Action

Interviews

The first step was to determine which A-CDM experts would be applicable for my research. There
is an A-CDM implementation department at the LVNL which was approached first to gather the
basic information about local A-CDM in general and what their thoughts were about it. The other
interviewees were recommended by the KDC managers which were present at the sprint reviews
(see next STARR-method application). All interviewees had to be approached professionally to
ensure a reaction and hopefully a meeting.

Quantitative analysis

| already had some of the basic Excel skills before starting the quantitative analysis. However,
this was not yet sufficient for the large amount of data for the OTP calculations. Martijn
Ringelberg, another graduation student at the KDC, used the same A-CDM data as | did. We
worked together especially in the beginning to improve our Excel skills and understand the data.
This supported us, especially me to analyse and visualise the data efficiently. The analysis took
a bit longer than expected and that is when | realised that performing data analysis for several
local A-CDM impacts was not possible.

Result

Interviews

The professional approach had worked and several A-CDM experts were very enthusiastic to
have a meeting with me. They provided me with lots of information about the subject matter and
also provided detailed example. Some of which included their data analysis about local A-CDM
performance. The interviews really completed the story opinion about local A-CDM by providing
me with their knowledge, analyses and system experience.

Quantitative analysis

The collaboration with Martijn has saved me lots of time which | have used to further analyse the
OTP and the rest of the research such as interviews. The quantitative analysis provided me with
better understanding of the overall performance at Schiphol Airport and also the performance of
local A-CDM. This helped me significantly during the thesis writing period and interviews.

Reflection

I look back at my time at LVNL as a very enjoyable and learning experience thanks to the fact
that the KDC provided me with lots of information, methods and contacts to broaden my
knowledge and view of the aviation industry. The quantitative analysis skills to faster process
data is improved in particular and also the visualisation of the results in order to make them more
comprehensible for myself and others. Moreover, the interviews and conversations with experts
were very interesting and provided me with new insights in the current aviation industry. This is
especially the case for the different opinions stakeholders can have about a system such as local
A-CDM. | had a bit of knowledge about A-CDM before the research started, but that is much
more improved during the research.

Scrum method and sprint reviews

The scrum method and sprint reviews were introduced at the start of the research to ensure an
organised working approach and our progress. The scrum-method has as main function to
organise al the activities required to achieve the desired result. The sprint reviews had as main
purpose that the KDC managers and other experts could follow our progress and could give
advice about what we did so far and could do in the following weeks.

Situation

The KDC uses a process management method called scrum. Scrum is normally used by
programming project groups to improve the efficiency of the team. The scrum method uses a
poster or whiteboard, on which post-its are attached to.

The poster contains four different columns, the user story, to do, doing and done. There is one
category added for this research, waiting, because when making appointments with experts or
when waiting for specific files it will not be efficient to place them at to do again. Therefore, the
column waiting will be the location where post-its containing the appointment and file information
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are placed. Each Tuesday and Thursday a consult with the client is held to discuss the scrum
board, the research’s progress and current issues. The following describes what the function is
of each column. The user story explains the team members, in this case the researcher, what
the overall end product will be. The to do sections contains what needs to be done in the next
two weeks. The other three categories are what the names are stating. The to do column contains
all post-its of all assignments which need to be done in two weeks. These post-its are moved to
the doing column whenever the researcher starts with them. There can only be one post-it in the
doing column to ensure the researcher’s focus. When an assignment is done it will be moved to
the done column.

Every two weeks there will be a so called sprint review in which the researcher presents to KDC
management what is done and what the next steps will be in a short pitch presentation. Other
experts from one the KDC stakeholders were present at several sprint reviews to provide even
more feedback.

The scrum-method is not only used to ensure the researcher always has a clear overview of what
is done and needs to be done but also lets the researcher think about what the exact goal of the
research is when presenting the pitch each two weeks. The researcher and the management
team will always know the progress of the project and if it is still on track as expected.

Task

I never worked with scrum before. In the beginning | really had to focus on using the method,
because it was essential that my scrum board was always up-to-date with the activities | had to
do at that particular time. Every two weeks | needed to check whether | finished all my previous
tasks and provide feedback to myself why | did not finish every task or how it was possible that |
was done early. The tasks for upcoming two weeks needed to be set and written on a post-it.
One post-it needed to be in the to do section which | sometimes forgot in the beginning, but
improved

The task for each sprint review was to make a short presentation in which the progress and
results of the activities done in the past two weeks were described. Each two weeks the
presentation would change, because new information and data was gathered. The more
essential information was presented; the more usable feedback was provided by the
management.

Action

The scrum board was discussed two times a week as mentioned above which stimulated me to
keep it even more up-to-date, because the more | could discuss of what | was working on, the
more information was provided to me. This kept me motivated to work actively with the scrum
board especially in the beginning of the research process, because than lots of different activities
needed to be done such as contacting experts, research plan, literature research, data gathering
and so on.

We have been at the KDC with six graduation students and every two weeks we all had a sprint
review. We practised our presentations together and provided each other with feedback to
improve our presentations and information we would tell during the presentation. This ensured
that the presentations were sufficient for each sprint review and kept us up-to-date about all our
project’s progress.

Result

The scrum method really helped me to stay organised throughout the whole process. | only had
to look over my shoulder to see what | still needed to do and what was already finished. Another
benefit | experienced was the fact that every two weeks | had to think for period of time about
what the real next steps needed to be for my research process which kept me on track
considering the research goal. The meetings which were two times a week provided me with
useful information about current problems and also contained nice tips to improve my research.

The sprint reviews provided useful feedback about the content of the research and heading of
the thesis subject. Even when the presentations were only two minutes, the feedback was very
substantive and could generally be implemented in the research.
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Reflection
The combination of the scrum-method and sprint reviews supported me to stay on track for my
desired research goal and always provided me with useful feedback to improve and broaden my
knowledge about the subject matter. | will definitely use the scrum method and sprint reviews
again for my next research project to ensure achieving the desired result.

Overall reflection

I look back at my time at the KDC as very time in which | have not only learned a lot about the
aviation industry, but also how to organise a research process as large as a thesis and working
in an environment with lots of aviation professionals of whom information need to be obtained. |
will definitely be using the skills and competences gained by the KDC in the future to reach my
career goals and personal goals.
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Appendix Il — A-CDM interview question list

How do you experience working with local A-CDM at Schiphol? How has the implementation impacted
your operation?

What does your company do to ensure the quality of information the local A-CDM requires?

How has local A-CDM affected the operational efficiency of your company? Can you name benefits
and downsides applicable to this question?

What aspects of local A-CDM need to be improved to provide a more beneficial system?
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Appendix lll — Interview outcomes
Interview — To70 (A-CDM)

Preparation
e A-CDM benefits for the stakeholders

o ATC
o Airport
o Airline

o Ground Handler
e Difference before and after NMOC

Meeting
e General A-CDM benefits
o Increased predictability
o Increased transparency
e A-CDM benefits for the ATC
o Outbound planning system

ATC calls aircraft according to a planning

O O O O

Workload registration: “Werk-Last Model”

e A-CDM benefits for the Airport
o Gate planning

=  Sequencer plans the outbound aircraft optimally

e Gate utilization optimised

= More accurate EOBT - less waiting times for gates on TXW
o Small change in taxi times due to start up control

o Reputation improves with total A-CDM

Workload decreases (outbound planner +- workload)

Analysis delays: period March till June thanks to minimal CTOT
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o Possible improvement: rules for TOBT which are set by ground handlers

e A-CDM benefits for the Airlines

o Buffer schedules can become more compact - higher utilization of aircraft

o Possible issue: KLM has its own TOBT system

e A-CDM benefits for the Ground Handlers
o Resource planning optimisation
= Cost savings

KDC/2018

Page 52 of 63



centre of excellence

Interview — Aviation Academy

Preparation
e A-CDM benefits for the ground handler
e A-CDM influence on gate planning

o Airlines’ preferences

Meeting
e A-CDM benefits for the Ground Handlers
o Without disruptions (weather) improved efficiency
= Pushback planning and resource planning
o With disruptions (bad weather) worse efficiency
= Due to TSAT instability
o Problems become visible thanks to A-CDM

e A-CDM influence on gate planning
o Gate planning issues are made visible > by TSAT
o |ATA code 89 - gate occupied delay
o Airlines have gate preferences:
= Passenger streams are essential for transfers

knowledge &
development
centre

(
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= Security (e.g. transatlantic flights to USA need specific security)

= Cluster turnaround more resource efficient
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Interview — KLM (HCC)

Preparation
e A-CDM benefits for the ground handler
e A-CDM influence on gate planning

o Airlines’ preferences

Meeting
e A-CDM benefits for the Ground Handlers
o Without disruptions (weather) improved efficiency
= Pushback planning and resource planning
o With disruptions (bad weather) worse efficiency
= Due to TSAT instability
o Problems become visible thanks to A-CDM

e A-CDM influence on gate planning
o Gate planning issues are made visible > by TSAT
o |ATA code 89 - gate occupied delay
o Airlines have gate preferences:
= Passenger streams are essential for transfers
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= Security (e.g. transatlantic flights to USA need specific security)

= Cluster turnaround more resource efficient
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Interview — To70 (data analyst)

Preparation

e Previous A-CDM data analyses

e Measurable A-CDM efficiency benefits
o Relate OTP changes to A-CDM

Meeting
e Previous A-CDM data analyses
o A-CDM system performance e.qg.
= Difference AOBT + ATT = ATOT?
o Analysis for stakeholder performance not included

e Measurable efficiency benefits
o OTP
= Link to particular delays = which delays increased and decreased?
= Link to number of movements
o Gate utilization
o Realised RWY throughput
=  Number of movements per hour
e Same weather conditions and RWY in use required for comparison
e Peak moments - enough traffic to achieve maximum RWY throughput
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Interview — Aviapartner (supervisor operations)

Preparation

e A-CDM benefits for the Ground Handler Aviapartner
e Improvements to A-CDM and airport

e TOBT knowledge and usage

Meeting
e A-CDM benefits for Aviapartner
o Pushback planning improved
= Predictability increased by the use of TOBT and TSAT
= Pushback planning are optimised when TSATs change
= Cost savings and improved GH performance
o Resource planning slightly improved
= Increased predictability > EOBT more accurate

e Improvements to A-CDM and airport
o Late TOBT updates - hard to prevent (last 10-15 minutes most changes)
= Due to e.g. boarding issues, baggage search
e Solutions: boarding button to calculate TOBT
e Pre boarding areas
e ECAS doors closed timing data
o Gate capacity declined due to new terminal and increased number of movements
= More waiting for and at gates
=  More buffer and remote stands used
e Resource planning harder to manage and more travel distance for
equipment and staff
= Not enough space for all GH equipment
e Search for usable equipment
e Increased travel distance and cost

e TOBT knowledge and usage
o Operational staff have the required TOBT knowledge
= Consequences and importance
o Platform staff less knowledge
= Perform their own tasks to ensure safe and efficient ground handling activities
TOBT task - increase workload > A-CDM performance increase?
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Interview — Amsterdam Schiphol Airport (A-CDM)

Preparation

e A-CDM benefits for the airport

e Current A-CDM problems

e A-CDM performance measurements

Meeting
e A-CDM benefits for the airport and current problems
o Overview and insight in outbound planning and turnaround process
o Increased predictability
= Gate planning
=  Bus planning
= Decrease of ATC workload - measurable with survey
o LVNL and GH most beneficial
= GH lack of knowledge - improvement for A-CDM performance
= Resource planning improved
= Little improvement to taxi times - start up control
= Disruption days - TOBT and TSAT instability
e A-CDM performance measurements
o TOBT stability
o TOBT adherence
o TSAT adherence
= Results stimulate airlines and GHs to improve
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Appendix IV — Excel OTP datasheet example

The table below is a part of the Excel datasheet from which the OTP and delay minutes are calculated. The
total sheet contains 165.722 rows which stand for departure flights in several months in 2015, 2016 and
2017.

time - | acid | reg ~| adep| v | dest v | actype|~| witc | eobt_time |~ aobt_time |~ depGnr|~| arrGnr v Arr/Dep|~ AOBT-EOBT|~|WIBO/NABO ~ RECAT-EU|~
1-1-201505:14 TFLOF1P PHOYI EHAM EPWA B763 H 1-1-2015 05:00 1-1-2015 05:02 G083 Departure 2,667 Wide Cc
1-1-201506:31 TRAS753 PHHZIE EHAM GMMX B738 M 1-1-201506:15 1-1-2015 06:21 D16 Departure 6,017 Narrow D
1-1-201506:59 TRAG301  PHHS) EHAM OMDB B738 M 1-1-201506:35 1-1-2015 06:51 D51 Departure 16,783 Narrow D
1-1-2015 06:47 KLM1721 PHKZI EHAM EBBR F70 M 1-1-2015 06:45 1-1-2015 06:40 B16 Departure -4,467 Narrow E
1-1-2015 06:46 KLM1597 PHBCA EHAM LIRF B738 M 1-1-2015 06:50° 1-1-2015 06:38 C11 Departure -11,417 Narrow D
1-1-201506:56 TRAG331 PHHIW EHAM  LEVC B738 M 1-1-201506:50 1-1-2015 06:48 D53 Departure -1,383 Narrow D
1-1-201507:08 KLM23P PHBXB EHAM LFPG B738 M 1-1-201506:55 1-1-2015 07:00 CO9 Departure 5,550 Narrow D
1-1-2015 06:58 TRAGLF PHHSF EHAM LEMG B738 M 1-1-2015 06:55 1-1-2015 06:49 C08 Departure -5,150 Narrow D
1-1-201507:05 SWR737  HBUM EHAM LSZH A320 M 1-1-2015 07:000 1-1-2015 06:59 B17 Departure -0,800 Narrow D
1-1-201507:16 UAES982 AGEFO EHAM HECA B77L H 1-1-201507:00 1-1-2015 07:07 582 Departure 7,433 Wide B
1-1-201507:41 DLH2A DAIZR EHAM EDDF  A320 M 1-1-201507:05 1-1-201507:33 B23 Departure 28,350 Narrow D
1-1-2015 07:07 TRAZY PHHSI EHAM LOWI B738 M 1-1-2015 07:05 1-1-2015 07:00 D47 Departure -4,600 Narrow D
1-1-201507:25 KLM1001 PHBXW EHAM  EGLL B738 M 1-1-2015 07:15 1-1-2015 07:17 D31 Departure 2,433 Narrow D
1-1-201507:40 TRA131R PHHZL EHAM LEBL B738 M 1-1-201507:35 1-1-201507:32 D12 Departure -2,600 Narrow D
1-1-201507:42 1BS3721 ECLYM EHAM LEMD A320 M 1-1-201507:40 1-1-201507:35 B15 Departure -4,750 Narrow D
1-1-201507:55 BAW423  GEUYR EHAM  EGLL A320 M 1-1-2015 07:45 1-1-201507:43 D28 Departure -1,217 Narrow D
1-1-201507:52 KLM1351 PHKZS EHAM LKPR F70 M 1-1-2015 07:45 1-1-2015 07:45 B32 Departure 0,233 Marrow E
1-1-201507:56 KLM45C PHEZB EHAM EDDM E150 M 1-1-201507:45 1-1-2015 07:48 B55 Departure 3,733 Narrow E
1-1-201507:57 KLM1153 PHEZR EHAM ESGG  E1%0 M 1-1-201507:35 1-1-201507:30 B28 Departure -4,667 Narrow E
1-1-2015 08:13 KLM1821 PHEZP EHAM EDDT E150 M 1-1-2015 08:001 1-1-2015 08:00 B54 Departure 0,500 Narrow E
1-1-2015 08:08 KLM33G PHKZN EHAM EGPD F70 M 1-1-2015 08:000 1-1-2015 08:02 B74 Departure 2,700 Marrow E
1-1-201508:28 KLM37P PHBXS EHAM LFPG B739 M 1-1-201508:00 1-1-201508:20 CO7 Departure 20,250 Narrow D
1-1-201508:11 KLM1107 PHBXH EHAM  ESSA B738 M 1-1-201508:05 1-1-2015 08:01 C06 Departure -3,133 Narrow D
1-1-2015 08:10 KLMB5)J PHBGB EHAM  LEBL B738 M 1-1-2015 08:05 1-1-201507:59 D05 Departure -5,117 Narrow D
1-1-201508:23 KLM1073 PHBXA EHAM EGCC B738 M 1-1-2015 08:15 1-1-2015 08:16 D16 Departure 1,250 Marrow D
1-1-201508:14 KLM1763 PHKZL EHAM EDDF F70 M 1-1-201508:15 1-1-201508:05 B24 Departure -9,650 Narrow E
1-1-201508:32 KLM215 PHEZN EHAM EGNT E130 M 1-1-201508:20 1-1-2015 08:26 B93 Departure 6,750 Marrow E
1-1-2015 08:45 KLMB3F PHBXU EHAM EGBB B738 M 1-1-2015 08:25 1-1-201508:35 D29 Departure 10,717 Narrow D
1-1-2015 08:44 KLM1341 PHEXD EHAM  EKBI E150 M 1-1-2015 08:35 1-1-2015 08:38 B91 Departure 3,433 Narrow E
1-1-201508:47 KLM1615 PHBXY EHAM  LIML B738 M 1-1-201508:45 1-1-201508:37 C16 Departure -7,433 Narrow D
1-1-201508:59 DWT255 HBACB EHAM EDDP AT72 M 1-1-201508:55 1-1-2015 08:32 B9 Departure -2,067 Narrow E
1-1-2015 09:04 EZY17NC GEZWP EHAM EGKK  A320 M 1-1-2015 08:55 1-1-2015 08:51 H02 Departure -3,517 Narrow D
1-1-201509:21 CSN479 B2031 EHAM ZUCK B772 H 1-1-2015 09:000 1-1-2015 09:09 R31 Departure 9,367 Wide B
1-1-201509:34 TRAGB45 PHHSG EHAM GVAC B738 M 1-1-201509:10 1-1-2015 09:27 D41 Departure 17,083 Narrow D
1-1-201509:23 UALST7 NBed7UA EHAM KEWR B763 H 1-1-201509:15 1-1-201509:11 D08 Departure -3,017 wide C
1-1-201509:28 KLM1723 PHEZL EHAM EBBR  EI150 M 1-1-2015 09:20 1-1-201509:20 Ad6 Departure 0,983 Narrow E
1-1-20150%:25 KLM27G PHKZF EHAM EDDV  F70 M 1-1-201509:20° 1-1-2015 09:19 B75 Departure -0,267 Narrow E
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Appendix V — Wake turbulence categorisation according
RECAT-EU

Table 5 — Aircraft types assigned to RECAT-EU categories (Eurocontrol, 2015).

"SUPER 'UPPER ‘LOWER 'UPPER 'LOWER “LiaHT
Heswy Heawy' Heawy' MEeEDius’ MEDIUW’

‘CAT-A 'CAT-B ‘CAT-C' 'CAT-DF 'CAT-E" 'CAT-F
A3B8 A332 A306 A318 AT43 FA10
Al124 A333 A30B A319 AT45 FA20

(..-) A343 A0 A320 ATT2 D328
A345 B703 A321 B712 E120
A34s B752 AN12 B732 BE40
A359 B753 B736 BT733 BE45
BT44 B762 B737 B734 H25B
B748 B763 B738 B735 Js532
B772 B764 B739 CLBO JS41
B773 B783 C130 CRM LJ35
BF7L C135 IL18 CRJ2 LJ&BO
BriwW DC10 MD&E1 CRJY SF34
B7&8 DCa5 MDa2 CRJS P180
B789 ILYE MDa3 DHBD Ce50

ILSE MD11 MD&7 E135 C525
(...} TUZZ MDas E145 C180
TUSS MD20 E170 c152
(..} T204 E175 (-..)

TU16 E180

() E185

F70

F100

GLF4

RJB5

RJ1H

(-}

Table 6 — RECAT-EU separation minima on approach and departure (Eurocontrol, 2015).

RECAT-EU scheme

“SUPER

“UrrER

"LowER

“UrrER

“Lower

Heaw* | Heaw” | Heawr” | Meoww™ | Meowws | LGHT

Leader / Follower AT ‘B° c* ‘D" “E" 'F*
SUPER A 3NM 4NM 5NM 5 NM 6 NM & NM
HEeawvy

“UrrPEr I

Frabd B 3 NM 4 NM 4 NM 5 NM 7 NM
bz e " 3INM 3 NM 4NM & NM
Heavy

“UrFER .
MEeDium”™ L GNM
“Lower =
MEDiuM™ = 4 NM
“LighT” e 2 NM
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The different types of aircraft are categorized according the wake turbulence category and if
they narrow or wide body aircraft:

Aircraft NABO/WIBO EU categorisation
A20N Narrow
A318 Narrow
A319 Narrow
A320 Narrow
A321 Narrow
AT72 Narrow
AT75 Narrow
B733 Narrow
B734 Narrow
B735 Narrow
B736 Narrow
B737 Narrow
B738 Narrow
B739 Narrow
B752 Narrow
B753 Narrow
BCS1 Narrow
BCS3 Narrow
CRJ2 Narrow
CRJ7 Narrow
CRJ9 Narrow
CRIX Narrow
D228 Narrow
D328 Narrow
DH8D Narrow
E120 Narrow
E145 Narrow
E170 Narrow
E175 Narrow
E190 Narrow
E195 Narrow
E75L Narrow
F70 Narrow
F100 Narrow
1328 Narrow
MD83 Narrow
MD87 Narrow
RJ85 Narrow
RJ1H Narrow
SB20 Narrow

mm mMm Qo o " mMmmMmMmmMmMmmMmMmMm™mMMMT" M T " mMmMmMmMMOOOoOO OO ooogommmmmo oo o o
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SU95 Narrow E
A306 Wide C
A310 Wide C
A332 Wide B
A333 Wide B
A343 Wide B
A345 Wide B
A346 Wide B
A359 Wide B
A388 Wide A
B744 Wide B
B748 Wide B
B763 Wide C
B764 Wide C
B772 Wide B
B773 Wide B
B77L Wide B
B77W Wide B
B788 Wide B
B789 Wide B
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Appendix VI — IATA delay codes

The figures below show all delay codes set up by IATA for stakeholders at an airport to assign
a delay to a cause source: (IATA, 2018).

Digest — Delays to Air Transport in Europe

A. Standard IATA Delay Codes (AHMT30)

Others
0005 AIRLIME INTERMAL CODES
06 (D) NO GATE/STAMD AVAILABILITY DUE TO OWN AIRLINE ACTMITY
08 (3G) SCHEMLED GROUND TIME LESS THAN DECLARED MINIMUM GROUND TIME
Passenger and Baggage
11 (PO} LATE CHECK-IN, acceptance afler deadiine
12 [PL) LATE CHECHK-IM, congestions in checks-in arsa
13 (PE) CHECH-IN ERROR, pazsenger and baggage
14 (PO OWERSALES, booking emors
15 (PH) BOARDING, dismrepancies and paging. missing checked-in passenger
16 (P3) COMMERCIAL PUBLICITY/PASSENGER COMVEMIEMCE, VIP, press, ground meals and missing personal
ilmms
17 (PC) CATERING ORDER, |ate or incomect order given (o supplier
1B (PB) BAGGAGE PROCESSING, soring etc.
19 [PW) REDUCED MOBILITY, boarding  deboarding of passengens with reduced mobility.
Cargo and Mail
21 (CD) DOCLUMENTATION, emors elc.
22 (CP) LATE POSITIONING
23 [CC) LATE ACCEPTANCE
24 [Ch) INADEQUATE PACKING
25 (CO) OWERSALES, booking smors
26 (CU) LATE PREPARATION 1N WAREHDUSE
27 [CE) DOCUMENTATION, PACKING ebc (WMad Oniy)
28 [CL) LATE POSITIONING {hdai Onaly)
20 (CA) LATE ACCEPTANCE (Mad Only)
Alrcraft and Ramp Handling
31 (GO) AIRCRAFT DOCUMENTATION LATEANACCURATE, weight and balance, general declaration, pax manifest,
=ic.
a2 (GL) LOADIMNGUNLOADING, bulky, special load, cabin load, lack of loading staff
33 (GE) LOADIMNG EQUIPMENT, kack of or breakdown, &g cortainer paliel loader, lack of staff
34 [GE) SERVICING EQUIPMENT, lack of or breakdown, lack of staff, e.g. steps
35 [GC) AIRCRAFT CLEANING
36 (GF) FUELLING/DEFUELLING, fusl supplier
a7 [GE) CATERING, labe delivary or loading
38 [GU) ULD, kack of or serviceability
38 (ET) TECHMICAL EQUIPMENT, lack of or breakdoan, lack of siaff, e.g. pushback
Technical and Aircraft Equipment
41 (TDY AIRCRAFT DEFECTS.
4F [TM]) SCHEDULED MAINTEMAMCE, kale release.
43 [TH) MOMN-SCHEDULED MAINTEMANCE, specal chedes andior addiional works beyond normal mainfenance
schedule.
44 [TS) SPARES AND MAINTENAKNCE EQUIPMENT, tack of or bresiod own.
45 (TA) ADG SPARES, o be camied 1o another stalion.
46 (TC) AIRCRAFT CHANGE, for Ischnical reasons.
47 (TL) STAND.BY AIRCRAFT, lack of planned stand-by airarafl for ischnical reasons.
48 [TV SCHEDLED CABIN CONFIGURATIONNVERSION ADJUSTMENTS.
Damage to Aircraft & EDP/Automated Equipment Failure
51 (DF) DAMAGE DURIMG FLIGHT OPERATIONS, bird or lightning stike, turbulencs, heawy or averweighl landing,
collision during laxiing
52 (DG} DAMAGE DURING GROUND OPERATIONS, collisions jather than during taving), leadinglof-loading damage,
conlamination, lowing, extreme wealher conditions
55 (ED) DEPARTURE CONTROL
56 (EC) CARGD PREPARATIONDOCLUMENTATION
57 (EF) FLIGHT PLAME
58 (EO) OTHER AUTOMATED SYSTEM
EURDCONTROL 1 CODA

KDC/2018

Page 62 of 63



"Knowledge &
_development

Mainport Schiphol

Digest — Delays to Air Transport in Europe

Flight Operations and Crewing

81 (FP) FLIGHT PLAN, lste completion or change of, fight documentason

62 (FF) OPERATIONAL REQUIREMENTS, fued, load alleration

63 (FT) LATE CREW BOARDING OR DEPARTURE PRCCEDURES, other than connection and standby
(Might dack or entire crew)

64 (FS) FLIGHT DECK CREW SHORTAGE, sickness, awstng standby, flight time limitations, crew meals,
valid visa, health documents, elc.

65 (FR) FLIGHT DECK CREW SPECIAL REQUEST, not within cperalional requirements

66 (FL) LATE CABIN CREW BOARDING OR DEPARTURE PROCEDURES, other than connection and
standby

67 (FC) CABIN CREW SHORTAGE, sickness, awailing standby, fight lime limitations, crew meals, vakd visa,
health documents, efc.

88 (FA) CABIN CREW ERROR OR SPECIAL REQUEST, not within operational requirements

69 (FB) CAPTAIN REQUEST FOR SECURITY CHECK, extraordinary

Weather

71 (WO) DEPARTURE STATION

72 (WT) DESTINATION STATION

73 (WR) EN ROUTE OR ALTERNATE

75 (W1) DE-ICING OF AIRCRAFT, removal of ice andior snow, fros! peevention excluding unsarviceability of

equipment

76 (WS) REMOVAL OF SNOW, ICE, WATER AND SAND FROM AIRPORT

77 (WG) GROUND HANDLING IMPAIRED BY ADVERSE WEATHER CONDITIONS

ATFM + AIRPORT + GOVERNMENTAL AUTHORITIES
AIR TRAFFIC FLOW MANAGEMENT RESTRICTIONS

81(AT) ATFM due to ATC EN-ROUTE DEMAND/CAPACITY, standard demand/capacty problems

82 (AX) ATFM due to ATC STAFF/EQUIPMENT EN-RCUTE, reduced capacity caused by industial action or
staff shortage, equipment failure, military exercise or extraordinary demand due o capacily reduction
in nesghbouring

83 (AE) ATFM due to RESTRICTION AT DESTINATION AIRPORT, asirport andlor runwary dosed due 1o
obstruction, industrial action, staff shortage, palitical urrest, noise abatement, right curfew, specal
flights

84 (AW) ATFM due to WEATHER AT DESTINATION

AIRPORT AND GOVERNMENTAL AUTHORITIES

85 (AS) MANDATORY SECURITY

86 (AG) IMMIGRATION, CUSTOMS, HEALTH

87 (AF) AIRPORT FACILITIES, parking stands, ramp conges$on, ighting, buildings, gate limtations, elc.

88 (AD) RESTRICTIONS AT AIRPORT OF DESTINATION, srport andior runwary dosed due 1o obstrucson,
industrial action, staff shortage, political unrest, noise abalement, night curfew, special fights

80 (AM) RESTRICTIONS AT AIRPORT OF DEPARTURE WITH OR WITHOUT ATFM RESTRICTIONS,

mchdngAlTrdﬁcSemces. start-up and pushback, sirport andlor runwary closed due Lo obstruction
or weather’, industrial action, stalf shortage, political unrest, noise abatement. night curfew, specal

flights
Reactionary
91 (RL) LOAD CONNECTION, awaiting load from ancther Right
92 (RT) THROUGH CHECK-IN ERROR, passenger and baggage
93 (RA) AIRCRAFT ROTATION, kxle arrival of aircraft from anather flight or previcus sector
94 (RS) CABIN CREW ROTATION, awaiting cabin crew from anofer Sight
95 (RC) CREW ROTATION, awsiting crew from ancther Sight (light deck or entire crew)
96 (RO) OPERATIONS CONTROL, re-routing, diversion, consolidation, aircrafl change for reasons other than
technical

Miscellaneous

97 (M1) INDUSTRIAL ACTION WITH OWN AIRLINE
98 (MO) INDUSTRIAL ACTION OUTSIDE OWN AIRLINE, excluding ATS
99 (MX) OTHER REASON, not maiching any code above

SOURCE: IATA - Airport Handling Manus! (730 & 731)

' Restriction due to weather in case of ATFM reguation only, else refer 1o code 71 (WO)

EUROCONTROL 2 CODA
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